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Abstract: - This study successfully investigated the photovoltaic (PV) properties of polypyrrole (PPy), sodium superoxide (NaO2), 

and a sodium superoxide-polypyrrole (NaO2-PPy) composite. A simple and cost-effective ex-situ approach was used to prepare the 

composite. The NaO2-PPy composite-based PV cell exhibited a fill factor of 0.24 and a power conversion efficiency of 11.17%. This 

work demonstrates a straightforward and economical method for preparing NaO2-PPy composites for PV applications. 
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I.  INTRODUCTION 

To achieve the target of restricting global warming to 1.5 °C, a rapid reduction in carbon dioxide emissions 

due to heavy industrialization is essential. Therefore, energy production through green approaches plays a crucial 

role. In this quest, photovoltaic (PV) cells are leading the renewable energy field due to their excellent feature of 

clean energy production. On the other hand, efficient energy management is equally important, as energy storage 

remains challenging. Fortunately, supercapacitors offer a more straightforward solution for energy management. 

Currently, conducting polymers such as polyaniline, polypyrrole, and polythiophene have garnered significant 

interest for energy production and storage applications due to their excellent physical properties. Among these, 

polypyrrole (PPy) stands out as a potent candidate for PV cell and supercapacitor applications due to its 

extraordinary characteristics, including electrical conductivity, optoelectrical properties, interesting redox 

properties, and stability against atmospheric changes. 

 

Considering the above discussion, we planned to explore the photovoltaic properties of a novel sodium 

superoxide-loaded polypyrrole (NaO2-PPy) composite. The fill factor and power conversion efficiency were 

measured from the current-voltage characteristics of PV cells. The main accomplishment of the present work is 

the positive synergistic effect between PPy and NaO2, resulting in a noteworthy power conversion efficiency. 

II. EXPERIMENTATION 

For the preparation of NaO2-PPy composite, analytical grade chemicals were used without further 

purification. Stable NaO2 nanoparticles were prepared by following recipe reported by Nemade et al [4]. 

Whereas, PPy was directly procured from Sigma Aldrich. Ex-situ approach was adopted for the preparation of 

NaO2-PPy composite. In this process, firstly 5 g PPy was added in 100 ml of acetone and kept under probe-

sonication for 1 h. Then the 0.5 g of NaO2 nanoparticles were added in the suspension of PPy and again kept for 

probe-sonication for 1 h. Finally, the suspension was filtered and blackish precipitated was kept for in oven for 

drying at 60 °C for 8 h. The structural, optical and morphological properties of composite investigated using X-

ray diffraction (XRD, Rigaku Miniflex), ultraviolet–visible (UV–VIS, Agilent Cary 60 UV–VIS 

spectrophotometer) and field emission scanning electron microscopy (FESEM, ZEISS SIGMA SEM), 

respectively.  

The <ITO/NaO2-PPy/Al> type configuration was adopted for the fabrication of PV cells. Similarly, DN350 

(indoline dye) was used for preparation of dye sensitized solar cells. Before fabrication process, ITO glass plates 

(Resistivity-28 Ω/cm2; Thickness-125 nm and Dimension-25mm × 25mm) were cleaned using mild detergent 

and DI water. On ITO layer, NaO2-PPy composite as active layer was deposited using spin-coating film 

deposition technique at 1000 rpm. The aluminum foil as back contact of size 5 mm × 5 mm was fixed on active 

layer and kept cell for drying at 80 °C for 1h. By adopting same processes, PV cell based on PPy and NaO2 were 

also fabricated. 

Current-voltage (IV) characteristics of PV cells were recorded under the incandescent light source. All PV 

cell parameters such as open circuit voltage (VOC), short circuit current (ISC), fill factor (FF), and power 

conversion efficiency (η) were calculated from IV characteristics [5]. The data used in present paper is average of 

five sets of data, which does shows considerable deviation. 

III. RESULTS AND DISCUSSION 

Figure 1(a) shows the XRD patters of sodium superoxide (NaO2) and NaO2-PPy composite. The XRD pattern 

of NaO2 comprises characteristics peaks at 30.99°, 45.12°, 56.80° and 58.91° associated with plans (200), (220), 

(311) and (222), respectively [6]. XRD pattern of NaO2-PPy composite indicates the successful incorporation of 

NaO2 nanoparticles through its characteristic peaks. XRD pattern of comprises with broad hump peak at 27.09° 

and sharp peak indicates semi-crystalline nature of composite. Figure 1(b) shows the UV-Vis spectra of NaO2-

PPy composite, exhibiting the absorption tail around 534 nm results in band gap 2.32 eV of NaO2-PPy 

composite. Figure 1(c) depicts the SEM image of NaO2-PPy composite, showing the agglomerated nature of 

composite. SEM image also shows rough morphology of nanocomposite, which attributed to condensation of 

surface oxides on the flakes of PPy. 
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Figure 1.  (a) XRD pattern of NaO2 and NaO2-PPy composite. (b) UV-Vis of NaO2-PPy composite and (c) 

SEM image of NaO2-PPy composite. 

 

Figure 2(a-c) depicts the photovoltaic performance of the PPy, NaO2 and NaO2-PPy based PV cells, 

respectively. Figure 2(a-c) and displayed values of FF and power conversion efficiency of composite 

significantly more than the pure PPy and NaO2. Figure 2(c) shows the promoted power conversion efficiency of 

PV cell after the incorporation of NaO2 nanoparticles. It reveals that positive synergetic effect existed between 

PPy and NaO2. The noteworthy efficiency of NaO2-PPy based PV cells attributed to the interfacial behavior and 

morphology of an active layer. Improvement in efficiency also attributed to the charge separation process and 

good transport efficiency due to the chemical nature of superoxides, which reduces insulating characteristics of 

hybrid materials [7]. 

 
Figure 2. Photovoltaic response of (a) PPy, (b) NaO2 nanoparticles and (c) NaO2-PPy composite. 

The enhanced power conversion efficiency (PCE) in the NaO2-PPy composite compared to the individual 

components, PPy and NaO2 nanoparticles, can be attributed to: 

Sodium superoxide (NaO2) nanoparticles possess unique electronic properties that facilitate efficient charge 

separation. When integrated into the PPy matrix, these nanoparticles can act as electron acceptors, effectively 

separating the photo-generated electron-hole pairs. Polypyrrole (PPy) is known for its good electrical 

conductivity and stability. It acts as an excellent hole transport material. The integration of NaO2 nanoparticles 

into the PPy matrix ensures a continuous pathway for holes, reducing recombination losses and enhancing charge 

transport. 

The composite structure of NaO2-PPy enhances the light absorption across a broader spectrum. PPy has strong 

absorption in the visible region, while NaO2 nanoparticles can contribute to absorbing different wavelengths. 

This broadens the range of absorbed light, leading to more efficient generation of charge carriers. 
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The interface between NaO2 nanoparticles and the PPy matrix is crucial. The close contact between these 

materials ensures efficient transfer of electrons from the NaO2 to the PPy, and holes from the PPy to the NaO2. 

This efficient interface reduces the likelihood of charge recombination and enhances the overall efficiency. 

The combination of NaO2 and PPy creates a synergistic effect where the properties of each material 

complement and enhance the other's performance. The oxidative stability of PPy protects NaO2 nanoparticles 

from degradation, while NaO2 enhances the electrical properties of PPy. 

The incorporation of NaO2 nanoparticles into the PPy matrix can lead to a more favorable morphology for 

photovoltaic applications. A well-dispersed nanoparticle distribution within the polymer matrix can create a more 

extensive interfacial area for charge separation and transport. 

Table 1 provides a comparison of the photovoltaic properties of various PPy-based composites with the 

results from the present work. The fill factor (FF) and power conversion efficiency (%η) are used to evaluate the 

performance of these materials. The results indicate that despite the lower fill factor, the NaO2-PPy composite 

exhibits a significantly higher power conversion efficiency compared to other PPy-based systems. This highlights 

the effectiveness of the NaO2-PPy composite in enhancing photovoltaic performance. 

 

Table 1. Comparison of present work with previously reported literature on photovoltaic properties of PPy-based 

composites. 

Photovoltaic Properties 

Material System FF % Ref. 

PPy 0.71 9.48 [8] 

PPy based DSSC 0.43 4.72 [9] 

PPy/ZnO 0.51 0.02 [10] 

NaO2-PPy 0.24 11.17 This Work 

 

IV. CONCLUSIONS 

This research successfully demonstrated the photovoltaic properties of a novel sodium superoxide-

polypyrrole (NaO2-PPy) composite, highlighting its potential in renewable energy applications. A simple and 

cost-effective ex-situ approach was adopted to prepare the NaO2-PPy composite. This method proved to be 

efficient in integrating sodium superoxide nanoparticles into the polypyrrole matrix. The NaO2-PPy composite-

based photovoltaic cell exhibited a fill factor of 0.24 and a power conversion efficiency of 11.17%. This 

represents a significant improvement over previously reported PPy-based photovoltaic systems. The composite 

structure showed a positive synergistic effect between NaO2 and PPy, leading to enhanced charge separation and 

transport. This synergy was key to achieving the notable power conversion efficiency. This study provides a 

promising outlook on the use of NaO2-PPy composites in photovoltaic technology, emphasizing the importance 

of continued research in this area to develop efficient and sustainable energy solutions. 
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Abstract: - This study investigates the molecular dynamics of various diols using high-frequency 

dielectric spectroscopy with Time-Domain Reflectometry (TDR). TDR offers a unique advantage in 

probing dielectric properties at high frequencies, providing insights into the relaxation behavior of diol 

molecules. The analysis focuses on extracting key dielectric parameters such as dielectric constant, 

relaxation time and Kirkwood correlation factor which offer valuable information about the polarity, 

orientation, and hydrogen bonding interactions within the diol structure. This approach sheds light on the 

dynamics of diol molecules at the molecular level, contributing to a deeper understanding of their material 

properties. 

Keywords: Diol, dielectric spectroscopy, molecular dynamics, Kirkwood correlation factor, TDR, 

 

 

I.  INTRODUCTION  

Dielectric spectroscopy is a powerful technique for investigating the interaction of 

electromagnetic waves with polar molecules. By analyzing the dielectric response of a 

material, researchers can glean valuable information about its molecular dynamics, including 

dipole moment, relaxation processes, and molecular interactions [1-3]. Traditional dielectric 

spectroscopy methods often operate at low frequencies, limiting the ability to probe fast 

molecular motions [4-5]. This study utilizes Time-Domain Reflectometry (TDR) as a high-

frequency dielectric spectroscopy technique to unveil the molecular dynamics of diols. TDR 

offers several advantages, including its ability to measure the dielectric response over a broad 

frequency range, making it ideal for studying the fast dynamics of polar molecules [6-8]. 

Diols, also known as dihydric alcohols, are a class of organic molecules containing two 

hydroxyl groups (-OH) bonded to a hydrocarbon chain. These hydroxyl groups endow diols 

with unique properties, including polarity and the ability to form hydrogen bonds. 

Understanding the molecular dynamics of diols is crucial in various fields, including material 

science, physical chemistry, and development of diol-based materials. Many researchers have 

been done the investigation on the dielectric relaxation behavior of diols in presence of polar 

and non polar solvent to understand the molecular interaction between them [9-13]. In the 

present investigation the diols under consideration are 1, 2 & 1, 3-Propanediol, 1, 3 & 1, 4-

Butanediol, 2, 4 & 1, 5-Pentanediol.  

In this work, we employ TDR to characterize the dielectric constant and relaxation time of 

diol samples. To understand the effect of number of carbon atom and position of hydroxyl 
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group on the dielectric properties of liquids. By analyzing the high-frequency dielectric 

response, we aim to gain deeper insights into the rotational dynamics and intermolecular 

interactions within these molecules. The findings from this study will contribute to a more 

comprehensive understanding of diol behavior and inform the development of novel diol-

based materials with tailored properties. 

     

II. MATERIALS AND MEASUREMENT 

All the samples are purchased commercially, as mentioned below in table 1 with their 

purity:  

Table1. The names of the diols under study, their production company names and purity: 

Chemicals Supplier Purity 

1,3-Propanediol Merck Specialities Pvt. Ltd. ≥ 98% 

1,2-Propanediol Thermo-fisher Scientific Pvt. Ltd. 99% 

1,4-Butanediol S.D. Fine-chem. Ltd. 99% 

1,3-Butanediol  Himedia Laboratories Pvt. Ltd. 99% 

1,5-Pentanediol Merck Specialities Pvt. Ltd. >97% 

2,4-Pentanediol  Merck Specialities Pvt. Ltd. 99% 

 

 The measurement of dielectric complex permittivity spectra of all these samples where 

done in the 10 MHz to 30 GHz frequency range using TDR.  The Tektronix DSA8300 

sampling main frame oscilloscope with TDR module 80E10B has been used. The 

experimental set-up and calibration of the instrument has been done as mentioned [12-13].   

III. RESULT & DISCUSSION  

The complex dielectric permittivity spectra of all diols are shown fig.1 in the frequency 

range of 10 MHz to 30 GHz at 250C. Which represent the variation in dielectric permittivity 

(ε’) and dielectric loss (ε’’) with respect to applied frequency. Form fig.1 it is seen that the ε’ 

decreases with increase in frequency this is due to at lower frequencies, molecules can align 

with the electric field, causing a greater ε’. Conversely, at higher frequencies, there's less time 

for molecular reorientation, resulting in reduced polarization and a lower ε’ this phenomenon 

is known as dielectric dispersion [12]. From fig.1 it can also be seen that the ε’ decreases as 

the carbon chain length increases this is due to decrease in polarizability with carbon chain 

length and increase in the close packing of electron cloud which can hinder the movement of 

the electron clouds in response to the electric field. The ε’ is also depends on the position of 
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functional groups in the chain [12]. The shift in dielectric loss (ε’’) peak was observed 

towards lower frequency as we move propanediol to pentanediol which indicate increase in 

dielectric increase in dielectric relaxation time.  

 

Fig.1. The complex dielectric permittivity spectra of diols at 250C 

The experimentally obtained complex dielectric was fitted to Cole-Davidson’s model to 

obtain the dielectric relaxation parameter [9]: 

𝜀∗() = 𝜀∞ +  
(𝜀0−𝜀∞)

[1+(𝑖𝜏)]𝛽                           (1) 

Where ε0 is the static dielectric constant, ε∞ is the dielectric permittivity at high frequency, 

τ is the relaxation time in picoseconds and β is the distribution parameter which describes the 

broadness of dielectric loss peak. The obtained dielectric relaxation parameters for all diols 

are reported in table 2 agree very well with those reported in the literature [9, 13-15]. From 

table 2 it is observed that the static dielectric constant is depends on position of functional 

group and no. of carbon atoms present in it. In propanediol 1,3-propanediol having high 

dielectric constant than that of 1,2-propanediol this is due to 1,3-propanediol has two hydroxyl 

(OH) groups separated by carbon atoms, allowing it to form hydrogen bonds with neighboring 

molecules. However, 1,2-propanediol has its OH groups adjacent to each other on the same 

carbon atom, which hinders effective hydrogen bond formation between neighboring 

molecules. Similar effect we can observe for butane and pentanediols. From table 2 the 

relaxation time in diol increases with increase in carbon chain length this is due to increase in 

viscosity, which can indirectly affect relaxation time. Higher viscosity signifies a stronger 

resistance to flow, and this can also hinder the molecule's ability to rotate in response to the 

electric field.  
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 The Kirkwood correlation factor (‘g’), is a valuable parameter in understanding the 

orientational order and interactions within a polar liquid. It provides information about how 

effectively the permanent electric dipoles in the molecules are aligned with each other. The 

Kirkwood correlation factor can be calculated using the formula [9]: 

           (2) 

 

where M = molecular weight, ρ = density, μ = dipole moment for the corresponding 

liquids, N= Avogadro’s number, k = Boltzmann constant, and T = temperature. The obtained 

values of ‘g’ are reported in table 2. From table 2 it can be observed that the values of g 

increasing with increase in number of carbon atom this may be due to the longer carbon 

chains can introduce flexibility, allowing the hydroxyl groups to explore a larger space and 

potentially interact with more neighboring diol molecules through hydrogen bonding. This 

increased intermolecular interaction could lead to a higher g value compared to shorter chain 

diols. In shorter chain diols, intramolecular hydrogen bonding within the molecule itself might 

be more favorable.  However, with a longer chain, the increased distance between the 

hydroxyls might make intramolecular bonding less favorable. This can then shift the balance 

towards intermolecular hydrogen bonding with neighboring diols, potentially increasing g.  

 

 Table 2. Dielectric relaxation parameters for diols at 250C temperature. 

Name of 

Compound 

Static Dielectric 

Constant (ε0) 

Relaxation time 

(τ) in ps 

Kirkwood 

correlation factor 

1,3-Propanediol 34.65(09) 315.12(20) 2.35 

1,2-Propanediol 29.35(07) 298.28(14) 2.44 

1,4-Butanediol 32.60(90) 616.70(52) 2.55 

1,3-Butanediol 28.21(11) 778.40(94) 2.40 

1,5-Pentanediol 25.97(14) 1099.05(11) 2.54 

2,4-Pentanediol 20.87(05) 1524.01(07) 3.13 

 

Note: Bracketed term represent the error in last significant digit. Eg: 34.65±09. 
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IV. CONCLUSIONS  

This study employed Time-Domain Reflectometry (TDR) to elucidate the relationship 

between molecular structure and dielectric relaxation in diols. Our results demonstrate that 

increasing the carbon chain length of diols leads to a decrease in the dielectric constant and an 

increase in the relaxation time. This observation can be attributed to the enhanced flexibility 

of longer chains, allowing for weaker intermolecular interactions and hindering the alignment 

of polar hydroxyl groups with the applied electric field. Additionally, the position of the 

hydroxyl group on the carbon chain appears to influence the dielectric constant and relaxation 

times, potentially due to variations in steric effects and hydrogen bonding capabilities. These 

findings contribute to a deeper understanding of the interplay between molecular dynamics 

and dielectric properties in diols. The increasing Kirkwood correlation factor (g) with a longer 

carbon chain length in diols attributed to two possible mechanisms: enhanced intermolecular 

interactions and a shift in hydrogen bonding preferences. 
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Abstract: - Recently transition metal oxides as capacitive electrodes are finding place in supercapacitor. However, low specific energy and 

poor electrical conductivity are main drawbacks for energy storage applications. We report, Lithium doped nickel ferrite nanoparticles (LNF) 

and LNF/polyaniline (LNF/PAni) in the form of a nanocomposite as a better substitute to be the electrode for supercapacitor. These 

nanocomposites were prepared by sol gel auto-combustion and in-situ polymerization method and characterized by XRD. The XRD pattern 

revealed the single phase of highly crystalline LNF nanoparticles and crystalline- amorphous nature of nanocomposite. The surface 

morphology is studied by FEG-SEM which shows cubic structure of LNF nanoparticles and formation of core-shell of nanocomposite. 

Capacitance was measured by electrochemical measurements to examine the impact of introducing PAni in ferrite nanoparticles. The specific 

capacitance value increased due to high conductivity of PAni.  
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I.  INTRODUCTION 

Some of the most significant global concerns of the twenty-first century include the ever-increasing need for energy, issues with 

portability, and the fast-dwindling hydrocarbon fuel sources. The scientific community has been prompted by all of these 

problems to develop economical, environmentally responsible, and efficient alternative energy conversion and storage methods. 

Supercapacitors have demonstrated their capacity to store energy efficiently, providing a range of benefits including high power 

densities, large specific capacitance, rapid charging and discharging times, extended cycle life, and clean electrochemical energy 

storage. One popular option for an environmentally friendly energy storage device is the supercapacitor [1-5]. 

Supercapacitors are unusual energy sources that operate on the basis of electrochemical energy conversion in all other respects. 

Supercapacitors are available in a variety of shapes and sizes and are transparent, tiny, thin, lightweight, and flexible. For portable 

electronics like laptops, cell phones, MP3 players, medical equipment, video cameras, and robotic vacuum cleaners, they serve as 

substitute power sources [6–7]. 

Supercapacitors have received a lot of interest because of their high-power density, long-term cycle capabilities, and high specific 

capacitance (SC). Three groups of materials are commonly explored for application in supercapacitors: (i) conducting polymers, 

(ii) metal oxides, and (iii) activated carbons [8-11]. 

Metal oxides have been used as supercapacitor electrode materials for many years.  

MFe2O4 (M = Fe, Co, Ni, Mn, Cu, Zn) ferrites, however, have drawn a lot of attention for researchers. Their good conductivity, 

redox chemistry, ease of synthesis, abundance, eco-friendliness, and 3D diffusion pathways make them valuable but pure metal 

oxides  does not give satisfying electrochemical performance. So, the plan of synthesizing hybrids of MFe2O4 has evolved. Out of 

various conducting polymers, Polyaniline is chosen over all of them due to its significantly large electrical conductivity, fairly 

large pseudocapacitance, quick doping/dedoping kinetic during charging-discharging and moderate cost. Polyaniline and MFe2O4 

based binary system may exhibit better electrochemical activities [12-13]. 

The nickel ferrite demonstrates an inverse spinel structure with Ni2+ ions at octahedral sites while Fe3+ ions are found at the 

tetrahedral and octahedral sites. Therefore, Li+ ions occupy Ni2+ sites because of Li (0.59 Å) ionic radius is very similar to Ni 

(0.55 Å). For the existing study, Lithium-doped nickel ferrite nanoparticles and polyaniline nanocomposite are synthesized for 

better electrochemical performance.  

II. EXPERIMENTAL  

A. The synthesis of Ni0.5Li0.5Fe2O4 ferrite nanoparticles  

Ni0.5Li0.5Fe2O4 ferrite (LNF) powder was prepared using a sol-gel auto-combustion technique. The detailed procedure is as 

follows. Stoichiometric amounts of Ni(NO3)2·6H2O, Li(NO3)2·6H2O, and Fe(NO3)3·9H2O were each dissolved in deionized water, 

followed by the addition of a specific quantity of lemon juice to the metal nitrate solution. These cationic solutions were then 

combined and stirred continuously for one hour to ensure homogeneity. Ammonium hydroxide was gradually added dropwise to 

adjust the pH to approximately 7.0. Subsequently, the mixed solution was heated to 90°C with constant stirring to form a dried 

gel, which underwent self-propagating combustion until all the gels were fully burnt, resulting in loose precursors. Finally, 

Ni0.5Li0.5Fe2O4 crystalline powder was obtained by calcining the loose precursors at 600°C for 4 hours [14]. 

B. Preparation of Ni0.5Li0.5Fe2O4/PAni nanocomposite 

Lithium doped nickel ferrite nanoparticles/polyaniline (LNF/PAni) nanocomposite was synthesized using an in situ 

polymerization method. Initially, a specified amount of LNF ferrite nanoparticles was dispersed in 70 ml of 1 M HCl solution and 

stirred for 90 minutes to achieve a uniform dispersion. Subsequently, 2 ml of aniline (AN) monomer was added to the ferrite 

solution, followed by stirring for an additional two hours. A solution of 4.98 g of ammonium peroxydisulfate (ASP) in 40 ml of 1 

M HCl was then prepared. This ASP solution was gradually added to the ferrite mixture under continuous stirring for two hours 

[15]. The resulting green solution was left to polymerize for 12 hours at temperatures ranging from 0°C to 5°C. The mixture was 
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then filtered, thoroughly washed with 1 M HCl and double-distilled water, and finally dried in a vacuum oven at 80°C for 48 

hours. 

III. RESULT AND DISCUSSION 

 

 

3.1 Structure and Morphology 

Fig. 1 shows the X-Ray diffraction pattern of LNF ferrite nanoparticles and LNF/PAni  nanocomposite. PAni shows the amorphous nature in a 

partially crystalline state having two diffraction peak 2θ = 20.68  and 25.6  in nanocomposite XRD pattern [16-17]. The LNF ferrite 

nanoparticles and composites showed the polycrystalline nature. From Fig.1, we can see that between LNF ferrite nanoparticles and LNF/PAni 

composite, there is no significant difference in crystalline nature, except the intensity. The average crystallite size (D) of LNF ferrite 

nanoparticles has been calculated from XRD data using Scherer’s equation. 

 

Fig. 1 XRD patterns of LNF ferrite nanoparticles and LNF/ PAni nanocomposite. 

The FE-SEM images of LNF ferrite nanoparticles and the LNF/PAni nanocomposite are presented in Fig. 2 (a) and (b). In Fig.2 

(a), the Lithium-doped Nickel ferrite nanoparticles exhibit a cubic structure. Fig. 2 (b) illustrates the polyaniline coating on LNF 

ferrite nanoparticles, where the nanoparticles are uniformly dispersed within the polymer matrix. 

 

Fig. 2 (a) FE-SEM image of                                                                  (b) FE-SEM image of   LNF/PAni 

LNF nanoparticles                                                                                       nanocomposite 
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Fig. 3 (a) TEM image LNF nanoparticles                                                    Fig. 3 (a) b) TEM image LNF/PAni 

Nanocomposite 

The average particle size of LNF ferrite nanoparticles was determined using FEG-TEM images, yielding average particle 

size of 30 nm as calculated with ImageJ software. In Fig. 3 (b), the dark regions represent LNF ferrite nanoparticles, while the 

lighter areas correspond to amorphous polyaniline. The core of the nanocomposite consists of LNF ferrite nanoparticles enveloped 

by a polyaniline shell. The images clearly demonstrate that the synthesized ferrite nanoparticles are crystalline with a cubic 

structure and are uniformly distributed throughout the polymer matrix [18]. 

1. Electrochemical characterization 

The electrochemical performance of the synthesized LNF and LNF/PAni electrodes was investigated at room temperature using a 

2 M KOH electrolyte solution through cyclic voltammetry (CV). The CV plots of the prepared ferrite nanoparticles and 

nanocomposite electrodes in a three-electrode configuration at various scan rates (5 mV/s, 10 mV/s, 20 mV/s, 60 mV/s, 80 mV/s, 

and 100 mV/s) are presented in Fig. 4 (a) and (b). In Fig. 4 (a), pronounced oxidation/reduction peaks are observed for the LNF 

nanoparticles, indicating their pseudocapacitive properties related to electrochemical reactions at the electrode-electrolyte 

interface. The CV curves of the nanocomposites in Fig. 4 (b) show peaks attributable to the faradaic processes of both LNF and 

PAni components. The specific capacitance and surface area of the LNF/PAni nanocomposite are enhanced due to the improved 

conductivity of the composite. The inclusion of LNF in the PAni matrix results in a continuous conductive network that facilitates 

ion transport and redox reactions [19-23]. 

               
Fig. 4 C V curves of (a) NLF ferrite                       Fig. 4 C V curves of  NLF/PAni nanocomposite   

nanoparticles at different scan                               at different scan rates  and potential. 

 rates  and potential. 
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Additionally, LNF ferrite improves the electro-chemical performance of the LNF/PAni supercapacitor electrode by minimizing 

charge transfer resistances and enhancing the interfacial contact between LNF/PAni and electrolyte. The specific capacitance and 

energy density were computed using following equations, 

Specific capacitance(F/g)  

                                         Cs = 
∫ 𝐼𝑑𝑉

𝜈 𝑥 𝑚 𝑥 ∆𝑉 
     . ………………………………..               (1) 

where, I- Integral area - Scan rate (mVs-1), 

m- Mass of the composites (milligram) and 

ΔV- window potential (volt). 

 

Energy density, E (Wh/kg) 

                                         E =  
0.5 𝑥 𝐶𝑠 ∆𝑉2 𝑥 1000

3600
    …………………………………..     (2)  

The maximum specific capacitance values calculated for LNF nanoparticles and LNF/PAni nanocomposite are 51 Fg⁻¹ and 289.74 

Fg⁻¹, respectively, at a scan rate of 5 mV/s. The energy density values for LNF nanoparticles and LNF/PAni nanocomposite are 

0.637 Wh/kg and 14.487 Wh/kg, respectively. 

IV. CONCLUSION 

Lithium-doped nickel ferrite nanoparticles and Li-doped nickel ferrite/polyaniline nanocomposites were successfully 

synthesized using the sol-gel auto-combustion and in-situ polymerization methods. X-ray diffraction patterns confirmed the spinel 

cubic structure of the LNFF ferrite and the amorphous nature of polyaniline. The average particle size of the synthesized ferrite 

nanoparticles, determined from XRD, FE-SEM, and FE-TEM images, was approximately 30 nm. The maximum specific 

capacitance values for the NMF ferrite nanoparticles and LNF/PAni nanocomposite were calculated to be 17.28 Fg⁻¹ and 246 Fg⁻¹, 

respectively, at a scan rate of 5 mV/s. The LNF/PAni nanocomposite and LNF ferrite nanoparticles have energy densities of 5.48 

Wh/kg and 0.38 Wh/kg, respectively. These findings imply that the materials that were produced are good choices for the anode 

electrodes of supercapacitors. 
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Abstract: - The Internet is undergoing significant change and evolution. The Internet now facilitates human-to-human contact. The 

future need for the internet The Internet of Things (IoT) is noble machine-to-machine contact, improving system efficiency and 

quality. The Internet of Things is fast becoming a key component of wireless communication, with applications including home 

automation, healthcare, and industrial process management. The number of IoT devices is likely to grow dramatically in the decades 

to come. This paper describes the generic design of the Internet of Things which communicates between radio frequency 

identification technique (RFID) and IoT. It gives a larger idea of the personal computer employed for communication of IoT and 

Wireless Transceiver medium. development of intelligent systems. There are a lot radio IOT technologies These devices facilitate 

intelligent interaction between things. This technology can be used for a wide range of IoT applications. IoT applications are present 

in numerous aspects of our daily lives. Furthermore, important issues in the IOT industry are explored. 
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I. INTRODUCTION 

We have recently increased our emphasis on lot due to the requirement for widespread connection in 

enhanced wireless communication. Mobile devices, Radio Frequency Identification (RFID), sensors, and Near Field 

Communication (NFC) have all seen significant progress in the past decade. These things interact to exchange 

information. IoT turns conventional tools into smart devices by integrating them with new technologies such as 

multiple access strategies, sensor networks, embedded devices, protocols, and computer software. IoT enables these 

devices to communicate with one another and with servers without requiring human involvement. Initially, radio 

frequency was considered crucial for IoT. However, today, numerous technologies, such as NFC, Machine to Machine 

Communication and Vehicular to Vehicular Communication have been developed to create smart IoT systems. IoT 

significantly impacts smart cities and industrial, medical, and commercial areas, making life easier and more 

comfortable as more devices connect to the internet through IoT applications. Planning an RFID network is crucial for 

establishing a large RFID system. The K-coverage-based deployment of RFID readers is essential for ensuring 

efficient transmission. The Plant Growth Simulation Algorithm is used to guarantee k-coverage for RFID readers. 

The RFID scheme for channel identification instead of the Received Signal Strength Indication (RSSI) 

scheme. The RFID scheme is employed for identification purposes, whereas the RSSI scheme, which is based on the 

signal strength of a node, is often used in wireless communication networks for channel selection. RSSI represents the 

signal strength of the received radio frequency signal and is frequently used in wireless protocols to select channels. A 

clustering RFID system is typically focused on large-scale RFID networks. When a large number of nodes are involved 

in the network, existing tracking algorithms may not guarantee network efficiency. IoT connectivity techniques are 

classified based on coverage area: short-range techniques include Bluetooth, ZigBee, Wi-Fi, and Optical Wireless 

Communication (OWC), while long-range techniques cover wider areas, mainly outdoors, for specific applications 

such as unmanned aerial vehicles and environmental monitoring. This article primarily focuses on the general IoT 

architecture, various conventional and emerging network interface technologies, and addresses key challenges in 

designing innovative IoT applications 

II. LITERATURE REVIEW   

This paper advocates for using low-power wide area (LPWA) technologies as the backbone for Internet of 

Things (IoT) applications due to their wide coverage, long battery life, and low data rates. It reviews current trends, 

services, and challenges in LPWA technology, discusses industrial implementation models, and emphasizes the need 

for integrating different LPWA technologies. It also analyzes market opportunities, reviews recent research efforts to 

improve LPWA networks, and categorizes these efforts to aid researchers. Lastly, it identifies challenges and suggests 

future research directions. Bluetooth Low Energy (BLE) has grown significantly, but its original star topology design 

limits network coverage and lacks end-to-end path diversity. Competing technologies with mesh networks address 

these issues. To enable BLE mesh networks, academia, industry, and standards organizations have been developing 

solutions. However, there is no comprehensive overview in the literature. This paper offers a detailed survey of BLE 

mesh networking, starting with a taxonomy of solutions, then reviewing various approaches that leverage existing BLE 

functionality. It identifies key aspects of these solutions, discusses their advantages and disadvantages, and highlights 

open issues in the field. This letter explores the potential of blockchain in wireless IoT ecosystems, focusing on its 

ability to establish trust and consensus without central authority. It investigates the security performance of wireless 

blockchain networks using the RAFT consensus mechanism under malicious jamming conditions. By modelling 

blockchain transactions as a wireless network with uplink and downlink transmissions and assuming follower nodes' 

positions as a Poisson Point Process (PPP) with a designated leader, the study derives and validates the probability of 
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Figure 1 Block Diagram of Connectivity between Sensor and Actuator 

successful transactions through extensive simulations. The findings provide analytical guidance for the practical 

deployment of wireless blockchain networks. This letter investigates the potential of blockchain for wireless IoT 

ecosystems, focusing on trust and consensus without central authority. It examines the security of RAFT-based 

wireless blockchain networks under malicious jamming by modelling transactions as a wireless network with Poisson 

Point Process (PPP) positioned follower nodes and a designated leader. The study derives and validates the probability 

of successful transactions through simulations, providing guidance for deploying wireless blockchain networks. This 

review paper discusses Non-Orthogonal Multiple Access (NOMA) as a promising technique for enhancing bandwidth 

efficiency in future wireless cellular systems compared to conventional methods like orthogonal multiple access. 

NOMA offers better spectral efficiency and supports larger connectivity, especially in fading environments. Recently 

proposed by the Third Generation Partnership Project (3GPP) for 4G (LTE-A), NOMA aims to address the needs of 

5G, advanced multimedia applications, and the Internet of Things by supporting massive heterogeneous data traffic. It 

provides a detailed overview of various NOMA techniques and the latest advancements in NOMA principles, 

including the power domain and its variants. 

III. SENSING AND CONTROL TECHNIQUES 

In any application, sensors and controller play a crucial role in establishing connections between network technologies 

and physical objects. 

 

 

 

 

 

 

 

 

• Sensor – RFID -  

RFID is a vital sensing technology that uses radio waves for transmission and object identification. Its main 

components include a tag, a reader, and middleware. The reader transmits radio frequency signals through its antenna, 

and the tag gains energy from these waves to communicate with the system. Wireless Sensor Networks (WSNs) are 

employed in industrial environments, integrating embedded computing, sensors, and information processing 

techniques. WSNs collaboratively monitor, sense, and collect real-time information about various objects within the 

system. They offer flexibility, self-organization, lower costs, and intelligent processing capabilities. 

• Controller – Display , Database and Actuators -  

In critical applications such as gate controlling and water dividing, information control is paramount. Information and 

communication technology, combined with control techniques, is used in many internet applications. 

1. Network Interconnection Technologies - 

There are various wireless devices in future applications necessitating the development of advanced technologies to 

support massive connectivity. This section discusses existing wireless communication technologies that support 

extensive connectivity. These technologies are categorized based on coverage range into short-range and long-range 

IoT technologies. The dominant short-range technologies include Wi-Fi, Bluetooth, ZigBee, and Optical Wireless 
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Communication (OWC) technologies. This paper primarily focuses on short-range IoT technology and its 

applications. These technologies are designed to support wireless connectivity among devices within a small coverage 

area and are commonly used for indoor applications such as buildings, industries, or technical plants to meet 

connectivity requirements. The goal is to identify a specific IoT technology that can be integrated with NOMA to 

control particular applications. In this paper the Port of the Device is used as the mediator between the Arduino and 

the monitoring & controlling unit. The Port No. gets exchanged from Arduino to the Visual Studio server and the 

operation of the connectivity gets done without the interruption of any WIFI or internet within a network. 

IV. THE KEY BENEFITS OF THIS COMMUNICATION SETUP INCLUDE: 

 

A. Real-Time Data Transfer : Immediate feedback from sensors and actuators connected to the Arduino can be 

processed and visualized in Visual Studio, facilitating dynamic interaction and control. 

B. Enhanced Debugging : Debugging Arduino code is simplified by utilizing Visual Studio's powerful debugging tools, 

enabling developers to diagnose issues more effectively. 

C. User Interface Development : Visual Studio's comprehensive design capabilities allow for the creation of 

sophisticated graphical user interfaces (GUIs) to control and monitor Arduino projects, making the systems more 

user-friendly and accessible. 

D. Data Logging and Analysis : Collected data from Arduino sensors can be logged and analysed within Visual Studio, 

supporting complex data processing and decision-making tasks. 

By following the steps user can effectively bridge the gap between Arduino hardware and Visual Studio software, 

unlocking a wide range of possibilities for innovative project development. As technology continues to evolve, this 

method will remain a valuable tool for creating integrated systems in the field of Internet of Things (IoT) that 

leverage the strengths of both platforms. 

 

V. CONCLUSION :  

 In the given research paper the communication between Arduino and Visual Studio through port connections 

offers a robust and efficient method for integrating Sensors and actuator together. By leveraging serial 

communication, user can create powerful and interactive systems that combine the physical capabilities of Arduino or 

any microcontroller with the extensive features of Visual Studio. 

Throughout this exploration, we have demonstrated how to establish a serial connection between Arduino and Visual 

Studio, enabling seamless data exchange. This connection allows for real-time monitoring and control of Arduino-

based projects directly from a Visual Studio application, enhancing both development and debugging processes. 
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Abstract: - Automation is the field in which controlling a particular task or process is done with the help of electronic and electrical devices 
without human assistance or with less human aid and replaced by manual control operations. As far as the various industrial applications 

are concerned, the different operations or processes with induction motors have one of the important tasks for the smooth conduction of the 

process. The paper includes detailed information regarding PLC-based control and power wiring connections to the motor to run in star 
delta connections, connections to operate the motor in forward and reverse directions, interlocking of motors, sequential operations of 

motors, operation based on conditions, further, it includes the designing of ladder logic programming to run the motor as per requirement 

of above operations. 

Keywords: PLC, Hardware components- relay, Contactors, Push buttons, etc., Ladder diagram, System design process. 

 

I. INTRODUCTION 

A PLC is a computer-based controller used to control the processes or operations of the designed system of a 

particular application. The simplest operation to complex operation is to be controlled with the help of PLC. The 

PLC-based operations provide monitoring and controlling of the process as per conditions so that hazardous 

conditions occurring in a plant can be avoided to make a safe environment for processes and machinery used. The 

various advantages of induction motors make them suitable for industrial automation. It is used to drive fans, 

compressors, pumps, conveyors, elevators, cranes, etc. as per application need. Gas industries, oil industries, 

manufacturing plants, home appliances, power distribution, and refining plants are some examples where the 

controlling operations of induction motors are needed. 

As per the process or operation conditions, one has to design ladder logic to control various functions. The paper 

covers some of the controlling functions of induction motors that are generally used. The understanding of PLC-based 

control and power wiring to run the motors as per the conditions and designing of the ladder logic program is an 

attempt at paper writing. 

II. PLC BASED AUTOMATION 
 

 

Fig 1: General Block Diagram 
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               SYSTEM BLOCKS 

 

Inputs – A mechanical device or sensors used to give a signal to a PLC to control a designed electrical circuit. 

There are two types of inputs i.e. analog and digital. 

Programmable Logic Controller – A PLC is a computer-based controller that the industry uses to control the 

devices or processes according to the program of a particular operation or process. A PLC has three basic units i.e. power 

supply, processor, and input and output. 

Outputs – There are two types of outputs i.e. analog and digital. To ON and OFF the devices or processes, the digital 

outputs are used. In the case of analog output, the continuous signal from PLC is fed to the field devices. 

Computer and Programming Software – Programming software is required to program a PLC as per 

applications or the process requirement. The selection of particular programming software depends on the PLC 

selection. 

Power Supply – The power supply Provides a 230 V AC voltage to the computer and SMPS. 

SMPS – The SMPS provides a 24 V DC voltage to the PLC. 

 
 

III. SYSTEM DESIGN PROCESS 

 

 
Fig 2: Blocks of System Design 

 

IV. EXPERIMENTAL WORK 

As per the need of various industrial applications, the operations or processes with induction motors have one 

of the important tasks to run the process smoothly. To run the motor as per the condition of the process or 

operations, the proper control and power wiring of the total system and correct ladder logic programming have 

equal importance. 

(1) The various operations included in the experimental part are as follows. 

• PLC-based control and power wiring to run the motor in star delta connections. 

• Electrical connections to operate the motor in forward and reverse direction. 

• Interlocking Operations of motors. 

• Sequential operations of motors, 

• Operation based on conditions. 

(2) Ladder logic design to run the process or operations. 

(3) Testing of ladder logic of designed process on the simulator. Make changes if required. 

(4) Verify the project 

(5) Download the correct program into PLC 

(6) Run the program 
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A. General Block Diagram 
 
 

 

 

 
Fig 3: General Block Diagram – Wiring Connections 

 
 

B. Star Delta Operation 
 
 

 
Fig 4: Star Delta Connections – Power and Control Wiring 
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VI. LADDER PROGRAM 
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V. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(C) Direction Control Operation 
 

 

 

Fig 5: Forward and Reverse Direction Control 
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(D) Single Phase Operation 
 

 

 

Fig 6: Single Phase – Connection Wiring 
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(E) Switches Priority Based Operation 
 

 
 
 

(F) Interlocking Operations 

 



J. Electrical Systems Vol-Issue (2024): 
1-12 

32 

 

 

 
 

(G) Sequential Start Operation 
 

 

(H) Allen Bradley - MicroLogix 1400 PLC Panel 
 

(I) Programming and Communication Software 

RSLogix 500 
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RSLinx Classic 

 

 
 

V. OUTCOME 

• Low-cost controlling of induction motors for various operations using PLC is possible. 

• By changing ladder logic programming controlling various processes or operations is possible. 

• Provide automatic control over the process. 

• A consistency in processing and safety is possible. 

• The smooth handling of complex processes is also possible. 

 

VI. CONCLUSION 

 
The circuits for various PLC-based induction motor operations are successfully constructed and run by making 

a respective ladder logic program using RSLogix 500 and RSLinx Classic programming and communication 

software. 

Controlling output devices based on a program for a particular process or operation is done successfully and 

makes an errorless operation. The designed work can monitor and control the process. 
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Abstract: - This study investigated the dielectric properties of 2-nitrotoluene 

(2NT)-dimethyl sulfoxide (DMSO) and toluene-DMSO mixtures across the 

entire concentration range using Time Domain Reflectometry (TDR) in the 

frequency range of 10 MHz to 50 GHz. The Debye model was employed to 

analyze the complex permittivity spectra and extract key parameters. The 

results revealed that 2NT-DMSO mixtures possess a higher static dielectric 

constant compared to toluene-DMSO mixtures, particularly at lower DMSO 

concentrations. This signifies a more prominent contribution of polar 2NT 

molecules to the overall polarity of the mixture as the concentration of the 

other polar component (DMSO) decreases. Additionally, 2NT-DMSO 

mixtures exhibited higher relaxation times compared to their toluene 

counterparts. This is likely attributed to the steric hindrance caused by the 

bulkier nitro group in 2NT, impeding its molecular reorientation, and 

potentially stronger interactions with DMSO molecules. These findings 

provide valuable insights into the interplay between molecular structure and 

dielectric behaviour in these binary mixtures 

Keywords: Toluene, 2-nitrotoluene Complex permittivity, Relaxation time, Time domain 

reflectometry (TDR) 

                                                                                          I INTRODUCTION 

Understanding the dielectric properties of materials is crucial in various technological applications, 

including capacitors, sensors, and microwave devices. Dielectric properties are influenced by the interaction 

between an electric field and a material's constituent molecules [1]. In this study, we focus on binary 

mixtures of polar solvents: 2-nitrotoluene (2NT) and toluene with dimethyl sulfoxide (DMSO). The nitro 
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group (NO2) in 2NT introduces a significant dipole moment, making it a more polar molecule compared to 

toluene. DMSO is another polar solvent with a high dielectric constant.  

2NT has a benzene ring substituted with a nitro group (-NO2) at the 2-position as shown in Fig. 1. 

The aromatic ring contributes to its overall polarity, but the presence of the methyl group (-CH3) adds steric 

hindrance.  Fig.2 shows structure of toluene. Toluene possesses a simpler structure with a methyl group (-

CH3) attached to a benzene ring. While the benzene ring in both molecules contributes to some overall 

polarity due to delocalization of electrons (movement of electrons throughout the ring), the key difference 

lies in the functional groups attached.  DMSO was chosen as the solvent because of its high polarity and 

ability to dissolve a wide range of compounds [2-3].  

 

Fig. 1. Structure of 2-Nitrotoluene  

 

 

Fig. 2. Structure of toluene 

We hypothesize that due to the stronger polarity of 2NT compared to toluene, the 2NT-DMSO 

mixtures will exhibit a higher overall dielectric constant (ε0), especially at lower DMSO concentrations. 

Additionally, the bulkier structure of the nitro group in 2NT might lead to slower molecular reorientation, 

resulting in higher relaxation times for 2NT-DMSO mixtures compared to toluene-DMSO mixtures. This 

research aims to verify these hypotheses and provide a comprehensive understanding of the interplay 

between molecular structure and dielectric behaviour in these binary mixtures. We employ TDR as a reliable 

technique to measure the complex permittivity spectra of the mixtures in a wide frequency range (10 MHz to 

50 GHz). By analyzing the complex permittivity spectra, we can gain valuable insights into the molecular 

dynamics and relaxation behaviour within these mixtures [4].  

.
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                                                                            II  EXPERIMENTAL METHOD 

A.  MATERIALS 

2NT and toluene were purchased commercially from Loba Chemie Pvt. Ltd., Mumbai, with 99.00% purity. 

DMSO was obtained from S. D. Fine-Chem Ltd. The binary mixture of Toluene-DMSO and 2NT-DMSO 

was prepared at varying concentrations by volume fraction. 

     B. Measurements 

The CPS were obtained using the TDR technique [5]. The Tektronix digital serial analyzer model no. 

DSA8300 sampling mainframe oscilloscope along with the dual channel sampling module 80E10B has been 

used for time domain reflectometer. The experimental setup and instrument calibration are carried out in 

accordance with the references [6, 7]. 

                                            III   RESULTS AND DISCUSSION 

Fig. 3 and Fig. 4 display the frequency-dependent CPS for Toluene-DMSO and 2NT-DMSO at various 

concentrations respectively. The CPS obtained with TDR are fitted to the Havriliak - Negami expression 

using the non-linear least squares fit method [8-9]. 
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Where ε0 , τ , ε∞ ,   and  are the fitting parameters.  ω is the angular frequency. The Debye ( =0,  = 

1)[10], Cole-Cole (0   1 and  = 1) [11] and  Davidson – Cole (  = 0 and 0   1) [12] relaxation 

models are the limiting cases of Havriliak - Negami expression. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 3 Frequency dependent complex permittivity spectra for toluene +DMSO mixture at 25 °C.   
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Fig. 4. Frequency dependent complex permittivity spectra for 2NT-DMSO mixtures at 25 ° C 

 

The study compares ε0 for 2NT-DMSO and Toluene-DMSO mixtures at 25°C for different volume 

fraction of DMSO at 25 °C as represented in Fig. 5.  2NT is a polar molecule due to the presence of the nitro 

group (NO2). This group creates an uneven distribution of charge within the molecule, making it more 

susceptible to orienting itself in an electric field compared to Toluene (which has a methyl group instead of 

NO2). As the concentration of DMSO (also polar) decreases in the 2NT-DMSO mixture, the influence of the 

polar 2NT molecules becomes more significant, leading to a higher overall dielectric constant compared to 

the Toluene-DMSO mixtures.  

Comparison of relaxation time (τ in ps) for 2NT-DMSO and Toluene-DMSO mixtures for different 

volume fraction of DMSO at 25 °C is represented in Fig. 6. The value of τ of 2NT-DMSO mixtures found to 

be greater than Toluene-DMSO mixtures over different concentration ranges. The nitro group in 2NT makes 

it bulkier and hinders its movement compared to Toluene. Additionally, there might be stronger interactions 

between the polar 2NT and DMSO molecules, further slowing down the reorientation process. This 

translates to a higher relaxation time for 2NT-DMSO mixtures compared to Toluene-DMSO. This 

observation aligns with our initial hypothesis. 

 An intriguing trend emerges when analyzing the relaxation time (τ) as a function of DMSO 

concentration (Fig. 6). For 2NT-DMSO mixtures, τ exhibits a decreasing trend with increasing DMSO 

content. This suggests that the 2NT molecules reorient faster as the concentration of DMSO increases. This 
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behaviour can potentially be attributed to a dilution effect. As the concentration of DMSO rises, the relative 

number of 2NT molecules in the mixture diminishes. This reduces the overall influence of the bulky nitro 

group on the average reorientation time within the mixture, leading to faster overall molecular movement. 

Conversely, the relaxation time (τ) for toluene-DMSO mixtures exhibits an increasing trend with increasing 

DMSO concentration. This implies that the toluene molecules reorient slower at higher DMSO 

concentrations. This can be explained by the viscosity effect. DMSO is a relatively viscous liquid. As its 

concentration increases in the mixture, the overall viscosity of the system rises. This hinders the movement 

of both toluene and DMSO molecules, leading to a slower reorientation process and a higher relaxation time 

observed for toluene-DMSO mixtures. 

 

Fig. 5. Comparison of dielectric constant for 2NT-DMSO and Toluene-DMSO mixtures for different 

volume fraction of DMSO at 25 ° C 
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Fig. 6. Comparison of Relaxation time for 2NT-DMSO and Toluene-DMSO mixtures for different 

volume fraction of DMSO at 25 ° C 

                                                                    IV CONCLUSIONS 

The interplay between the strong dipole moment of 2NT and the varying concentration of DMSO 

determines overall dielectric constant of the mixture. At low DMSO concentrations, the dominance of 

polar 2NT molecules leads to a higher dielectric constant compared to toluene-DMSO mixtures. The 

combined effect of steric hindrance from the nitro group and potential interactions with DMSO molecules 

leads to a slower reorientation process in 2NT-DMSO mixtures, manifested as a higher relaxation time 

compared to toluene-DMSO mixtures 
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Abstract: - A two-dimensional (2D) layered material becomes an ultimate candidate for spintronics devices because of its 

atomically thin and flat nature. In this work, graphene was synthesized by modified electrochemical exfoliation method 

while transition metal oxides were prepared by simple chemical co-precipitation method. The XRD and SEM study 

confirmed the structure of prepared nanocomposites. The particle size was found to be increased due to doping. The giant 

magnetoresistance (GMR) of Graphene doped iron and nickel thin films deposited on glass substrate using screen printing 

technique was measured by using two-probe method at room temperature. The GMR values for graphene doped iron and 

nickel thin films were found to be 3.97% and 3.38%. 
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1 Introduction 

According to Moore’s law, exploiting new degrees of freedom has turn out to be an essential research 

direction to promote further development of electronic devices. The goal of spintronics is to make use of 

the spin degree of freedom of electrons to realize novel information storage and logic devices. A 

spintronics device has the superiority of faster speed, ultra-low heat dissipation, and non-volatility, 

making it an ideal candidate for future electronics [1]. Spintronics take advantage of spin degree of 

freedom together with the charge of an electron, providing more flexibility and control.  Flipping the 

spin state of an electron with an external magnetic field needs greatly low power and exceptionally little 

time in comparison with the movement of electron over the circuit which comes about in high-speed and 

low-power spintronics devices as compared to conventional electronic devices [2]. The beginning of 

spintronics goes back to the primary understanding of the electrical conduction in transition metals by 

Mott in 1936, who characterized the conduction of electrons in ferromagnetic (F) substances as a 

combination of two individual current channels, one channel along with electrons with spins parallel to 

the magnetization axis of F and the other with electron spins oriented in opposite direction [3].  

Magnetoresistance (MR), which is the change in a material’s electrical resistance in response to an 

applied magnetic field, is of interest both from fundamental and technological point of view. A large 

value of MR in weak magnetic fields at room temperature is of special attention in producing magnetic 

sensors, magnetic memory and hard drives [4, 5]. The first magnetoresistive effect was observed by 

William Thomson, better called as Lord Kelvin, in 1856, but he was not able to lower the electrical 

resistance of anything by more than 5% [6]. The giant magnetoresistive (GMR) effect was found in 1988 

in multilayered structures of ferromagnetic and non-ferromagnetic thin films by Grunberg, Binasch et al 

[7] as well as Fert, Baibich et al [8]. In principle, a typical GMR structure consists of a couple of 

ferromagnetic thin film layers separated by a non-magnetic conducting layer. The change in the 

resistance of this multilayer arises once the externally applied magnetic field aligns the magnetic 

moments of the successive magnetic layers [9]. In the presence of a magnetic field the spin-dependent 

electron scattering among the structure reduces and the electrical resistance decreases [10, 11]. GMR 

sensors are ideal for low cost applications since they are simply energized by applying a steady current 

and the yield voltage is a measure of the magnetic field [12].  

Two-dimensional (2D) layered materials have an atomically thin and flat nature which makes it an 

ultimate candidate for spintronics devices [13]. Graphene has been broadly applied in different areas 

such as electronic circuitry components, energy production, and field-effect transistors because of its 

great electrical, optical and mechanical properties [14-19]. In expansion to the remarkable intrinsic 

electronic and mechanical properties of pure graphene, the structure and properties can too be modified 

and controlled by molecule adsorptions and atom-dopants [20]. On the other side, transition-metal 
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adsorbed on nanoscale carbon surface these days has been of great interest, which gives rise to 

interesting new phenomena. Many 3d-orbital adatoms carry a magnetic moment and binding to graphene 

presents a chemical route to localized magnetic moments [21–23]. Moreover, many studies suggest that 

introducing impurities into graphene can transform the electronic structure of graphene [17]. Shinji 

Yuasa et al [24] reported a giant MR ratio up to 180% at room temperature in single-crystal 

Fe/MgO/Fe MTJs. Xiong et al [25] studied the injection, transport and detection of spin-polarized 

carriers using an organic semiconductor as the spacer layer in a spin-valve structure, which results in 

low-temperature giant magneto-resistance effects upto 40 percent. Ali et al [4] reported the 

observation of an extremely large positive magnetoresistance at low temperatures in the non-magnetic 

layered transition-metal dichalcogenide WTe2: 452,700 percent at 4.5 kelvins in a magnetic field of 

14.7 teslas, and 13 million per cent at 0.53 kelvins in a magnetic field of 60 teslas. Schmaus et al [26] 

demonstrated giant magnetoresistance across a single, non-magnetic hydrogen phthalocyanine 

molecule contacted by the ferromagnetic tip of a scanning tunnelling microscope. They measured the 

magnetoresistance to be 60% and the conductance to be 0.26G0. Theoretical analysis identified spin-

dependent hybridization of molecular and electrode orbitals as the cause of the large 

magnetoresistance. Guan et al [27] examined the geometry and the magnetic and electronic properties of 

transitional-metal (TM) adsorption on graphene with line defect (LD). For different TMs such as Fe, Co, 

Mn, Ni, and V, the complex systems showed different magnetic and electronic properties. 

In this work, we prepared graphene/transition metal oxide nanocomposites (Graphene doped Iron 

and Nickel) by a simple chemical co-precipitation method. The prepared samples were investigated by 

XRD and FTIR. Particle size of the materials was measured using Malvern’s zetasizer ZS-90 and also 

Giant magnetoresistance was calculated by two-probe method.  

 

2 Methodology 

2.1 Materials and Methods 

Analytical grade Ferric Chloride Hexahydrate (FeCl3.6H2O), Acetone, Nickel Chloride Hexahydrate 

(NiCl2.6H2O) and Sodium Hydroxide (NaOH) were used in the preparation of Graphene/Metal oxide 

composites. 

 

2.2 Sample preparation 

2.2.1 Preparation of Graphene and Metal oxides 

Graphene was synthesized via electrochemical exfoliation method with a graphite rod, whereas Metal 

oxides were prepared by using simple co-precipitation method. By vigorous stirring, sodium hydroxide 

(NaOH) solution was added drop by drop to an aqueous solution of ferric chloride. The stirring operation 
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was continued until the brown precipitation of ferric oxide was obtained. This was filtered and rinsed in 

distilled water before being heated in a muffle furnace at 100oC and ground into a fine powder. 

Subsequently, the material was calcined at 450oC for 2 hours. Similarly, the light green colored nickel is 

obtained, which on calcinations, turns into black oxide. 

2.2.2 Synthesis of Graphene/Metal oxide composite 

The ex-situ approach was adopted to synthesize the Graphene/metal oxide composites in equal 

proportion (1:1 ratio). The composites were all synthesized using acetone as a solvent and then calcined 

at 100oC for an hour. 

2.2.3 Preparation of Thin films using Screen printing technique 

For the preparation of thin films of Graphene/Metal oxide composites, screen printing technique is used. 

In this method, the paste of graphene/metal oxide composite mixed with binder made from butyl glycol 

and terpinol is printed onto a glass plate with the help of a blade. The glass plates are then dried to fix 

the layer of thin film. 

3 Result and discussions 

3.1 X-Ray Diffraction Analysis 

Characterization is necessary to establish understanding and controlled synthesis of nanostructure 

materials and their applications. XRD analysis was done by the X-ray diffraction of the samples using 

Rigaku Miniflex 600. X-ray Diffraction pattern were recorded from 10 degrees to 80 degrees using Cu-

Kα using an accelerating voltage of 40 KV. Data was collected at a rate of 10 degree/min.  

The XRD pattern of pure graphene is shown in figure 1(a). The pure graphene shows (002) 

diffraction peak at 2θ = 26.41˚, corresponding to a d-spacing of 0.34 nm, which is almost the same as 

that of graphite.  

The XRD pattern of Graphene doped Iron and Nickel is shown in figure 1(b). Graphene              

doped Fe shows the diffraction peak at 2θ = 52.86º (110), 75.1º (200) and 25.56º (002). The existence of 

small peaks of Graphene doped Ni at 2θ values 37.44º, 34.1º & 25.66º corresponding to Ni crystal planes 

of (111) (200) & (002) respectively matches with JCPDS 04-850[28].  
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Figure 1: XRD analysis of (a)Pure Graphene and (b)Graphene doped Iron and Nickel. 

 

3.2 SEM Analysis 

Figure 2(a) & 2(b) depicts the SEM images of Graphene doped Nickel Oxide and Graphene doped Iron 

Oxide, respectively. Both SEM images show that the metal oxide nanoparticles nicely distributed over 

the surface of graphene sheets.  

 

   Figure 2: SEM images of (a) Graphene doped Nickel Oxide and (b) Graphene doped Iron Oxide. 

 

3.3 Fourier Transform Infrared Spectra Analysis: 

The FTIR spectra of the Graphene nanocomposite samples are shown in figure 3. The graphene oxide 

spectra show some peaks which relates to O-C bond in the range 968 to 1365 cm-1, O=C shows 

existence through peaks in the range 1788 to 1803 cm-1 (carbonyl group), C=C bond at 1585 cm-1 and O-

H bond at 3138 cm-1 (hydroxyl group). These fingerprints indicate that graphene was successfully 
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synthesized. Complete metal oxide bonding (< 500 cm-1) was not found due to limitations of the 

instrument. Only the peak of Fe, Ni - O is appearing in the range 430 to 476 cm-1[29-33]. 

 

Figure 3: FTIR Spectrum of (a) Pure Graphene oxide, (b) Graphene doped Nickel Oxide, (c) Graphene doped Iron oxide. 

 

3.4 Particle Size Analysis: 

The particle sizes of graphene nanocomposites are determined by using Malvern’s zetasizer ZS-90. The 

particle size of pure graphene is found to be 3 nm whereas the particle sizes of graphene doped iron and 

nickel are found to be 300 nm and 200 nm respectively as in figure 4. Thus due to the doping of 

ferromagnetic materials in graphene, the particle size of sample is increased. 
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      Figure 4: Particle size distribution (a) Graphene, (b) Graphene doped Fe, (c) Graphene doped Ni. 

 

3.5 Determination of Giant Magnetoresistance: 

The giant magnetoresistance of graphene doped ferromagnetic materials are calculated using two probe 

method. The GMR for graphene doped iron is found to be maximum than graphene doped nickel and 

cobalt as shown in the table 1. Thus graphene doped iron is more useful for spintronic devices as 

compared to others. The valencies of iron and nickel are four and two.  The outer shell of the iron is 

having the four electrons in the same direction as compared to the nickel which is the maximum one. 

After applying the magnetic field to the outer electrons, they align in the same direction and give the 

maximum change in electrical resistance. Due to this, the iron is having the maximum 

magnetoresistance. 
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Table 1: GMR and average GMR values 

 

 

 

 

 

 

 

 

 

 

 

4 Conclusions 

This study evaluated the structural and magnetic properties of graphene doped metal oxide 

nanocomposites. In this work, the graphene is doped with the ferromagnetic materials such as iron and 

nickel and their giant magnetoresistance is measured. The simple chemical co-precipitation method is 

used for the doping of the ferromagnetic materials in graphene. The XRD shows that due to doping of 

the ferromagnetic materials in graphene, the crystalline size is increased. The thin films of the doped 

samples are prepared by screen printing method. FTIR spectrum confirms the metal oxide bonding. The 

particle size of pure graphene, graphene doped iron, and nickel is found to be 3nm, 300nm and 200nm 

respectively. The Giant Magnetoresistance (GMR) of the prepared thin films calculated using two-probe 

method is found to be 3.97% (for Fe) and 3.38% (for Ni). These findings conclude that graphene doped 

with iron can be useful for spintronics device fabrication due to high GMR ratio than graphene doped 

nickel. 

5 Acknowledgement 

The authors would like to thank Department of Physics, Sant Gadge Baba Amravati University, 

Amravati for their support. 

 

6 References 

1. Y. Liu, C. Zeng, J. Zhong, J. Ding, Z. M. Wang, Z. Liu, Spintronics in Two-Dimensional Materials, Nano-Micro Lett, 12 (93), 1-26, 

2020. 

2. M. Gani, K. A. Shah, S. A. Parah, P. Misra, Room temperature high Giant Magnetoresistance graphene based spin valve and its 

application for realization of logic gates, Phys. Lett. A., 384 (7), 126171, 2019.   

3. M. Gurram, Spin transport in graphene-hexagonal boron nitride Van der Waals heterostructures[Groningem]: University of Groningen, 

2018. 

Material GMR=∆ρ/ρ0 Average GMR 

Graphene + Fe 

1. 5.33% 

2. 4.49% 

3. 3.34% 

4. 2.71% 

3.97% 

Graphene + Ni 

1. 5.35% 

2. 3.43% 

3. 2.62% 

4. 2.12% 

3.38% 



J. Electrical Systems Vol-Issue (2024): 1-12 

49 

4. M. N. Ali, J. Xiong, S. Flynn, J. Tao, Q. D. Gibson, L. M. Schoop, T. Liang, N. Haldolaarachchige, M. Hirschberger, N. P. Ong, R. J. 

Cava, Large, non-saturating magnetoresistance in WTe2, Nature, 514, 205-208, 2014. 

5. V. N. Matveev, V. I. Levashov, O. V. Kononenko, V. T. Volkov, Large positive magnetoresistance of graphene at room temperature in 

magnetic fields up to 0.5 T, Scr. Mater., 147(1), 37–39, 2018.  

6. J. F. Brouckaert, R. Marsili, G. Rossi, R. Tomassini, Development and experimental characterization of a new non contact sensor for 

blade tip timing, AIP Conf. Proc., 1457(1), 61-68, 2012. 

7. G. Binasch, P. Grunberg, F. Saurenbach, W. Zinn, Enhanced magnetoresistance in layered magnetic structures with antiferromagnetic 

interlayer exchange, Phys. Rev. B., 39,  4828-4830, 1989. 

8. M. N. Baibich, J. M. Broto, A. Fert, F. N. Van Dau, F. Petroff, Giant Magnetoresistance of (001) Fe/(001) Cr Magnetic Superlattices, 

Phys. Rev. Lett., 61, 2472-2475, 1988.  

9. V. K. Varadan, L. Chen, J. Xie, Nanomedicine: Design and Applications of Magnetic Nanomaterials, Nanosensors and Nanosystems, 

John Wiley & Sons, Ltd.: West Sussex, UK, 1-43, 2008. 

10. L. Xu, H. Yu, M. S. Akhras, S. J. Han, S. Osterfeld, R. L. White, N. Pourmand, S. X. Wang, Giant magnetoresistive biochip for DNA 

detection and HPV genotyping, Biosens. Bioelectron., 24(1), 99-103, 2008. 

11. C. Gooneratne, C. Liang, I. Giouroudi, J. Kosel, An integrated micro-chip for rapid detection of magnetic particles, J. Appl. Phys., 

111(7), 07B327, 1-4, 2012. 

12. Ce. Yang, Yang-Long. Hou, Song Gao, Nanomagnetism: Principles, nanostructures, and biomedical applications, Chin. Phys. B, 23(5), 

057505, 1-9, 2014. 

13. M. F. Khan, S. Rehman, M. A.  Rehman, M. A. Basit, D. K. Kim, F. Ahmed, H. M. Waseem Khalil, I. Imtisal Akhtar, S. C. Jun, 

Modulation of Magnetoresistance Polarity in BLG/SL-MoSe2 Heterostacks, Nanoscale Res. Lett., 15(136), 1-8, 2020. 

14. K. S. Novoselov, A. K. Geim, S.V. Morozov, D. Jiang, Y. Zhang, S.V. Dubonos, I. V. Grigorieva, A. A. Firsov, Electric field effect in 

atomically thin carbon films, Science., 306(5696), 666-669, 2004.  

15.  S. Stankovich, D.A. Dikin, G. H. B. Dommett, K. M. Kohlhaas, E. J. Zimney, E. A. Stach, R. D. Piner, S. T. Nguyen, R. S. Ruoff, 

Graphene-based composite materials, Nature, 442, 282-286, 2006.  

16. J. Ryou, S. Hong, First-principles study of carbon atoms adsorbed on MgO(100) related to graphene growth, Curr. Appl. Phys., 13(2), 

327-330, 2013.    

17. Q. Zhou, Z. Fu, Y. Tang, H. Zhang, C. Wang, First-principle study of the transition-metal adatoms on B-doped vacancy-defected 

graphene, Physica E., 60, 133-138, 2014.  

18. M. Sun, Y. Peng, Study on structural, electronic and magnetic properties of Sn atom adsorbed on defective graphene by first-principle 

calculations, Appl. Surf. Sci., 307, 158-164, 2014.    

19. J. Zhou, Q. Wang, Q. Sun, X. S. Chen, Y. Kawazoe, P. Jena, Ferromagnetism in semi hydrogenated graphene sheet, Nano Lett., 9(11), 

3867-3870, 2009. 

20. X. B. Yuan, Y. L. Tian, X. W. Zhao, W. W. Yue, G. C. Hu, J. F. Ren, Spin polarization properties of benzene/graphene with transition 

metals as dopants: First principles calculations, Appl. Surf. Sci., 439, 1158–1162, 2018.   

21. Y. Yagi, T. M. Briere, M. H. F. Sluiter, V. Kumar, A. A. Farajian, Y. A. Kawazoe, Stable geometries and magnetic properties of 

single-walled carbon nanotubes doped with3dtransition metals: first-principles study, Phys. Rev. B., 69(7), 2004.  



J. Electrical Systems Vol-Issue (2024): 1-12 

50 

22. K. T. Chan, J. B. Neaton, M. L. Cohen, First-principles study of metal adatom adsorption on graphene, Phys. Rev. B., 77(23),  235430, 

2008.  

23. Y. Mao, J. Yuan, J. Zhong, Density functional calculation of transition metal adatom adsorption on graphene,  J. Phys.: Condens. 

Matter., 20(11), 115209, 2008.   

24. S. Yuasa, T. Nagahama, A. Fukushima, Y. SuZuki, K. Ando, Giant room- temperature magnetoresistance in single-crystal Fe/MgO/Fe 

magnetic tunnel junctions, Nat. mater., 3, 868-871, 2004.  

25. Z. H. Xiong, Di. Wu, Z. Valy Vardeny, S. Jing, Giant magnetoresistance in organic spin valves, Nature., 427, 821-824, 2004.  

26. S. Schmaus, A. Bagrets, Y. Nahas, T. K. Yamada, A. Bork, M. Bowen, E. Beaurepaire, F. Evers, W. Wulfhekel, Giant 

magnetoresistance through a single molecule, Nat. Nanotechnol., 6, 185-189, 2011.  

27. Z. Guan, S. Ni, S. Hu, First-Principles Study of 3d Transition-Metal-Atom Adsorption onto Graphene Embedded with the Extended 

Line Defect, ACS Omega., 5(11), 5900-5910, 2020.  

28. M. M. Almutairi, E. E. Ebraheim, M. S. Mahmoud, M. S. Atrees, M. E. M. Ali, Y. M. Khawassek, Nanocomposite of TiO2 @ Ni- or 

Co-doped Graphene Oxide for Efficient Photocatalytic Water Splitting, Egypt. J. Chem., 62(9), 1649-1658, 2019.   

29. U. Narkiewicz, N. Guskos, W. Arabczyk, J. Typek, T. Bodziony, W. Konicki, G. Gazsiorek, I. Kucharewicz, E. A. Anagnostakis, 

XRD, TEM and magnetic resonance studies of iron carbide nanoparticle agglomerates in a carbon matrix. Carbon., 42(5-6), 1127–

1132, 2004.  

30. N. Dharmaraj, P. Prabu, S. Nagarajan, C. H. Kim, J. H. Park, H. Y. Kim, Synthesis of nickel oxide nanoparticles using nickel acetate 

and polyvinyl acetate precursor, Mater. Sci. Eng., B., 128(1-3), 111–114, 2006.  

31. J. Zhang, C. Q. Lan, Nickel and Cobalt nanoparticles produced by laser ablation of solids in organic solution, Mater. Lett., 62(10-11), 

1521-1524, 2008.  

32. H. Qiu, F. Qiu, X. Han, J. Li, J. Yang, Microwave-irradiated preparation of reduced graphene oxide-Ni nanostructures and their 

enhanced performance for catalytic reduction of 4-nitrophenol, Appl. Surf. Sci., 407, 509-517, 2017.  

33. K. Bhowmik, A. Mukherjee, M. K. Mishra, G. De, Stable Ni Nanoparticle–Reduced Graphene Oxide Composites for the Reduction of 

Highly Toxic Aqueous Cr(VI) at Room Temperature, Langmuir., 30(11), 3209-3216, 2014.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://ejchem.journals.ekb.eg/?_action=article&au=77094&_au=Mohammad+M.++Almutairi
https://ejchem.journals.ekb.eg/?_action=article&au=77092&_au=Ebraheim+E.++Ebraheim
https://ejchem.journals.ekb.eg/?_action=article&au=77093&_au=Mohamed+S.++Mahmoud
https://ejchem.journals.ekb.eg/?_action=article&au=77095&_au=Mohamed+S.++Atrees
https://ejchem.journals.ekb.eg/?_action=article&au=77088&_au=Mohamed+E.+M.++Ali
https://ejchem.journals.ekb.eg/?_action=article&au=13889&_au=Yasser+Mahmoud++Khawassek
https://ejchem.journals.ekb.eg/article_28884_1e7a529a68ebaca3579e6003bf33e697.pdf
https://ejchem.journals.ekb.eg/article_28884_1e7a529a68ebaca3579e6003bf33e697.pdf


J. Electrical Systems Vol-Issue (2024): 1-12 

51 

 

1 Deepika S. Yawale 

 

 

Bioelectronic nose using bare 

graphene and carbon nanotube as 

a human olfactory receptor- a 

brief review 

 
 

 

Abstract: - With the development of smart biosensing technology, the applications of biosensors are evident in every field. 

However, the operation of a single sensor is not sufficient many a times for variety of obstacles which may cater to high power 

consumption, high temperature, low sensitivity and less accuracy due to the effects of environmental changes. In the quest of 

battling such situations E-nose comes into picture which is nothing but a combination of gas sensor arrays (GSAs). The E-nose is 

created to impersonate the human nose with the better version and greater accuracy. This paper reviews the real-time detection 

sensor of amyl butyrate (AB) using olfactory receptor 2AG1 and G-protein coupled receptor (GPCR) rendered inactive on a bare 

graphene. The graphene resistor sensor is made out of drop-casting method and using 1,5-diaminonaphthalene (DAN). The sensor 

binded with the target and other similar structure targets clarifies how the sensor is efficient with selectivity. The field effect 

transistor (FET) like structure of p-type Si-wafer on which SWCNTs surface functionalize with 1,5 diaminonaphthalene using 

glutaraldehyde can be a good biosensor or receptor. The paper further lists the applications and future scope of this E-nose and 

concludes with the results and discussion and a brief conclusion.  
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I.  INTRODUCTION  

 The gas sensing Technology has gained huge popularity as sensors help in detecting and differentiating 

several chemical compounds and have a wide range of applications which include detecting diseases, hazard 

detection in our surrounding and freshness of edible materials [1].  

 These sensors usually give output in electrical form. They are cost effective and also profitable for industry 
manufacturers. Selection of specific gas sensor plays a crucial role another critical parameter includes its 
response time, stability, sensitivity, repeatability and longevity [15]. They offer different functions but the 
operation of single sensor is not sufficient many a times for variety of challenges which mainly include High 
power consumption, very high operating temperature, extremely low sensitivity ,not able to detect small gas, 
wrong selection due to the hindrance of other gases, drop in accuracy due to external factors namely humidity, 
temperature variations, etc. 

 In order to combat such lacking nature of the sensor technology has given rise to gas sensor array (GSA) 
which operates as a combination of multiple gas sensors with several and variety of operating potential.  

The electronic nose, better known under the name E-nose [22] is a combination of such gas sensor arrays 
(GSAs). With the help of machine learning it blooms the result. The E-nose is designed to simulate human 
olfactory system [23] and its biological receptors. The E-nose basically combines gas sensor arrays (GSAs) with 
some machine learning to produce improved and better results. In E-nose, the selection of target gas and 
prediction of concentration is acquired through machine learning algorithms. The presented review highlights the 
detection of amyl butyrate (AB) using human olfactory receptor. Amyl butyrate is an odour-active volatile 
organic compound that has been identified as one of the main flavour constituents in banana fruit, apricot and 
Apples. It is widely used as food flavouring agent in chewing gums, candies and baked edibles. Human olfactory 
receptor used is G- protein coupled receptor (GPCRs) which has seven trans-membrane domains [2]. The G-
protein coupled receptors (GPCRs) are largest and usually diverse group of membrane receptors present in 
eukaryotes [21]. These cell surface receptors act like an inbox for messages in the form of light energy, peptides, 
lipids, sugars and proteins such messages inform the cells about presence or absence of life sustaining light or 
nutrients in their environment, or they convey information sent by other cells. GPCRs play a vital role in an 
incredible line of functions in the human body and increased understanding of these receptors has largely affected 
modern medicine. Researchers have found that around 0.3% of the market drugs are tangled with GPCRs. A G-
protein coupled receptor (GPCR) is incapacitated onto a grapheme resistor. Conceptually, the bioelectronic nose 
are much similar to human olfactory system [3].  

II. ELECTRONIC OLFACTORY SYSTEM 

1.  E-nose  

A Mammalian olfactory system and the electronic nose system have different stages of process building but it 

mainly deals with the sequence given in figure 1. 

 

 
                          

Fig 1: Different stages of electronic nose system 
 
In Mammalian olfactory system, the volatile odour is first taken into the body then the olfactory receptors get 

activated. Next the olfactory bulb passes it to the brain cortex and the final stage has neuronal processing further 
it is stored in memory. However, in E-nose the first stage consists of the sensor array which collects the raw data 
and then processed signals are transmitted. In the final stage there is a data bank which further helps in pattern 
recognition and retrieval.[25]  

2. E-nose working   

Using a sensor array (an electronic chip) and onboard pattern recognition algorithms, the lightweight, portable 

device works by exposing an array of plastic composite sensors to the chemical components in a vapour. When 

the sensors come in contact with the vapour, the polymer expands like a sponge, changing the resistance of the 

composites. The presence of a pre-trained substance is done by quick and accurate diagnosis and determined by 

measuring the change in resistance of the sensor. The E-nose includes three major parts namely, sample delivery 

system, detection system and computing system. A breath analyzer is the best-known electronic nose as drivers 

breath into the device a chemical sensor measures the amount of alcohol in their breath. This chemical reaction is 

then converted into an electronic signal, allowing the police officer to read off the result as alcohol is easy to 

detect, because the chemical reaction specific and the concentration of the measured gas is fairly high. 
                A brief comparison between human nose and E-nose is reported in table 1[4-5]. 
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Table 1: Brief comparison between human nose and E-nose  

 

  

 

 

 
       

 

 

 

 

 

 

                      C.  Biosensor (Analogous e-receptors)  

 

Biosensors are tools for the analysis of sample materials and perform function by converting the biological 

signal to electrical response. They occur in various types namely Immunosensors, DNA, enzyme-based, 

piezoelectric etc.[24] 

Elements and Working  
1) Samples: The first stage of a biosensor is sample which can contain food, water, soil, vegetation, cell, 

blood, urine, saliva, etc. as per needed.  
2) Transducers: This stage is mainly divided into two substages i.e. i) Bioreceptor and ii) Electrical Interface. 

The bioreceptor may have nuclei acids, antibodies, cells or enzymes which are then combined with an electrical 
interface which can have Electrodes, array of nano wires, nanoparticles or FET devices. The Electrical interface 
stage converts the biological signal into an electrical one.  

3) Electronic system: The third and last stage is the electronic system which is subdivided into three sections 
namely 1) Signal amplification 2) Signal Processing 3) Displaying the signal. In the transducer stage the 
biological signal is converted into electrical and then passed on to signal amplification. An amplifier is attached 
to get a filtered and amplified signal which is then passed on to the signal processing stage. In this stage, the 
amplified signal is processed and required observations and readings are noted down so as to pass it on to the last 
stage to display the variations on the screen (Fig 2).  

 

                      D.  Applications of Biosensor  

1) Biosensor in packaging  
For the safety of foods and to determine its freshness the packaging includes 
 

  
 

Fig 2: Block diagram of Electronic system 
2) Biosensor in Cancer Research [18-19]  
 The nanoparticles of metal used in the making of biosensor have a large tendency for cancer cells.  
3) Biosensor in safety of foods  
 The screening through biosensor depends mostly for the determination of contaminants in food like pesticides 
and to check the nutritional content in it.  
 
 

III. WORKING MODELS OF E-NOSE SYSTEM 

 

1. Model:1 

The Authors [2] stated that Graphene was fabricated using chemical vapour deposition (CVD) using single 

layer graphene. The mechanical exfoliation has the highest electron mobility in the single layer graphene. 1,5-

diaminonaphthalene (DAN) was deposited on the bare grapheme. After this deposition, glutaraldehyde was 

added to it then an olfactory receptor 2AG1 was immobilized in it.  

               

Human nose               v/s                  E-nose 

• 108 receptor cells • 5-32 sensors 

• 103 types • 5-32 types 

• Responds in a few seconds • Responds in tens of seconds to a 
few minutes               

• Sensitivity in ppb/ppt • Sensitivity in ppm/ppb 

• Massive neural processing in the 
brain 

• Pattern recognition, AI, artificial 
neural nets 

• Receptors regenerated every few 
weeks (~30 days) 

• Sensors replaced on a 
maintenance schedule (depends 
on application) 
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               B.    Model: 2 

 

The Authors [6-7] stated that a p-silicon wafer was embedded with a 1000 A˚ thick oxide layer. Using 

photolithography photoresist (PR) layer pattern was concealed with Polyethylene Glycol (PEG) toluene (PEG-

toluene). The PEG has a silanol group due to which it got self-fabricated on the SiO2 wafer. The PR was taken off 

using lift-off method. The wafer was then submerged in solution of swCNTs (0.1 mg/ml in 1,2-dichlorobenzene). 

The deposited swCNTs adsorbed 1,5-diaminonaphthalene. It was then activated using glutaraldehyde and 

followed by hOR2AG1. 

   Real-time current, voltage and resistance measurements were carried out using graphene sensor chip and 
obtained FE [12-13]. Measurements were taken in ambient conditions (at 20˚C, normal atmospheric pressure). 
Current in response to a constant voltage of 40 mV was applied across the E-nose. Real-time measurement of 
resistance was carried out. In graphene by drop casting method and in SiO2 wafer first with the blank 
measurement i.e. no solution followed by pentyl valerate, butyl butyrate and propyl butyrate and eventually with 
our target odorant i.e. amyl butyrate with increasing concentrations. The depiction can be arranged in the 
following series of events 

 

 
 

IV. CURRENT APPLICATIONS AND FUTURE APPLICATIONS  

1) E-nose is used by R&D labs and various production departments for several purposes which consists of  

           a) Monitoring the quality of meat 

           b) Labs in which quality control is needed 

           c) Vendor selection 

           d) Detection of contamination or adulteration 

           e) Observing storage conditions 

           f) Maintaining batch to batch consistency 

2) Environmental monitoring can be done on a large scale using E-nose  

3) Identification of volatile organic compounds in air, water and soil samples  

4) In future, E-nose can be used as a drug detection method at airports. Similar to which detection of odorless 

[20] smells for bomb odours. 

5) Sensing of dangerous and harmful bacteria, such as MRSA (Methicillin resistant staphylococcus aureus)  

6) Detection of lung cancer or other medical diseases  

7) In addition to it, E-nose is used in automobile, analytical chemistry, packaging, drug and other two 

significant uses are in analysis of food grains and wines. 

i) They are used for categorizing and quality checking of wines [11]. Sensory and chemical properties of wine, 

especially colour, aroma and taste are important aspects of their quality  

ii) The aroma of grains is the primary criteria of fitness for consumption in many countries. 

V. RESULT AND DISCUSSION  

It is reported by authors [6-8] that the surface topography that was possessed by bare graphene before and 

after the drop-casting of DAN was characterized using atomic force microscopy (AFM). AFM showed clear 

changes in surface topology and surface roughness. The roughness of bare graphene was found to be 0.534 nm 

which escalated to 2.315 nm after DAN drop-casting.  

Real-time resistance measurement was carried out with drop-casting and washing with 45 minutes drying 
period. There was substantial increment in resistance after DAN drop-cast. After that another noticeable increase 
in resistance was observed after addition of glutaraldehyde [16-17] then it was washed and allowed to dry. 
Addition of ORA2G1 receptor produced small changes in resistance. The final resistance was found to be higher 
than the bare graphene [9-11].  
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The functionalized sensor both graphene and FET [14] showed great tendency towards amyl butyrate (AB). 
However, OR2AG1 showed no response with aliphatic, alcohols, ketones, esters, butyl butyrate and propyl 
butyrate it addition of AB caused sharp decrease in resistance. Two structurally similar odorants i.e. butyrate and 
propyl butyrate were tested for its selectivity with which it showed no major changes. The response signals 
showed dramatically larger signal change for AB. These results indicate that implemented graphene biosensor 
offered greater selectivity towards amyl butyrate and the field effect transistor (FET) [26] like structure of p-type 
SiO2 wafer on which swCNTs surface is functionalized with 1,5 diaminomaphthalene using glutaraldehyde can 
be a good biosensor receptor. By reviewing both the methods in which one carries drop cast method and the other 
has photolithography I feel that drop cast method is easy to adopt and cost effective in laboratory basis whereas 
the SiO2 masking method in which Photolithography is done is more technical and complex but can be used to 
create such micro form of wafers which will be resembled like ICs on a large scale. 

V. CONCLUSION 

 

The biosensor was obtained using DAN drop-cast and immobilization of OR2AG1 protein. The sensor 

specifically detected the target odour i.e. Amyl butyrate (AB) recommending great capability for bioelectronic 

nose using combination of olfactory receptors. The operating method is simple, quick and cost effective for 

making selective sensing devices. The field effect transistor (FET) like structure of p-type SiO2 wafer on which 

swCNTs surface is functionalized with 1,5 diaminomaphthalene using glutaraldehyde can be a good biosensor 

receptor on large scale and miniature forms.  
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Abstract: - Novel reaction parameters for synthesizing CdSe Quantum Dots (QD’s) of particle size of unit dimensions measured in 

nanometer is claimed herewith. The investigation systematically explored various sets of reaction conditions, in particular, the 

impact of reaction temperature, on the structural, morphological, optical, and other atomic scale properties of the CdSe QD’s. 

Particle Size, as small as, 1 nm and with stability at ambient temperature could be easily obtained with βME as the capping agent. 

Characterization of, thus synthesized, CdSe QD’s were done using XRD, UV-Visible spectroscopy, SEM, FTIR, HRTEM, EDX, and 

SAED techniques.The XRD results revealed that the size of the particles is between 2.4nm to 9nm and is in the cubic phase. SEM 

images clearly shows that the particle size increases with the increasing temperature. Further, HRTEM confirms the average particle 

size to be 3.6nm and smallest particle size as 1 nm. Also observed is intermixing of both, wurtzite and zinc blende structures. The 

EDX study confirms the percentage of Cd and Se to be 76.03 % and 23.96 % respectively. All the characterization techniques carried 

out, coherently lead to the conclusion of formation QD’s of CdSe. The size of which could be controlled by varying the temperature. 

The CdSe QD’s nanoparticles remained stable in ambient conditions over longer period of time.  

Keywords: Quantum Dots (QD’s), Capping agents, Colloidal Method, Wurtzite Structure, Dye-Sensitized Solar Cell. 
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I.  INTRODUCTION  

Nanostructure material is 10−5 times smaller than a human hair’s diameter; it is one billionth of a meter. On 

basis of dimensions, Nanomaterials are categorized as zero-dimensional, one dimensional, two-dimensional and 

three dimensional which are represented by 0D (Quantum dots), 1D (Nanorod), 2D (Nanosheet) and 3D 

(Nanoflowers) respectively [1]. The motion of electrons from conduction band and holes or excitons from 

valence band (bound pairs of conduction band electrons and valence band holes) are confined in all the three 

directions of a structure for quantum dots[2-4].  Since they were first identified in the 1980’s, Semiconductor 

nanocrystals are also referred as Quantum Dots (QD’s)[5-20]. A type of semiconductor nanocrystal known as 

Colloidal Quantum Dots has particle size smaller than the exciton Bohr radius of 5.4 nm for CdSe and their 

properties are dissimilar to those of bulk object due to few nanometers[21-26]. semiconductors QD’s of II-VI 

group metal chalcogenides, especially ZnS, CdSe, and CdTe were extensively investigated due to their quantum 

confinement properties[27]. The quantum confinement effect occurs when the size of a particle is comparable to 

the electron’s de Broglie wavelength.The Hot Injection method is a general procedure for synthesizing high-

quality crystalline II-VI semiconductor material, where in initially Cadmium precursor (CH3)2Cd or CdO is 

dissolved in coordination ligands such as Trioctylphoshine oxide, Hexylphosphine acid, or Tetradecylphosphonic 

acids. Next, the selenium precursor (Se dissolve in TOP) is quickly injected into the Hot coordination reaction 

mixture, initiating the nucleation process. Subsequent growth is carried out at a relatively lower temperature. This 

Process was first reported by Murray et al. [28], and later on, Peg et al. and Talpin et al. have developed the Hot 

Injection Procedure [29-36]. The synthesizing of CdSe QD’s has been tried by numerous researchers using 

different techniques or by utilizing Cd and Se precursors. Lately, several methods have been tried to generate 

CdSe QD’s: liquid paraffin with a combination[37], one-pot hydrothermal synthesis[38], microwave and electron 

beam irridation[39,40], colloidal reaction temperature technique[41], and aqueous solution[42-45]. In contrast to 

these methods, the synthesis process that employ an aqueous solution have good water solubility and are easy, 

environmentally friendly, and highly reproducible. 

When stimulated by UV light, QD’s with diameters of 5-6nm emit longer wavelengths, while smaller once 

with sizes between 2-3nm emit shorter wavelengths and larger bandgap. Because the electrons in quantum dots 

are restricted to specific energy levels that are determined by the size of the particle (the smaller the particle, the 

greater the bandgap) [46-47]. Hence, shorter wavelength means higher photon energy, which is required for 

Photovoltaic conversions.In this paper we are reporting to have synthesized CdSe QD’s by the wet chemical 

method (colloidal method) in which water is used as a solvent, and the reaction happens at ambient temperature. 

The synthesis procedure is economic gives us very small quantum dot particles. Xray & SEM studies revealed 

interesting structural and morphological changes depending on temperature variation. highly pure form of CdSe 

QD’s were obtained due to unique experimental setup.  At temperature of 400C experiment of 5 hours small 

QD’s of size 3.5nm were obtained. with the size of QD falling in the range of 3.5nm to 4nm and Bandgap of 

2.60eV is obtained. So, we can claim that these quantum dots have the potential application in Photovoltaic and 

Dye-Sensitized solar cell. 

II. MATERIALS AND METHODS: 

1. Materials: 

Cadmium Acetate Dihydrate [Cd (CH3COO)2] (reagent grade, 98%, Aldrich), Selenium Metal Powder (Se) 

(100 mesh, 99.99% trace metals basis,Aldrich), 2-Merxaptoethanol (HOCH2CH2SH) (99%, SRL) also known as 

βME, Sodium Sulphite (Na2SO3) (Sodium Sulfite, ≥ 98%,Aldrich). All of the materials were employed without 

further purification because they were of analytical grade. Water as solvent had been twice distilled was used to 

produce each solution. 

 

2. Synthesis of CdSe quantum dots: 

Solution A as stock solution of Sodium Selenosulphite (Na2SeSO3) in two neck flasks was prepared by 

mixing of 0.6040 gm of Na2SO3 and 0.0948 gm of Se metal powder in 50ml of double distilled water (DDW). 

This solution was then heated at 900C for an hour. The second solution B was prepared by adding 0.46 gm of [Cd 

(CH3COO)2  in 50ml of DDW at 400C for a period of 10 minutes. Solution A  is then added to Solution B till the 

colourless solution B changes from Milky to dark lemon colour. Then 0.4ml of 2-Mercaptoethanol (βME) is 

added drop by drop till end of the experiment. A set of four experiment done at temperature 400C,550C,700C, and 

850C for material T400C, T550C, T700C and T850C Respectively. Fig (1) showing pictorial graph of 
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experiment.The Prepared Quantum dots were washed by Double Distilled Water for 3-4 times and keep it in 

Oven to dry the samples and convert it into the Powder. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

III. RESULTS AND DISCUSSIONS: 

1. Characterization and Evaluation: 

 

An XPERT-PROMPD X-ray diffractometer with Cu-Kα radiation (λ = 1.5405 A0) in the range of (100 to 

800) was applied for the identification of materials, crystal composition and  Phase identification. JEOL-IT300 

for scanning electron microscopy (SEM). For Absorbance study, the UV-Visible Spectrometer (Perkin-Elmer, 

Lambda 750) was used. Using a Perkin-Elmer 1710, the Fourier Transform Infrared (FTIR) spectra was acquired 

at a resolution of 2cm-1 across the 500-4000 cm-1 range.  Using Thermo Scientific- Talos F200X G2, a High-

resolution transmission electron microscopy (HRTEM) was used for atomic-scale imaging of a sample of 

crystalline structure. Energy-dispersive X-ray spectroscopy (EDS) was carried out to identify the chemical 

compositions and Selected Area Electron Diffraction (SAED) was used to determine the significant level of 

crystallinity in the porous material. 

 

2.  XRD Characterization: 

The structure, composition and crystallite size analysis of the prepared CdSe QD’s was performed using an 

XPERT-PROMD X-ray diffractometer (XRD) instrument recorded between the 2θ angles 200 to 600  . The 

diffraction graph in the XRD shown in Figure(2). The standard [ICDD No. 19-191][48,49] and [JCPDS No. 19-

191][50-60] have been three clear wide peaks could be identified at 2θ = 26.08°, 42.29°, 46.28° and 50.55° which 

corresponds to the lattice planes (111), (220) and (311). The formation of CdSe nanocrystalline structure is 

confirmed by peak broadening. 

To calculate the crystallites size from Debye-Scherrer’s formula, 

                                                                    D =  
Kλ

β cosθ
                                                      (1) 

      Where,  

      D = crystallites size (nm) 

      K = 0.9 (Scherrer’s constant) 

Fig. (1) Schematic illustration of the CdSe Colloidal Synthesis Process 
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      λ = 0.15406nm (wavelength of the x-ray sources) 

      β = FWHM (radians) 

      θ = Peak Position (radians) 

To using the same, the estimate crystallite size was found out to be of CdSe QD’s is 0.2 nm to 0.6 nm. Fig.(2) 

is the X-ray diffraction pattern of temperature of 400C,550C,700C, and 850C  synthesized materials. 
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3.  SEM Characterization: 

Fig. (3) is the surface morphology of the CdSe Quantum dots for the temperature series of 400C,550C,700C 

and 850C of samples T400C,T550C,T700C andT850C  are represented the SEM images of temperature series at 

1000 magnification are represented  in fig. a,b,c,and d and at 3000 magnification in fig. e,f,g,and h for sample 

T400C,T550C,T700C and T850C respectively. The particle size is being increases with increasing temperature. 

Also, Fig.3 is shows image of the uneven orientation of grains in the SEM image seems rough and agglomerated. 

It is preferable to trap charge carriers inside the gadget because of its rough construction, but doing so also 

reduces the device’s responsiveness and mobility [61]. 

 

 

 

 

 

 

 

Fig (2): XRD pattern of CdSe QD’s prepared at 40°C, 55°C, 70°C and 85°C 
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Fig. 3 (a-d) Temperature series of magnification rate 1000 and Fig. 3 (e-h) magnification 

rate 3000 for 400C, 550C, 700C and 850C of Samples T400C, T550C, T700C and T850C 

respectively 

 

 

4. UV-Visible Spectroscopy: 

Before being transferred into a quartz cuvette for analysis, a tiny portion of the powdered samples of 

T400C,T550C,T700C and T850C were sonicated in double distilled water to ensure appropriate dispersion. The 

UV-Vis absorption spectra confirms the red shift in colour implying increase in particle size [62-64]. The 

absorption spectra in Figure 3 shows how the particle size increases with temperature. Distinct peaks are 

observed at 595nm,619nm,599nm and 544nm with 400C,550C,700C and 850C respectively in all prepared CdSe 

QD’s[65]. 

Bandgap dertemination: 

Tauc’s relation[2, 62, 66] was used to determine the optical transition energy from the absorption spectra. 

 

                                               (αhυ) = B (hυ − Eg)r                                              (2) 

 

Where hν is the photon energy, Eg is the optical bandgap, B is a constant, and r is an index that realies on the 

type of electronic transition that results in optical absorption. The values of r for allowed direct, allowed indirect, 

forbidden direct and forbidden indirect transitions are ½, 2, 3/2, and 3, respectively. [21] 

CdSe known to have direct bandgap structure, For direct transitions, Eq. (1) becomes,  

     

                                                     (αhν) = B (hν − Eg)1/2                                            (3) 

 

The variation between (αhν)2 and hν of the prepared CdSe QD’s is shown in the inset spectra in each graph 

in Figure 3. The straight lines of the plots across a broad spectrum of photonic energy points to a direct transition. 

The bandgap for the samples prepared at 400C,550C,700C and 850C was determined to be 2.60 eV,2.25 eV,2.08 

eV, and 1.89 eV, respectively, which exceeds the value of CdSe bandgap (Egap = 1.74 eV) (1,21,67). The optical 

transition energy was obtained by extrapolating the linear region to the energy axis where  (αhν)2 = 0. 

Fig.4(a), 4(b), 4(c) and 4(d) shows UV and Tauc graph of samples 400C,550C,700C and 850C respectively. 
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5. FTIR Characterization: 

 

The CdSe nonstructural material’s organic species are identified and characterized by FTIR Spectroscopy. 

Figure 5 exhibits the FTIR analysis of CdSe QD’s given below: 

Sample 

No. 

Wavenumber as per 

Analysis 

(Cm-1) 

 

Analysis 

 
 

  T400C 

735 Cd - Se band stretching [72] 

992 CH2 rocking [4] 

1281 CH2 wagging [4] 

2607 symmetric stretching vibration of C – CH2 from the methylene chain [72] 

3762 weak band [72] 

 

 

 
  T550C 

742 Cd - Se band stretching [72] 

992 CH2 rocking [4] 

1289 CH2 wagging [54] 

1390 CH2 wagging [73] 

3279 O-H stretching of vibration peak [54] 

3435 the OH vibrations of hydroxyl group [74] 

 

 

   
 T700C 

742 Cd - Se band stretching [72] 

1000 C-O stretching [73] 

1421 CH2 bending [73] 

3279 OH group [73] 

2849 Symmetric stretching in CH2 vibrations of alkyl chain [73] 

 

 
 

T850C 

633 C-S stretching [73] 

742 Cd - Se band stretching [72] 

992 CH2 rocking [4] 

1281 CH2 wagging [4] 

2888 Symmetric stretching in CH2 vibrations of alkyl chain [73] 

Fig. 4(a) UV and Tauc 

graph for samples T400C 

Fig. 4(b) UV and Tauc 

graph for samples T550C 

 

Fig. 4(c) UV and Tauc 

graph for samples T700C 

 

Fig. 4(d) UV and Tauc 

graph for samples T850C 
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6. HR-TEM Characterization: 

 

In Fig. 6(a) shows a HRTEM image of Samples T400C, in which several CdSe QD’s are clearly visible and 

seen crystalline in nature. Their average diameter is measured to be 3.65 nm. When compared to the size 

estimated from the XRD study, it was discovered that the quantum dots observed by HRTEM were slightly 

larger. The main reason of this result is due to the fact the X-ray only measures the nanocrystalline core size [68]. 

 Fig. 6(b) shows a histogram of the measured QD’s size distribution, Most of the QD’s have diameters of 

between 3.5nm to 4 nm. Empirical functions provided by Lu et al. which correlated size with excitonic peak 

position indicate that their sizes and optical properties are consistent with one other (23,69,70,78,79). HRTEM of 

two QD’s and their Fourier transformations are shown in Fig. 6(c) and (d). 

The typical zig-zag pattern of the Wurtzite crystal structure appears by the Fourier transform in Fig. 6(c), and 

the QD’s in Fig. 6(d) exhibit a Zinc blende crystal structure. The presence of CdSe QD’s Quantum Yield (QY) 

increases as compared to the Wurtzite structure, Xia et al. hypothesized [69,71] that the Zinc blende structure in 

these particles leads to improved optoelectronic capabilities. The QD’s revealed continuous lattice fringes of 

Wurtzite structured CdSe with an interplanar lattice spacing of 0.385 nm, according to HRTEM analysis in Fig. 

6(e), the fringes are clearly shown in the same diagram at lower side. Intensity Profile obtained from the atomic 

coloumn distance with lines in (e), with help of graph in Fig. 6(f) we have calculated the Interplanar Spacing in 

Fig. 6(e). 

2943 Asymmetric stretching in CH2 vibrations of alkyl chain [73] 
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Sample T400C 

(a) 

Fig. 6(a) HRTEM of CdSe QD’s Fig. 6 (b) Histogram of CdSe QD’s  

(c) 5 nm 

Fig. 6 (c) CdSe QD’s with Wurtzite 

Structure 

(d) 
5 nm 

Fig. 6 (d) CdSe QD’s with Zinc Blende 

Structure 

(e) 5 nm 

Fig. 6 (e) Interplanar Spacing of CdSe QD’s 

(f) 

Fig. 6 (f) Intensity Profiles obtained from the 

atomic columns marked with lines in (e) with 

Interplanar Spacing 
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7. EDX Characterization: 

 

In order to confirm the formation of CdSe QD’s EDX analysis 

was performed. During the EDX measurement different areas 

were focused and the corresponding peaks are shown in Fig. 7. 

Both Cd and Se can be seen in the synthesized QD’s in the EDX 

Spectrum. In Spectrum, the atomic quantity of Cd and Se were 

76.03 and 23.96 respectively.  

Details of the EDX Spectra of the CdSe QD’s values measured as 

atomic and weight % are listed in Table 7 (i): 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Energy dispersion X-ray (EDX) Spectroscopy was used to generate element distribution maps in order to 

investigate the locations of Cd, Se, and S in CdSe QD’s (Figure 7). Using Scanning transmission electron 

microscopy (STEM), a high angle annular dark field (HAADF) [23,78,79,80, 81] image of the sample CdSe 

QD’s is displayed in Figure 7(a). The distribution of the Cd and Se elements in the same picture is shown in 

Figure 7(b). The positions of the atoms of Cd, Se, and S are shown in Figure 7(c-e). The intensity of the K (Se) or 

L (Cd) line in the EDX spectrum determines the colour brightness of a single selected pixel [23]. Element Cd 

distributed more in the lower half side as compared to the upper part of the structure in Fig. 7(c), Element Se 

distributed more in top right part of the structure in Fig.7 (d) and Element S is evenly distributed throughout the 

entire structure in Fig.7 (e). 

 

 

 

 

 

 

Element 

Cadmium (Cd)L Selenium (Se)K 

Weight(%) Atomic (%) Weight (%) Atomic (%) 

CdSe 
QD’s 

81.87 76.03 18.12 23.96 Fig.7(i) EDX Spectra of CdSe QD’s 

Fig. 7 Element distribution maps of CdSe QD’s. (a-b) HAADF-STEM image, (c–e) positions of Cd, Se, and S 

atoms respectively. 

(a) (b) (c) 

(d) (e) 
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Fig.8 (a) Selected Area Electron Diffraction (SAED)  

(a) 

8. SAED Characterization: 

The SAED of the T400C sample is displayed in 

Figure 8(a);The Sample’s good crystallinity is 

indicated by the presence of distinct diffraction rings. 

The lattice planes that emerged had smaller interplanar 

spacing(d) than the bulk and were indexed with cubic 

planes (111), (220), (311), (422), (511) and (531). 

Thses lattice planes are Polycrystalline clear 

diffraction rings structure associated with the CdSe 

QD’s is cubic. [4,54, 68, 75, 76]. That XRD data by 

confirming that the Samples main phase has a 

Modified cubic structure.The polycrystalline clear 

diffraction rings structure of the produced CdSe 

nanoparticles' SAED pattern correlates to the lattice 

planes (111), (220), and (311), respectively, and is 

associated with cubic CdSe nanoparticles. 
 

 

IV. CONCLUSION 

Using the wet chemical method, CdSe QD’s are synthesized. XRD results reveal 0.2nm to 0.6nm particle 

size, at temperature 400C showing cubic phase with zinc blend structure of CdSe QD’s. SEM morphology shows 

that the particle size increase with increasing temperature and the band gap decreases from 2.60 eV to 1.89 eV for 

temperature 400C,550C,700C and 850C respectively. Among all-material that we studied, the average particle size 

3.65nm and the smallest particle size is 1nm as well as the Wurtzite crystal structure and Zinc blende crystal 

structure appears by the Fourier Transform of material of temperature 400C. The surface area increases as the 

particle size decreases [82]. These CdSe QD’s did not agglomerate even after 550 days without using any 

Stabilizing agent. With these results, we conclude that with temperature set at 400C is promising material for the 

Dye Sensitized Solar Cell application. 

The typical zig-zag pattern of the Wurtzite crystal structure of CdSe QD’s can be also confirmed by Fast 

Fourier Transform (FFT) which is a generalized through ImageJ plug in for the calculation of Fourier transform. 

In Fig. 6(c), and the QD’s in Fig. 6(d) exhibit a zinc blende crystal structure. 
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I.  INTRODUCTION  

The technique of dielectric spectroscopy is broadly utilized to explain the molecular dynamics of organic polar 

liquids in both: their pure and mixed states. This method requires evaluating the complex permittivity of 

samples over a wide frequency range, either at a particular temperature or over a broad range of temperatures. 

A number of dielectric investigations on polar-polar and polar-non-polar liquid mixtures have been conducted 

to learn about molecular interactions and relaxation processes in the mixed states[1][2][3][4][5][6]. These 

studies helped to gain information on the dynamics of H-bonds[2][3][4][6]. One can use complex permittivity 

data to calculate electric modulus, electrical conductivity and complex impedance, which can give additional 

information about structural configurations, electrochemical properties and behavior of conducting species of 

binary mixtures. In past, very few researchers have studied the polar solvent dynamics with relevance to the 

evaluation of their structural behavior of EGMPE-MeOH mixtures [7] . In past, Chaube et al. [6] studied 

dielectric relaxation of a binary mixture of ethylene glycol mono phenyl ether and methanol by time domain 

reflectometry. They examined dielectric characterization in the microwave frequency range (10 MHz to 25 

GHz) at four different temperatures.  They obtained different dielectric parameters such as static permittivity, 

permittivity at optical frequency and relaxation time using CNLS fit method. Through this study they obtained 

valuable information about the orientation of dipole, hydrogen bonds, and molecular interaction. In present 

investigation, dielectric properties of EGMPE, MeOH and their binary mixtures of varying concentration in 

frequency range 20 Hz to 2MHz at 299.15 K have been studied. In the present study, we are examining the 

complex permittivity and complex impedance spectra in the lower frequency region. The HN model has been 

used to fit the complex permittivity data, and the Nyquist plot have been used to analyses the complex 

impedance data. This study differs from the previous study in their methodological approaches, frequency 

ranges and also outcomes based on different studied parameters. 

EGMPE, commonly used as preservative and antioxidants, surface active agent, is a six-carbon aromatic ring 

with a phenyl group attached to one carbon atom of the ethylene glycol backbone. On the other hand, the 

methanol, sometimes known as wood alcohol, is one of the first organic chemicals to find widespread usage in 

the laboratories and industry[8][9]. Results reported in the present investigations will be helpful to understand 

the structural changes taking place among the industrially important compounds: EGMPE and MeOH, in their 

mixed state of varying composition. 

II EXPERIMENTAL 

1. Material 

MeOH of HPLC grade with a minimum assay (GC) of 99.7% purity was given by Ranbaxy, while SRL Pvt. Ltd. 

provided EGMPE with a minimum assay (GC) of 99% purity. EGMPE and methanol were mixed to obtain 

binary mixtures at 21 various volume fraction concentrations. The mole fraction of EGMPE in MeOH was 

derived from the volume fraction [2], using relation  

                                                  𝑋𝑎 =
𝜌𝑎×𝑉𝑎/𝑀𝑎

𝜌𝑎×𝑉𝑎/𝑀𝑎+𝜌𝑏×𝑉𝑏/𝑀𝑏
          (1) 

Where, a = EGMPE, b = MeOH, M = Molecular weight, V = Volume, ρ = Density t”. 

2. Measurement 

Utilizing the capacitance measuring process the value of the complex relative dielectric function (ɛ*) of 

EGMPE, MeOH, and their mixtures were determined over frequency span of 20 Hz to 2 MHz. Using an Agilent 

E4980A precision LCR meter, the parallel capacitance and parallel resistance of the measurements of Agilent 
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16452A four terminal liquid dielectric test setups without and with samples were obtained[10]. While calculating 

the values of the complex relative dielectric function, the correction coefficient for the test fixture was also taken 

into account to eliminate the influence of erroneous capacitance. Using a constant temperature water bath 

(Model Industrial Corporation, India manufacture) with an accuracy of +0.1 K, the temperature of the solutions 

was kept at the required constant level. All measurements were made at a fixed temperature of 299.15 K. 

Determination of various parameters such as complex function(ɛ*), complex electric modulus(M*),and complex 

impedance (Z*) were evaluated using relations reported in reference[11][12][7]. 

III. RESULT AND DISCUSSION  

Fig.1 illustrates the frequency and concentration dependence of the real part of the relative complex dielectric 

function (ɛ') of the binary mixture of EGMPE+ MeOH. The energy held in the material as a result of various 

polarizations is represented by the real component (ε') of the complex dielectric function (ε*(𝜔))[13]. Within the 

20 Hz to 2 MHz frequency range, the spectra are splited into two distinct parts. The ɛ' values in the low 

frequency region rise linearly as the frequency lowers by several orders of magnitude. On a log-log scale, the 

slope is negative and higher than unity. The presence of ionic impurities in the binary mixtures of polar liquids 

under study, result in the electrode polarization near to the surface of the measuring electrode/cell. This electrode 

polarization effect is manifested as enormously large values of ɛ' in the lower frequency range region, i.e. below 

1 kHz. The electrode polarization effect is caused by the accumulation of ions and free charges at the interface 

between the dielectric material and electrode[14]. In the high frequency region beyond a few tens of kHz, ɛ' is 

frequency independent, giving the static dielectric constant. We have taken the ɛ' value at a frequency of 2 MHz 

as static dielectric constant[15]. The imaginary part (ɛ") represents the energy loss as a result of dipole motion or 

movement of ionic species when there is an electric field present[13]. 

 

Fig.1 Frequency dependence of real part of relative complex dielectric function (ɛ') for binary 

mixtures of EGMPE and MeOH. 

Fig. 2 displays the imaginary component of complex permittivity (ɛ") versus frequency graph. The straight line 

in Fig. 2 with a negative slope, which results from decrement of (ɛ") with frequency. shows that the material 

under investigation satisfies Ohm's law[16]. Ion jumps and conduction loss of migratory ions are the two causes 

of the significantly large value of (ɛ") in the low frequency region. 

The Havriliak-Negani (HN) model is frequently used expression to define the frequency dependence complex 

permittivity data for binary system of liquids and also explain motion extended to several molecular 

segment[17].  

We fitted complex permittivity data to a single HN relaxation[17][18] model which is given by 
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                                          𝜀∗ = 𝜀∞ +
∆𝜀𝐸𝑃

[1+(𝑗𝜔𝜏𝐸𝑃)𝛼]𝛽                                                      (7) 

∆𝜀𝐸𝑃 = 𝜀∞-𝜀0; 𝜀∞ = High frequency limiting value of ε’     

                         𝜀𝑜  = static permittivity at lower frequency 

                       𝜏𝐸𝑃 = Electrode polarization relaxation time 

                      α, β = asymmetry and broadness parameter of dielectric loss peak 

 
Fig.2 Frequency dependence of imaginary part of relative complex dielectric function (ɛ") for binary mixtures 

of EGMPE and MeOH at 299.15K. 

Table 1 Fitting parameters 𝜺𝒐 , ∆𝜺𝑬𝑷 , 𝝉𝑬𝑷 , 𝜶 𝒂𝒏𝒅 𝜷  at 299.15 K temperature.  

Concentration 

of EGMPE 
𝜺𝒐 

∆𝜺𝑬𝑷 

× 𝟏𝟎𝟓 
𝝉𝑬𝑷 (𝒎𝒔) 𝛂                

β 

1.0000 10.36 3.55 169 0.91 1.09 

0.8597 11.71 4.51 82 0.90 1.09 

0.7437 12.60 5.47 54 0.87 1.14 

0.6463 13.91 6.07 33 0.86 1.15 

0.5633 15.04 6.67 23 0.85 1.16 

0.4917 16.01 7.42 19 0.83 1.19 

0.4293 17.38 8.10 16 0.82 1.21 

0.3745 18.29 8.63 14 0.81 1.23 

0.3260 19.64 9.23 12 0.80 1.24 

0.2827 21.06 9.14 9.1 0.78 1.26 

0.2438 21.91 9.74 9.8 0.78 1.26 

0.2087 22.88 10.02 9.4 0.78 1.27 

0.1769 23.84 10.59 8.6 0.77 1.29 

0.1479 24.74 10.99 8.3 0.76 1.30 

0.1214 26.09 11.25 8.3 0.76 1.30 

0.0970 27.09 11.26 7.6 0.76 1.31 

0.0746 28.21 10.40 6.9 0.76 1.31 

0.0538 29.26 11.49 7.9 0.75 1.32 

0.0345 30.18 11.44 8.4 0.75 1.33 

0.0166 30.89 11.42 9.0 0.74 1.35 

0 31.74 11.42 8.4 0.71 1.39 
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      Experimental and fitted plots of ɛ* to the H-N model for EGMPE, MeOH and their binary mixtures are shown in 

Fig.3. From the figure, it can be seen that our data provides excellent fitting to the H-N model. 

Fitting parameters ∆𝜀𝐸𝑃,  𝜀𝑜, 𝜏𝐸𝑃  , 𝛼 and β for all concentrations are tabulated in Table 1. The shape of dispersion 

is determined by the empirical parameters α and β, which usually displays Debye behavior at the low frequency 

end and an asymptotic long tail at the high frequency end. The objective function of CNLS fitting simultaneously 

includes the real and imaginary components of the complex permittivity to give a comprehensive fit. In Fig. 3, 

the plots of ε* versus frequency demonstrate that EGMPE exhibits more significant electrode polarization (EP) 

compared to MeOH, which shows less significant EP. 

The spectrum of frequency-dependent loss tangents (tan𝛿) for EGMPE, MeOH, and their binary mixtures are 

shown in Fig. 4. The relaxation frequency 𝑓𝐸𝑃,at which bulk material properties and EP phenomena diverge is 

represented by the peak value of the tanδ spectrum[19]. The relaxation time 𝜏𝐸𝑃 ′ (obtain from tan𝛿 spectra) was 

calculated using 𝜏𝐸𝑃 ′ = (2𝜋𝑓𝐸𝑃′)−1 [20]. While 𝑓𝐸𝑃 ′ is the frequency corresponding to the peak value of tan𝛿. 

The peak shifts to the lower frequency side when the EGMPE concentration in the mixture increases. The 

relaxation time of MeOH is 8.4 ms, and that of EGMPE is 169 ms. 

Fig. 5(a) and 5(b) illustrate the graph of the complex modulus (M*) for real and imaginary component versus 

frequency. The value of M' approaches zero for all concentration in the low frequency zone; this behavior is 

caused by an absence of a force that controls the movement of charge carriers when a low frequency electric field 

is present[21]. For above 10 kHz frequency range, the value of M' increases and approaches to constant level for 

all concentration range. In Fig.5(b), peak in M″ against frequency plot is seen in all the concentration solutions in 

the stated frequency range. The peak shifts to a higher frequency side as the MeOH in the mixtures becomes 

more concentrated. However, there is only a little shift of the M′′ peak values to the lower frequency side in 

MeOH-rich regions. The M″ peak values diminishes from 0.0480 for pure EGMPE to 0.0157 for pure MeOH as 

the concentration of MeOH increases. 
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Fig.3 Complex dielectric function (ε*) fitted to HN model by CNLS fitting for a) EGMPE b) mixture of EGMPE 

49.17%) + MeOH (50.83%) c) mixture of EGMPE (9.70%) + MeOH (90.30%) d) MeOH. Solid line represented 

fitted data. 

 

Fig.4 Frequency dependence of the loss tangents (tanδ) for binary mixtures of EGMPE and MeOH at 

299.15K. 

For EGMPE, peak value of M" is much larger than the peak values of the other samples, because of its low static 

dielectric constant. The properties of the modulus spectrum indicate the presence of a hopping electrical 

conduction mechanism in binary mixtures[22]. The M′′ spectra of those mixtures contain a peak in the indicated 
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frequency range,  and the frequency associated with these peaks is related to the relaxation time of ionic 

conductivity τσ by the formula 𝜏𝜎 = (2𝜋𝑓𝜎)−1 [19]where the relaxation might be influenced by both short-range 

molecule mobility and charge carrier transfer. In Fig.6, the behavior of 𝜏𝜎  with the volume fraction of EGMPE in 

the binary mixture of EGMPE and MeOH is depicted. As the concentration of EGMPE in MeOH rises, the 

relaxation time for ionic conductivity (τσ) increases. This is may be due to the higher value of molecular size, 

density and viscosity of EGMPE in comparison with MeOH[5]. 

 

 

Fig.6 Frequency and concentration dependent (a) real part of the electric modulus (M') (b) imaginary part of 

the electric modulus (M'') for binary mixtures of EGMPE and MeOH. 



J. Electrical Systems Vol-Issue (2024): 1-12 

77 

 
Fig.7 Ionic conductivity relaxation time (𝝉𝝈)  against concentration of EGMPE in MeOH at 299.15K 

temperature. 

Fig. 7 shows the complex impedance in the plane plot for the binary mixture of EGMPE and MeOH. The 

impedance spectra show Debye-type semicircle in high frequency region followed by a tail in the low 

frequency region. The value of bulk resistance (Rb) is equal to the semi-circle's intercept with the real axis (Z′). 

The bulk resistance (Rb) separate semicircle in two regions higher frequency arc region represents the bulk 

material property and lower frequency arc represents the polarization of the electrode surface. 

 Fig.13 Plots of Z" versus Z' with varying concentration for binary mixtures of EGMPE and MeOH. Solid 

line represents fitted curves to four terminal equivalent RC circuit. 

A more significant tool for analyzing the impedance spectra of examined materials is electrochemical 

impedance spectroscopy (EIS). Experimental data points of impedance spectra for studied materials were fitted 

to the various equivalent circuit models with help of EC-Lab software. For pure EGMPE, MeOH, and their 

binary mixtures. It was found that the four-element equivalent illustrated in Fig.13 provide the best fit to the 

experimental data. From the fitted values of capacitor C1 and resistor R1 geometric time (𝜏𝑔 = 𝑅1𝐶1) was 

evaluated[23]. In Table 2 values of fitting parameters  𝑅1, 𝐶1, 𝑅2, & 𝐶2 for all concentrations are presented. 

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 0.2 0.4 0.6 0.8 1

τ
σ
(µ

s)

Concentration of EGMPE



J. Electrical Systems Vol-Issue (2024): 1-12 

78 

It can be seen that at all concentrations, the ionic conduction relaxation time (determined from complex 

modulus spectra) and geometric time values (in Table 2) are nearly same. This suggests that R1 and C1 

represent the bulk resistance and capacitance of samples, respectively, while τσ exhibits ionic conductivity 

relaxation.  

The value of capacitance C1 increases with a decreased concentration of EGMPE in MeOH, while the value of 

bulk resistance R1 is reduced. For the materials under research, additional R2 and C2 indicate the reaction 

resistance and diffuse double layer capacitance of the polarization region near the electrode, respectively 

Table 2 Four equivalent RC circuit fitted parameters along with the geometric time 

constant (τg) and ionic conductivity relaxation time (τσ). 

Concentration 

of 

EGMPE(Xa) 

R1 

(Ω) 

C1 

(nF) 
R2(Ω) 

C2 

(µF) 

𝝉𝒈 

(µs) 
𝝉𝝈 (µs) 

1.000 14117 0.3438 2931 6.93 4.85 4.74 

0.8597 5385 0.3883 2549 9.76 2.09 2.12 

0.7437 2958 0.4192 2523 11.48 1.23 1.26 

0.6463 1641 0.4583 2285 13.24 0.75 0.75 

0.5633 1044 0.4951 1935 14.64 0.51 0.50 

0.4917 766.1 0.5263 1640 15.93 0.40 0.39 

0.4293 593.9 0.5665 1418 16.98 0.33 0.33 

0.3745 491.6 0.6015 1268 18.07 0.29 029 

0.3260 406.1 0.6429 1141 19.06 0.26 0.26 

0.2827 311.0 0.6909 1089 19.22 0.21 0.21 

0.2438 314.8 0.7150 1028 20.11 0.22 0.22 

0.2087 288.4 0.7444 978.9 21.05 0.21 0.21 

0.1769 256.9 0.7693 910.8 21.23 0.19 0.20 

0.1479 240.6 0.8012 860 21.93 0.19 0.19 

0.1214 235.1 0.8471 847 22.18 0.19 0.20 

0.0970 212.0 0.8828 816.5 22.62 0.18 0.19 

0.0746 210.1 0.9246 884.4 21.44 0.19 0.19 

0.0538 214.7 0.9624 799.9 22.95 0.20 0.20 

0.0345 230.1 0.9917 801.7 22.26 0.22 0.22 

0.0166 247.7 1.013 794.3 21.17 0.25 0.25 

0 239.0 1.09 787.7 19.55 0.26 0.23 
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To determine the mobile ion concentration, ion mobility, ion diffusivity and Debye length, Klein et al. [24] 

developed a model. The Klein model was used to derive all the parameters for EGMPE, MeOH, and their 

binary mixture. Using the equation, the Debye length at the electrode surface was calculated. 

𝜆𝑑 =
𝑔

2𝑀
                                                       (8) 

where 𝜆𝑑= Debye length at surface of electrode g = electrode gap and M=
𝜏𝐸𝑃

𝜏𝜎
  

The value of Debye length for pure EGMPE is 3.60 × 10−9m; for pure MeOH, it is 4.58 × 10−9m. For all the 

other concentrations, it lies in between the pure values. Values are tabulated in Table 3. Ion mobility of the 

mixture is calculated using the equation: 

                                                                           𝜇 =
𝑞𝑔2

4𝑘𝑇𝑀𝜏𝐸𝑃
                                                        (9) 

where q is an electron charge, k is Boltzmann constant and T is absolute temperature.  

Table 3 Calculated values for the binary mixtures of EGMPE and MeOH at 299.15 K for Debye length (𝝀𝑫), 

ion mobility (𝝁), mobile concentration (Po), and ion diffusivity (D). 

X(MeOH) 𝝀𝑫(nm) 𝝁𝟐(m2 /Vs) Po (m-3) D (m2 /s) 

0 
4.21 1.48E-10 8.01E+23 3.73E-12 

0.1403 
3.88 2.81E-10 1.1E+24 7.09E-12 

0.2562 
3.50 3.85E-10 1.45E+24 9.72E-12 

0.3537 
3.41 6.13E-10 1.66E+24 1.55E-11 

0.4367 
3.26 8.42E-10 1.91E+24 2.13E-11 

0.5083 
3.08 9.62E-10 2.27E+24 2.43E-11 

0.5706 
3.09 1.15E-09 2.48E+24 2.9E-11 

0.6254 
3.11 1.32E-09 2.59E+24 3.33E-11 

0.6740 
3.25 1.61E-09 2.58E+24 4.06E-11 

0.7173 
3.46 2.26E-09 2.39E+24 5.71E-11 

0.7561 
3.37 2.04E-09 2.63E+24 5.15E-11 

0.7912 
3.35 2.12E-09 2.77E+24 5.35E-11 

0.8230 
3.49 2.41E-09 2.76E+24 6.08E-11 

0.8520 
3.43 2.46E-09 2.88E+24 6.21E-11 

0.8786 
3.61 2.59E-09 2.8E+24 6.53E-11 

0.902933 
3.75 2.93E-09 2.72E+24 7.4E-11 

0.92539 
4.13 3.55E-09 2.26E+24 8.98E-11 

0.946152 
3.80 2.85E-09 2.74E+24 7.21E-11 

0.965406 
3.93 2.78E-09 2.64E+24 7.02E-11 

0.983309 
4.17 2.75E-09 2.48E+24 6.94E-11 

1 
4.11 2.9E-09 2.45E+24 7.33E-11 

 

Values of an ion diffusivity (D) and the mobile ion concentration (Po) are determined using the following 

relation: 

                                                              Po = 
𝜎𝑎𝑐

𝑞𝜇
     and      D = 

𝜇𝑘𝑇

𝑞
                                        (10)                                                  

Values of Ion mobility, ion diffusivity, and mobile ion concentration are stated in Table 3. Ion mobility and ion 

diffusivity increase as the concentration of MeOH increases. While the value of mobile ion concentration 
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decreases with an increase concentration of MeOH in EGMPE. Debye length increases with decreased 

concentration of EGMPE in MeOH. 

Conclusion 
This study analyses the complex permittivity and complex impedance formalism of EGMPE concentrations in 

MeOH at 293.15 K within frequencies ranging from 20 Hz to 2 MHz. In the low frequency domain, the complex 

dielectric function of these binary mixtures is influenced by electrode polarization and ionic conduction. The 

peak of the loss tangent shifts to the lower frequency side with an increase in the EGMPE concentration in the 

mixture. Experimentally established complex permittivity values for EGMPE + MeOH mixtures is fitted into the 

HN model. The value of M' approaches zero for all concentrations in the low-frequency zone; this behavior is 

caused by the absence of a force that controls the movement of charge carriers when a low-frequency electric 

field is present. The peak value of M'' shifts to a higher frequency side as the MeOH in the mixtures becomes 

more concentrated. The ionic conductivity relaxation time τσ increases with the concentration of EGMPE. The 

modulus spectra for all concentrations show Debye-type semicircles. The high-frequency arc representing the 

bulk effect and the low-frequency arc representing the electrode surface effect are easily distinguished in the Z″ 

vs Z′ graphs for EGMPE and higher concentrations of EGMPE. When the concentration of MeOH in the mixture 

increases, it is seen that the size of the semi-circular arc (low-frequency arc) decreases. For every concentration, 

complex impedance values are fitted to an analogous four-element RC circuit. The loss tangent tan𝛿 and Mʺ 

demonstrate just one of either EDL or ionic relaxation processes. It is established that the polar liquids EGMPE 

and MeoH contain natural impurities. From the phenomenon of electrode polarization, the mobility and 

concentration of the natural impurities in pure EGMPE, MeOH, and their mixes are ascertained. An estimate was 

made of the thickness of the ion accumulated at the interface between the electrode and the dielectric medium, 

which was made up of the polar liquids EGMPE, MeOH, and their mixtures. 
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Abstract: - For different mole fractions, investigations of the dielectric properties of 

binary mixtures of Methanol (MeOH) and Bromopropane (BRP) have been obtained as 

a function of frequency ranging from 10 MHz to 30 GHz using Time domain 

refractometry (TDR) at 283.15 K temperature. Complex permittivity data fitted 

Havriliak-Negami dielectric model to extract dispersion parameters using complex non-

linear least square fitting (CNLS) program. Various dielectric parameters namely; static 

dielectric constant (ε0), relaxation time (τ), effective Kirkwood correlation factor (geff), 

corrective Kirkwood correlation factor (gf), Bruggeman factor (fB) are determined and 
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I.  INTRODUCTION 

Recently, there has been considerable interest in researching the physicochemical 

characteristics and their corresponding excess properties. Understanding the physical 

condition and composition range is crucial for comprehending the mixing features, since these 

properties are directly impacted by them. Moreover, there is a significant need to investigate 

the connections between molecular structure and the qualities of mixtures [1-3]. Dielctric, and 

refractometric, measurements have been proven to be excellent methods for analysing the 

functional and structural properties of the mixtures [4]. Many researchers have extensively 

studied the dielectric relaxation in polar-polar binary mixtures, including the whole range of 

concentrations and temperatures [5, 6]. The objective of these investigations is to comprehend 

the molecular composition and assess both ideal and non-ideal mixture characteristics. 1-

Bromopropane used as solvent for cleaning electronic parts, implanted prostheses, optical 

devices, and other supplies. Methanol finds applications such as automotive antifreeze, 

chemical synthesis, solvents, and fuel cells. The incalculable applications of these hydroxyl-

based solvents make it necessary to investigate their mixing behaviour in order to enhance the 

solvents' characteristics in the many application domains [7]. In current study, we examined 

the dielectric characteristics of a combination containing MeOH and BRP at all concentrations 

at a temperature of 283.15 K. The frequency range of 10 MHz –30 GHz was used to acquire 

the complex permittivity spectra of the binary mixtures, using the TDR approach. The 

dielectric characteristics, including the static dielectric permittivity (ε0) and relaxation time 

(τ), are assessed and analysed. In addition, we utilised a diverse set of theoretical mixing 

models for dielectric constant to suit our experimental findings. The Root mean square 

deviation (RMSD) estimations have also been implemented for their validation. 

 

II. EXPERIMENTAL METHODS 

 

Table 1 Experimental and reported values of the static dielectric constant (ε0), refractive 

index (n) and relaxation time (τ) for the pure liquids. 

__________________________________________________________________ 

Static permittivity Refractive index Relaxation time 

Expt. Lit.  Expt. Lit.  Expt. Lit. 

__________________________________________________________________  

MeOH  38.95 38.599  1.3326 1.332811 60.04 60.0013b 

1- BRP  11.14 11.8110  1.4402 1.431912a 7.00 13.5010 

__________________________________________________________________ 
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aAt 298.15 K temperature, bAt 288.15 K temperature 

 

MeOH (GC grade) and BRP (Synthesis Grade) were procured from LOBA Chemie, India. 

The solutions were made at eleven various volume percentages of BRP, ranging from 0% to 

100% in increments of 10%. Utilising the following formula, the volume fraction has been 

altered into a mole fraction [3]. The complex permittivity (ε⁎(f)) of binary mixtures were 

measured in frequency span 10 MHz to 30 GHz using TDR setup [8]. Refractive index of 

liquid samples were measured using Abbe refractometer at sodium D-line. The measurement 

of the refractive index was found to have a maximum error of ±0.015%. All measurement 

were carried out at constant temperature 283.15 K.  It is seen that the  

   

III. RESULT AND DISCUSSION 

Complex permittivity spectra obtained from the time domain reflectometry (TDR) were 

fitted to Havriliak-Negami dielectric model using LEVMW software to obtain dielectric 

strength (Δε = ε0- ε∞) and dipolar relaxation time (τ) for the binary mixtures of MeOH + BRP 

[7]. It has been observed from figure 1(a) that the dielectric constant (ε') of complex spectra 

is independent of frequency up to 0.3 GHz, this plateau region yields to the static dielectric 

constant values of the binary mixtures of MeOH + BRP. As the concentration of BRP 

increases in MeOH + BRP mixture, ε' value decreases due to the diminution of polarizability 

of mixing molecules of binary mixtures under the influence of applied electric field. On the 

other hand, the ε″ peaks (figure1(b)) moved to the higher frequency side, suggesting mixing 

molecules swing rapidly under the influence of an applied electric field, resulting in a decline 

in the relaxation time of binary mixtures. 
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Figure 1. Display the dielectric constant (ε') and dielectric loss (ε'') part of complex 

permittivity spectra of MeOH + BRP binary mixtures at 283.15 K. 

 

Table 1 makes it evident that the calculated values of the relaxation time (τ), refractive 

index (n), and static dielectric constant (ε0) agree quite well with the values found in 

literature. Methanol has a greater relaxation time than 1-bromopropane. This is so because 

the structures of methanol include hydroxyl groups and intramolecular clusters joined by (O–

H ---O) type of connection. Moreover, the system absorbs more energy as a result of the self-

associated clusters; hence, molecules rest slowly, which lengthens the relaxation time. Its 

inflexible and non-associative character is suggested by the reduced relaxation time value of 

BRP. Refractive index (n), relaxation time (τ), and static dielectric constant (ε0) values in an 

ideal mixture of polar liquids vary nonrectilinear as hetero molecules interact. Refractive 

index, relaxation duration, and static dielectric constant are shown in Figure 2 against the 

mole fraction of BRP. It is clear from figure 2 that the observed values (ε0) and (τ) are 

decreases in a nonrectilinear manner as the concentration of BRP increases while the 

refractive index (n) values show opposite trend as the concentration of BRP increases in the 

mixture. The nonlinearity in (ε0), (τ) and (n) indicate heteromolecular interaction between the 

MeOH molecules and BRP molecules in binary mixtures. 

 
Figure 2 Variation of  Static dielectric constant (ε0), refractive index (n) and relaxation 

time (τ) against mole fraction of BRP. [Dotted lines indicate ideal behavior of mixture.] 

  

There is a notable difference between the (ε0) and (τ) values of MeOH and BRP. When 

BRP molecules added to MeOH molecules, the formation of MeOH-BRP clusters can lead to 

the occurrence of three distinct types of cooperative domains (CDs) in the combinations. 

These CDs may be categorised as follows: CDBRP contains exclusively BRP molecules, 
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CDMeOH contains exclusively MeOH molecules, and CDMeOH-BRP contains both MeOH and 

BRP molecules. The nonlinear trend in the evaluated values of τ in mixtures of MeOH and 

BRP give direct evidence of the interactions between the interacting molecules. In addition, 

the formation of uniform CDs by intermolecular hydrogen bonding enhances the obstacle to 

the overall rotational movements of the systems. The observed changes in τ values as the 

concentration fraction of BRP increases in the MeOH + BRP mixture provide evidence for 

the ongoing process of breaking and forming hydrogen bonds in the heterogeneous mixture 

[6].  

The excess parameters related to (ε0), (τ) and (n) provide valuable information regarding 

interaction between the (MeOH + BRP) binary liquid mixtures shown in figure 3. The excess 

parameters are well-defined as [8]. 

(𝜀0)𝐸 =  (𝜀0)𝑀 − (𝜀0𝐼𝑋𝐼 +  𝜀0𝐼𝐼𝑋𝐼𝐼)                                                                     (1) 

(𝑛)𝐸 =  (𝑛)𝑀 − (𝑛𝐼𝑋𝐼 + 𝑛𝐼𝐼𝑋𝐼𝐼)                                                                                                   (2) 

(1
𝜏⁄ )

𝐸
=  (1

𝜏⁄ )
𝑀

− [(1
𝜏⁄ )

𝐼
𝑋𝐼 +  (1

𝜏⁄ )
𝐼𝐼

𝑋𝐼𝐼]              (3) 

 
Where subscript M suggests mixture of MeOH/BRP. Subscripts I and II suggest BRP and 

MeOH, respectively. Mehrotra et al. state that the interactions between molecules might 

cause changes in structure, leading to fluctuations in the dielectric permittivity value based 

on concentration. (ε0)
E show a negative value at all MeOH-BRP concentrations, indicating 

significant intermolecular interaction because of hyper conjugation in these mixtures, which 

reduces the total number of dipoles [8]. It has been observed that (1/τ)E show a negative 

deviation in the mole fractions 0 ≤ XI ≤ 0.50 and beyond XI > 0.50 show positive deviation. 

This suggests that in mole fraction range (0 ≤ XI ≤ 0.50) the molecular complexion swings 

slowly under the influence of external field, Beyond XI > 0.50 the molecular complexion 

swings quickly [12]. The (n)E show positive deviation over the entire range of concentration 

indicate dispersive attractive interaction between molecular species in the mixture 

constituents.   
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Figure 3 Variation of (ε0)
E, (1/τ)E and (n)E against mole fraction of Bromopropane.  

 

In binary mixtures, when different molecular species interact, there will be 

formation/breaking of inter/intra molecular bonds results in dielectric relaxation. To gain 

more information about such mechanism, knowledge of correlation of electric dipoles in 

binary mixture of polar liquids is essential. The Kirkwood correlation factor g [12] 

 

𝑔 =  
9𝐾𝑇𝑀

4𝜋ρ𝑁𝜇2 ×
(𝜀0𝑚−𝜀∞𝑚)(2𝜀0𝑚−𝜀∞𝑚)

𝜀0𝑚(𝜀∞𝑚+2)2                                  (5) 

 

 

In the given system, where μ denotes the dipole moment, ρ represents density, 𝜀0 the free 

space permittivity, 𝜀∞  is dielectric permittivity at high frequency, K depicts the Boltzmann 

constant, M suggests the molecular weight, and N signifies the Avogadro's number. The 

equation has been adapted to analyse the alignment of electric dipoles in binary mixtures, as 

described by Kumbharkhane et al. [14] 

 

4𝜋𝑁

9𝐾𝑇
[

𝜇𝐼
2ρ𝐼𝑉𝐼

𝑀𝐼
+

𝜇𝐼𝐼
2ρ𝐼𝐼(1−𝑉𝐼)

𝑀𝐼𝐼
] × 𝑔𝑒𝑓𝑓 =  

(𝜀0𝑚−𝜀∞𝑚)(2𝜀0𝑚−𝜀∞𝑚)

𝜀0𝑚(𝜀∞𝑚+2)2                                             (6) 

 

 

 

geff represents the effective Kirkwood correlation factor for a binary mixture. It differs 

between gI and gII. ‘I’ represent for MeOH and ‘II’ for BRP. The value of geff for pure liquid 

MeOH is larger than one, indicating a significant presence of coordinated chainlike 

formations. While, geff values for BRP is close to unity suggesting the absence of dipole 

correlation.  
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Figure 4 Variation of Effective Kirkwood correlation factor and corrective Kirkwood 

correlation factor versus mole fraction of 1-Bromopropane. 

 

The corrective Kirkwood correlation factor gf provides information on the heterogeneous 

interactions among the components of the mixture. 

 
4𝜋𝑁

9𝐾𝑇
[

𝜇𝐼
2ρ𝐼 𝑔𝐼 𝑉𝐼

𝑀𝐼
+

𝜇𝐼𝐼
2ρ𝐼𝐼𝑔𝐼𝐼(1−𝑉𝐼)

𝑀𝐼𝐼
] × 𝑔𝑓 =  

(𝜀0𝑚−𝜀∞𝑚)(2𝜀0𝑚−𝜀∞𝑚)

𝜀0𝑚(𝜀∞𝑚+2)2                 (7) 

 

 

It is believed that gI and gII are influenced by a quantity gf in the combination. As the 

concentration of BRP increases in the mixture, the geff value decrease nonlinearly. This trend 

indicates a reorientation of the molecules in the surrounding media of the MeOH + BRP 

polar liquids, result in a preference for aligning the dipoles in a parallel manner [7]. The 

variation of gf against mole fraction of BRP is shown in Figure 4. gf should equal one in an 

ideal non-interacting combination. Divergent interaction between the mixture's constituents is 

shown by the deviation from this value. In the lack of any interaction between the constituent 

molecules, Chaube et al. [8] found that the value of gf will stay close to unity.  if gf < 1, 

Dipoles of both molecules will align in a way that produces effective dipoles less than the 

average value of the pure liquids. The Bruggemann equation (fB) for the binary liquid 

solution [12] is expressed by the following equation:  

 

𝑓𝐵 =  (
𝜀0𝑚− 𝜀0𝐼𝐼

𝜀0𝐼−𝜀0𝐼𝐼
) (

𝜀0𝐼

𝜀0𝑚
)

1/3

= (1 −  𝑉𝐼𝐼)                                             (8)      

             

                    

The modified Bruggemann equation is derived to account for the nonlinear change of the 

Bruggemann equation (fB) with respect to 𝑉𝐼𝐼 which as follow,  
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𝑓𝐵 =   1 − (𝑠 − (1 − 𝑠)𝑉𝐼𝐼 ) 𝑉𝐼𝐼                                           (9) 

 

 

 
Figure 5 Plot of Bruggeman factor (fB) against volume fraction of 1-Bromopropane.  

 

As an interaction parameter, "s" in the following equation is evaluated using the least 

square fit approach which gives the information about the change in effective volume of the 

component of the binary mixtures [8]. The ‘s’ values found to be greater than one indicates 

that the effective volumes of MeOH molecules get increases as concentration of BRP 

molecules increases in the mixtures (Figure 5). 

The adjustable parameters (a, b, c, d, e) of excess static dielectric and excess inverse 

relaxation time are shown in Table 2 according to least square fitting. In the same table is 

also included the correlation coefficient (σ). 

 

Table 2. Parameters of R–K equation for the mathematical illustration of deviation in 

excess quantities for MeOH + BRP.  

___________________________________________________________________________ 

  Excess  Properties      a   b     c     d      e    σ 

___________________________________________________________________________ 

(ε0)
E  -33.129 30.136 -84.509 10.5062 149.54  0.9952 

(1/ τ)E  -0.0684 0.6800 1.1243 -0.4422 -1.1739 0.9944 

(n)E  0.0816 -0.0313 0.0091 -0.0028 0.0071  0.9999      

___________________________________________________________________________ 
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Figure 6 Plot of values of RMSD against various Mixing models 

 

Theoretical Models 

There are several molecular interactions since the components of the binary combinations 

are associated with distinct chemical classes. In this study, we tested ten mixing models such 

as Peon-Iglesias (PL), Looyenga (LY), Kraszewski (KR), Brown (BR), Iglesias (Ig), Wiener 

(W), Hasin-Shtritkman (HS), Bottcher & Bordewijk (BB), Oster (O), Onsager-Bottcher (OB) 

for experimental dielectric permittivity data of MeOH/BRP binary compositions shown in 

figure 6. The RMSD figures demonstrate that the dielectric permittivity values for all the 

combinations being studied are accurately anticipated. The Wiener (W) mixing model 

provides the most accurate prediction, whereas the Iglesias (Ig) mixing model does not 

accurately agree with experimental data on static dielectric permittivity. 

 

IV. CONCLUSIONS 

 

 The complex permittivity spectra (ε*) for the binary mixtures of (MeOH + BRP) were 

assessed at a constant temperature 283.15 K using a Time domain reflectometry (TDR) in the 

frequency span 10 MHz → 30 GHz.  The complex permittivity spectra fitted to Harviliak -

Negami model using CNLS fitting program to obtain dielectric dispersion and relaxation 

parameters. There is a systematic non rectilinear variation observed in (ε0), (τ) and (n) values 

as the concentration of mixture constituent changes which indicate heteromolecular 

interaction between the constituent of mixtures species. The excess parameters ((ε0)
E, (1/τ)E) , 

Kirkwood parameters (geff and gf) and Bruggeman parameters (fB) are determined. Among 

the all fitted mixing models Wiener shows best fitted model using RMSD for dielectric 

permittivity.  
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Abstract: - Ultrasonic studies are widely used to analyze organic molecules, offering 

unique insights and finding applications across various fields. They enable the evaluation 

of physico-chemical properties of mixtures and enhance the interpretation of molecular 

interactions with greater reliability. Due to the extensive variety of molecular interactions 

between the polar liquids of N-N-dimethylformamide and n-Octanol, measurements of 

ultrasonic velocity (Uv), densities (), and viscosity ()  have been carried out for these 

systems at different temperatures (293.15→313.15 K) and over the complete composition 

range (0.0→1.0). From the experimental data the physiochemical parameters such as 

molar volume (Vm), adiabatic compressibility (), intermolecular free length (Lf), surface 

tension () and relaxation time () were calculated, which are more useful to predict and 

confirm the molecular interaction in the binary liquid mixtures. Excess measured acoustic 

parameters have been estimated and fitted into the R.- K. polynomial. The variations in 

the sign and magnitude of these parameters from the values expected for ideal mixing 

reveal the nature of intermolecular interactions in the liquid mixture.  Further 

experimental data of these mixtures were also used to test the validity of various mixing 

rules/theories for ultrasonic velocity.  
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I.  INTRODUCTION 

Extensive studies on molecular interactions in liquid systems have been conducted using 

various physical methods such as the Raman technique, Infrared Radiation (IR) technique, 

NMR technique, Ultraviolet, and ultrasonic methods [1-2]. Understanding the intermolecular 

interactions between the molecules in a mixture requires doing studies on liquid mixtures using 

ultrasonic techniques. Ultrasonic sound vibrations can be used to investigate the properties of 

both liquid and solid materials. These studies have significant applications in a variety of 

industrial and scientific processes [3-4]. Liquid-liquid mixtures and solutions have found wide 

application in medical, pharmaceutical, chemical, and related industries [1-5]. The ultrasonic 

study of liquids and liquid mixtures has become increasingly important in recent years for 

understanding molecular interactions in both pure liquids and binary liquid mixtures. This 

ultrasonic measurement is a part of our study, which aims to investigate the molecular 

interactions between the components of binary mixtures of N, N-Dimethylformamide (DMF) 

and n-octanol systematically. The excess thermodynamic functions are sensitive not only to 

intermolecular forces but also to the size of the molecules [2]. The non-rectilinear behavior of 

ultrasonic velocity, compressibility, and other thermodynamic parameters in liquid mixtures 

also indicates the strength of interactions between molecules. Different acoustical parameters 

such as adiabatic compressibility, free length, molar volume, along with different excess 

parameters, are useful to obtain further insights into the nature and strength of molecular 

interactions. Ultrasonic methods have secured a permanent place in science, with new 

applications continually being found for solving both theoretical and practical problems [6-8].  

Alcohol has been found in various applications and commercial uses in medical and other 

fields [9]. Recently, the longer-chain alcohol, n-octanol, has been recognized as a biofuel 

candidate derived from biomass-derived platform chemicals [10]. Notably, 1-octanol holds 

significance and is employed in synthesizing 1-octene, a key co-monomer in polyethylene 

production and petrochemical processes [11]. Amides are highly polar and have a strong ability 

to dissolve substances, making them crucial solvents in industries and biological processes. N, 

N-Dimethylformamide (DMF) is an important member of the amides solvent group and is used 

in the production of acrylic fibers and plastics [12]. It consists of two hydrophobic -CH3 

groups and one highly polar C=O group. DMF can easily form C-H…O and C=O…H type 

hydrogen bonds with other molecules, such as alcohols, enhancing its solvent capabilities [13].  

In the present work, we are presenting the physicochemical properties of binary mixtures of 

n-octanol, and N, N-Dimethylformamide (DMF). The experimentally measured parameters 

include ultrasonic velocity (u), density (ρ), and viscosity (η). Additionally, we evaluated 
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several derived parameters, namely adiabatic compressibility (β), intermolecular free length 

(Lf), molar volume (Vm), surface tension (σ), and relaxation time (τ). These measurements 

were taken at temperatures ranging from 293.15 K to 323.15 K, in intervals of 10 K. This study 

aims to investigate the effect of concentration and different temperature variations on the 

different physico-chemical parameters of the n-Octanol and DMF binary mixture along with 

the molecular interactions between the mixtures. 

II. EXPERIMENTAL DETAILS 

n-Octanol (Synthesis Grade) and N, N-Dimethylformamide (DMF) (AR grade) were 

procured from Loba Chemi Pvt Ltd, India, and used without further purification. Binary 

mixtures of n-Octanol and DMF were prepared at eleven different volume-based 

concentrations. These concentrations were subsequently converted into the mole fraction of 

DMF using a referenced Equation [14]. 

The ultrasonic velocity (Uv) of the binary mixtures was measured using a digital ultrasonic 

interferometer (Model F-05, Mittal Enterprises, New Delhi, India) with an accuracy of ±2 m/s. 

The densities (ρ) of the binary mixtures were determined using a specific gravity bottle with an 

accuracy of ±0.1. The viscosity () of the pure liquids and their binary mixtures was measured 

using an Ostwald viscometer with an accuracy of ±0.1. The binary liquid mixtures were kept at 

a constant temperature using a digital temperature bath, and all measurements were conducted 

at various fixed temperatures. 

 Acoustic Evaluated Parameters 

Various acoustical parameters were derived from the measured values of ultrasonic velocity 

and density [8]. 

Vm =
x1m1

ρ1
+

x2m2

ρ2
                                                                                                                            

(1) 

Where X and M are the mole fraction and molecular weight, respectively. The suffix 1, 2 

and m represent liquid 1, liquid 2 and mixture, respectively. 

𝛽 =
1

𝑈2𝜌
                                                                                                                                                 

(2)  

Lf = k ⋅ β(
1

2
)

                                                                                                                                     

(3) 

where K is called the Jacobson constant and is given by K = (93.875 + 0.375 T) x 10-8, 

where T is the temperature in Kelvin. 
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𝜎 = 6.4 × 10−10 𝑈
3

2 𝜌                                                                                                                        

(4) 

𝜏 =
4

3
𝜂𝛽                                                                                                                                              

(5) 

 

III. RESULTS AND DISCUSSION 

Figure 1 (A) illustrates the variation of ultrasonic velocity (Uv) across the entire 

concentration range (mole fraction of DMF) in N, N-dimethylformamide (DMF) and n-Octanol 

mixtures at various temperatures (293.15 K → 313.15 K). At all measured temperatures and 

concentrations, the plot is divided into two linear segments with different slopes, intersecting at 

a mole fraction of X = 0.5768, indicating a deviation from ideal mixing behavior, similar to the 

DMF/methanol system [8]. Additionally, the ultrasonic velocity (Uv) increases with the mole 

fraction of DMF and decreases with temperature. This linear increase in Uv with concentration 

suggests significant interactions between unlike molecules through hydrogen bonding (OH–O), 

causing displacement of electrons and nuclei [15]. Figure 1 (B) depicts the variation of density 

as a function of the mole fraction of DMF at different temperatures. The density increases 

nonlinearly with the concentration of DMF at all measured temperatures, indicating that the 

mixture becomes more compact with the addition of DMF. This suggests the presence of 

attractive interactions between the components, causing a nonlinear increase in density [16]. 

The rate of increase in density is higher in the lower and mid concentration range (0 ≤ X ≤ 

0.5768) compared to the higher concentration range (X > 0.5768). For instance, at 293.15 K, 

the density of n-Octanol and DMF is 0.8254 g.cm⁻³ and 0.9470 g.cm⁻³, respectively, which 

decreases to 0.8113 g.cm⁻³ and 0.9382 g.cm⁻³ at 313.15 K. This decrease in density with 

increasing temperature is observed in all n-Octanol and DMF mixtures, attributed to an 

increased intermolecular gaps at higher temperatures. Figure 1 (C) shows the variation in 

viscosity with varying DMF composition in the mixture at different temperatures. The 

viscosity increases nonlinearly with the mole fraction of DMF at all temperatures, consistent 

with reports by Yue et al. [17] and Fort and Moore [18], which observed nonlinear variation or 

higher viscosity values in polar liquid mixtures. This nonlinear increase in viscosity indicates 

specific interactions between mixture constituents, such as hydrogen bond formation and 

charge transfer complexes, leading to higher viscosity in the mixtures compared to pure 

components [19]. The experiment that measured Uv, η, ρ,  value use determined acoustic 

parameters, namely surface tension () and relaxation time () for different concentrations and 

temperatures are presented in Table 1.  
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Figure 1. Experimental [A] ultrasonic velocity (UV), [B] density () and [C] viscosity () of 

mixtures as fraction of mole fraction of DMF (0.0→1.0) at various temperature. 

Table 1. Evaluated parameters of surface tension () and relaxation time () for mole 

fraction of DMF (0.0→1.0) at various temperatures. 

__________________________________________________________________________ 

293.15 K                          303.15 K                              313.15 K ___________________            ___________________                ___________________ 

     X                  (m)       (− S)        (m)           (− S)           (m)          (− S)  

0.0000 26.5838 7.5196 25.3587 5.5463 24.5512 4.1794 

0.1851 27.0257 3.6118 25.9652 2.8253 25.2558 2.1976 

0.3382 27.4569 2.2740 26.5059 1.8389 25.8237 1.4976 

0.4670 28.0028 1.4752 27.1401 1.2078 26.4214 1.0335 

0.5768 28.6882 1.0340 27.8358 0.8690 27.0461 0.9846 

0.6715 29.6214 0.9113 28.7453 0.8626 27.9333 0.8178 

0.7541 30.6642 0.6966 29.8884 0.7082 28.9569 0.7786 

0.8267 31.6084 0.6586 30.9328 0.6759 30.0871 0.7170 

0.8910 32.5141 0.6318 31.8936 0.6469 31.1347 0.6748 

0.9484 33.4138 0.6114 32.8700 0.6244 32.1849 0.6360 

1.0000 34.6041 0.5806 34.0170 0.5923 33.3643 0.6050 
________________________________________________________________________________________ 
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The variation in surface tension indicates the attractive interactions between the two 

solutions. Table 1 shows that the surface tension of the mixture increases with the mole 

fraction of DMF. According to Karla Granados [20], strong interactions in the liquid mixture 

lead to an increase in the surface tension (σ) value. This suggests that the interactions in the 

mixture are strong, resulting in higher σ values as the mole fraction increases. Additionally, the 

observed decrease in surface tension with increasing temperature supports the fundamental 

concept of surface tension, where the formation of an interface involves the migration of 

species from a high surface tension liquid state to a low surface tension vapor state. 

Furthermore, observed in relaxation time () value decreases with increase in concentration 

with temperature increasing  value decreases. The relaxation time is contingent upon the 

viscosity of the liquid. The  usually on the order of 10-12 seconds, results from the structural 

relaxation process. This suggests a cooperative rearrangement of molecules. 

     

      

Figure 2. Variation of excess function (a) (U)E, (b) (Vm)E, (c) ()E and (d) (Lf)
E vs mole 

fraction of DMF in binary mixtures at different temperatures.  
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The excess values (U)E, (Vm)E, (β)E, and (Lf)
E are fitted to the R. K. polynomial equation 

using the least squares method. Table 2 lists the coefficients a0, a1, a2, and a3 along with their 

standard deviation δ. In Figure 1 (A), the variation of (Uv)E across different mole fractions of 

DMF at three distinct temperatures is shown. Across the composition range, the excess velocity 

tends to become more negative as the interaction strength between the component molecules 

increases. Additionally, the decrease in negative deviation and the shift of the velocity 

maximum point towards higher 'X' values with increasing temperature suggest the presence of 

strong hydrogen bonding. This bonding reaches its peak at the minima, indicating a significant 

influence on the mixture's behavior. Figure 2 (B) presents the variation of excess molar volume 

(Vm)E with respect to the mole fraction of DMF across the entire composition range (0.0→1.0) 

at different temperatures. The strength of intermolecular interactions in liquid mixtures can be 

elucidated through the sign and magnitude of the (Vm)E  values. Positive values of (Vm)E 

suggest a loose packing of molecules in the binary mixture compared to the pure components. 

In this figure, the (Vm)E values increase for the liquid mixtures as the interactions between 

unlike molecules weaken, particularly with the increase in the alkanol chain length. Figure 

2(C) shows that positive adiabatic compressibility ()E values indicate the presence of 

dispersive forces, suggesting weak interactions and structure-breaking tendencies between 

hetero-molecules in the mixtures. This leads to loosely packed molecular arrangements, 

reflecting positive deviations in ()E in binary liquid systems. ()E  shows a higher deviation at 

around 0.578 mole fraction of DMF in n-Octanol, indicating significant attractive and repulsive 

forces between the components of the binary mixture. In Figure 2 (D), the excess free length 

(Lf)E in the DMF-n-Octanol mixture at various temperatures is depicted. At lower DMF mole 

fractions (around X = 0.578), (Lf)E rises, indicating strong interactions between different 

molecules. The shift to positive (Lf)
E values suggests increased detachment between 

components, resulting in higher compressibility and volume. 
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Table 2. Values of coefficients (a0, a1, a2, a3) of R. K. polynomials with standard deviation 

(δ) at different temperatures. 
________________________________________________________________________ 

               a1                              a2                          a3                       a4                         δ     

T = 293.15 K 

(UV)E -106.3373 -4.0390 45.7044 -23.7668 0.9994 

(Vm)E 11.7507 0.6303 -4.994 5.2441 0.9864 

()E 1.6226 0.1012 -0.6083 0.5407 0.9972 

(Lf)
E 0.7434 0.0908 -0.231 0.2354 0.9974 

T = 303.15 K 

(UV)E -125.5903 -41.9581 40.3272 21.7376 0.9976 

(Vm)E 8.9209 1.3215 -5.6743 2.3600 0.9916 

()E 1.6472 0.397 -0.6756 -0.0467 0.9967 

(Lf)
E 0.7703 0.225 -0.2559 -0.0204 0.9971 

T = 313.15 K 

(UV)E -146.4458 -85.2688 4.7219 40.5627 0.9990 

(Vm)E 6.4728 4.3948 -7.8021 -1.2111 0.9863 

()E 1.7618 -0.9076 -0.5702 -0.5187 0.9986 

(Lf)
E 0.8287 0.4489 -0.1975 -0.2181 0.9988 

___________________________________________________________________________ 

 

IV. CONCLUSIONS 

In the study of the n-Octanol+DMF binary system, the concentration-dependent behaviors of 

ultrasonic velocity (Uv), density (ρ), and viscosity (η) were examined across different 

temperatures. The non-linear changes observed in parameters like β, Lf, σ, and τ shed light on 

the intricate molecular interactions underlying complex formation via hydrogen bonding 

between solute molecules. Additionally, the contrasting positive and negative shifts in excess 

values concerning concentration and temperature for these acoustic parameters provided 

further evidence of interactions between unlike molecules. 
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Abstract: - Polymer solar cells (PSC) offer advantages like flexibility and lightweight 

but suffer from low efficiencies, due to issues like limited charge carrier mobility and 

rapid combination. The blending of two different polymers can improve the morphology 

of the active layer in Organic Photovoltaic (OPV) devices, promoting better mixing and 

distribution of components. This can lead to enhanced charge transport and reduced 

recombination, ultimately improving device performance. Metallic nanoparticles 

accelerate the charge transport by generating the conductive pathways and reducing the 

distance between the free charges need to travel in the active layer of polymer solar cells 

which decreases the losses due to recombination and increase current density. Their 

unique properties make them ideal for innovative applications and integration into 

everyday life, paving the way for a more sustainable and energy-efficient future. 
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I.  INTRODUCTION  

Polymer solar cells are the great too used instead of traditional photovoltaic devices for great sustainable 

future. conjugate polymers are the best alternatives to the traditional photovoltaic devices. It promising the 

clean and renewable energy generation which ends our dependence on fossil fuels and mitigating 

environmental impact. The conjugate polymer has strong light absorption and compatibility with cost 

effective and production techniques on large scales.[1] from the past few years, the organic solar cells have 

been developing in the various part of the world, due to the rapid increase in power conversion efficiencies it 

is a point of attraction for scientific and economic interest around the world wide. The finding of new 

materials and improved materials engineering and simple device structures are the reasons behind this field 

growth. Today, solar power conversion efficiencies in excess of 3% have been accomplished with several 

device concepts. Though efficiencies of these thin-film organic devices have not yet reached those of their 

inorganic counterparts ( ≈ 10–20%); the perspective of cheap production (employing, e.g., roll-to-roll 

processes) drives the development of organic photovoltaic devices further in a dynamic way. There are two 

techniques for the production of photovoltaic, wet solution processing or dry thermal evaporation of the 

organic constituents. In the development of light-emitting diodes (similar technologies) the organic solar 

cells are attracted the profit of the market recently. We review here the current status of the field of organic 

solar cells and discuss different production technologies as well as study the important parameters to 

improve their performance.[2] The two key factors such as efficient exciton dissociation and effective 

charge extraction are responsible for attending high photosensitivity in organic photovoltaic (OPV) devices, 

these processes are improved by charge transport fundamental properties of the donor-acceptor (DA) blends. 

To improve exciton dissociation the close contact between donor and acceptor materials has to be ensure by 

using the methods like as blending, codeposition, laminating and chemical linking. These techniques are the 

reasons behind the increase charge-trap densities and lead to reduced carrier mobilities in blend, but 

crystalline order and high purity is challenging task in this research. To answer these challenges, researchers 

focus on controlling the film morphology of the blends, by rearranging the acceptor and donor molecules 

within the blend. Researchers aim to improve charge transport properties while maintaining efficient exciton 

dissociation and charge extraction properties while maintaining efficient exciton dissociation and charge 

extraction. This research is pivotal for increasing the efficiency of these sustainable energy devices and 

advancing OPV technology.[3] 

Excitons.[4] Are the states in the polymer solar cells or polymer light-emitting diodes (PLEDs) if they are 

excited electrically or optically. These excitons are able to move within the polymer material, this migration, 

known as exciton diffusion, is driven by excitation energy transfer to lower-energy sites. The distance 

travelled by the excitons during its lifetime is called as exciton diffusion length which is the key factors to 
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quantify this process.[5] Exciton diffusion plays important role the in polymer optoelectronic devices.[6]  In 

PLEDs, quenching at the metallic cathode done by the exciton diffusion.[7]  In polymer photovoltaic 

devices, the optimal morphology of the active layer depends on the ability of excitation to reach the polymer 

interface for dissociation.[8] Determining the exciton diffusion length is key point for understanding these 

processes. The spectral dependence of the photocurrent can be varied to estimate the exciton diffusion 

length. This variation provides valuable insights into the behavior and performance of these devices.[9] 

II.  BASIC WORKING OF POLYMER SOLAR CELLS 

When light incident on the active layer of the solar cell, electrons get excites in the polymer materials which 

create electron-hole pairs called as excitons and the process is called excitation. This electron-hole diffuse 

through the active layer, which is typically a blend of a conjugated polymer, electron donor and electron 

acceptor.[10][11][12][13] At the interface between donor and acceptor, due to the energy difference between 

two materials excitons are separated into free electrons and holes.[14][15][16][17][18] The free electrons 

and holes move through their respective materials towards the electrodes. The electrons attracted towards the 

cathode meanwhile the holes attracted towards the anode.[19][20] This electron moves from cathode to the 

anode through external circuit generate an electric current, used in power electronic devices.[21] A blocking 

layer is often used between the active layer and the electrodes to prevent recombination of electrons and 

holes.[22] 

 
Figure 2: working of the polymer solar cells 

III. HETEROJUNCTION PHOTOVOLTAIC: 

The internal quantum efficiency has been controlled by the direct deposition of the metal cathode onto the 

active organic layers in the bilayer organic photovoltaic (OPV) devices. The layer can be inserted between 

the active layers and the metal cathode to address the issue must have the following properties.[23]  

• It acts as a barrier to exciton transport, confining excitons to the active organic layers to prevent them 

from recombining at the cathode/organic interface. 
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• It can be efficiently transporting electrons from the acceptor layer to the metal cathode without 

significantly increasing the total cell series resistance. 

• The material is able to withstand damage during cathode deposition. 

• It will be transparent to the incident radiation to allow light to reach the active organic layers. 

Also, the layer must be thick to absorbed the maximum light incident on the photoactive layer and separate 

the metal cathode which improve the performance of the OPV devices.[24] If all layers of the OPV should 

be smaller than the exciton diffusion length (LD) then almost all photogenerated excitons reach to the donor-

acceptor (DA) interface and efficiently dissociate into free electrons and holes.[25] The maximum numbers 

of excitons generated in the active layer are properly converted into charge carriers which maximize the 

efficiency of the devices by optimizing the thickness of the active layer.[26] 

IV.  INFLUENCE OF THE NANOPARTICLE’S INCORPORATIONS: 

Polymer solar cells (PSCs) have potential of low-cost, highly portable, and deployable solar energy 

solutions, enabled by their flexibility and light weight.[27] when compared with inorganic solar cells, 

polymer solar cells (PSCs) have problems such as insufficient light absorption due to thin active layer for 

maintaining the short exciton diffusion length and low carrier mobilities.[28][29][30] To improve the power 

conversion efficiency (PCE) of polymer solar cells (PSCs) the metallic nanoparticles such as Au(gold) and 

Ag(silver) incorporated into the polymer layer by solution processing either in buffer layer or the active 

layer of the PSCs.[31][32][33] 

Luyao Lu et al, are incorporated Ag NPs into PEDOT:PSS (Poly(3,4-ethylenedioxythiophene) (polystyrene 

sulfonate) layer results during the open-circuit, voltage (Voc) remained the same whereas in short-circuit, 

current density (Jsc) increased from 15.0 to 16.4 mA/cm2 , FF increased from 67.1 to 68.8%. As a result, 

Power Conversion Efficiency enhanced from 7.25 to 8.01%. Incorporating Au NPs into PEDOT layer shows 

similar improvement. Voc remained unchanged, Jsc improved from 15.0 to 16.7 mA/cm2 and FF enhanced 

to 68.8%, leading to a PCE of 8.16%. Both Ag and Au NPs exhibit around 10% enhancement of PCE due to 

the notable enhanced Jsc and improved FF. [34] 

Aruna P Wanninayake et al, investigated that Copper oxide (CuO) has band gap energy of 1.5 eV, which is 

close to the ideal 1.4 eV for optimal solar spectral absorption in solar cells, due to which incorporation of 

CuO nanoparticles in the active layer are the one for enhancing the performance of the polymer solar cells. 

When different weight percentage of CuO NPs incorporated in P3HT/PC70BM (Poly(3-hexylthiophene)) 

solar cells, the increase in the photo absorption in the active layer, due to which 24% increase in the power 

conversion efficiency compared to the reference cell. The short-circuit current increased from 5.234 mA 

cm−2 to 6.484 mA cm−2 in cells with 0.6 mg of CuO nanoparticles and FF improved from 61.15% to 

68.0%.[35] 
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Marco Notarianni et al, explored the different methods to incorporate metallic nanoparticles into organic 

solar cells, also the methods to produce the metallic nanoparticles. To enhanced the power conversion 

efficiency the geometry, size, concentration, and placement of the nanoparticles has to be controlled. By 

adjusting the thickness of the deposited gold and the annealing temperature the size of the nanoparticles was 

controlled and the distance between the particles increase which prevent undesired reflection effects. This 

factor (distance between the particles and size of metallic nanoparticles) enhanced the power efficiency in 

organic solar cells.[36]  

Feng-Xian Xie et al, achieved the 22% efficiency improvement in polymer solar cells (PSCs) by 

incorporating Au nanoparticles (NPs) into all polymer layers. When Au NPs incorporated in the poly-(3,4-

ethylenedioxythiophene)(styrenesulfonate), it enhanced the hole collection in the active layer which increase 

optical absorption and balance charge transport. The study indicated that the absorption enhancement in the 

active layer is due to plasmon resonances with strong near-field distributions.[37] 

Jyh-Lih Wu et al, investigated the plasmonic effects on polymer photovoltaic devices (OPVs). They form a 

blend of poly(3-hexylthiophene) (P3HT) and [6,6]-phenyl-C61-butyric acid methyl ester (PCBM). The 

localized surface plasmon resonance (LSPR) triggered by incorporating gold nanoparticles (Au NPs) into 

the anodic buffer layer which enhances the device performance. Steady-state photoluminescence (PL) 

measurements showed increased fluorescence intensity, indicating higher light absorption in P3HT due to 

LSPR which reduced the lifetime of photogenerated excitons and reducing exciton recombination. Due to 

this photocurrents and fill factors improved significantly. The power conversion efficiency increased from 

3.57% to 4.24% due to the local enhancement of the electromagnetic field around the Au NPs.[38] 

Dixon D. S. Fung et al, achieved a 13% improvement in power conversion efficiency (PCE) for polymer 

solar cells (PSCs) by incorporating PEG-capped Au nanoparticles (NPs) into the PEDOT 

layer, with enhancements primarily in short-circuit current density (Jsc) and fill factor (FF). The optimal Au 

NP concentration was 0.32 wt%. Although Au NPs showed minimal impact on absorption enhancement due 

to lateral distribution of near-field plasmonic resonance, they reduced the resistance of the PEDOT layer and 

increased interfacial roughness, improving hole collection and Jsc and FF. This study highlights the 

importance of considering both optical and electrical properties for enhancing PSC performance.[39] 

Zhe Li et al, compared the transient photocurrent and photovoltage behaviour of P3HT/CdSe nanoparticle 

devices to study the impact of nanoparticle shape. For the P3HT/CdSe nano-dots system, significant charge 

trapping was observed, indicated by an initial photocurrent peak and a long tail after turn-off. This trapping 

limited charge collection. In contrast, the P3HT/CdSe nano-tetrapods system exhibited reduced charge 

trapping, with no initial photocurrent peak, less back injection of charge carriers, and longer charge carrier 
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lifetimes. These results show that nanoparticle shape significantly affects charge transport, with tetrapod 

improving electron transport and overall device performance. Reducing charge trapping by engineering the 

nanocrystal phase is crucial for enhancing hybrid solar cell efficiency.[40] 

Hyosung Choi et al, achieved high-performance polymer solar cells using multipositional silica-coated silver 

nanoparticles to leverage the plasmonic effect. The strategic placement of these nanoparticles enhances light 

absorption and scattering through improved electric field distribution. Our device, incorporating 

nanoparticles between the hole transport layer and the active layer, achieved a power conversion efficiency 

of 8.92% with an external quantum efficiency of 81.5%. These efficiencies are the highest reported to date 

for plasmonic polymer solar cells using metal nanoparticles.[41] 

Xuanhua Li et al, introduces a novel approach using a combination of Ag nanomaterials, including 

nanoparticles and nano prisms, synthesized via a simple wet chemical method, to enhance the power 

conversion efficiency (PCE) of organic solar cells (OSCs). Theoretical and experimental studies reveal that 

the PCE enhancement is due to the simultaneous excitation of plasmonic low- and high-order resonance 

modes, with the Ag nano prisms' high-order resonances contributing significantly to absorption 

enhancement. Incorporating these mixed nanomaterials into the active layer improves wide-band absorption, 

increasing short-circuit photocurrent density (Jsc) by 17.91% and PCE by 19.44% compared to pre-

optimized control OSCs.[42] 

V.  CONSTRUCTION OF POLYMER SOLAR CELLS WITH NANOPARTICLES: 

polymer solar cells (PSCs) with nanoparticles includes few important steps, which enhance the overall 

performance of the solar cells such as materials preparation, fabrication, optimization and characteristics.  

1.  Materials preparation 

➢ Active Layer Materials: choose the polymer as a donor material (e.g., P3HT - Poly(3-

hexylthiophene)) and as an acceptor material (e.g., PCBM - [6,6]-Phenyl C61-butyric acid methyl 

ester).[43] 

➢ Nanoparticles: select the proper metallic nanoparticles (e.g., Au or Ag) with appropriate shapes and 

sizes. [44] 

2. Fabrication steps 

1) Substrate Preparation: 

➢ Cleaning: Clean the substrate (e.g., indium tin oxide (ITO) coated glass) thoroughly using solvents 

like acetone, isopropanol, and deionized water, followed by drying. [45][46] 
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➢ Surface Treatment: Apply a UV-ozone treatment to improve surface wettability and adhesion.[47] 

2) Hole Transport Layer (HTL): 

A thin coating of poly(3,4-ethylenedioxythiophene) (styrene sulfonate) (PEDOT) is applied onto 

the substrate through spin coating. This particular layer plays a role in collecting and transporting 

holes. After the deposition, anneal the layer to eliminate any leftover solvents which will further 

enhance the quality of the film.[48] 

3) Nanoparticle Incorporation: 
➢ Synthesize metallic nanoparticles using methods such as chemical reduction, laser ablation 

etc.[49] 

➢  Nanoparticles are then dispersed in a suitable solvent or directly mixed into the polymer 

blend solution.[50] 

➢ Blend the nanoparticles directly into the polymer mix (materials with both donor and 

acceptor properties) to produce the active layer.  

➢ On the other hand, nanoparticles may be applied independently either as an interface layer 

between PEDOT and the active layer or by putting them directly on top of each other in the 

active layer. [51] 

4) Active Layer Deposition: 

➢ The nanoparticle-polymer blend solution should be spin coated onto the HTL. It is 

important that the active layer be both thick and uniform as this greatly affects the 

performance of the device. [52] 

➢ The active layer should then be annealed; this process will help in improving the 

crystallinity while enhancing phase separation between donor and acceptor materials.[53]  

5) Electron Transport Layer (ETL): 

➢ An ETL needs to be deposited (for example Zinc Oxide (ZnO) or a low-work-function 

metal like calcium) which will help in electron collection.[54] 

6) Top Electrode: 

➢ Thermal evaporate a top electrode (e.g., aluminum) under vacuum to deposit last layer, 

which acts as the cathode and finalizes the device structure.[55] 

7) Encapsulation: 
➢ Use an encapsulating material to protect your device from moisture and oxygen that would 

otherwise corrode its performance over time. Choose transparency when selecting this 
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material; encapsulation keeps off those harmful environmental factors for longevity of 

performance. [56] 

3.  Optimizing and characterizations 

1) Optimization: 
➢ Adjust the concentration, size, shape, and distribution of nanoparticles to maximize light 

absorption and charge transport while minimizing recombination losses. 

➢ Optimize the thickness of each layer for maximum efficiency.[57] 

2) Characterization: 
➢ Use techniques like UV-Vis spectroscopy, photoluminescence, and electron microscopy to 

analyse the optical and structural properties of the layers.[58] 

➢ Measure the photovoltaic parameters such as power conversion efficiency (PCE), short-

circuit current density (Jsc), open-circuit voltage (Voc), and fill factor (FF).[59] 

3) Electrical Testing: 
➢ Conduct current-voltage (J-V) measurements under simulated sunlight to assess the overall 

performance of the solar cells. 

➢ Evaluate the stability and durability of the PSCs over time.[60] 

By carefully controlling the incorporation of nanoparticles and optimizing each step in the fabrication 

process, high-performance polymer solar cells can be constructed, offering improved efficiency and 

stability. 

VI.   ADVANTAGE OF INCORPORATING NANOPARTICLES IN POLAR SOLAR CELLS: 

When the different metallic nanoparticles incorporating in polymer solar cells (PSCs) it enhances their 

performance and efficiency. Following are some advantages of the incorporating nanoparticles in polar solar 

cells 

• The light absorption and trapping in the active layer of polymer solar cells is increase by 

incorporating the nanoparticles within the active layer, leading to generate the excitons in the active 

layer. (electron-hole pairs).[61] 

• Localized surface plasmon resonance (LSPR), are induced by using the metallic nanoparticles like 

gold nanoparticles or silver nanoparticles, which enhances the local electromagnetic field and 

increase the light absorption in the active layer.[62] 

• Metallic nanoparticles accelerate the charge transport by generating the conductive pathways and 

reducing the distance between the free charges need to travel in the active layer of polymer solar 

cells which decreases the losses due to recombination and increase current density.[63] 

• Nanoparticles can increase the light absorption and charge transport due to which the power 

conversion efficiency increase in the polymer solar cells for real world application.[64] 
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• The stability and durability of the polymer solar cells improved by incorporating the nanoparticles 

which prevent the active layer degradation.[65] 

• The optical properties of the polymer solar cells by controlling the size, shape, and material of 

nanoparticles which allowing better alignment with the absorption spectrum in the active layer.[66] 

• The UV and near-infrared ray can be absorbed by the nanoparticles which enhanced the light 

harvesting capabilities of PSCs. [67] 

• Nanoparticle incorporation make the active layer thinner which forms the lighter and more flexible 

solar cells.[68] 

Therefore, it is concluded that the incorporating nanoparticles in PSCs can significantly improve their 

optical and electrical properties of the polymer solar cells 

VII. FUTURE OF POLYMER SOLAR CELLS: 

1.    Efficiency Improvements 

•  Development of new donor and acceptor materials with higher absorption coefficients and better 

charge transport properties.[69] 

•  Continued improvement of non-fullerene acceptors, which have shown promise in achieving higher 

efficiencies.[70] 

• Increasing efficiency by stacking multiple layers with complementary absorption spectra to capture a 

broader range of the solar spectrum.[71] 

2.  Stability and Longevity 

•  Enhanced encapsulation methods to protect PSCs from environmental degradation (moisture, 

oxygen, UV light). 

• Development of more stable polymer materials and device architectures that can withstand prolonged 

exposure to sunlight and other environmental factors.[72] 

3.  Scalability and Manufacturing 

• Advancements in scalable manufacturing techniques, such as roll-to-roll printing, to produce PSCs at 

a lower cost and higher volume. 

• Improvement in printing technologies (inkjet, screen printing) for large-scale production and 

integration into flexible substrates. [73] 

4.  Integration with Other Technologies 

• Combining PSCs with other types of solar cells (e.g., perovskite solar cells) to create hybrid devices 

that leverage the strengths of both technologies.[74] 
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5.  Flexible and Wearable Electronics 

•  Continued development of flexible and lightweight PSCs suitable for wearable electronics and 

portable power sources.[75] 

6.  Environmental and Economic Impact 

• Use of environmentally friendly and sustainable materials to reduce the ecological footprint of PSC 

production.[76] 

VIII. WHY, POLYMER SOLAR CELLS: 

There are several reasons why polymer solar cells (PSCs) are increasingly being sought as alternatives to 

silicon-based solar cells. Some of the reasons behind preference for polymer solar cells include the fact that 

PSCs are made from flexible materials, which allows them to be bent and rolled, making them applicable in 

a wide range of areas such as portable solar chargers, wearable electronics and even they can be integrated 

with building materials. In other words, PSCs are light making them suitable for portable devices and also, 

they can be used in aerospace or transport. In addition, low-cost materials like roll-to-roll printing can be 

used during fabrication of these types of PSCs thereby reducing overall costs significantly when compared 

with traditional silicon photovoltaic cells.[77] This is because manufacturing technologies for this kind of a 

cell could be easily scaled-up hence there is very less difficulty in meeting the increasing demand for 

renewable energy sources. The flexibility and lightweight Ness make PSCs useful in various innovative 

applications including textiles integration, packaging inclusion and transparent windows incorporation. 

Moreover, PSCs also offer an ability to design semi-transparent or coloured designs capable of harmonizing 

with architectural aesthetics without affecting their appearance.[78] 

IX. APPLICATION OF POLYMER SOLAR CELLS:  

Polymer solar cells (PSCs) have a range of applications due to their flexibility, lightweight nature, and 

potential for low-cost production. Here are some key applications: 

1. The small devices such tablet, smart phones and wearable technology are able to use the PSCs, 

providing a lightweight and flexible energy source. 

2. PSCs can be embedded in building materials like windows, facades and roofs, and used as a 

renewable energy source without compromising on the aesthetic and functional aspects of the 

building materials. 

3. PSCs are flexible and can be integrated in textiles (clothes, backpacks and other wearable items), 

allowing for wearable electronics and for the charging of mobile electronic devices on the go. 

4. PSCs can be applied in agriculture, e.g. in green houses. The semi-transparency of PSCs allows 

crops to grow beneath the panels while delivering electricity. 
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5. PSCs offer a lightweight, easy to carry, high energy density power source for remote and off-grid 

areas, including environmental sensors, communication tools and emergency lights. 

6. PSCs can be part of general products like solar powered chargers, lamps and toys, encouraging the 

everyday use of renewable energy. 

7. PSCs can drive IoT devices allowing for the massive deployment of sensors and smart objects in 

indoor, outdoor, and wearable environments, without the need for battery replacement.[79] 

These applications highlight the versatility and potential of polymer solar cells in contributing to sustainable 

energy solutions across various sectors. 

X. CONCLUSION: 

The promising and versatile technology in the renewable energy is promising by the Polymer solar cells 

(PSCs) which provides many features over traditional silicon-based solar cells. It comes with different 

potential such as their flexibility, lightweight nature, and low-cost production which is best factors for 

various devices from portable electronics and wearable technology. 

Also, the metallic nanoparticles such as gold nanoparticles or silver nanoparticles significantly enhance their 

performance. Nanoparticles can increase the light absorption and charge transport due to which the power 

conversion efficiency increase in the polymer solar cells for real world application Aesthetically appealing 

with environmental benefits PSC can be incorporated into different materials that are less toxic and have 

lower energy requirements for production. 

In conclusion, polymer solar cells, particularly when enhanced with nanoparticles, offer a compelling 

combination of efficiency, flexibility, and sustainability. Their unique properties make them ideal for 

innovative applications and integration into everyday life, paving the way for a more sustainable and energy-

efficient future. Continued research and development in this field will likely lead to further improvements in 

performance and broaden the scope of their applications 
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Abstract: - The present research work specifies the novel formation of the Polyindole (PIn) by the chemical oxidative 

polymerization of the indole monomer. The highly focus of this article is on the structural analysis of the polyindole. The XRD 

confirms the Formation of semicrystalline nature of the PIn. The FTIR confirms the formations of PIn and the bonding are observed 

in the spectrum are exactly matched. The Raman shows the C-H bending , C-N  stretching and the C=C molecular ring formation the 

sample. The SEM shows the porous nature of the material and so it is highly preferable for the energy storage application such as 

fuel cell, Photovoltaics, supercapacitor, pseudo capacitor, batteries etc.. 

Keywords: Polyindole(PIn), Chemical oxidative polymerization, Structural properties 

 

 

I. INTRODUCTION  

 Polyindole, a polymer made from indole monomers, has become an area of great interest in material science and 

engineering. This interest is due to its unique combination of electronic, optical, and mechanical properties, which makes 

it suitable for a wide range of applications, including conductive materials, sensors, electrochemical devices, and 

biocompatible materials. Compared to other conductive polymers such as polyaniline and polypyrrole, polyindole offers 

remarkable stability and conductivity, making it a highly promising material for various advanced technological 

applications.[1] 

The process of synthesizing polyindole (PIn) typically involves oxidative polymerization of indole monomers, which 

can be achieved through either chemical or electrochemical methods. The method chosen for polymerization significantly 

affects the properties of the resulting polymer, such as molecular weight, conductivity, and structural integrity. Chemical 

polymerization usually involves oxidizing agents like ammonium persulfate, while electrochemical polymerization is 

conducted in an electrochemical cell.[2] Each method has its own set of advantages and limitations, and optimizing these 

processes is essential to customize the properties of polyindole for specific uses.[3] 

Polyindole's electrical properties make it highly suitable for use in organic electronics, including the creation of 

transistors, light-emitting diodes, and photovoltaic cells. Its high conductivity and stability under ambient conditions are 

particularly advantageous for these applications. Additionally, polyindole's ability to form composites with other 

materials broadens its range of applications. For instance, polyindole-carbon nanotube composites have been found to 

have enhanced mechanical strength and electrical conductivity, making them ideal for flexible electronic devices and 

sensors.[4][5] 

 

In the field of sensing applications, polyindole shows considerable promise due to its responsiveness to environmental 

changes. [6]Gas sensors, in particular, benefit from the high surface area and conductive properties of polyindole, which 

improve the detection of various gases. Furthermore, the electrochemical activity of polyindole allows for the 

development of highly sensitive and selective biosensors, capable of accurately detecting biological molecules. 

Polyindole also holds significant potential in energy storage and conversion applications. Its electrochemical 

properties make it a suitable material for use in supercapacitors and batteries, where it can serve as an efficient electrode 

 
1 Author 1 Department of Physics, Sant Gadge Baba Amravati University Amravati 444602 ,Maharashtra, India 
2 *Corresponding author: Author 2 Department of Physics, Shri Shivaji Science College Amravati 444603, Maharashtra, India 
Copyright © JES 2024 on-line : journal.esrgroups.org 



J. Electrical Systems Vol-Issue (2024): 1-12 

121 

material.[7] Polyindole-based electrodes have demonstrated high specific capacitance, long cycle life, and excellent 

energy density, making them competitive with traditional electrode materials.[8] 

Another noteworthy attribute of polyindole is its biocompatibility, which paves the way for its use in biomedical 

applications. Polyindole can interface with biological tissues without causing adverse reactions, making it suitable for 

drug delivery systems, tissue engineering, and biosensing devices. Ongoing research aims to explore the full potential of 

polyindole in these areas, seeking to develop new therapeutic and diagnostic tools.[8][9] 

In conclusion, polyindole is a multifaceted polymer with a broad range of applications. Its synthesis methods, unique 

properties, and potential uses in various fields make it an exciting subject for further research. As research and 

development efforts continue, the capabilities of polyindole are expected to be further uncovered, leading to innovative 

applications in both technology and medicine.[10] 

. 

II. EXPERIMENTAL 

1. Materials 

         Indole Monomer (SD fine) Ferric Chloride (FeCl3) (98% purity, SD fine), Hydrogen peroxide (H2O2) (30% purity, 

Merck specialities PVT Ltd.) are used as precursors. The de-ionised water was used in the experiment. 

2. Method 

A monomer indole (oxidant) anhydrous iron chloride  FeCl3, hydrogen peroxide (H2O2) used as a catalyst these all 

chemicals are used  for analytic grade and product from SD fine chemical India . The monomer was used for synthesis of 

PIn without further  purification through the chemical oxidative technique using a FeCl3 as an oxidant. The polymeric 

materials were prepared the monomer and oxidant FeCl3 is used in Stoichiometric ratio were dissolved in deionized 

water the H2O2 (0.1M) was added into the reaction mixture for the enhanced the rate of reaction and conjointly yield. 

Then the reaction mixture was allowed for constant stirring for 12 hour to complete polymerisation reaction with 

magnetic stirrer at 30° C.Then the precipitate was washed with copious  mount of triply distilled water until the washing 

were clear. Then the sample kept overnight for filtration process. Infrared lamp (IR) is used for drying at 15to 16 

hours[11]. 

III. CHARACTERIZATIONS 

The structural characterization of the samples performed by using Bruker D8 advance with Cu Kα radiation (λ = 

1.5406 Å) is used to identify structure and phase purity of samples at room temperature. The pattern recorded with step 

height of 0.02 with scan rate 6.00. The d-spacing (D) corresponding to the highest intense crystalline peak was 

determined by the Debye–Scherrer (powder) method using Bragg’s relation. 

2d sinθ= nλ                                                    (1) 

where n is an integer, l is the wavelength of the X-ray, u is the angle between the incident and reflected rays. The 

crystallite size (D) of the highest intense crystalline peak was determined from the Scherrer relation.[12][13] 

D= Kλ /βcosθ                                                  (2) 

Where, K is the shape factor for the average crystallite (0.91 Å), β is the full width at half maxima of the crystalline 

peak in radians. The inter-chain separation length (R) corresponding to the highest intense crystalline peak was 

determined from the relation given by Klug and Alexander. 

R=5λ/(8 sin θ )                                                              (3) 

The FTIR spectra of the pure PIn were recorded using Shimazdu Infinity IR -1 370 spectrometer at room temperature 

over a range of 400–4000 cm-1 with resolution of 2 cm-1.  

The FE-SEM images were obtained from Zeiss make Model SIGMA IV.  

The RAMAN Spectra were recorded on Horiba make Xplora Plus  (France). 

 

IV. RESULT AND DISCUSSIONS.  

This section shows the structural properties of the Polyindole. In this section the X-Ray diffraction shows the 

structural confirmation. The FE-SEM shows the surface morphology. The  RAMAN and FTIR shows the bond 

formation. 
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1. X-Ray Diffraction Analysis : 

 
Fig. 1. X-Ray Diffraction of PIn 

 

The XRD  pattern of Polyindole shown is the figure 1. The broad peak with the intense peaks observed at 21.04, 23.08, 

26.62 confirms the formation of Polyindole nanoparticles.  the broadness of the above peaks shows the amorphous and 

the semi-crystalline nature of the polyindole. With the help of this broad peak we find out the FWHM and using equation 

number 1,2 and 3 we determine crystalline size 2.266 nm and Chain separation length of  2.4198 Å 

2. FE-SEM Analysis 

 
Fig. 2 FE-SEM image of Polyindole 

The above fig 2 Shows the shows the formation of surface of  PIn polymer. The synthesized polyindole reveals that the 

formation of irregularly shaped particles.The polymer clusters are observed. The particles are agglomerated in some region 

also the particles are porous in nature. The porous structure is most favorable for the energy storage. The layers are also seen 

in the structure. The porous nature of the PIn makes the material suitable for various application like energy storage, 

batteries, supercapacitors, solar cells, fuel cells etc.  

 . 



J. Electrical Systems Vol-Issue (2024): 1-12 

123 

3. RAMAN Spectroscopy 

 
Fig 3 RAMAN spectroscopy of PIn 

 

The above Fig. 3 shows the RAMAN spectra of PIn. The raman spectra shows the molecular structure and it properties. The 

peak observed at around 1023 cm-1 corresponds to C-H bending vibration in the polyindole ring. The lower intense peak 

shows the polyindole is polymerized properly and have higher degree of polymerization.  The next peak observed at the 

1334 cm-1 it reveals the bond between C-N stretching in the indole ring. The intensity of the peak tells about the 

incorporation of nitrogen and the chemical information about the environment of polymer chain. The peak observed at 1530 

cm-1 and 1594 cm-1 attributes to C=C stretching vibrations of the aromatic ring in the Polyindole. Also it tells about the 

electronic structure of the PIn and conjugate backbone C=C stretching presence.[14] 

 

4. FTIR Spectroscopy 

 
Fig 4. FTIR Spectra of PIn 

 

                            The fig. 4 shows the FTIR spectrum of Polyindole ranging from 100-5000 cm-1.  The N-H stretching is 

observed in the  range of 3428.28 cm-1 . The C-H antisymmetric bond is formed at 2853 cm-1. The N-H deformation and C=C 

stretching are found at 1604 cm-1 and 1473 cm-1. The C-N stretching is formed at 1098 cm-1. The C-H out of plane bending is 

at 753 cm-1.  The FTIR confirms the formation of Polyindole and the bonding are observed in the spectrum are exactly 

matched. [15] 

V. CONCLUSIONS : 

 

 

The above research article gives the idea about the synthesis method of the polyindole nanoparticle through the chemical 

oxidative polymerization method. The XRD gives the confirmation of the formation of the semi crystalline PIn. The SEM 

gives the porous nature of the PIn. the FTIR and RAMAN spectroscopy gives the confirmation of the bond structure and the 



J. Electrical Systems Vol-Issue (2024): 1-12 

124 

presence of the C=C molecular ring, N-H Stretching. The porous nature of the PIn makes the material suitable for various 

application like energy storage, batteries, supercapacitors, solar cells, fuel cells etc. 
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Abstract: - This paper proposes a design of smart controller for green house using Integrated Fuzzy Logic for temperature Control. 

The proposed system is designed using Arduino Mega so as to have the flexibility in the design and to reduce the hardware. Also, 

maximum facilities like Analog to Digital Converter, PWM, I/O lines, etc. are available on-chip. An Integrated fuzzy logic 

controller is designed using the concepts of Fuzzy Logic and PID control. Fuzzy rules were used for the control action to be taken by 

the controller to maintain the temperature at the set point value. 
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I.  INTRODUCTION  

The greenhouse is a structure covered with a material that is transparent to the visible part of the 

electromagnetic spectrum, which is used to grow plants. Greenhouse performance is best when the temperature is 

neither too hot nor too cold. It is necessary to maintain a suitable temperature at the growth stage of several 

plants. The controlled environment of the greenhouse makes it possible to increase the quality and quantity of 

crops per unit area in the shortest possible time [1]. There are a number of conventional methods for controlling 

temperature, but they are less effective because they are based either on proportional methods or on on-off 

control. Fuzzy logic has been widely used in industrial controls and domestic electrical appliances [2]. A key 

technique in fuzzy control is the automatic learning of fuzzy rules.  In this work, a controller has been designed to 

control the temperature of a plant. The temperature is continuously monitored and compared with the setpoint. 

An integrated fuzzy logic approach [3][4] has been used to decide the output. 

II. SYSTEM BLOCK DIAGRAM 

 

 
 

 

 

III. HARDWARE AND SOFTWARE 

1. Hardware 

The system was designed using an Arduino Mega 2560 board which, after initialization, reads the sensors, 

displays the indoor and outdoor temperature values on the LCD of the user interface and acts according to the 

algorithm. The temperature sensors used to measure the inside and outside temperature of the greenhouse were 

National Semiconductor's LM 35 ICs. The analog outputs of these sensors were connected to the analog inputs 

available on the board. They were then converted to their digital equivalent using an on-chip 10-bit A/D 

converter. The current temperature values are displayed on a 20x4 LCD module. This LCD module has four rows 

of twenty characters each. The PWM pins available on the Arduino board were used to control the heating and 

cooling systems. These PWM output pins are connected to the solid-state relays (SSR) via line driver IC 

ULN2808. The cooling and heating systems have been connected to these SSRs in order to maintain the desired 

temperature [5]. 

 

2. Software 

The software modules have been designed to control the system, so that the system can be upgraded module 

by module. After a power-on reset, the initialization module loads the variables and other necessary registers to 

their default values set by the programmer, initializes the timers and starts them. The user interface module 

makes it easy for the user to set the internal temperature and displays the settings and temperature values on the 

LCD screen. The sensor module reads the indoor and outdoor temperatures one after the other, converts them 

into a digital format and stores them in the system's memory. All user settings are stored in EEPROM so that 

they can be restored in the event of a power failure.  

IV. INTEGRATED FUZZY LOGIC CONTROLLER (IFLC) 

In this work, an integrated fuzzy logic controller (IFLC) [5][6][7] was used to maintain the greenhouse 

temperature at the user-set value.  Integrated Fuzzy Logic Controller is an integration of Fuzzy Logic Controller 

and PID controller. The block diagram of the IFLC is shown in Fig. 4.1. 
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Fig. 4.1 Block diagram of IFLC 

 

An FLC was designed and given two input variables, e and ce. The e is the error value of the temperature, 

calculated as- 

e = temperature set point - current value of temperature  

and change in error ce is computed as- 

ce = current e – previous e 

The values of ce and e are of a crisp nature and it is necessary to convert them into fuzzy values. The 

triangular membership function was used to fuzzify error e within the universe of discourse with eleven linguistic 

values NVVL (Negative Very Very Large), NVL (Negative Very Large), NL (Negative Large), NM (Negative 

Medium), NS (Negative Small), Z (Zero), PS (Positive Small), PM (Positive Medium), PL (Positive Large), PVL 

(Positive Very Large) and PVL (Positive Very Very Large). The universe of discourse for e was (-40, +40) oC. 

Similarly, triangular membership function was used to convert change in error ce into non-crisp values with 

three linguistic values NEG (Negative), Z (Zero) and POS (Positive). 

The important part of the fuzzy control system has been designed based on the expert knowledge, experience 

and previous work in this area. The decision-making stage consists of fuzzy rules that are used to decide what 

action needs to be taken. The rule base consists of 33 rules as shown in Table 4.1. 

 

Table 4.1 Fuzzy Logic rule base 

 
 

Control actions are taken using If-Then rules. For example, IF e is NS and ce is POS, then the control action 

is VL. This process is called inferencing. The inference process relates the fuzzy state variables e and ce to the 

control action ca. The triangular membership function was used to fuzzify the control actions with the linguistic 

values VL (very low), L (low), M (middle), LH (slightly high), H (high) and VH (very high). 

The error value was used to select either the cooling or heating system. If the error is positive, the heating 

system is selected, otherwise the cooling system is selected and the control action apply to the selected system. 

 

For decision making, the fuzzy rule-based Mamdani inference [2][3] is used. These outputs are fuzzy values 

as shown in figure 4.2 that are defuzzified into crisp values. To defuzzify, the fuzzy values obtained from the 

decision stage were converted into non-fuzzy or crisp values as shown in figure 4.3[8] using the Center of 

Gravity (COG) method, also known as Center of Area or Centroid. This method proved to work efficiently and 

accurately [4].  

 

 
Fig. 4.2 Fuzzy Inference 
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Fig. 4.3 Crisp output y 

 

The crisp value (y) obtained from the defuzzification stage for the values of e and ce were scaled and stored 

in the internal memory as a look-up table, and the values of e and ce were used to access these crisp values from 

the look-up table. The value retrieved from the look-up table was added to the setpoint and treated as the new 

PID controller setpoint as shown in the system block diagram. The current temperature value was subtracted 

from the new setpoint and the difference was used as the error value for the PID controller. The PID controller 

generates the new control action vn, which is implemented by means of the velocity equation [6][7]- 

 

vn = vn-1+kp(en-en-1)+ki(en)T+kd/T(en-2en-1-en-2) 

where,  

vn: Control action by PID controller 

vn-1: previous control action  

en: current error value of PID controller 

en-1: previous error value of PID controller 

en-2: previous to previous error value to PID controller 

kp: proportional gain 

ki: integral gain 

kd: differential gain 

T: cycle time 

After power-on, the error values and vn were initialized to zero. The value calculated by the above equation 

was scaled within limits and used to generate PWM output. In order to maintain the temperature of the system 

according to the setpoint, this procedure was repeated. 

 

V. CONCLUSION 

The performance of the system as a whole has been tested. The interface worked well, allowing various 

parameters to be set as required. As soon as the set point has been set, the software acts accordingly and 

generates the PWM outputs in the IFLC that are necessary to maintain the set temperature in the system. Current 

temperature values and setpoints are continuously displayed on the screen. The use of the Arduino board 

demonstrated the stable performance of the system 
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Abstract: - This study investigates the dielectric relaxation properties of binary mixtures 

containing 1,2,6-Hexanetrioland dimethyl sulfoxide (DMSO) in the frequency range of 

10 MHz to 30 GHz using Time Domain Reflectometry (TDR).The research unveils a 

connection between the static dielectric constant (ε₀) and relaxation time (τ) of the 

mixtures with the prevalence of hydrogen bonding. The observed initial rise in ε₀ at 

lower concentrations followed by a decrease at higher 1,2,6-hexantriol content suggests 

a saturation of available hydrogen bonding sites. The increasing trend in τ with 

concentration signifies a growing hindrance to dipole rotation as the number of 1,2,6- 

Hexanetriol molecules increases. These findings elucidate the interplay between 

hydrogen bonding and molecular dynamics at high frequencies in 1,2,6-Hexanetriol-

DMSO mixtures. 

Keywords: Dielectric Relaxation, Hydrogen Bonding, DMSO, 

1,2,6Hexanetriol  Mixtures, Time Domain Reflectometry (TDR). 

1. INTRODUCTION 

Polyhydric alcohols, like 1,2,6-hexanetriol, have a higher glass transition temperature (Tg) compared to 

other liquids of similar size. Triol has a linear backbone with OH groups attached to each carbon, and the 

dynamics of these OH groups are crucial to the material's properties. The number of OH groups likely plays 

a significant role, as they are dielectrically active [2,3]. Several studies have explored the dielectric 

properties of triols for this reason [2-4]. 1,2,6-Hexanetriol specifically has three hydroxyl groups (OH) 

bonded to a six-carbon chain. This colorless, odorless, and viscous liquid is immiscible with non-polar 

solvents but readily mixes with water and polar organic solvents. Due to its versatility, 1,2,6-hexanetriol 

finds applications in various fields. Notably, it serves as a solvent for dielectric studies, particularly for 

compounds that struggle to dissolve in non-polar liquids [5]. This makes it a valuable tool in pharmaceutical 

and cosmetic research. 
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Fig.1  Structure of 1,2,6-hexanetriol 

 This research focused on how 1,2,6-hexanetriol behaves in its pure form and when mixed with DMSO 

(dimethyl sulfoxide). To achieve this, the study employed Time Domain Reflectometry (TDR) to analyze 

the dielectric relaxation of 1,2,6-hexanetriol in DMSO at a constant temperature of 25°C. The investigation 

covered a frequency range of 10 MHz to 30 GHz. By applying a least square fit method to the measured 

complex permittivity spectra, able to extract key parameters like the static dielectric constant, the high-

frequency dielectric constant, the relaxation time, and the relaxation distribution parameter. 

2. EXPERIMENTAL METHOD 

                                           The 1,2,6-hexanetriol was acquired commercially from S. D. Fine Chemical 

Limited in India and utilized without additional purification. The solutions were carefully prepared using 

various volume fractions of benzylamine in 1,2,6-hexanetriol.  

 

 

Fig.2. Block diagram of Time Domain Reflectometry 

 

dielectric spectra were obtained using a time domain reflectometry (TDR) technique. As shown in Figure 

2, the measurement was performed using the Tektronix model no. DSA8300 Digital Serial Analyzer 

sampling mainframe and the sampling module 80E10B. A fast-rising voltage pulse of 12 ps was fed 

through a 50 Ω coaxial line system. The sampling oscilloscope measures changes in the step pulse after 

reflection from the end of the line. Reflected pulses without sample R1(t) and with sample Rx(t) were 
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recordedin a 5-ns time window and digitized at 2000 points. The pulses were Fourier transformed, and 

data was analyzed earlier to determine the complex permittivity spectra using the non-linear least squares 

fit method.[6-10] 

3. RESULTS AND DISCUSSION 

  The complex permittivity spectra of 1,2,6-Hexanetriol-DMSO mixture were measured using the 

Time Domain Reflectometry (TDR) technique in the frequency range of 10MHz to 30 GHz at 25°C. It can 

be seen that the value of permittivity (ϵ’) decreases and dielectric loss (ϵ”) shifts towards lower frequency as 

the concentration of  1,2,6-Hexanetriol in DMSO, that is, the loss peak shifted to words lower frequency 

side, including greater relaxation time as shown in Fig.2 

The complex permittivity spectra are fitted to the Havriliak - Negami expression using the non-linear least 

squares fit method . [11] 

 

 

where  ε0- static dielectric constant, τ- relaxation time, ε∞- dielectric constantat high frequency , ω is the 

angular frequency,  and -distribution  parameters. In this study the aqueous solutions of 1,2,6-Hexanetriol 

shows Cole–Davidson type dispersion.[12]

 
 

 

 

              

 

 

 

 

 

 

 

 

 

 

                  

 

Fig. 3The complex permittivity spectra for 1,2,6-Hexanetriol + DMSO Mixture 

 

The dielectric parameters of various concentrations of 1,2,6-Hexanetriol in DMSO are shown in Table no 1. 

It has been found that values of dielectric constant decrease with the increase in quantity of 1,2,6-

Hexanetriol in DMSO. The relaxation time 𝜏(Ps) increases with increasing of 1,2,6-Hexanetriol in DMSO. 






])(1[
)(*

1

0

−




+

−
+=

j



J.ElectricalSystemsVol-Issue(2024):1-12 

132 

This indicates that the presence of 1,2,6-Hexanetriol in DMSO affects the polarization and dielectric 

relaxation behavior of the system. The decrease in dielectric constant suggests a decrease in the ability of the 

medium to store electrical energy, while the increase in relaxation time indicates a slower response to an 

applied electric field. 

TABLE 1. Dielectric parameters for 1,2,6-Hexanetriol-DMSO mixture at 25°C 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

4. CONCLUSION 

The results revealed a correlation between the static dielectric constant (ε0), relaxation time (τ), and the 

prevalence of hydrogen bonding within the mixtures. At lower concentrations of 1,2,6-hexanetriol, there was 

an initial rise in ε0 followed by a decrease at higher concentrations, indicating saturation of available 

hydrogen bonding sites. Additionally, the observed increase in τ with concentration suggests a hindrance to 

dipole rotation as the number of 1,2,6-hexanetriol molecules increases. 
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Volume fraction of 

1,2,6-Hexanetriol 

ε0 τ(ps) 

0 46.29 17.03 

0.1 63.71 32.55 

0.2 60.66 46..17 

0.3 47.99 61.66 

0.4 47.29 81.84 

0.5 43.60 44.08 

0.6 41.56 103.88 

0.7 15.35 164.23 

0.8 13.55 178.03 

0.9 11.22 194.87 

1.0 20.04 150.09 
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polyaniline & exploring it for CO2 

gas sensing 
 

 

Abstract: - Polyaniline was synthesized through chemical oxidative polymerization at room temperature. The polyaniline sample was 
analyse by XRD, FTIR and impedance spectroscopy. Through the XRD and FTIR analysis it was confirmed the synthesis of the 

polyaniline. The sensor fabricated from polyaniline was exposed to the CO2 gas at ambient temperature. The sensor was tested by voltage 

variation and impedance spectroscopy to determine the sensitivity of the polyaniline at room temperature which was found to be the 0.35 
and 0.33. The polyaniline sensor shows capacitance like nature after exposure in air and gas. The response and recovery time of the sensor 

was found to 144 and 43 s. 

 

Keywords: Polyaniline, CO2, sensitivity, sensor, Impedance spectroscopy. 

 

 

I. INTRODUCTION 

 

CO2 gas detection has been a area of interest in the area of the gas sensor due to increase in the pollution with the increase in the 

advancement in industrialization and pollution. The major research is to develop a gas sensor that should be thermally stable, low 

in cost, have fast response and recovery time and have better sensitivity and selectivity. Polyaniline is used as a sensor film due to 

its properties such as electrical conductivity, thermally stable, and synthesis cost. Various researchers have fabricated the sensor 

based on polyaniline to detect various gases. The sulfonated polyaniline in combination with polyvinyl alcohol has been used to 

fabricate a sensor to detect CO2 gas at room temperature [1]. This sensor has shown increased in sensitivity toward the CO2 gas at 

room temperature than the pure sample.  Polyaniline with graphene has used as sensor for CO2 gas sensing [2]. Polyaniline is used 

to detect NH3 gas by forming it composite with TiO2 fibers. The sensor was found to be highly sensitive than the pure polyaniline 

sensor [3]. Polyaniline has been also tested for gas sensing with a carbon nanotube to sense NH3 at room temperature [4]. 

Polyaniline copper ferrite composite based sensor has been fabricated for sensing NH3 gas at room temperature [5]. Polyaniline 

graphene has been used as the NH3 gas sensor [6].  

 

II. MATERIAL USED 

 

Aniline and HCL were obtained through S D fine, FeCl3, distilled water. 

 

III. SYNTHESIS 

 

Synthesis of polyaniline  

The 5ml of aniline was added to the 1M of HCL and was stirred for 1hr at room temperature. 12.5 g of fecl3 is added to 50 ml of 

distilled water [7]. Then this solution of fecl3 was added drop by drop in solution of aniline and stirred for 1 hr. The 

polymerization was initiated at normal temperature. The solution was kept for 24 hr so that the fine polyaniline powder was 

produced. The solution is filtered and dried at room temperature to obtain polyaniline.   
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IV. CHARACTERIZATION 

XRD analysis 

Polyaniline sample was characterized through XRD analysis. The range of measurement was from 2θ = 10 ̊ to 80 ̊. The peak 

observed at 2θ = 15.13, 20.89 and 25.51 shown in fig. 1. Similar peaks have been observed by other researcher which indicates the 

formation of the polyaniline as this is the characteristic peak of the polyaniline [8]. 

 
Figure 1. XRD of polyaniline 

FTIR analysis 

Polyaniline sample was characterize through FTIR spectroscopy shown in fig. 2. The peak obtained of the sample were nearly 

same as the peaks observed by the other researcher [9]. The peak at 1237.6 cm-1 corresponds to the C-N protonated group.  Peak at 

1400.8 cm-1 are related to C=C stretching mode of benzoid ring.  

 
Figure 2. FTIR of polyaniline. 
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Impedance spectroscopy 

The polyaniline sensor film was exposed to the CO2 gas for 150 ppm for the frequency of 1Hz to 5MHz at 1V. Here the Z′ 

signifies the real impedance of the sensor film. The intercept on the Z′ at the lower frequency range indicates the resistance at the 

grain boundaries (Rgb) and at the higher frequency range indicates resistance at the grain (Rg). From the figure of Z′ VS Z′′ shown 

in fig. 3 we can observe that here the Rgb increase for the polyaniline sensor film after the exposure of the gas at room 

temperature. However the variation in the Rg is small as compared to the Rgb which indicates that the polyaniline is highly 

sensitive toward the CO2 gas at room temperature. Here the relaxation peak as observed by the graph of the log frequency Vs Z ′′ 

shows that it increases in height after the exposure of the sensor in the CO2 gas. The polyaniline sensor shows the phase angle 

greater than - 45  ̊which indicates its capacitive nature [10]. Table 1 shows the resistance at grain boundary and resistance at grain 

in air and gaseous environment.     

 
 

Figure 3. Impedance spectra of polyaniline in air and after exposure to the gas. 

 
Table 1. The resistance at grain boundary (Rgb) and resistance at grain (Rg) in air and gaseous environment. 

 

 

 

 

 

 

 

The sensor sensitivity was determined from the formula 

|S| =
Za−Zg

Za
                                      (1) 

 

Where Za and Zg are impedance in air and gas. The sensitivity from impedance spectroscopy was found to be 0.33.  

 

Rg  (air) 122.1117 

          Rgb 895833.2 

Rg (gas) 120.3664 

          Rgb 1195155 
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V. GAS SENSING  

Here the polyaniline sensor was introduced to the CO2 gas at 150 ppm at room temperature to determine its sensitivity toward the 

gas. The response and recovery time of the sensor were found to be 144 & 43 s. The sensitivity of the sensor was calculated by the 

formula  

|𝑆| =
𝑅𝑎−𝑅𝑔

𝑅𝑎
                                      (2) 

Where Ra and Rg are resistance observed in air and gas. The sensitivity of the polyaniline by voltage variation method was found 

to be 0.35. Through impedance spectroscopy and change in voltage method it can be seen that the sensitivity of the polyaniline 

gas sensor was found to be nearly the same. Fig. 4 shows the sensing response of the polyaniline sensor. 

 
Figure 4. Sensor response of the polyaniline sensor. 

VI. CONCLUSION  

The polyaniline was synthesized by the chemical oxidative polymerization method at the room temperature. The gas sensor was 

exposed to the CO2 gas at 150 ppm at room temperature. The polyaniline film was tested through the impedance spectroscopy and 

voltage variation method to determine its sensitivity. The sensitivity determined by both methods was found to be nearly the same. 

The phase angle of the polyaniline determined by the impedance in air and gas indicates its capacitive nature. 
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Abstract: - This study presents a comprehensive investigation into the synthesis, characterization, photocatalytic, antibacterial and antifungal study 

of zinc oxide (ZnO) nanoparticles. The nanoparticles were synthesized using a chemical precipitation and cost-effective method, followed by 

detailed characterization utilizing various analytical techniques such as X-ray diffraction (XRD), Scanning electron microscopy (SEM), Fourier 

Transform Infrared Spectroscopy (FTIR), and UV-Vis spectroscopy. The structural, morphological, and optical properties of the synthesized 

nanoparticles were thoroughly examined. The crystallite size was determined using the Debye Scherrer formula within the range of 29 nm and an 

optical band gap of 3.0 eV determined by Tauc plot. Moreover, the photocatalytic activity of the ZnO nanoparticles was evaluated through the 

degradation of Methylene blue dye under UV irradiation. The results demonstrate the efficient photocatalytic performance of the synthesized 

nanoparticles, indicating their potential applications in wastewater treatment and environmental remediation. Additionally, the antibacterial and 

antifungal activities of ZnO nanoparticles were assessed against pathogenic microorganisms and fungus, elucidating its significant bactericidal 

effects. Overall, this study provides valuable insights into the multifunctional properties of ZnO nanoparticles, highlighting its promising prospects 

in diverse fields such as environmental remediation and biomedical applications. 

Keywords:XRD, SEM, FTIR, UV-Visible, ZnO, Photocatalysis, Antibacterial, Antifungal, Nanoparticles 

 

I.  INTRODUCTION  

In recent years, the exploration of nanocatalysts has significantly expanded the realm of possibilities in various scientific fields, 

particularly in environmental remediation and medicine. The nanocatalysts have unique optical and electrical properties which 

opened up lots of doors for optoelectronic applications such as Solar cells [1], Hybrid solar cells [2], Sensors [3], LED [4], Lasers 

[5], etc. Among these nanocatalysts, zinc oxide (ZnO) nanocatalysts have emerged as a promising candidate due to their 

exceptional dual action potential of photocatalytic and antibacterial properties [6]. ZnO nanoparticles possess unique 

characteristics that make them highly efficient photocatalyst. Their wide band gap of 3.37 eV [7] with exciton binding energy of 

60 meV at room temperature [8], the large specific surface area of up to 98 m2 g-1 [9], high pore volume of up to 0.6 m3g-1[10], 

low toxicity [11], and excellent electron-transport [12] these properties make it a promising material for chemical absorbents [13], 

polymer additives [14] and visible light driven photocatalytic activity [15]. The emergence of antibiotic-resistant bacteria has 

become a global health concern, prompting the search for alternative antimicrobial agents. ZnO nanoparticles exhibit remarkable 

antibacterial activity against a broad spectrum of pathogenic bacteria [16], including both Gram-positive and Gram-negative 

strains [17]. Their efficacy arises from a combination of factors, including their unique physicochemical properties, such as high 

surface area-to-volume ratio, surface reactivity [18], and ability to generate reactive oxygen species (ROS) under light or ambient 

conditions [19]. Varying morphologies at the nanoscale are widely used for antibacterial activity for various bacterial species. 

ZnOnanomaterials have a high refractive index and high binding energy so they can be used in many products such as medicine, 

cosmetics, rubber, solar cells, and foods [20-21]. ZnOnanomaterials can be synthesized by various chemical and physical 

techniques. The chemical method is easy in which the morphology of nanoparticles can be controlled by optimizing various 

reaction conditions such as pH, concentration of precursors, temperature, and reaction time. Moreover, the method is low cost and 
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effective than the physical method [22-24]. There are various chemical methods for synthesizing nanomaterials such as sol-gel, 

hydrothermal, flame spray pyrolysis, and precipitation [25–28]. In the present work, we have synthesized the ZnOnanomaterials 

through the chemical precipitation method and investigated their structural, optical, morphological properties, and studied their 

photocatalytic, antibacterial and antifungal activities. The structural, optical, and morphological properties were studied by using 

XRD, UV absorbance, FTIR, and SEM characterization techniques respectively. 

II. MATERIALS AND METHODS 

Materials and chemicals such as Zinc acetate (99.99%) and Ethanol all analytical grades purchased from SDFine LTD. For the 

synthesis of ZnO nanoparticles, 16 gm of zinc acetate was dissolved in 100 mL of ethanol under continuous stirring for 1 h at 

1000 rpm and kept without stirring for 16 h. On the next day, the solution was washed 2-3 times with ethanol, and the resulting 

residue was heated at 400oC in a muffle furnace for 1 h to obtain ZnO nanoparticles. The study of phase purity of 

ZnOnanopowder was performed by X-ray diffractometer (Model: Mini flex-II, Rigaku, Japan) with Cu Kα radiation (λ = 1.5406 

Å) operating at 40 kV and 30 mA. Surface morphology was studied using a Scanning Electron Microscope (SEM, Model: JEOL 

JSM-6360, Japan). Fourier transmission infrared (FTIR) spectra of the samples (as pellets in KBr) were recorded using FT-IR 

Spectrometer (Shimadzu, Japan) in the range of 4000-400 cm-1. The optical absorption spectra were measured in the range of 300-

800 nm by using a UV-visible spectrometer (UV-1800 Spectrophotometer, Shimadzu, Japan). The photocatalytic activities of all 

the samples were evaluated by exposing the aqueous MB dye solutions with or without catalysts. To investigate the photocatalytic 

performance of the samples, the photocatalyst test was done. First, 10 mg of the synthesized ZnO was immersed into the 50 mL of 

MB solution with an initial concentration of 2mg per liter under the visible light irradiation produced by a 150 W lamp (OSRAM, 

Germany). A 420 nm cut-off filter located at 30 cm above the solution. Then, the MB suspension containing the photocatalyst was 

magnetically stirred in the dark for 60 min at room temperature to calculate the equilibrium for absorption and desorption between 

the dye molecules and photocatalyst. After a certain time interval, 2 mL of the solution was extracted to determine the 

concentration of MB by UV–Vis Unico 2100 spectrophotometer at the maximum peak of the MB spectrum (664 nm). 

Antimicrobial activity of the prepared samples was tested in both gram-negative and gram-positive bacteria namely Escherichia 

coli and Staphylococcus aureus by disc diffusion method. The 24 h bacterial cultures were swabbed in Muller Hinton agar plates. 

III. RESULTS 

1. Structural Analysis 

The XRD pattern of prepared ZnO nanoparticles was taken. All the XRD peaks were indexed by the hexagonal wurtzite phase of 

ZnO (JCPDS Card No. 01-089-0510) as shown in figure 1. The XRD pattern indicates the formation of the hexagonal wurtzite 

phase of ZnO. The peak broadening in the XRD pattern indicates that small nanoparticles are present in the samples. The sharp 

diffraction peaks indicate the good crystallinity of the prepared nanoparticles. In our study we obtained all peak at angle (2θ) 

31.55ο, 34.18ο, 36.02ο, 47.37ο, 56.38ο, 62.62ο, 66.22ο, 67.68ο, 68.85ο and 76.85ο which corresponds to the reflection from (100), 

(002), (101), (102), (110), (103), (200), (112), (201), and (202) crystal planes of the hexagonal wurtzite zinc oxide structure. The 

absence of additional peaks in the XRD pattern confirms that the purity of ZnO nanoparticles. The crystallite size of the ordered 

ZnO nanoparticles has been estimated from the full width at half maximum (FWHM) and the Debye-Scherrer formula as given 

below 

𝐷 =
𝐾𝜆

𝛽ℎ𝑘𝑙𝐶𝑜𝑠𝜃
               (1) 

Where𝛽ℎ𝑘𝑙  is the integral half width, K is a constant equal to 0.90, 𝜆 is the wave length of the incident X-ray (𝜆 = 0.1540 nm), D is 

the crystallite size, and 𝜃 is the Bragg angle. The crystallite size obtained for synthesized ZnO nanoparticles given in table 1.For 

hexagonal structure, the plane spacing d is related to the lattice constant a, c and the Miller indices by the following relation 
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1

𝑑ℎ𝑘𝑙
2 =

4

3
(

ℎ2+ℎ𝑘+𝑘2

𝑎2 ) +
𝑙2

𝑐2            (2) 

 

With the first-order approximation, n = 1 

𝑠𝑖𝑛2𝜃 =  
𝜆2

4𝑎2 [
4

3
(ℎ2 + ℎ𝑘 + 𝑘2) + (

𝑎

𝑐
)2𝑙2]     (3) 

The lattice constant “a” for (100) plane is calculated by  

𝑎 =
𝜆

√3 𝑠𝑖𝑛𝜃
      (4) 

And lattice constant “c” for (002) plane is calculated by 

𝑐 =
𝜆

 𝑠𝑖𝑛𝜃
       (5) 

The lattice constants (a = b = 3.2644 Å and c = 5.6541 Å, c/a = 1.7320) and diffraction peaks corresponding to the planes (100), 

(002), (101), (102), (110), (103) obtained from X-ray diffraction data. The interplanar spacing (dhkl) calculated from XRD is 

compared with JCPDS data card and corresponding (hkl) planes. The dislocation density (d), which represents the amounts of 

defects in the sample is defined as the length of dislocation lines per unit volume of the crystal and is calculated using the equation 

𝛿 =
1

𝐷2   (6) 

Where D is the crystallite size and the obtained dislocation density is mentioned in table 1. The Zn-O bond length can be 

determined using the relation and the calculated value is 2.0417 Å for (100) plane. 

𝐿 = √(
𝑎2

3
+ (

1

2
− 𝑢)

2

𝑐2)              (7) 

Where u is the positional parameter in the wurtzite structure and is a measure of the amount by which each atom is displaced with 

respect to the next along the ‘c’ axis. ‘u’ is given by the relation 

𝑢 =
𝑎2

3𝑐2 + 0.25                   (8) 

Positional parameter value for ZnO nanoparticles is 0.3611. 

 

 

 

 

 

 

 

 

 

 

 

Fig 1:XRD pattern of ZnO nanoparticles 

 

 

 

 

 

 



J.ElectricalSystemsVol-Issue(2024):1-12 

142 

Table 1: Different 2θ angle and their corresponding FWHM, Crystallite size and lattice parameters 

 

Peak 2θ D 

(nm) 

Strain  

(ϵ) 

= β/4 

tan θ 

Dislocation 

density 

δ (nm-2) 

FWHM 

β 

Lattice parameters 

a=b (Å) c (Å) c/a V (Å)3 U APF 

(gcm-3) 

L 

(Å) 

31.623 29.91 0.0042 0.00112 0.276 3.2644 5.6541  

 

 

1.732 

 

 

 

 

52.18 

 

 

 

 

0.3611 

 

 

 

 

0.697 

 

 

 

 

2.04 

 

34.293 29.48 0.0039 0.00115 0.282 3.0170 5.2256 

36.108 28.81 0.0038 0.00121 0.29 2.8700 4.9710 

47.403 27.98 0.0030 0.00128 0.31 2.2127 3.8326 

56.434 30.77 0.0023 0.00106 0.293 1.8812 3.2583 

62.728 25.42 0.0026 0.00155 0.366 1.7089 2.9599 

66.32 27.11 0.0023 0.00136 0.35 1.6261 2.8165 

67.822 27.27 0.0022 0.00135 0.351 1.5942 2.7614 

68.996 29.84 0.0020 0.00112 0.323 1.5704 2.7200 

72.42 24.61 0.0023 0.00165 0.4 1.5056 2.6078 

76.755 24.12 0.0023 0.00172 0.42 1.4326 2.4814 

  

2. Morphological analysis 

The SEM image of the sample is shown in figure 2. In the higher resolution SEM images, the uniform and compact structure is 

observed.  

 

 

 

 

 

 

 

 

 

Fig 2:SEM image of ZnO nanoparticles 

3. Optical analysis 

The UV-visible spectrum of the sample is shown in figure 3. The sample absorbs the radiations in the UV range up to 370.03 

nm which is shown in figure 3 and almost all the visible spectrum radiations are transmitted by the ZnO nanoparticles. The 

band gap energy (Eg) can be calculated using a Tauc plot, which involves plotting (αhv)2 versus photon energy (hv), where α is 

the absorption coefficient. The linear portion of the plot is extrapolated to intersect the energy axis, giving the band gap value 

of 3.0 eV. The plotted Tauc plot is shown in figure 4. Chemical bonding in a material can be evaluated by using FTIR 

technique. The absorption and transmission peaks in the FTIR spectrum depend on crystalline structure, chemical composition, 

and also on the morphology of a material. The FTIR curve for ZnO nanoparticles is shown in figure 5. A series of absorption 

peaks from 1000 to 4000 cm–1 can be found, corresponding to the carboxylate and hydroxyl impurities in materials. To be 
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more specific, a broad band at 3427.51 cm–1 is assigned to the O-H stretching mode of the hydroxyl group. Peaks between 

2830 and 3000 cm–1 are due to the C-H stretching vibration of alkane groups. The peaks observed at 1537.27 and 1386.82 cm–1 

are due to the asymmetrical and symmetrical stretching of the zinc carboxylate, respectively. As the size of the nanoparticles 

increases, the content of the carboxylate (COO-) and hydroxyl (-OH) groups in the samples decreased. The carboxylate 

probably comes from reactive carbon-containing plasma species during synthesis and the hydroxyl results from the 

hygroscopic nature of ZnO. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 3:UV-Vis absorbance spectrum of ZnO nanoparticles                              Fig 4: Tauc plot of ZnO nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 5:FTIR spectrum of ZnO nanoparticles 

4. Photocatalytic Degradation of Methylene Blue 

The photocatalytic activity of the ZnO nanoparticles was evaluated by exposing the aqueous MB dye solutions with or without 

catalysts. Methylene blue dye was chosen as it is a commonly used organic pollutant for water. The MB is a phenothiazine dye, 

with a monomer-dimer equilibrium, that can be observed by absorption maxima at 664 nm and 614 nm, respectively [29–31] First, 

10 mg of the synthesized ZnO was immersed into the 50 mL of MB solution with an initial concentration of 2 mgL−1 under the 

visible light irradiation produced by 150 W lamp (OSRAM, Germany) with a 420 nm cut-off filter located at 30 cm above the 

solution. Then, the MB suspension containing the photocatalyst was magnetically stirred in the dark for 60 min at room 

temperature to calculate the equilibrium for absorption and desorption between the dye molecules and photocatalyst. After a 
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certain time interval, 2 mL of the solution was extracted to determine the concentration of MB by UV–Vis Unico 2100 

spectrophotometer at the maximum peak of the MB spectrum (664 nm). The obtained results confirm the degradation of MB dye 

as depicted in figure 6. The result shows good degradation efficiency for the synthesized ZnO nanoparticles. The percentage 

degradation is calculated using the formula [32] 

𝐷𝑒𝑔𝑎𝑟𝑎𝑑𝑎𝑡𝑖𝑜𝑛 𝑟𝑎𝑡𝑒(%) = (( 𝐶0 − 𝐶)/𝐶0)  × 100    (9) 

Where C0 is the concentration of MB dye at equilibrium and C is is the concentrations of non-degradated dye after different 

irradiation time intervals. In the photocatalytic mechanism the first stage of photoreaction, the ZnO NPs are illuminated by a light 

source having photon energy greater or equal to the band gap (E photon ≥ E Bandgap) [33]. This adsorption of photons energy 

causes formation of electron-hole pairs (e- + h+). In the second step, photons generated electron hole pair (e- + h+ ) move toward 

the surface of the ZnO nanoparticles, due to their small size [34] In the next step, electrons (e-) are introverted from the 

conduction band by oxygen (O2) molecules and form an  anion radical (•O2
-). The holes present in the valence band serve as trap 

for adsorbed water (H2Oads) or hydroxyl ions (OHads
-) and produces hydroxyl radicals (•OH)[35]. The radicals generated in the 

process attack the organic dye molecules, finally leading to their degradation and formation of harmless products like CO2, H2O, 

SO2
4-, NO3

-, and NH4
+[ 36]. 

 

 

Fig 6:Photocatalytic degradation of Methylene blue 

5. Antibacterial and Antifungal test 

The antibacterial activities of synthesized ZnO-NPs were tested against human pathogens like Gram-negative strains E. coli and 

gram-positive strains S. aureus concerning Ofloxacin. The antibacterial activity is listed in Table II. From the results, it was 

observed that the synthesized ZnO-NPs showed preferred antibacterial activity against Gram-negative strains E. coli and gram-

positive strains S. aureus. The obtained diameter of the inhibition zone for gram-positive S. aureus and for gram-negative E.coli 

are 11 mm and 12 mm for the synthesized ZnO particles respectively. The antifungal activity of the ZnO-NPs was investigated 

against C. albicans using the disc-diffusion susceptibility method. The obtained diameter of the inhibition zone is 12 mm and for 

standard reference diameter of the inhibition zone is 14 mm. ZnO nanoparticles are good candidates for the antifungal against C. 

albicans. 

 

 

 

 

 

 

Fig 7:Antibacterial and Antifungal activity of ZnO nanoparticles (Sample 1) 
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Table 2:Antibacterial and Antifungal activity of ZnO nanoparticles 

 

S. No Compound Name Antibacterial Sensitivity Test against Bacteria and Fungus, After 24 hrs at 

37o C temp and Fungus at room temp (Zone of inhibition in mm) 

Gram + ve bacteria Gram - ve bacteria Fungus 

Staphylococcus aureus Escherichia coli Candida Albicans 

1. ZnO 11 mm 12 mm 12 mm 

2. Standard Ofloxacin (2 mcg) for bacteria 12 mm 12 mm --- 

3. Standard Fluconazole (25mcg) for fungus -- -- 14 mm 

IV. DISCUSSION 

In this study, we investigated the photocatalytic, antibacterial, and antifungal activities of ZnO nanoparticles. The results 

demonstrated significant photocatalytic degradation of methylene blue, potent antibacterial effects against E. coli and S. aureus, 

and effective antifungal activity against Candida albicans. The photocatalytic activity of ZnO nanoparticles can be attributed to 

their high surface area due to nanoparticles size and the generation of reactive oxygen species under UV light. The antibacterial 

effects are likely due to both ROS production and the release of Zn²⁺ ions, which disrupt bacterial cell membranes. The antifungal 

activity study shows ZnO nanoparticles' efficacy against Candida albicans through cell wall disruption. These findings contribute 

to the growing evidence of ZnO nanoparticles' multifunctional properties. Compared to other nanomaterials, ZnO's relatively low 

cost and ease of synthesis make it a promising candidate for widespread environmental and biomedical applications. The 

demonstrated photocatalytic efficiency suggests that ZnO nanoparticles could be utilized in wastewater treatment to degrade 

organic pollutants. The potent antibacterial and antifungal activities indicate potential applications in medical device coatings and 

agricultural fungicides, providing a dual benefit of protecting human health and enhancing crop yields. One limitation of this 

study is the potential for aggregation of ZnO nanoparticles, which can reduce surface area and activity. Additionally, the study 

was conducted under controlled laboratory conditions, which may not fully replicate real-world environments. Further research is 

needed to explore the long-term stability and safety of ZnO nanoparticles in practical applications.                               

V. CONCLUSION 

In the present study, zinc oxide nanoparticles were synthesized using the chemical precipitation method. The nanoparticles were 

characterized using UV-visible spectroscopy which showed a band gap of 3.0 eV. The crystal structure of ZnO nanoparticles was 

studied using X-ray Diffraction and the peak position of XRD confirmed the wurtzite hexagonal structure of zinc oxide 

nanoparticles. The FTIR was also carried out to characterize the zinc oxide nanoparticles. The morphology of the nanoparticles 

was studied using SEM. The antibacterial study was carried out against E.coli and Staphylococcus aureus, and the zone of 

inhibition was measured. The maximum zone of inhibition was in E. coli. The antifungal study was carried out against Candida 

albicans. The photocatalytic study was carried out against methyl blue. The maximum percentage of dye degradation was obtained 

after 60 minutes. Our research suggests that ZnO NPs formed by this method have potential application in wide areas of study 

ranging from wastewater treatment to antimicrobials. 
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Abstract: - This study explores the potential of cadmium sulfide (CdS) for efficient solar cells enhanced by silicon dioxide (SiO2). 

CdS nanoparticles were synthesized via chemical precipitation, and SiO2 nanoparticles through solid-state diffusion using silicic 

acid. Characterization with UV-Visible spectroscopy and X-ray diffraction (XRD) showed polycrystalline films with hexagonal and 

cubic structures, preferentially oriented at (111), and nanoparticles averaging 6.8 nm. UV-Vis absorption spectra (300-800 nm) 

revealed crucial optical characteristics for the effectiveness of solar cells.  Incorporating SiO2 into CdS solar cells improved 

photovoltaic performance by enhancing light absorption and reducing electron-hole recombination, demonstrating the potential for 

high-performance, cost-effective solar cells. 
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INTRODUCTION 

  The constant rise in the development of technology, global warming, and enhanced living standards globally 

is a precursor in the search for fresh, safe, and reliable energy resources. For support the sustainable growth of 

human society and environmental protection according to fixed fossil fuel energy sources are insufficient [1]. 

Everyday sun sends out great amount of energy in the form of radiations and heat called solar energy. Solar 

energy is available at no cost which is a limitless source of energy [2]. The major benefit of solar energy over 

other conventional power generators is that the sunlight can be directly harvested into solar energy with the use 

of small and tiny photovoltaic (PV) solar cells [3].   

The PV effect, first observed in 1839 by Alexandre -Edmond Becquerel, led to the invention of the modern 

silicon solar cell in 1946 by Russel Ohl [4]. Unlike noisy power pumping devices, small solar cells operate 

silently, making them less disruptive. Traditional solar photovoltaic batteries, while more expensive and bulky, 

are suitable for small-scale or household use, not large solar plants [5]. Early photovoltaic cells transformed 

sunlight into electrical power using thin silicon wafers. Modern technology relies on creating electron-hole pairs 

in semiconductor layers (p-type and n-type materials). When a photon hits the junction, it ejects an electron, 

generating electrical power [5]. Materials for photovoltaic cells include silicon (single crystal, multi-crystalline, 

amorphous), cadmium-telluride, copper-indium-gallium-selenide, and copper-indium-gallium-sulfide [6]. 

 

CDS  

CdS (Cadmium Sulphide) particles are type II–VI semiconductor materials with a 2.42 eV band gap, 

displaying excellent physical and chemical properties, especially in their nano-crystalline form with varying band 

gaps. These properties are attributed to their crystallite size, which differs from bulk particles. CdS serves as a 

significant semiconductor photocatalyzer. [7]. However, there has been limited research dedicated to 

understanding the impact of manipulating the concentration of Cd2+ ionic species, which could significantly 

influence the properties of CdS. In our study, we employed a simple and cost-effective synthetic technique for 

preparing CdS NCs through chemical precipitation, focusing on the effect of molar concentrations of the 

cadmium source, CdSO4. Our various characterizations revealed a strong dependence on the concentration of 

CdSO4 used [8]. 

 

SIO2 

In solar cells, the key requirements include enhancement of photon absorption and generating charge carriers. 

Thus, therefore, nanomaterials (such as nanorods, nanoparticles, ultrathin film and gratings) have been demanded 

due to their significant properties which can boost the conversion efficiency of the solar cells [9]. SiO2 

nanoparticles, known for their excellent electrical and optical properties, are utilized as anti-reflection coating 

materials in solar cells. Additionally, SiO2 finds applications in the fabrication of sensors, piezoelectric devices, 

fuel cells, antireflection coatings, and catalysts [10]. 

 

MATERIALS AND EXPERIMENTAL 

The current study, aqueous solutions of sodium sulphide (Na2S) (of 99.99% purity) cadmium sulphate 

(CdSO4) (of 99.0% purity) were selected as main precursors for the preparation of CdS nanoparticle. CdS NCs 

was prepared at room temperature from 0.1 M aqueous solution of Na2S CdSO4 0.1. Each solution dissolved 

separately in 25 ml of de-ionized and stirred for 10 min. After completely dissolving Na2S solution was blended 

with slowly dropping to CdSO4 solution for 30 min below stirring. No buffer modification has been added. 

Throughout this process, wet yellow precipitate was collected. The final product was dried in an oven for 48 

hours at 80 °C. 

Chemical reactions that take place is given by the equation 1 

CdSO4 + Na2S → CdS + Na2SO4.              (1) 

Figure 1 shows the photograph of CdS NPs after the drying process 

As obtained Cds nanoparticales were used to prepare composite with SiO2 using Solid state diffusion method. 

For this, silicic acid was utilized as source of SiO2. The heating of silicic acid above 2000 C, result in oxidation of 

silicic acid. And we prepared a sample of CdS loaded SiO2 rich composite shown in fig 2. 
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RESULTS AND DISCUSSIONS 

XRD STUDY 

The physical-chemical analysis of prepared samples was done through various analytical tools. The structural 

study of samples was completed using X-ray diffraction (XRD).Hexagonal and cubic crystal phases are seen in 

CdS. When CdS is deposited, its polycrystalline hexagonal and cubic forms take on random orientations and 

show multiple prominent diffraction peaks. It is therefore established that samples of excellent purity were 

created. The X-ray diffraction patterns of CdS NCs at 0.5 M concentration are displayed in Figure 1's blue color 

spectrum. Differentiating between cubic (1 1 1) and HCP (200), cubic (2 2 0) and HCP (1 1 0), is a challenging 

task. Additional CdSO4 concentrations caused the XRD to show new hexagonal structure peaks. This event was 

expected to represent a phase shift in the application of higher CdSO4 concentrations. It was thought that the 

hexagonal phase had replaced the combinations of the cubic and hexagonal phases. 

The index was created using the various peaks in the diffraction gran, and matching values for the surfaces 

spacing "d" were computed and compared to the typical values of the JCPDS data. The most notable finding 

from the data is the observation of increased crystallinity in response to a precursor's concentration levels 

shifting. The strongest peak is used in the Debye-Scherrer equation to estimate the average crystallite sizes of 

various cadmium salt concentrations. 

𝐷 = 0.94𝜆/ 𝐵 cos θ 

 Wavelength, and B is the full width at half maximum (FWHM) of the diffraction peak, respectively. The d-

spacing for all samples can be estimated from the position of the main peak at 26.6° and by the Bragg condition  

𝑛𝜆 = 2𝑑 sin θ 

Where, d is the distance between the planes parallel to the incident beam's axis,  θ is the diffraction angle, λ is 

the incident X-ray's wavelength, and n is the order of diffraction. Crystallite sizes computed using d-spacing. All 

of the deposited films were polycrystalline with a preferred orientation and a hexagonal and cubic structure, 

according to XRD (111). The estimated size of the nanoparticles is 6.8 nm, based on the surface morphologies 

micrographs and X-ray diffraction peaks. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 show the XRD pattern of CdS incorporated SiO2 nanocompsites. XRD pattern clearly show the 

presence of characteristics peaks of CdS with correct diffraction peak position and marginal intensity. The 

signatures peaks of CdS exactly match with JCPDS card No: 06-0464. The broad hump with some shoulder peak 

appears between 25- 35 indicates the presence of SiO2 in composites. It reveals that CdS/SiO2 nanocompsites is 

crystalline in nature. 

                

Figure 1 CdS nanoparticle 

 

Figure 2 SiO2 nanoparticle 

Figure 3 : XRD of CdS nanoparticles. 
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UV-VIS SPECTROSCOPY STUDY 

To evaluate the efficiency of the solar cells the optical properties play a significant role. Fig. 3 shows the UV–

Vis absorption spectra of CdS nanoparticales between the wavelength of 300-800 nm. Fig.3. Impact on the 

optical characteristics of CdS nanoparticales. As a consequence of increased concentration, it was found that 

there is a slight change in absorption.  

Basically, a sharper absorber edge shows fewer defects and impurities in the film. In fact, when CdS begins 

absorbing light, CdS nanoparticales presented interference patterns through a sudden decrease of transmission 

nearby the band edge, resulting from the excellent crystallinity of nanoparticles. The linear part of the curves to 

the interception of the horizontal axis, the optical band gaps of all samples were achieved to be between 2.36 and 

2.4 eV which is ideal for buffer materials. 

 

 
             Figure 5: UV-visible spectra of CdS nanoparticles. 

CONCLUSIONS 

In summary, the incorporation of silicon dioxide (SiO2) into cadmium sulfide (CdS) significantly enhances 

solar cell efficiency. XRD analysis showed that all the deposited films were polycrystalline with hexagonal and 

cubic structures, exhibiting preferential orientation (111). From the X-ray diffraction the nanoparticle size was 

estimated to be around 6.8 nm. The broad hump with a shoulder peak indicates the presence of SiO2 in the 

composites, revealing that the CdS/SiO2 nanocomposites are crystalline in nature. The UV-Vis absorption spectra 

of CdS nanoparticles, recorded between wavelengths of 300-800 nm, showed a slight change in absorption, with 

a sharper absorption edge indicating fewer defects and impurities in the film. These findings indicate that SiO2 

integration can effectively advance CdS-based solar cell technology, offering a promising route for developing 

high-performance, cost-effective solar energy solutions. 
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Figure 4 : XRD of CDS/SiO2 nanoparticles. 
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An investigation on the hardness of L-

hydroxyproline-doped potassium 

aluminium sulphate dodecahydrate single 

crystal. 
 

Abstract: A single crystal of L-hydroxyproline-doped potassium aluminium sulphate dodecahydrate (LHPKASD) single crystal is obtained 

by using the slow evaporation solution technique (SEST). Good quality and transparent single crystals were obtained, having dimensions 
8x8x6 mm3 within 37 days. Vickers microhardness test was used to examine the mechanical properties of a solution-grown LHPKASD 

single crystal with a load range of 10 to 60 g. The calculated Meyer's index number "n" is 1.83, categorizing the LHPKASD single crystal 

as a soft material. Additionally, indentation patterns, mechanical parameters and hardness contour were also determined. 

Keywords: Slow Evaporation Solution Technique (SEST), Vickers Microhardness (VM), Indentation (I), Meyer's Index 

Number (MIN). 

I.  INTRODUCTION  

Potassium aluminium sulphate (potassium alum) or (potash alum) is the double sulphate salt of potassium and 

aluminium having molecular formula KAl(SO4)2 [1]. Alum possesses a cubic crystal system and has a 

monoclinic crystal structure. On the basis of atomic arrangement, these structures are divided into three types: 

α, β and γ [2,3] reported that potassium aluminium sulphate dodecahydrate crystal. Kishimura et al. [4] found a 

phase transition from a crystalline to an amorphous phase of KAl(SO4)2.12H2O. Potash alum has been used in 

many applications, such as food additives, antiperspirants, cleansing products, and skin care products. 

Furthermore, it has been used in Raman laser converters [5] and has potential applications in optical limiting 

and switching [6,7]. Recently, research found that potash alum has shown some medical applications. 

Antibacterial effect and antibiotics to killing microorganisms studied by Ali [8], and it has excellent 

antimicrobial inhibitory effects on microorganisms, especially commixed with antibiotics. Uzkul and Alkan [9] 

dyed the silk fabric by using green walnut shell extract, which has an antimicrobial effect, and they used potash 

alum as a mordant. Wang and Lu [10] used potash alum to fabricate oral ulcer powder, and they studied it by 

temperature-dependent X-ray diffraction technique. In this paper, we focus on investigating the mechanical 

properties of a semi-organic L-hydroxyproline potassium aluminium sulphate single crystal was grown using the 

slow evaporation technique (SEST). We specifically study the relationship between the hardness number (Hv), 

applied load, diagonal length, and Meyer’s index number of the LHPKASD single crystal. 

II. METHOD AND MATERIALS 

L-hydroxyproline and potassium aluminium phosphate (AR-Grade) S-D fine chemicals were used as starting 

materials, which were dissolved in doubled distilled water then L-hydroxyproline was added into the mother 

solution and kept on a magnetic stirrer for 8 hours until it became the homogeneous solution. Afterwards, the 

homogeneous solution was filtered using high-quality Whatman filter paper and transferred to a clean, dry 

borosilicate glass beaker. It was then allowed to slowly evaporate in a constant-temperature water bath for 

crystallization. To control the growth rate of the LHPKASD solution, kept at a constant temperature, the water 

bath was covered with a silver foil sheet containing a minimum number of holes. After recrystallizing several 

times, good-quality seed crystals were harvested after 37 days from the mother solution.  
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VI.   

 
   Fig.1L-hydroxyproline potassium aluminium     

            sulphate (LHPKASD) single crystal 

 

III. RESULT AND DISCUSSION 

   A. Vicker’s microhardness number.  

Vickers microhardness is an important factor to consider when choosing the crystal processing steps (cutting, 

grinding, and polishing) in the device fabrication process. Microhardness is a universal method for determining 

binding strength and also serves as a metric for bulk strength. To prevent surface flaws, the LHPKASD crystal 

was carefully polished. For the mechanical study, we used Mututuoya - HM 210B with AVPAK-20V2.0 

software Part No. 11AAC666) at room temperature in which the indenter has a pyramidal with a square base 

shape with simi-apex angle θ equal to 680 at different places on the surfaces of crystal which shows indentation 

patterns. To prevent any mutual interaction between the indentations, the space between any two indentations 

was made three times larger than the diagonal length. The Vicker’s microhardness value was evaluated by 

following the formula [11]. 

𝐻𝑣 =   
1.8544

𝑑2  𝑃 (𝑘𝑔/𝑚𝑚2) 

Where Hv is the Vickers hardness number (kg/mm2), P applied load in gm and d2 is the diagonal length, 

and 1.8544 is the constant of a geometrical factor for the diamond factor for the diamond pyramid. When the 

diagonal length (d) is measured in micrometres, the applied load (P) in grams can be used. The graph plotted for 

load (P) versus hardness number (Hv) is shown in Fig. 3(a). A plot of the microhardness as a function of the 

applied load clearly indicates that the hardness of the LHPKASD crystal increases with an increase in load up to 

40 g and has a maximum hardness number at 40 g of load. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 
Fig. 2 (a) without applied load indentation image. 
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Fig. 3 (a): Load P (gm) versus Hv       Fig. 3 (b): diagonal length d (µm) versus Hv 

1. B. Mayer Index (n) 

The simplest method to describe the Indentation size effect phenomenon is Meyer’s Law [12]  

𝑃 = A 𝑑 𝑛 

In this case, where A is the standard hardness, which is determined by the intercept, d diagonal length and n is 

Mayer’s index, also known as the work hardening coefficient, which is determined from the slope of the plot of log 

P and log d, which, gives a straight line, as shown in Figure 3 (c). The work hardening coefficient (n) in the current 

study is n = 1.83 for LHPKASD crystals. 

`  

(b) (c) 

  

(d) (e) 

  

(f) (g) 
 Fig. 2 (b),(c),(d),(e),(f) and (g) an applied load of 10g, 20g, 30g, 40g, 50g, 60g, indentation image pattern respectively. 

of LHPKASD single crystal. 
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Fig. 3 (c) log d versus log P 

 

IV. CONCLUSION 

In this present work, a good-quality and transparent LHPKASD single crystal was successfully grown 

by the slow evaporation solution techniques (SEST). Vickers microhardness number, or hardness coefficient 

number, is calculated as 1.83, revealing that the given materials belong to the soft materials category. Vickers’s 

microhardness number increases while increasing the load value, this is known as the reverse indentation size 

effect (RISE). LHPKASD crystal sustains the load up to 40 g and then decreases due to the crack up to 50 to 60 

g, so the Hv value decreases, which depicts the grown crystal that has been used for device fabrication, such as 

detectors and sensors.  
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Design of a Real-Time Hand to Text 

Sign Language Recognition System 

 

 

Abstract: - Sign language is a very powerful and effective tool for communication among the dumb and deaf. It plays a significant  

role in ensuring accessibility and inclusion for the individuals with hearing impairment. The proposed work attempts to bridge the 

communication gap between verbal and non-verbal communicators. In the present work, Indian Sign Language (ISL) is considered 

for conversion into text form since sign languages are region specific. The designed system uses flex sensors, an inertial 

measurement unit (IMU) and microcontroller unit as the main processing unit that provides voltage values according to the hand and 

finger movements. Data as measured using the wearable glove has been analyzed using the Long Short Term Memory (LSTM) 

algorithm for training the ML model. The in-house system accepts ISL signs as a real time input via flex sensor and IMU those are 

classified into the appropriate gestures. The classified gesture is then converted into an appropriate label as output in the 

corresponding legible text format. It is observed that in-house designed system is very simple and reliable for conversion of Indian 

sign gestures into legible text format. 

Keywords: Indian Sign Language (ISL), Flex Sensor, Inertial Measurement Unit (IMU), Machine Learning (ML), 

Long Short Term Memory (LSTM). 
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I. INTRODUCTION 

    Communication is not only limited to the exchanging or sharing of information verbally, but also the information can be 

exchanged through human emotions, facial expressions, body language and signs performed by hands. Although, verbal 

communication is far more crucial than other means of communication. But there are people who cannot comprehend verbal 

communication because they are unable to listen and to speak. Such people are called as Deaf-Mute people and thus they use sign 

languages which are region specific as their only mode of communication. But the verbally communicating people do not 

understand sign languages unless they have learnt it. This results in a communication gap between the verbal communicators and 

Deaf-Mute people. To bridge this gap, a system has been developed which takes the signs performed by the user via hand in real 

time and aims to convert it into text. This will significantly help the Deaf-Mute people to form relationships, collaborate, grab 

opportunities and to express their own opinions and feelings to the entire world.   

    Several researchers have worked in this direction to design an effective communication system. The basic sign gestures 

like numbers and alphabets can be obtained by using Arduino Nano and comparing its values with predefined values and 

converting the text into speech format via smartphone via text to speech engine within it [1]. The classification can also be done 

using some machine learning algorithm like support vector machine to attain high accuracy [2]. Another way of identifying the 

sign gestures is by using the state estimation method proposed in [3] which aims to track the motion of the hand in 3D space using 

Raspberry Pi, flex sensor and IMU. The system records the data of hand motion and compares it to a predetermined database. The 

hand and fingers movement can be determined by the EMG sensor which uses electrical signals generated from the muscles for 

determining the movements. The classification of these EMG based data along with IMU is done based on LSTM. However, the 

individual based model outperforms the general model, because the gestures performed vary from person to person [4].  

   In the present work, a wearable glove with the flex sensors and  IMU mounted on it are used along with the 

STM32F103C8T6 MCU for the processing the data which is solely responsible for taking input from the sensors and then  

processing of the ML model for sign gesture classification is done on computer.  

II. METHODS 

A. SYSTEM DESCRIPTION 

Fig.1: Block Diagram of the System 
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    Fig.1 shows the block diagram of the system designed in the laboratory. Sign gesture performed by hand using a 

wearable glove fused with flex sensors and IMU is taken as an input. The Flex sensors account for the bending of fingers whereas 

MPU6050, the IMU, accounts for the angular momentum of the hand. Flex sensors are used to measure the resistance across the 

strip. The bending resistances may vary from 45 to 125 Kohms. MPU6050 is a 6-axes motion tracking device, in which 3-axes 

acts as accelerometer and rest 3-axes act as gyroscope. Thus, it gives a total of 6 values as measured output which defines the shift 

in angular momentum of the hand from one instance to the another. The input data collected by these sensors is fed to the 

microcontroller (STM32F103C8T6) for further processing. It performs computations on the measured voltage values received 

from the sensors and returns its values to the computer in a specified way.    

Fig.2: Wearable Glove                      Fig.3: Complete Setup of the System 

All the electronic components have been mounted onto a PCB so as to make the system portable and light. The sensors 

are connected to the PCB board via connectors provided by the supplier. Flex sensors are attached to each finger of the rubber 

glove for recording the bending movement of five fingers and MPU6050 is attached alongside it for capturing hand movements. 

Fig. 2 shows the wearable glove  whereas Fig. 3 shows a screen shot of the complete system for conversion of ISL signs into 

legible text. 

 

B. SOFTWARE 

The design and development of the present system is divided into hardware and software. Flex sensor is procured from 

the https://quartzcomponents.com site. Most of the electronic components are soldered on the PCB for its convenience and 

compactness. For software development and, data acquisition and analysis, Arduino IDE and Python language are used. The 

software part includes collecting data, preprocessing it, training the preprocessed data and deploying the model on 

STM32F103C8T6. Data is collected and stored into csv file format. In the present work, as the preliminary testing, the dataset 

consists of two categories of data i.e. for two signs ‘welcome’ and ‘bye-bye’. Data is collected by a single subject and with 30 

samples for each sign. Thus, making it a total of 60 csv files. Each csv file contains 50 rows as time points and 11 columns as 

sensor values. The labeling is done in annotated form, the file name is the label itself [5]. This data is preprocessed and converted 

into numpy format for more efficient machine learning model training. The model is trained based on the LSTM algorithm with 

30 epochs that achieved almost 100% accuracy with the validation data.  
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 III. RESULTS 

    The collected dataset for two sign gestures is showing variations when their values are plotted into a graph. Although 

there are slight variations in between them still these signs are differentiable. In time series data, the instance of a particular time 

point plays a significant role. The values at the initial time point and at the end point depict a significant difference, however it is 

tough to describe these time points on a graph, which could give a path or pattern of how exactly data is moving/behaving.    

    The graphical representation of the dataset results in better understanding of the data. To represent all the 30 samples of 

data into a single graph is challenging and complex at the same time and when the 30 samples were plotted on a graph, the data 

points were cluttered into each other and were a bit complex to interpret. Therefore, to reduce its complexity, the average of the 

same cell of all samples has been calculated and the average values for each cell is stored into another csv file. This was calculated 

for each cell of the data, like, the value in the position [5,5] has been averaged with the values of all csv files on the same position. 

This similar calculation was completed for each position. This resulted in a new csv file of dimension 50x11. The graph for this 

csv file  represents the data in a concise way. It represents a similar pattern to the pattern formed after plotting all data in a graph. 

 

Fig.4: Variation of Accelerometer Sensors’ Output with Time for “WELCOME” 

 

Fig.5: Variation of the Gyroscope Sensors’ Output with Time for “WELCOME”’ 



J.ElectricalSystemsVol-Issue(2024):1-12 

162 

Fig.6: Variation of Flex Sensors’ Output with Time for “WELCOME” 

 

Fig. 4 and Fig. 5 represent the pattern of the x, y and z axes of the accelerometer and gyroscope, respectively for the 

“WELCOME” gesture. The accelerometer shows gradual fluctuations in the output signal values along each axis. This shows that 

the data collected for “WELCOME” gesture at each x, y, z axis is almost similar for all the samples. Thus, it can be significantly 

distinguished from other gesture signs. Whereas, the output signals at the gyroscope shows noticeable fluctuations.  These 

fluctuations are within an extremely small range which represents the values collected for this sign does not include the angular 

movement of the hand as “WELCOME” gesture is typically a horizontal movement of hand from a distance from the chest 

towards chest with palm of hand facing the sky. Also, this sign does not involve any flex (finger) movements, therefore the values 

of all the flex sensors remain constant in the graph as shown in Fig. 6. 

Fig.7: Variation of Accelerometer Sensors’ Output with Time for “BYE-BYE” 
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Fig.8: Variation of Gyroscope Sensors’ Output with Time for “BYE-BYE’ 

 

   Fig.9: Variation of Flex Sensors’ Output with Time for ‘Bye-Bye’ 

 

The figures 7, 8 and 9 show variation of the output signals at the accelerometer, gyroscope and flex sensors, respectively 

for the sign “BYE-BYE”. The accelerometer output signal values are not varying much as expected and almost follow the straight 

line with different values as compared to the “WELCOME” gesture. The gyroscope output signal values are slightly in a higher 

range than that of “WELCOME” gesture values and it has formed a pattern, which depicts that the repeated action has occurred 

which sounds convincing because the “BYE-BYE” gesture is just similar to what everyone performs to signal indicating 

departure. This action includes the movement of the hand and its action is just like waving a hand. Therefore, “BYE-BYE” sign 

gesture is also distinguishable with other gestures as per the data collected.  
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Fig.10: Loss and Accuracy Graph of ML model. 

Fig. 10 shows that the model achieved a profound accuracy of 100% after 10-12 epochs. The model has only been trained 

with 60 samples of data collected from a single person. The ML model is trained based on the LSTM algorithm with 30 numbers 

of epochs.  

 

IV. CONCLUSION  

    The work presented formulates the sign gestures and converts the two hand gesture signs, “WELCOME” and “BYE-

BYE” into text format. The present work is able to distinguish between the “WELCOME” and “BYE-BYE” sign gestures in real 

time with the machine learning model running on the computer itself. Although, the classification of the gestures is more 

promising when the model is tested with the person’s gesture whose data has been collected for training ML model. More data can 

be collected from various users in order to get more promising results which will certainly add the flexibility trait to the present 

work.  
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Abstract:   The complex dielectric permittivity measurements of binary mixture of D-arabitol + water have 

been carried out in the frequency range 10 MHz to 30 GHz using a Time Domain Reflectometry technique at 

25°C. The measurements have been carried out for different mole fractions of Arabitol in Water. The Cole – 

Davidson relaxation  model is appropriate to describe the complex permittivity spectra  of this binary mixture. 

The static dielectric constant (ε0) and relaxation time (τ in ps) are calculated from the complex permittivity 

spectra using the non linear Least Square Fit method. 

 
Keywords: Time Domain Reflectometry, Dielectric permittivity , Relaxation time 

 

 

 

                                                                         I. INTRODUCTION  

 

Polyhydric Alcohols or Polyols are the sugar alcohols with the general formula (CnHn+2OHn) in carbohydrate classification. 

Polyols are a broad class of compounds that are categorized based on the number of carbon atoms in the molecules backbone and 

are named based on the number of OH groups, e.g.,  n=2 for diol, n=3 for triol, n=4 for tetritol, n=5 for pentitol and so on [1]. 

These sugar alcohols are frequently employed in place of sucrose in commercial meals, typically in conjuction with strong 

artificial sweetener to counteract their poor sweetness. D-arabitol is a sugar alcohol also reffered to as arabinitol (polyol). It can be 

generated through the reduction of arabinose or lyxose. It has the molecular formula C5H12OH5. figure 1 shows the structure of D- 

arabitol [1,2]. 

 

 

 

 

 

                                                

 

          
                                                                                
                                                                                    Fig 1: structure of  D- arabitol 

 

 

 

 Dielectric relaxation spectroscopy has proven to be a useful method for determining the dynamics and structural characteristics of 

liquids that are mostly hydrogen bond based. In our previous paper, we have conducted the dielectric relaxation studies of aqueous 

xylitol solution using TDR technique[3]. L. Carpentier et al. have conducted the dielectric studies of the mobility in pentitols in 

the broad frequency range 10-2 ≤ υ ≤ 106 Hz [4]. There were not many investigations done on the arabitol. 

 In this work, the impact of intermolecular interactions is shown in water and D-arabitol at different concentrations and at 25°C 

temperature. Variations in the dielectric characteristics have been investigated in the frequency range 10 MHz to 30 GHz .using 

the Least Square Fit method, the dielectric constant (ε0) and relaxation time (τ) have been calculated and discussed. 
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                                                                                  II. Experimental 

 

                                                                                  A Materials  

 

D-arabitol was obtained commercially from Alfa Aesar Ltd and used without further purification . The water used in the 

preperation of binary mixture was distilled water. The solutions were made with varying mole fractions of D-arabitol in water 

while keeping the water weight constant. 

 

                                                                              

                                                                               B. Measurement :  

 

The TDR technique was used to obtain the dielectric spectra[5]. For The Time Domain Reflectometre, The dual channel sampling 

module 80E10B and the Tektronics model number DSA8200 sampling mainframe were utilized. Figure 2 shows the block 

diagram of TDR. A 12 ps incident pulse and 15 ps rising time pulse are provided by the sampling module. These pulses are 

reflected pulse without sample R1(t)and with sample Rx(t) were recorded in a time window of 5 ns and digitised in 2000 points 

and are shown in figure. To provide the pulse , coaxial cable with an inner diametre of 0.28 mm and an outside diametre of 1.19 

mm , and an impedance of 50 ohms was uesd. The addition [q(t)=R1(t)+Rx(t)]  and substraction [p(t) = R1(t) – Rx(t)) of these 

pulses are done in the oscilloscope memory . these substracted and added pulses are delivered to computer for further analysis.  

The non linear Least Square Fit method was used to get the complex permittivity spectra in the  frequency range 10 MHz to 30 

GHz by completing the Fourier transformation of these pulses and data analysis beforehand. The temperature of the test sample 

has been maintained using a caliberated temperature contrtoller system with an accuracy of ±0.1°C.   

 

 

 

 

 

 
                  

 

  

 

                                

 

                                           

 

 
                                                Fig2. Block diagram of Time Domain Reflectometre (TDR) 

 

 

                                                                     III Results and Discussion  

 

                                                                    A. Complex Permittivity Spectra  

 

The relative complex permittivity offer’s an important insights into the common dielectric relaxation and absorption processes 

throughout a broad frequency range. A materials complex permittivity spectrum can be used to infer properties such as dielectric 

loss, polarity, conductivity, dipolar relaxations and atomic / electronic resonances [6]. 

Figure 3 shows the frequency dependent complex permittivity spectra for D-arabitol – Water at various concentrations using the 

Time Domain Reflectometry Technique (TDR) at 25°C. The dielectric permittivity falls as D-arabitol concentration in water 

increases and as frequency increases, indicating dielectric dispersion. Additionally the graph indicates that when the amount of D-

arabitol in the water increases, certain frequencies exhibit peaks in the dielectric loss that are moved towards lower frequencies. 

The non linear Least Square Fit approach is used to fit the complex permittivity spectra obtained with TDR to the Havriliak – 

Negami formula 

 

                                             𝜀∗(𝜔) = 𝜀∞ +
𝜀0−𝜀∞

[1+(𝑗𝜔𝜏)1−𝛼]𝛽 

 

Where ε0 is the static dielectric constant which represents the equilibrium behaviour, ε∞ is the permittivity at high frequency which 

represents the instantaneous behaviour, τ is the relaxation time, α and β are the shape parameters describing the symmetric and 

asymmetric distribution of relaxation time respectively. ω is the angular frequency [7]. 
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      Fig 3.Frequency Dependent Dielectric Complex Permittivity Spectra of D-arabitol – Water  mixture for various concentrations at 25 

 

                            

                                                                                    B. Static Dielectric constant (ε0) 

 

Fig 4 shows that the dielectric constant (ε0) of D-arabitol aqueous solution decreases as the amount of D-arabitol in water 

increases. This may be due to the significant impact of hydrocarbon chain branching on the correlation of permanent electric 

dipole moment orientation [8] and the decrease in this dipole moment magnitude as the mole fraction of D-arabitol in water 

increases [9].   

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 
          

 
                                            

 

 
 

 

 
                                                  Fig 4. Variation of Static dielectric constant (ε0) with mole fraction of D-arabitol in water  
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                                                              C. Relaxation time (τ) 

 
As shown in fig 5, the dielectric relaxation time value grows linearly with increasing mole fraction of D-arabitol in water. The 

reason behind the gradual rise in relaxation time could be that the effective dipole moment rotates more slowly in the field 

produced by the intermolecular interaction [9]. Additionally, It is noted that the complex permittivity spectrum is descending from 

the Debye to Cole – Davidson type as the concentration of D-arabitol in water increases [10].  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

            

 

 

 

 

 

 
                             Fig 5.variation of relaxation time with mole fraction of D-arabitol in water at 25°C  

 

                                                           

  IV Conclusion  

This study used TDR to investigate how arabitol concentration affects the electrical properties of D-arabitol-

water mixtures. The findings show that increasing D-arabitol concentration weakens the mixtures dielectric 

response, likely due to D-arabitol disrupting water molecule alignment. Additionally, τ indicating response 

speed to electric field, increases with more arabitol.   
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Regular paper 

Synthesis and Characterization 

of Graphene Decorated CuO 

Nanocomposite for 

Multifunctional application.  

Abstract: - This work discusses the synthesis of graphene-based CuO nanocomposite using various methods, including the co-

precipitation method and electrochemical exfoliation method. The electrochemical exfoliation method is identified as the most 

efficient for creating graphene nanocomposite, while the co-precipitation method is preferred for synthesizing CuO nanoparticles. 

These CuO nanoparticles are then decorated with graphene nanocomposite through a solution mixing method known as the ex-situ 

approach. The crystallographic structure, phases, and quantitative analysis of the materials were studied using X-ray Diffraction 

(XRD), while the chemical composition, molecular structure, and interactions within the sample were analysed using Fourier 

Transform Infrared (FTIR) spectroscopy. Graphene-based nanocomposite exhibit exceptional mechanical, electrical, thermal, and 

optical properties, making them suitable for numerous applications such as supercapacitors, biomedical uses, EMI shielding, solar 

cells, and gas sensors. 

 

Keywords: CuO; Graphene; Nanocomposite; Advanced applications. 
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                           INTRODUCTION 

Nanotechnology is the field of application-based research in Nanoscience. It has expanded to include 

environmental remediation applications. The micrometer is approximately 1 to 100 nanometres, which is 109 

meters in length (2D). There are many types of nanosciences, such as nanotubes, nanoparticles, graphene, 

quantum dot, nano-medicine, nanocomposites and manufacturing composite materials. A nanoparticle is a 

particle that is 1 to 100 micrometers in size and consists of a macromolecule material containing the active 

ingredient. They are found in nature and can also be created by human activities. Due to their small size, 

nanoparticles have unique material properties and can be used in a variety of applications, such as medicine, 

engineering catalysis, environmental remediation, and manufacturing nanoparticles.Nanocomposites has The 

electrical, thermal, mechanical, magnetic, chemical, radioactive, and watt ability properties of nanocomposites 

vary if the nanomaterial converts from bulk to nanoscales. 

Graphene: Graphene is anallotrops of carbon, is the thin, almost see through sheet that is only one atom 

thick. it is incredibly lightweight but also incredibly strong , with a strength 100 times that of steel additionally, it 

has the unique property of being able to conduct electricity. of carbon consisting of a single layer of atoms 

arranged in a two dimensional honeycomb lattice nanostructures.Its has become a valuable and useful 

nanomaterial due to its exceptionally high tensile strength this nanomaterial has made it desirable and practical. 

Transparency, electrical conductivity, and the world's thinnest two-dimensional substance Graphene is a single 

sheet of pure carbon arranged in a flat hexagon pattern. It has use in electronics, transportation, and medicine, 

among other fields. the high quality graphene also provide bto be sparingly easy to isolate, Andre Geim 

Konstantin at the University of Manchester won the Nobel Prize in physics in 2010”for groundbreaking 

experiments regarding the Two-dimensional material graphene. The elements of other allotropes , including 

graphite , charcoal, carbon nanotubes and fullerene. 

Synthesis of graphene by electrochemical exfoliation method: 

Few layer graphene synthesized from graphite flakes using electrochemical exfoliation method, in this copper 

rod act as a cathode electrode, and then the graphite rod and copper rod were inserted with the 5cm separation. 

Now H2SO4 (99.99%) in diluted distilled water and form the ionic solution and give the dc (10 volt) at room 

temperature.(303k), then the few layer graphene collected through cellulose nitrate filter paper, then washed the 

precipitate with distilled water , then obtained Sample dried at 1000c for 2hr. 

Synthesis of CuO nanoparticle: 

CuO nanoparticles were made using the co-precipitation approach, which involved dissolving one mole of 

cuso4 in 100 milliliters of distilled water. and then placing the necessary solution in a magnetic stirrer and stirring 

it for two hours. Copper sulphate and sodium hydroxide were utilized in this process. The reaction continued for 

two hours after the NaOH was simultaneously dissolved in 50 milliliters of distilled water and introduced drop 

wise to the CusO4 solution that was already on the magnetic stirrer while being continuously stirred. After that, 

rinse the precipitation with distilled water. The precipitate now dries overnight at 800 degrees Celsius. 

Synthesis method of CuO nanoparticle decorated by graphene: 

The CuO nanoparticle was doped with graphene using the solution mixing method of the Ex-situ approach. In 

this method, 0.5 moles of graphene and 0.5 moles of CuO were mixed in 10 ml of acetone, and the mixture was 

stirred for 20 minutes on a magnetic stirrer. The remaining precipitate was then obtained in a petry dish after the 

acetone evaporated 
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Results and discussions: 

X-Ray Diffraction (XRD) of CuO decorated by graphene-nanocomposite: 

In the provided figure, the XRD pattern of the CuO nanoparticle coated with graphene revealed diffraction 

peaks absorbed at 26.50. values. Using the Debye Scherer formula, the average crystallite size (D) of the 

graphene-based CuO nanoparticle was determined as follows: Dh,k,l=0.9λ/(β h,k,lCOSθ), where β is the line's 

full width at maximum (FWHM) and λ=1.50429A0, the wavelength. With the hexagonal symmetry, the Scherer 

constant is 0.98.D=kλ/ßcosθ is the formula; using this formula, the value of 2ϴ is found to be 25.58.and provided 

for the 1,1,-1 h, k, and l value.  

where  is the diffraction angle. Based on this, we computed the crystallite size, which came out to be 41.7374 

nm.This illustrates the prepared sample; all of the peak spectra are ascribed to CuO, which exhibits monoclinic 

symmetry; the graphene peak, located at position 25. 
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FT-IR of graphene based CuO nanocomposites: 

From the above graph, which kind of functional group present in given compound of CuOnanoparticle. And 

give an idea about the functional group present at particular peak on the graph broad peak noticed at the 

2759.84cm-1attributed to O-H stretching of moisture content. The FTIR spectrum of CuOnano powder was 

shown in fig. The CuO nanoparticle excibited vibration modes at 432cm-1,511cm-1and 611cm-1 were Assigned 

for CuO-O stretching vibrations, rocking vibrational modes of water moleculeat 886cm-1.the band at 1125 cm-1 

indicated triply degenerativev3 mode of SO4
-2 ion and the absorption band s at 1630cm-1 were bending and 

stretching mode of vibration of water molecule. In FT-IR spectroscopy of CuO nanoparticle decorated 

bygraphene, in the graph,it give an idea about the functional group contained in the given doped sample,and 

thisis determined by the different peak value at particular peak on the graph. 
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                                                  Fig: FT-IR for graphene based cuo nanocomposites 
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Conclusions: 

There are several ways to create graphene-based Nanocomposites, including Hummer's method, Sol- gel 

method, electrochemical, and hydrothermal methods;  however, the co-precipitation method is the most effective 

way to create nanoparticles, and the most effective method was the electrochemical Exfoliation method to 

fabricate graphene. In the various Research into graphene potential uses as a semiconductor has expanded 

globally because to its robust, flexible, lightweight, high resistance, thinness, and conductivity. Furthermore, a 

study of multiple applications focusing on future aspects was carried out. These comprised the most 

advantageous uses in highly promising domains like solar cells, super capacitors, EMI shielding, and sensors. as 

in the NO2 gas detection use of graphene oxide.CuO and graphene nanocomposites offer a synergistic 

combination of properties mechanical strength, chemical stability , conductivity that enhance their utility and 

performance in advanced applications. 
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Abstract: - This study provides intention on InGaN/GaN interface which shows sign of heat rectification due to asymmetric thermal 

transport behaviour across the interface. Reviewed built-in-polarization (BIP) effect on thermal parameters of InGaN alloys and 

theoretically estimated phonon transmission coefficient (𝛤 ) for InGaN/GaN interfaces for various Indium composition which 

provides possible way to tailored thermal boundary resistance (TBR) and thermal conductivity (k) of the material which play key 

role in movement of heat energy from an interface of materials. Small value  𝛤 observed for the direction of GaN to InGaN layer as 

compared to opposite direction and magnitude of this asymmetric nature can change using Indium composition. In addition, the BIP 

effect reduced thermal conduction in both directions. This special property of interface shows off the sign of thermal rectifier and 

strength of rectification strongly depends on amount of Indium with their polarization effect. Insights from this study can inform the 

development of next-generation thermal management solutions capable of addressing the increasing thermal challenges in high-

power and high-brightness InGaN/GaN-based devices. 

Keywords: Heat rectification, InGaN/GaN heterostructure, Built-in-polarization (BIP) effect, Internal 

heat, phonon transmission, Thermal boundary resistance (TBR) 
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I.  INTRODUCTION  

InGaN/GaN heterostructures have garnered significant attention for their remarkable electronic and 

optoelectronic applications. It is used in fabrication of active region in LEDs, laser, sensors, and many 

other electronic components. However, performance of such devices is limited in the high-power 

application due to unwanted heat dissipation. Therefore, heat management is a critical aspect of 

modern electronics and optoelectronic devices and presently researchers are going to find a unique 

model which removes or minimizes this limit. Therefore, a heat rectifier nature is highlighted as a suitable 

model to develop heat management in such devices.  

InxGa1-xN material is suitable for electron confinement because of the band gap lower than the GaN which 

enhances possibility of recombination to emit light in optoelectronic devices. Higher order of recombination rates 

signs of better internal quantum efficiency in LEDs. However, there are some non-radiative recombination and 

internal heat generation which reduces quantum efficiency under high current operating known as efficiency 

droop. This droop phenomenon strongly depends on thermal parameters and polarization mechanism of material. 

Any semiconductors are grown by different grown technique usually contains single crystalline structure. If two 

different semiconductors joined with different lattice parameters produces severe strain at the interface [1]. This 

strain developed an opposite field often known as built-in-polarization electric field (BIP) which has potential to 

change various ideal parameters of the material. The amount of heat flow decides by the thermal conductivity (k) 

of material. Typically, an optoelectronic device requires a high thermal conductive material to minimize self-

heating, on the other hand a thermoelectric device requires low thermal conductive material to absorb and good 

response for heat energy [2]. In the case of heterostructure and superlattices (SLs), thermal boundary resistance 

(TBR) at the interface reduces k which resists heat transfer during perpendicular from one layer to another [3]. 

Various recent study concentrated on management of TBR by phonon transmission model which is based on 

variable parameter introduces as phonon transmission coefficient (𝛤) which depends on specific heat (𝐶𝑝 ), 

phonon velocity (𝑣), and Debye temperature (𝜃𝐷) of the material [4]. 

 The role of these thermal parameters on heat management are highlighted in previous study explained for III-

V nitride semiconductors [4]. However, deviation due to polarization effect on each thermal parameter remains 

unexplored for InGaN/GaN interfaces. This study explored those parameters which have key role to control 

unwanted heat generation and observed an important feature of InGaN/GaN heterostructure as a thermal rectifier 

nature which is proposed for a heat management. A thermal rectifier is a device that allows heat to flow 

preferentially in one direction while resisting in opposite direction. This property is typically achieved through an 

asymmetric structure or material properties that create directional heat flow and it may be utilized in reduction of 

unwanted heat dissipation electronic and thermal isolation within the devices. Theoretical framework for thermal 

rectifier is proposed, and its functioning parameter like phonon transport, BIP effect, heat capacity is analyzed 

those function of TBR which controls transmission of phonons. Various observations characterized in result 

section which correlate with thermal rectifier. In the conclusion part, the main observation and its basic 

applications and advantages are briefly discussed.  

II. THEORETICAL FRAMEWORK 

1. Built-in-Polarization effect in InGaN/GaN  

Asymmetry of wurtzite structure with large ionicity of InGaN and GaN contains highly polar molecules 

which creates internal electric field due to spontaneous polarization (𝑃𝑠𝑝) and lattice parameter of InGaN alloy 

(epitaxial layer) is different as compared to GaN (sapphire substrate) layer which developed strong strain which 

causes piezoelectric polarization (𝑃𝑝𝑧 ) at the interface. Therefore, built-in-polarization can be estimates by 

including of both tow polarization components as introduces as P = 𝑃𝑠𝑝+ 𝑃𝑝𝑧.Piezoelectric polarization can be 

estimated by Eq. (1) including strain component and piezoelectric constants investigated in previous studied [5]. 

𝑃𝑝𝑧 =𝜀1𝑒31 + 𝜀2𝑒32 + 𝜀3𝑒33    (1) 

Here, 𝑃𝑝𝑧is piezoelectric charge density (in C/𝑐𝑚2), 𝑒𝑘𝑙  (k =1,2,3 & l =1, 2, ...6) stands for piezoelectric 

constant and 𝜀𝑙 represent for strain components in various axis. Simple layout of InGaN/GaN heterostructure 

mentioned in Fig. (1) which act as a two-dimensional electron gas (2DEG) model. Deformation of a material 

under any strain is described by elastic constants of the material. Therefore 2D (two-dimensional) polarization 

surface charge density can be estimated by following Eq. (2) extracted from the literature [6]. Where, 𝑎 is lattice 
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constant for epitaxial layer,  𝑎0 is lattice constant for sapphire(substrate) layer and 𝐶13, 𝐶33 are elastic constant. 

These all-essential parameters for 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 material system is mentioned in Table. 1 

 

      P = 𝑃𝑠𝑝+ 
2(𝑎−𝑎0)

𝑎
[𝑒31 − 𝑒33 (

𝐶13

𝐶33
)]    (2) 

 

 
Figure 1: InGaN/GaN heterostructure 

Table 1: Parameters for InN, GaN and its alloys [7] 

 

 

 

 

 

 

 

 

 

 

2. Polarization Effect on Phonon Transportation 

Phonons are responsible for transporting heat energy in crystalline materials. Phonons are quantized lattice 

vibrations and velocity of phonons (v) describes by direction magnitude of phonon wave vector. It is introduced 

by combination of longitudinal velocity (𝑣𝐿) and transverse velocity (𝑣𝑇 ) along X, Y and Z direction. The 

magnitude of velocity along X and Y directions are same therefore total group velocity of phonons expressed as. 

v = [(2 vT
−1 + vL

−1)/ 3]-1     (3) 

  In acoustic phonons, their transverse and longitudinal velocity relates elastic constant of the material as 𝑣𝑇= 

√(𝑐44/𝜌)  and 𝑣𝐿= √(𝑐33/𝜌). Combined phonon velocity (v) and effect of BIP on it (𝑣𝑝), for an InxGa1-xN alloy 

studied in previous study [2, 5] and extracted a short method for different Indium compositions (x), mentioned in 

Eq. (4) for without BIP, and Eq. (5) with BIP: 

v = 3234 x + (1-x) 4931 - 258 x (1-x) (m/s)    (4) 

𝑣𝑝 = 3572 x + (1-x) 5277 - 328 x (1-x) (m/s)   (5) 

The lattice vibration also depends on operating temperature. Temperature that responsible highest mode of 

lattice vibration known as Debye temperature denoted by 𝜃𝐷 = h𝑤𝐷/kB.  Here, h is the Plank’s constant, kB is 

Boltzmann’s constant and 𝑤𝐷 is Debye frequency. Debye frequency 𝑤𝐷  = v(3N/4𝜋V)1/3, Where V stand for 

volume, and N is the number of atoms in unit cell.  The value of Debye temperature for InxGa1-xN alloy estimated 

in previous study [7]. Its value for without polarization effect (𝜃𝐷), and with polarization effect (𝜃𝐷𝑝) can be 

estimates using Eq. (6), and Eq. (7) respectively. 

𝜃𝐷 = 660 x + (1-x) 600 - 54x (1-x)     (6) 

      𝜃𝐷𝑝= 729 x + (1-x) 645 – 69 x (1-x)    (7) 

3. Heat Capacity 

The amount of heat required to change one unit of temperature within unit mass is known as heat capacity 

(specific heat). To determine lattice specific heat for wurtzite-nitride structure, Debye’s, and Einstein’s models 

for specific heat are utilized in experimental study [8], as constant pressure specific heat Cp (in J/mol K) can be 

calculates using Eq. (8).  

   Cp (T)= CD(T) + CE(T) = 3 NA kB 3 (
𝑇

𝜃𝐷
)

3

 f (
𝑇

𝜃𝐷
)  +3 NA 𝑘𝐵

3  
𝑒

𝜃𝐷
𝑇

(𝑒
𝜃𝐷
𝑇 −1)2

  (8) 

Parameters  InN GaN 𝑰𝒏𝒙𝑮𝒂𝟏−𝒙𝑵 

𝑃𝑠𝑝 (C/𝑚2) -0.042 -0.034 -0.034 + 0.029 x-0.037𝑥2 

e15 (C/𝑚2) -0.57 -0.30 -0.57 x- 0.30 (1-x) 

e31 (C/𝑚2) -0.56 -0.55 -0.56 x-0.55 (1-x) 

e33 (C/𝑚2) 1.09 1.12 1.09 x + 1.12 (1-x) 

a (Å) 3.54 3.19 3.54 x + 3.19 (1-x) 

ℇ 15.3 9.5 15.3 x + 9.5 (1-x) 

𝜌 (Kg/𝑚3) 6810 6150 6810 x+ 6150 (1-x) 

C44 (GPa) 48 105 48 x +105 (1-x)-16 x(1-x) 

C33 (GPa) 224 398 224 x +398 (1-x)-38 x(1-x) 



J. Electrical Systems Vol-Issue (2024): 1-12 

179 

Where, CD(T), CE(T) represents Debye’s, Einstein’s specific heat, and 𝜃𝐸 , 𝜃𝐷  are represents corresponding 

temperatures and NA, kB are stands for Avogadro number, Boltzmann constant and addition integrating function 

referred as Eq. (9).  

      𝑓 (
𝜃𝐷

𝑇
) = ∫

𝑥4𝑒𝑥

(𝑒𝑥−1)2

𝜃𝐷/𝑇

0
     (9) 

From literature study [9], the Einstein temperature (𝜃𝐸) and (𝜃𝐷) are related as 𝜃𝐷 = √3/5 𝜃𝐸 ≈  0.77 𝜃𝐸 . 

Overview on specific heat indicates, it has key role in heat conduction phenomenon, and its functioning 

parameters deviated due to polarization effect. In the literature, its value for binary nitride compound was 

reported by a research group with good accuracy [10, 1]. However, specific heat for 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 alloy and effect 

of polarization effect on it, remains unexplored. 

4. Mechanism of Heat Rectification 

1)  Thermal Boundary Resistance 

Framework of heat rectifier nature of an InGaN/GaN interface begins with properties of heat flow in the 

material which is governed by the phonon propagation model. These two materials are separated by the Thermal 

Boundary Resistance (TBR) which decides the amount of heat flow (see Fig). Its analysis is subjected to interface 

engineering [17]. Magnitude of a TBR may be different depending on changing the direction of measurement at 

the same interface. It means as per the Fig. (2), TBR from material 2 to material 1 is different as compared 

material 1 to material 2. This special behavior of interface may be utilized to control heat carrier movement from 

the interface and these properties indicated uses of interface as a thermal rectification to heat management.  

Typically, TBR acts as electrical resistance in case the carrier is electron. However, we assumed heat carrier 

is phonons and phonons movement from the interface restricted by TBR. It can be estimates for material i to 

material j, using Eq. (11) [2, 4] 

 

 

 
 

Figure 2: Schematic representation of heat rectifier   
 

      Rij  =  
4𝜋2ℏ3𝑣𝑖

2

𝑘𝑏
4𝛤𝑖𝑗𝑇𝑖

3   [∫
  𝑥4𝑒𝑥

(𝑒𝑥−1)2  𝑑𝑥

𝜃𝐷
𝑇𝑖

0
]

−1

    (10) 

Where, 𝑣𝑖 stand for velocity of phonon in layer i, ℏ is modified plank constant, 𝑘𝐵 is Boltzmann constant and 

transmission coefficient of phonon from material i to j is represented by 𝜞𝒊𝒋. Functioning parameters of TBR 

show significant change while we considered polarization effect and therefore, we need to explore phonon 

transmission coefficient which has inversely related with TBR. 

2) Interface Nature of Heteostructure  

Phonon transmission through the interface of materials is a critical aspect of thermal transport, especially in 

heterogeneous systems like superlattices, thin films, and nanocomposites. When phonons encounter an interface 

between two different materials, they can be either transmitted across the interface or reflected. The likelihood of 

these events depends on the nature of interface. Fig. (3).  
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Figure 3: Phonons propagation in superlattice 

The probability of accounting of phonon transmits beyond to the interface measured by transmission 

coefficient from one layer to another. When phonons smoothly transmitted beyond to the interface, it’s called 

Acoustic mismatch model (AM). It provides maximus possibilities of transmission which is based on 

modification of their path and frequencies and wave properties are conserved [12]. However, 100% transmission 

of phonons through interface practically not possible therefore one another model has come known as Diffuse 

mismatch (DM) model which based on rough interface between the layers. This interface model leads to 

thermalization of interface, and it has independent to phonon path and wave property [17]. Transmission 

coefficient in AM based model ( 𝜏𝑖𝑗
𝑆  ) from layer (i) to layer (j) can be estimated using Eq. (12) [13]. 

       𝜏𝑖𝑗
𝑆   =  

4𝑍𝑖𝑍𝑗

(𝑍𝑖+𝑍𝑗)2 ;      (11) 

where 𝑍𝑖 = 𝑣𝑖𝜌𝑖 is known as acoustic impedance with  𝑣𝑖  , 𝑣𝑖  and 𝜌𝑖 , 𝜌𝑗 are the phonon velocity and material 

density in material i and j respectively. Similarly, in the DM based model (𝜏𝑖𝑗
𝐷) it can be estimated with the help 

of Eq. (13). Including 𝐶𝑖, 𝐶𝑗 are representing specific for the layer i and j respectively.   

       𝜏𝑖𝑗
𝐷   = 

𝐶𝑗𝑣𝑗

(𝐶𝑖𝑣𝑖+𝐶𝑗𝑣𝑗)
 ;     

 (12) 

Theoretical and experimental analysis claim that we can’t make interface with perfect AM nor purely DM 

based interface [2, 15]. Therefore, transmission coefficient can be estimates by coupling both models and one 

specular probability parameter (p) introduced. If p=1, then it indicates 100% transmission of phonons are 

possible. However, practically it can’t obtain therefore, resulting transmission coefficient 𝛤𝑖𝑗 be estimates using 

Eq. (14). Similarly, in both directions, average transmission coefficient can be obtained using Eq. (15). 

       𝛤𝑖𝑗  =    p𝜏𝑖𝑗
𝑆   + (1-p) 𝜏𝑖𝑗

𝐷       (13) 

       𝛤 = 
𝛤𝑖𝑗+𝛤𝑗𝑖

2
     (14) 

From this phenomenon, it is highlighted that DM model of interface responsible for heat generation and is 

totally dependent on phonons velocity and specific heat of both material which provides possible way to control 

heat flow through the interface.  

 

III. OBSERVATION AND RESULTS WITH DISCUSSION  

1. Specific Heat with of polarization effect  

The first attempt to determine the specific heat of GaN wurtzite structure at constant pressure reported [18] as 

function of temperature (T) estimates using C(T) = 38.1 + 8.96 × 10−1 T (J /mol. K) and obtained room 

temperature specific heat 𝐶𝑝 = 40.78 (J /mol. K). Similarly for InN, reported C(T) = 9.1+ 2.9 × 10−1T (cal. /mol. 

K) which shows at room temperature 𝐶𝑝 = 41.67 (J/ mol. K) [15]. Using 400 mg of InN specific heat measured 

through experimentally from 140K to 300 K room temperature which showed Cp of InN at 300 K to be 39.80 J 

/mol.K ( ≈ 308 J/kg K) [19]. Another experimental work reported for specific heat of materials like GaN and 

InN can vary slightly depending on temperature and crystal structure. Specific heat capacity of GaN at room 

temperature (around 25°C) is approximately 320 J/kg. K [21]. The specific heat capacity of InN can vary more 

widely due to its dependence on crystal structure and impurities. However, a rough estimate on room temperature 

is around 270 J/kg.K [22]. 

These all investigations deeply explored specific heat only for binary nitride compounds. However, the effect 

of polarization on it, still unexplored for binary nitrides as well as 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 interfaces. Therefore, first 
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we have studied the influence of polarization effect on specific heat, found that it does not directly affect the 

phonon because it has no charge quantity. However, phonon propagation totally depends on crystal structure 

which significant changes under the polarization electric field (PEF) due to BIP. Therefore, its velocity and other 

transport parameters change under the influence with PEF. Such modification of transport parameters such as 

phonon velocity (𝑣𝑝), Debye temperature (𝜃𝐷𝑃) which has already discussed in previous study [2, 7].  

Here, we have theoretically estimated specific heat (𝐶𝑝) for GaN and InN using Eq. (8, 9) including with and 

without PEF at room temperature in Table. 2 with good agreement with reported experimental value. Similarly in 

the Fig. (4a, 4b) shows change of specific heat with various temperature with and without considering influence 

of PEF. 

    Table 2: Observation of specific heat for nitride semiconductor (at 300 K) 

 

 

 

 

 

From Table. 2 showed that our observed value of specific heat for GaN is 421 J/kg K (35.25 J /mol.K) which 

reduces approximately 4.75 % when we considered BIP. Polarization enhanced phonon group velocity as well as 

Debye temperature [7]. We investigated reasons behind this reduction assumed enhancement of phonon mean 

free path (MFP) including polarization field which increases phonon group velocity (𝑣𝑝 ) and phonon vibration 

frequency (𝜔𝑝 ), these factors internally contribute to enhancement of temperature and need lees amount of heat 

to change one unit of temperature which is already discussed in reference [7]. Based on literature [2, 5], we 

estimated specific heat for InGaN alloy which reduced when increases Indium composition showed in Fig. (5b). 

Similarly, in characterized for various temperatures with indium compositions x = 0.2, 0.4 considering with and 

without BIP.  It is observed that specific heat strongly increased with temperature up to 𝑇 ≈ 600 K, after this 

limit characterization showed stable for higher temperature. 

 
Figure 4: (a) Specific heat of IaN, and (b) Specific heat of GaN under various temperatures including and excluding with 

polarization. 

 
Figure 5: (a) Specific heat of 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 alloy for various Indium compositions x; (b) Specific heat for x=0.2, 0.4 including with 

and without BIP effect under the various temperatures.  

Based on the above observation we have developed the second order’s polynomial equations to direct estimate 

specific heat (in J/kg. K) for a given Indium composition (x) mention in Eq. (16) and Eq. (17). 

Sample Specific Heat 

J/kg. K  

(without BIP) 

Specific Heat 

J/kg. K 

 (with BIP) 

Decreases % 

(Due to BIP) 

From literature 

(J/kg. K) 

 

GaN 421 401 4.75 320 [21] without BIP 

InN 256 236 7.81 270[22] without BIP 
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     C (without BIP) = 50.58 𝑥2 – 213.5 x +419.4    (15) 

     Cp (with BIP) = 46.02 𝑥2 – 208.8 x +399.6    (16) 

2. Interface nature of InGaN/GaN 

Acoustic mode transmission ( 𝜏𝑖𝑗
𝑆   ) is totally based on phonon group velocity which significant change under the 

consider of polarization electric field (PEF) which we have already discussed. However, diffusion-based model 

(𝜏𝑖𝑗
𝐷   ) is depending specific heat of destination layer which significant changes observed due to Indium 

composition in InGaN alloy and polarization effect. In this order we theoretically estimated the transmission 

behavior of phonons in 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 interfaces. 

1) Specular (acoustic ) mismatch: Specular interface provides a suitable way to conduct heat carrier through 

an interface without any disturbance [24]. We have analyzed specular transmissivity for an 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 

interface using Eq. (12) for various Indium compositions and observation illustrated in Fig. (6a) 

Magnitude of specular transmissivity independent to the direction of heat flow, i.e. from 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 to GaN 

transmissivity equal to from GaN to 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 . However, polarization effect enhanced transmissivity due 

enhancement of group velocity of phonons. Therefore, higher Indium composition significantly reduces 

magnitude of transmissivity which indicates transmission of phonons can be controlled using Indium content in  

𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 alloy. We have estimated mathematical tools to directly reach AM based transmissivity for given 

Indium compositions (x) mentioned in Eq. (18) for without BIP and Eq. (19) for with BIP. 

𝜏𝑖𝑗
𝑆  = 𝜏𝑗𝑖

𝑆  = −0.02714𝑥2 + 0.002245x + 0.9999   (17) 

𝜏𝑖𝑗𝑝
𝑆  = 𝜏𝑗𝑖𝑝

𝑆  = −0.02084𝑥2 + 0.0002087x + 1     (18) 

2) Diffusive mismatch : Heat generates when the nature of interface rough contact which basically depends on 

the specific heat of material 2 and group velocity of phonons. So that, in this way transmission coeffeicient 

slightly diffrenet in the both direction and we have characterized DM based transmissivity mentioned in Fig. 

6(b)  

 

Figure 6:(a) Specular transmissivity, and (b) Diffusive transmissivity for 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 interface for various Indium 

compositions 

 

Based on our observation,  we have developed equations to direct estimate for given Indium composition (x) 

mentioned in Eq. (20, 22) as without BIP and Eq. (21, 23) with considering BIP We observed that magnitude of 

transmissivity high from 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 to GaN transmissivity as compared GaN to 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁, and the magnitude of 

changes increased when we increased Indium amount. In addition, significant changes were observed due to BIP in 

both directions. 

𝜏𝑖𝑗
𝐷  = 0.02365𝑥2 - 0.2387x + 0.4998     (19) 

𝜏𝑖𝑗𝑝
𝐷  = 0.0262𝑥2 - 0.239x + 0.4877     (20) 

𝜏𝑗𝑖
𝐷 = −0.02365𝑥2 + 0.2387x + 0.5002     (21) 

             𝜏𝑗𝑖𝑝
𝐷  = 0.0262𝑥2 + 0.239x + 0.5123             (22) 

3. Heat Rectification Behaviour of InGaN/GaN interface 

The interface quality between InGaN and GaN plays a critical role. AM based interface leads lower TBR 

while DM based interface lead higher TBR value. However, resultant nature of interface can tunned between 

these two mismatch models. Various research group [17, 25] have chosen possibilities of AM mismatch model 

(specular) parameter p =0.5 (i.e. half specular and half diffusive). Based on this assumption we have estimated 
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transmission coefficient in this way characterized in Fig. (7a) which shows that measurement of transmission 

coefficients are different in both direction which indicates amount of heat carrier will be different in both 

direction. This special feature of InGaN/GaN interface showed off as behavior of heat rectification. From Eq. 

(11), it seen that TBR (from material i to material j) proportionally depended on 𝑣𝑖
2 while invers proportionally 

with the 𝛤𝑖𝑗 . So that a factor as 
𝑣𝑖

2 

Γ𝑖𝑗.
 gives predicted value of TBR for given 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 and higher value of 

this factor for a direction indicates lower heat transmission in that direction. We observed higher heat 

transmission in the direction of 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 to GaN as compared to opposite direction. The strength of such 

transmission increased with increasing amount of Indium composition. In addition, BIP effect reduced magnitude 

of heat transmission in both directions mention in Fig. (7b). This asymmetry 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁  interface 

highlighted as sign of heat rectification. 

 

Figure 7: (a) Transmission coefficient for  𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁  interface, and (b) Thermal rectifier sign as factor ( 
𝑣𝑖

2

𝛤𝑖𝑗
 ) for various Indium 

compositions 

IV. CONCLUSIONS 

In this study, interfacial thermal properties of InGaN/GaN heterostructure and superlattices (SLs) are 

theoretically investigated. Significant changes observed due to BIP effect in thermal parameters which provides 

possible way to modify thermal properties of materials. This BIP effect reduces specific heat and we observed 

4.75% and 7.81% reduction on room temperature specific heat for GaN and InN wurtzite. Specific heat of 

𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁alloy reduces as increasing of Indium composition (x). However, enhancement on phonons group 

velocity observed due to BIP in previous studies. Changing of these two parameters modified phonon 

transmission coefficient (𝛤 )in both directions. Numerical value 𝛤 observed higher for 𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁/𝐺𝑎𝑁 than 

𝐺𝑎𝑁/𝐼𝑛𝑥𝐺𝑎1−𝑥𝑁 inverse direction and amount of this changing increased by BIP effect. The magnitude of this 

asymmetrical nature of heterostructure enhanced for higher Indium compositions. This unique properties of 

heterostructure may be utilized in thermal rectifier and we observed amount of thermal rectification approx. We 

have characterized its sign of rectification with observations 11% and 25% for x = 0.1 and 0.2 respectively. 

These special properties can be implemented in active region of LEDs, laser to heat management and isolated 

thermal behavior where required. By taking more attention on this field, performance of devices can be 

improved.  
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Dielectric and electrical 

characterization of ethyl 

cellosolve and ethanol binary 

mixtures in frequency range 20 

Hz to 2 MHz 
 

 

Abstract: - The measurement of complex permittivity ε*(ω) and loss tangent (tan δ) spectra for binary mixtures of ethyl cellosolve 

also known as ethylene glycol mono ethyl ether (EGMEE) and ethanol (EtOH) at various concentrations has been done using a 

precision LCR meter. The study has been carried out using frequency domain technique in frequency range 20 Hz to 2 MHz at room 

temperature    27 °C. The dielectric parameters like static dielectric permittivity (εs) recorded at 2 MHz, the electrical parameters like 

complex electric modulus M*(ω) and complex electrical conductivity σ*(ω) have been computed. All these complex parameters are 

utilized to discuss various dielectric and electrical properties. The non-linear nature in εs values of binary mixtures indicates the 

existence of heteromolecular interactions. The minima in the value of excess static dielectric permittivity (ε𝑠
𝐸) is observed at XE = 

0.502 indicating strong hydrogen bond interaction. The real part of σ*(ω) is used to confirm the presence of ionic traces in the 

mixture. 

Keywords: Ethyl cellosolve, LCR, Hydrogen bonding, Static dielectric permittivity, Dielectric parameters. 
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I.  INTRODUCTION 

The present study investigates the dielectric and electrical properties of the ethylene glycol mono ethyl ether 

and ethanol binary solutions. The ethyl cellosolve is an organic molecule containing etheric (─O─) and hydroxyl 

(─OH) functional groups in a single structure. The ─OH group at one of its terminals makes it polar. 

Understanding the physical and chemical properties of the polar liquid materials helps to improve their 

applicability in the various fields like industries, pharmaceuticals, electronics etc. The EGMEE is widely used for 

biological, pharmaceutical, industrial and condensed matter physics applications [1]. The literature reveals that 

the binary mixtures of EGMEE with various solvents have already been studied using time domain dielectric 

spectroscopic method. Y.S. Joshi et al. [1] has used time domain reflectometric technique to examine the 

dielectric relaxation behaviour of aqueous binary solutions of ethyl cellosolve. The hydrogen bonding interaction 

between the ethyl cellosolve and ethyl methyl ketone has been discussed by K.L. Pattebahadur et al. [2] using 

dielectric and confirmational studies. P.W. Khirade et al. [3] have computed the static dielectric constant and 

relaxation time for the binary mixtures of dimethyl sulfoxide with ethyl cellosolve along with other solvents. The 

dielectric dispersion study for binary liquid mixtures provides valuable information about molecular interactions 

through hydrogen bonding in aqueous or alcoholic binary liquid mixture [4]. Despite the extensive use of this 

compound, there is a noticeable absence in the literature regarding the study of dielectric and electric properties 

of EGMEE and ethanol binary mixtures in the 20 Hz to 2 MHz frequency range. 

II. EXPERIMENTAL 

1. Materials  

The ethyl cellosolve also known as 2-ethoxy ethanol or ethylene glycol mono ethyl ether (EGMEE) was 

purchased from TCI, Japan with purity 99.0% and ethanol from Merck, Germany with a purity of 99.9%. These 

materials are utilized without any further purification. The binary mixtures were prepared with different mole 

fractions of ethanol in EGMEE. 

2. Measurements 

The dielectric measurements of all the prepared binary solutions have been done using Agilent (E4980A) 

precision LCR meter along with liquid dielectric test fixture (16452A). The observations have been recorded at 

room temperature of 27 °C. The “Capacitive measurement technique” has been used to evaluate the permittivity 

values [4]. The short circuit compensation and the correction coefficient for dielectric cell have been examined to 

reduce the impact of stray capacitance effect on frequency dependant complex dielectric permittivity values [5]. 

 

III. RESULTS AND DISCUSSION 

The frequency domain dielectric spectroscopy has been applied for the pure and binary mixtures of EGMEE 

and ethanol to extract the dielectric properties of corresponding liquid samples within the frequency range of 20 

Hz to 2 MHz. The Fig. 1 (a) and (b) shows the frequency dependent real part of dielectric spectra (ε′) and loss 

tangent (tan δ) respectively. A sharp rise in the ε′ value at lower frequency (Fig. 1(a)) is due to the existence of 

ionic impurities in the sample which is a characteristic of polar liquids [6]. The movement of these ionic 

impurities within the dielectric material causes electrode polarization (EP) and electric double layer (EDL) forms 

near the electrode surfaces causing the net rise in total capacitance. In this way the low-frequency dielectric 

spectroscopy can be used to discover the presence of ions and free charges in polar liquids even in their purest 

form [7]. The relaxation peaks in loss tangent spectra (Fig. 1(b)) gives the EP relaxation times for corresponding 

liquid sample. 
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    (a)      (b) 

Fig. 1: (a) Dielectric permittivity (ε′) spectra (b) spectra of loss tangent (tan δ) EGMEE – Ethanol binary 

mixtures at 27 °C. 

 

In the present case, the ε′ values are observed to become frequency independent within the frequency range of 

10 kHz - 40 kHz. Hence the static dielectric permittivity (εs) values are recorded at 2 MHz and presented in Table 

1 as well as plotted in Fig. 2 as a function of molar concentration of ethanol in EGMEE. The non-linearity 

observed in εs values is due to the presence of hydrogen bonding interactions among the associating molecules 

[8]. 

The Fig. 3 presents a plot of excess static dielectric permittivity (ε𝑠
𝐸) vs. mole fraction of ethanol (XE). The ε𝑠

𝐸 

values are calculated by using a linear equation as discussed in our earlier research paper [6]. The values of ε𝑠
𝐸 

are negative in entire range of concentrations indicating decrease in effective number of dipoles in the solution 

confirming the presence of strong H-bond interactions among the associating molecules in the mixture [9]. For 

the present system, the negative peak of ε𝑠
𝐸  curve is observed at XE = 0.502 indicating strongest hydrogen 

bonding strength. 

At 25 °C, the literature values for static dielectric permittivity of neat EGMEE are 14.45 [1] and 13.97 [2]. In 

the present research work, the εs value for neat EGMEE is obtained to be 13.51. This is in good agreement with 

the fact that, values of εs decrease with the increase in temperature [1,2,4,6]. For the aqueous solution of 

EGMEE, minima in ε𝑠
𝐸  value was reported at stoichiometric ratio of 1:2.3 (EGMEE:water) [1], but for its 

alcoholic solution, the minima in ε𝑠
𝐸 value is at near about equimolar concentration i. e. at stoichiometric ratio of 

1:1 (EGMEE: ethanol). 

 

 

 

 

Table 1: Static dielectric permittivity (εs), dc electrical conductivity (σdc) and ionic conduction relaxation 

time (τion) for EGMEE – ethanol binary mixtures measured at 27 °C. 

XE εs σdc (S/m) τion (s)  XE εs σdc (S/m) τion (s) 

0.000 13.51 1.06×10-4 1.12×10-6  0.596 18.48 1.88×10-4 8.42×10-7 

0.111 14.08 1.29×10-4 9.45×10-7  0.746 20.43 2.38×10-4 7.51×10-7 

0.195 14.82 1.36×10-4 8.92×10-7  0.899 22.61 1.61×10-4 1.19×10-7 

0.395 16.36 1.55×10-4 8.92×10-7  1.000 24.30 7.01×10-5 2.82×10-6 

0.502 17.43 1.89×10-4 7.95×10-7      

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2: Static dielectric permittivity (εs) vs. mole fraction of ethanol (XE) 
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Fig. 3: Excess static dielectric permittivity (ε𝑠
𝐸) vs. mole fraction of ethanol (XE) 

 

The conductivity characteristics of materials can be related to the mobility of charge carriers or the reaction of 

materials to an externally applied electric field [10]. The complex electric conductivity (σ*) values, which can be 

utilized to describe the ionic traces in neat as well as the binary mixtures of EGMEE and ethanol, have been 

evaluated using the relation [11] 

𝜎∗(ω) =  σ′ + jσ″ = ωɛ0ɛ″ +  j ωɛ0ɛ′  (1) 

Where, σ' and σ″ are the real and imaginary parts of ac conductivity of the samples respectively and ɛ0 is the 

dielectric permittivity of free space (ɛ0 = 8.854 × 10-12 F m-1). The Fig. 4 shows the plot of real part of ac 

conductivity (σac) for EGMEE – ethanol binary mixtures. The σac values are very small at lower frequencies as 

the ionic impurities are accumulated at electrode surfaces participating in EP phenomena [12]. At the frequencies 

near about 10 KHz, the conductivity values start to rise. It is an effect of rise in number of mobile charges. 

Further these mobile charges cause decrease in EP effect. Eventually σac becomes frequency independent creating 

plateau region. When these plateau regions are extended to σ' axis, their intercepts give dc values of electric 

conductivities (σdc). The σdc values for EGMEE - ethanol binary solutions measured at 27 °C are reported in 

Table 1. The dc conductivities of binary solutions are observed to be greater than the σdc values of neat EGMEE 

and ethanol. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: Complex ac conductivity vs. frequency 

 

The huge permittivity induced due to charge accumulation at the electrode surface can obscure the bulk 

relaxation process of the material. Due to this the dielectric behaviour of material will get difficult to be 

examined [13]. In such cases, the complex electric modulus (M*) can be used as a significantly powerful tool to 

explore the relaxation process due to ionic conductivity taking place in the polar liquids.  The M* values are 

evaluated from the following equation [13] 

M∗(ω)  =  M′ +  jM″ =
ɛ′

ɛ′2+ ɛ″2 +  𝑗
ɛ″

ɛ′2+ ɛ″2  (2) 
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The frequency dependent real part (M') and imaginary parts (M″) of complex electric modulus for EGMEE – 

ethanol binary mixtures are presented in fig. 5 (a) & (b) respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

    (a)      (b) 

Fig. 5: (a) Real part (M') and (b) imaginary part (M″) of complex electric modulus vs. frequency 

 

The M' values are very low and show negligible increase in the frequency region less than 10 KHz. Then 

these values observed to be increasing linearly with increase in frequency and approaches a constant value in 

MHz region. In M″ spectra, the relaxation peaks for different mole fractions of ethanol in EGMEE are observed 

in the order of rise in M' values. These peaks are associated with the ionic conductivity relaxation time (τion) [14]. 

The concentration dependent τion values for EGMEE – ethanol binary mixtures are reported in Table 1. 

 

 

 

 

IV. CONCLUSIONS 

The dielectric and electrical properties for neat ethyl cellosolve, neat ethanol and their binary mixtures have 

been studied using frequency domain dielectric spectroscopy with the help of LCR meter in the frequency range 

20 Hz to 2 MHz. From the study, the following conclusions are made: 

1. The electrode polarization effect has been observed at lower frequencies which is a result of charge 

accumulation at the electrode surface producing EDL. 

2. The existence of heteromolecular hydrogen bonding has been predicted from the non-linear nature 

of static dielectric permittivity. 

3. The strongest hydrogen bonding interaction strength is observed at equimolar concentration. 

4. The polar liquids studied in this research work exhibits small but finite values of electrical 

conductivities due to presence of free charges in the sample. 

5. The ionic conductivity relaxation process has been explained by using complex electric modulus. 

The present study can be utilized further for developing/improving the use of ethyl cellosolve in electronical, 

industrial or pharmaceutical applications. 
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ABSTRACT 

Using the Time Domain Reflectometry technique in the frequency range of 10 MHz to 50 GHz, the complex permittivity spectra of amino Acids 

(AA’s) with water combinations have been determined for one mole fraction and in the 10-250 C temperature range. The Cole-Davidson model 

was used to fit the intricate permittivity spectra for AA’s and water. 

The non-linear least square fit method has been used to compute the static dielectric constant (ε0), relaxation time (τ) and thermodynamic 

parameters (activation enthalpy and activation entropy). An automated density and sound velocity metre, the Anton Paar DSA 5000 M and 

viscosity with Lovis 2000 M/ME, was used to measure the density, sound velocity, and viscosity of aqueous solutions. FT-IR spectra are used to 

identify the conformation assessments of hydrogen bonding development between complicated mixtures. 

Keywords: Amino acids, complex permittivity, static dielectric constant (ε0), relaxation time (τ);  FT-IR 

 

I. INTRODUCTION 

The dielectric relaxation time of the solution obtained from this spectroscopy is very helpful in engineering and 

biomedical applications[1-6]. In the amino acid, the carbonyl oxygen atom is most secure. The water molecules form an –OH 

band with the carbonyl oxygen group (–COOH) rather than the (–NH2) amino group. A water molecule donates a proton to the 

carbonyl oxygen atom as well as accepts a proton from the hydroxyl group to form a complex structure. Three water molecules in 

the chain which bridges the carboxylic acid and the amino groups [7].Dielectric relaxation studies are paying a lot of attention on 

biological compounds, especially amino acids, for the reason of their hydrogen bonding network and zwitterionic nature. Amino 

acids, which compose the majority of proteins, are also essential for several chemical reactions, the body's synthesis and transfer 

of energy, and muscular contraction.These amino acids' dielectric relaxation properties have multiple commercial and healthcare 

applications in addition to basic ones. 

In this paper, we present the complex dielectric permittivity study of Amino Acid – water mixtures from 10MHz to 50 

GHz using TDR technique for different temperatures. The dielectric relaxation behaviour of these mixtures is explained by the 

Cole–Davidson model. The changes in dielectric and relaxation parameters are associated with frequency; temperature and 

concentration have been calculated by non-linear least square fit method. Measurements of density, speed of sound and viscosity 

of aqueous solutions were carried out using an automated density and sound velocity meter, Anton Paar DSA 5000 M and 

viscosity with Lovis 2000 M/ME. The conformation analyses of formation of hydrogen bonding between complex mixtures are 

identified using FT-IR spectra. 

II. EXPERIMENTAL METHOD 

Material and sample preparation 

Binary mixtures were prepared using HPLC grade water obtained from Fisher scientific India Pvt. Ltd. Valine and 

Tyrosine was obtained from sigma Aldrich, having a purity of 99.9% and used without further Purification. The Amino Acid -

Water solution was prepared very carefully to obtain homogenous medium. One molar fraction solutions were prepared for AAs -

Water. The mixtures were prepared by weighing appropriate amounts of the constituents of in a suitable flask. In order to avoid 

the uptake of moisture from the air, solution should be kept in tightly packed flask. The solutions were prepared carefully and 

maintained at room temperature for about 10 to 15 min before conduct of experiment. 
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III. RESULTS AND DISCUSSION 

1. Density, speed of sound and viscosity measurement: 

Measurement of density, speed of sound and viscosity of aqueous solutions were carried out using an automated density 

and sound velocity meter, Anton Paar DSA 5000 M and viscosity with Lovis 2000 M/ME [8]. It consists of two miniaturized 

inline cells to simultaneously measure the density, sound velocity and viscosity of liquid samples. All the measurements were 

done at ambient atmospheric pressure of 101.3 kPa. 

The formation of strong H-bonding between Amino Acid- water,density and viscosity decreases as temperature 

increases, whereas speed of sound increases as temperature increases due to this formation of more cluster or coagulation takes 

place and group molecular rotation increases the time period of rotation. The formation of strong hydrogen bonding and different 

structural arrangements causes increase in the viscosity and relaxation time of a molecule. The density, speed of sound and 

viscosity for Amino acid - water mixture are reported in Table.1 

 

One  Molar conc. of Amino 

Acid 

Temperature 

(Kelvin) 

Density 

(g/cm³) 

Speed of sound 

(m/s) 

Viscosity 

(mPa·s) 

Tyrosine 
298 0.997953 1495.25 0.8981 

303 0.996550 1507.87 0.8020 

Valine 
298 1.006319 1526.49 1.0234 

303 1.004818 1537.58 0.9115 

Table 1:  The density, speed of sound and viscosity for Amino acid -Water mixtures 

 

2. FTIR studies: 

To evaluate the chemical composition of Amino acid -Water mixture in aqueous solution, FTIR spectroscopy has been 

carried out, which is an extremely useful tool for examination of molecular structure of chemical compounds. All chemical 

compounds have their own typical IR spectrum. The FTIR spectrum of Amino acid –Watermixture in aqueous solution in 1M 

concentrations were recorded by Perkin-Elmer FTIR spectrophotometer in the range of 4000 cm−1 to 400 cm−1 at room 

temperature. One mole conc. of Amino acid mixed with KBr and spectra were recorded in the entire frequency region.  The 

precession of the equipment on measurement is approximately 1.0 cm−1. On increasing the concentration of the solution to 

maximum, we observed 0.21 molar au/vibrating group. These values are matches with Cabaniss et al [9-10]. 

There are two main reasons for this broadening (i) the weakening of hydrogen-bonding network and (ii) formation of 

water clusters with solute molecules. The band 3326.47 cm-1 is –OH stretch of pure water, at the same time the water molecule 

that has not been strong bonded to the carboxyl group but bonded. The band 2059.39 cm-1 shows a slight hump with broaden 

region, which indicates the aqueous Amino Acids than the pure water. The assignments of mixture validate the bonding of Amino 

Acids –water. 

 

  
a) Fitted FT-IR spectrum of Valine b) Fitted FT-IR spectrum of Tyrosine 

Fig.2: Fitted FT-IR spectrum of one mole solution of Amino Acids –water 

 

 

  Density  Speed of sound Viscosity 

Presure range 0 – 0.3 MPa 

Temperature range 273 -343K 

Measurement range 0 –3000 kg/m3 1000–2000 m/s 0.3–10000 mPa.s 

Measurement time 1 – 4 min 

Total sample volume ≈ 3 cm3 

Repeatability 0.001 kg/m3 0.1 m/s  

Uncertainty 0.005 kg/m3 0.5 m/s  
 

Fig.1: Anton Paar DSA 5000 Mand 

viscosity with Lovis 2000 M/ME 



J. Electrical Systems Vol-Issue (2024): 1-12 

193 

3.Thermodynamic parameters 

Thermal parameters enthalpy (ΔH) and entropy (ΔS) were calculated by using Eyring's equation (11) from the obtained 

relaxation time     

𝜏 =  (h/ kT) exp(∆H/RT)𝑒𝑥𝑝(−∆S/R) 

here, ΔH is the enthalpy of activation in KJ/mol, ΔS is the entropy of activation in J/mol, τ is the relaxation time in picoseconds 

(ps), T is the temperature in degree Kelvin, h is the plank's constant, R is the gas constant and k is the Boltzmann's constant. The 

activation energy (∆S and ∆H) are obtained by leastsquare fit method and are reported in Table 2. 

One  Mole conc. of AA’s Enthalpy of Activation DH (kJ mole-1) Entropy of Activation DS (J mole-1K-1) 

Tyrosine 9.04(5) 0.22(3) 

Valine 6.69(2) 0.217(4) 

Water 9.03 (1) 0.226 (5) 

Table 2:  Thermodynamic parameters for Amino Acid -Water mixtures 

The value of active energy of one molar solution of Tryptophan and Tyrosine is more compare to water, leading to the 

conclusion that Tyrosine requires more energy for rotation than hydrogen bonds in pure water.  

The value of active energy of one molar solution of Valine is less compare to water, leading to the conclusion that Valine 

requires less energy for rotation than hydrogen bonds in pure water. 
 

4. Dielectric Measurement: 

The dielectric permittivity (ε'), dielectric loss (ε"), static dielectric constant (ε0) and relaxation time (τ)  were measured 

using time domain reflectometry (TDR) in the frequency range from 10 MHz to 50 GHz.Frequency and temperature dependent 

Complex Permittivity Spectra (CPS) for pure and binary mixtures was determined using Tektronix digital serial analyzer (DSA 

8300) with sampling mainframe oscilloscope having dual channel sampling module 80E10B has been used. A sampling module 

provides 12ps incident and 15ps reflected rise time pulses generated by tunnel diode was fed through a coaxial line system having 

50 Ω impedance. The inner and outer diameters of used coaxial cable were 0.28mm and 1.19mm respectively. Sampling 

oscilloscope recorder the changes in step pulse after reflection from the end of line. The reflected pulse without sample R1(t) and 

with sample Rx(t) were recorded in the time window of 5ns and digitized in 2000 points. The Fourier transform of the pulse and 

data analysis was performed to establish complex permittivity spectra ε*(ω) using non linear least square fit method [12-13]. 

Complex permittivity spectra obtained by the time domain reflectometry technique (TDR) in the frequency range from 

10 MHz to 50 GHz at 10- 25 °C for binary mixtures of Amino acid  in water at one mole  concentrations. From figure 3 it is 

observed that the dielectric permittivity goes on decreasing as the frequency increases this indicates the dielectric dispersion. The 

dielectric losses are shifted towards higher frequency and exhibit the Debye type dispersion.The values of different dielectric 

parameters for aqueous Amino Acid -water solutions obtained by the Havriliak-Negami equation [14] are represented in Table 3.  
 

  
 

 

 

Fig. 3: Frequency dependent dielectric permittivity and dielectric loss of Tyrosine-water and Valine-water mixtures 

at 10-25° 

 

 

 

 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

194 

 

 

 

 

Molar conc. (XL) 
250C 200C 150C 100C 

(ɛ0) τ (ps) (ɛ0) τ (ps) (ɛ0) τ (ps) (ɛ0) τ (ps) 

Valine 81.17 10.11 83.06 10.84 84.94 11.88 86.14 12.36 

Tyrosine 74.75 9.07 75.61 12.52 77.80 15.27 82.43 16.33 

Water  77.78 9.14 78.65 9.50 81.98 10.38 85.95 11.64 

Table 3: Dielectric relaxation parameters for an aqueous solution of Amino Acid -Water mixtures at 10-25 °C 

 

5. Static dielectric constant (ɛ0)  

The static dielectric constant of liquids is depends on many factors such as nature of intermolecular forces, dipole-dipole 

correlation, number of carbon atoms present in molecule, temperature etc. Figure 4 shows the temperature dependent static 

dielectric constant of Valine and Tyrosine (Amino Acids).Static dielectric constant, ɛs increases as the temperature decreases 

which may be due decrease in molar volume and increases in dipole – dipole interaction. At higher temperatures there are more 

thermal fluctuations and dis-orderness in dipoles. 

 

6. Relaxation time (τ)  

The temperature dependent study of Amino Acids-Water mixture shows that there is decrease in relaxation time with 

increase in temperature as shown in Figure 5 The temperature dependent relaxation time values of Amino Acids-Water mixture 

have been established in the order of Tyrosine>Valine. Decrease in relaxation time with increase in temperature may be due to 

faster reorientation of molecules and rate of loss of energy increases due to large number of collisions. This effect may be due to 

decrease of hindrance and subsequently increase in molecular reorientation of Amino Acids-Water molecules with increase in 

temperature. Supplementary cause for decrease in relaxation time may be an increase in the effective length of the dipole with 

increase in temperature. 

 

 

 

 
Figure 4: Temp. Vs. Static Dielectric constant of Amino Acids -Water 
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Figure 7.5 Relaxation time (τ) Vs. temperature for Amino Acids-Water 

 

V. CONCLUSION 

In this paper, we present the complex dielectric permittivity study of Amino Acid – water mixtures from 10MHz to 50 

GHz using TDR technique for different temperatures. One mole of valine exhibits a dielectric constant which is higher than one 

mole of tyrosine at 250C. The changes in dielectric and relaxation parameters are associated with frequency; temperature and 

concentration have been calculated by non-linear least square fit method. Measurements of density, speed of sound and viscosity 

of aqueous solutions were carried out using an automated density and sound velocity meter, Anton Paar DSA 5000 M and 

viscosity with Lovis 2000 M/ME. The conformation analyses of formation of hydrogen bonding between complex mixtures are 

identified using FT-IR spectra. 
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I.  Introduction 

The organic intrinsic conducting polymers (ICPs) have gained a much interest in a field of research due to its versatile and unique 

physical, chemical, structural and electrical properties such as better electrical conductivity, special doping mechanism, low 

ionization potential, low energy optical transitions and high electron affinity due to their п- electron backbone arrangement [1]. 

They have attracted the researchers as a novel material for potential applications such as biosensors, gas sensors, actuators, super 

capacitors, electronic devices, solar cells, and electrochemistry etc. Among these conducting polymers polyaniline (PANI), has 

received considerable attention and proposed as a most promising material because of its excellent electrical, electrochemical, 

mechanical and optical properties, ease of synthesis, low cost of monomer, lightweight, high thermal and environmental stability 
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Abstract - In this study we synthesized pristine Polyaniline (PANI), and PANI-TiO2 nanocomposites by chemical oxidative polymerization method. 

The nanocomposites were prepared with various amount of TiO2 by wt. % method to observe its effect on microbial activity. The obtained samples 

were characterized by using X-Ray diffraction method and the XRD study validates the well-organized arrangement of TiO2 nanoparticles (NPs) 

inserted into the polymer matrix. The crystallite size in a nanocomposite was found to be in the range of 10-50 nm. The structural and the functional 

group confirmation of the nanocomposites were characterized by FTIR and UV-Visible analysis. FT-IR spectra and UV study revealed the interaction 

of TiO2 NPs with PANI matrix. All the prepared nanocomposites were tested for antibacterial activity. PANI-TiO2 nanocomposite showed higher 

antibacterial activity than that of pure PANI and TiO2 nanoparticles. The highest inhibition zone was obtained for 5 wt. % of TiO2 per aniline 

monomer. Hence PANI-TiO2 nanocomposite is a remarkable material for biological activity and can be used as future biosensor. Thus, it can be 

exploited as antibacterial agent in ointments, paints and food packaging materials. 

Keywords:  

Conducting polymer, polyaniline, Titanium dioxide, Nanocomposites, Antibacterial properties. 
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[2,3]. The efficient polymerization of aniline can be obtained in an acidic medium only in which aniline acts as a cation [4, 5]. 

PANI is categorized in various forms which differ in chemical and physical properties as: Leucoemeraldine is a fully reduced 

form and is yellow, Protoemeraldine is brown, Emeraldine is green, nigraniline is blue and Pernigraniline is violet [6-8]. Metal 

nanoparticles and oxides of metal are widely used for the synthesis of nanocomposites. They show many excellent properties such 

as large surface to volume ratio, good electrical properties, strong adsorption ability, small particle size, and high surface reaction 

activity. [9-11]. Several metal oxides have been widely used for the investigation of antibacterial, antifungal and biological 

activity such as ZnO, MnO2, TiO2, WO3, ZrO2, CuO and so many [12,13]. Titanium dioxide (TiO2) has received a special attention 

of researchers due to its good stability, nontoxicity, excellent physical and chemical properties due to ‘d’ electrons, crystalline 

structure, as well as wide range of applications such as paints, plastic, paper industries, fabrics and bio-electrochemistry [14-15]. 

Thus, the TiO2 was selected as the Nano filler with PANI matrix to enhance the microbial activity. In this article, we report a 

simple method for the synthesis of conducting PANI-TiO2 nanocomposites, which could be easily applied industrially. The 

structural, morphological and functional group study were done by XRD, FTIR, and UV-visible. Another objective of this study 

was to incorporate the TiO2 nanoparticles into the PANI matrix using in-situ polymerization method for enhancement of 

antibacterial activity. 

 

II. EXPERIMENTAL 

A.   Materials and methods 

All the reagents and chemicals used in this study were analytical grade. Aniline (99.5% monomer) and the oxidant ammonium 

peroxydisulfate [APS, (NH4)2S2O8] were purchased from SD Fine.  HCL (35% Loba chemicals), TiO2 Nanoparticles, acetic acid 

(Aldrich), were used to synthesize the material without any further purification. Whatmann grade one filter papers were used for 

filtering the product. Distilled water is used for all synthesis as well as washing the product. 

B. Synthesis of PANI and its Nanocomposites 

The chemical oxidative polymerization method was adopted for polymerization of aniline to polyaniline. An appropriate amount 

of aniline (3.64 ml) and 1M HCL was mixed together in a beaker containing distilled water such that its volume becomes 50ml 

and stirred for 15 minutes. Keep the solution for 30 min. as it is. Dissolve ammonium peroxydisulfate (APS) in 50 ml of distilled 

water to form a 0.0025M solution and kept as it is for 30 minutes at room temperature. This APS solution was added drop wise to 

monomer solution till polymerization took place and the reaction mixture was stirred for 4 hours constantly at room temperature. 

A dark green precipitate is formed which is kept for 24 hours. The polymer obtained was filtered, washed several times with 

distilled water, ethanol and acetone to remove the impurities [2, 12]. The obtained precipitate was dried in oven at 60o C for 24 

hours. Now, to synthesize PANI/TiO2 nanocomposites, various amount of prepared anatase TiO2 were added in the above solution 

and sonicated for 30 min. for homogeneous dispersion. The amount of TiO2 nanoparticles added were calculated to be 5, 15, and 
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25 weight per cent (wt. %) per weight of aniline monomer. Repeat the same procedure as above mentioned and the dark green fine 

powder of PANI/TiO2 nanocomposite was obtained and named as PT5%, PT15%, and PT25% respectively. 

C. Antibacterial activity of prepared nanocomposites 

The antibacterial activities of pristine PANI, anatase TiO2 and PANI-TiO2 nanocomposites were determined by agar well disc- 

diffusion method. We have used two strains of bacteria such as gram-positive bacteria Staphylococcus aureus (S. aureus) and 

gram-negative bacteria Escherichia coli (E. coli). The commonly used antibiotics (OFLOXACIN) were taken as a reference. The 

bacteria and the antibacterial reagents were cultured and incubated individually on Muller-Hinton Agar Plates at 37o C for 24 hr. 

After the incubation period, the zone of inhibition was recorded and measured. 

 

III. Result and Discussion 

A. X-ray Diffraction Analysis 

 Fig.1 shows the XRD spectra of pristine PANI, TiO2 NPs, and PANI-TiO2 nanocomposite. For the pure PANI, the XRD spectra 

showed broad amorphous diffraction peak at 2θ = 25.22o and low intensity at 2θ =15.17o and 20.39o indicates the disordered 

structure of long chain polymer matrix. The presence of strong diffraction peaks at 2θ values 25.4o, 37.8o, 48.19o, 54.0o, and 62.8 o 

corresponds to the crystal planes of (101), (004), (200), (105) and (204). This shows the formation of anatase TiO2 nanoparticles 

(JCPDS card No. 21–1272) [16]. The XRD spectrum of PANI-TiO2 composite was analogous to the pure TiO2. [In case of PANI-

TiO2 composite the amorphous peak of PANI at 2θ=25.22o is found to be slightly shifted to a higher diffracting angle at 2θ= 25.3o, 

this shifting of peaks occurred due to strong interaction between availability of empty orbitals of transition metal with the polar 

segments of PANI. This indicates the successful incorporation of TiO2 on polymer matrix [17]. The mean crystallite sizes of 

nanocomposite were calculated using Scherrer formula: D = Kλ / Bcosθ, where D is the crystal size, K is the Scherrer constant 

(0.891), λ is the X-ray wavelength (0.154056 nm), B is the half-height width of the diffraction peak, and θ is the diffraction angle. 

The particle size of anatase TiO2 was found 48.42 nm and that of PANI- TiO2 nanocomposite were found to be 9.46nm, 38.97nm, 

42.67nm, 27.29nm, 37.44nm and 36.53nm for 5%, 10%, 15%, 20%, 25% and 30% respectively. As no impurity peaks were 

observed the prepared samples are considered to be pure. 
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                Fig.1. XRD pattern of Pure PANI, TiO2 NPs and PANI with different content of TiO2 nanoparticles. 

 

B.  FTIR Spectroscopy 

The fig.2 shows the comparative study of FTIR spectra of pristine PANI, TiO2 NPs, and PANI/TiO2 nanocomposites with 

different amount of loaded TiO2 nanoparticles. FTIR spectroscopy confirms the interaction between conducting PANI with TiO2. 

The strong absorption band of PANI at 1525 cm-1 was assigned to the C=C stretching of quinoid group. Also, the peak at 1467 

cm-1 was the vibration absorption peak of C=C in a benzene type ring. The spectrum shows the bands at 2862 cm-1 which are 

attributed to C-H stretching of PANI. The peak at 3444.87 and 3128.54 cm-1 corresponds to the stretching vibration absorption 

peak of N-H and the weak peak at the 1647 cm-1 represents deformation vibration absorption peak of N-H bond. The peak at 1170 

cm-1 was the vibration absorption peak of –H+N=C related to a quinine type ring. Along with that one more peak was observed at 

1327 cm-1, which represents stretching absorption peak of C-N bonding. The stretching and out of plane bending vibrations of C-

H benzenoid ring were observed at 825 and 671 cm-1 [18]. The position of these peaks matched with the characteristic peak ranges 

of an amine group, the range of stretching vibration absorption peak of N-H is 3500-3100 cm-1. 1350-1000 cm-1 and 1640-1560 

cm-1 was the range of stretching vibration absorption and the deformation vibration peaks of C-N respectively. These results 

indicated that polymerization of aniline molecule took place during the reaction [19]. Due to addition of TiO2 nanoparticles in the 

polymer matrix the electron densities of PANI chain were affected and it led to the shifting of some peaks to lower frequencies 

like [2862 to 2864 cm-1 for C-H, 3444 to 3448 and 3128 to 3130 cm-1 for N-H, 825, 671 to 839,678 resp. for C-H etc.] Also, the 

main absorption peak 1525 and 1467 cm-1 were shifted to lower wavenumbers, this is because of strong PANI quinoid and 

benzene ring [18]. 
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Fig. 2. FTIR spectra of Pristine PANI, TiO2 NPs, and PANI- TiO2 Nanocomposites. 

 

 

C. UV Visible analysis 

UV-Visible absorption spectra of pristine PANI, PANI with various weight percentages of TiO2 nanoparticles was  shown in fig.3. 

The absorption spectra of PANI indicated the maximum absorption at 213 nm and 244 nm respectively. These bands were 

corresponding to the n – π* transition. The weak reflection peak at wavelength 305 nm is assigned to the π-π* transition. 

Moreover, the band at 305 nm represents the quinoid structure presents in PANI matrix [20]. The characteristic peak observed in 

PANI at 900 nm is ascribed to the π- polaron transition [21]. The filling of TiO2 nanoparticle affected the relative intensity of pure 

PANI matrix. From the UV-Vis. Spectrum of Nano composites it was confirmed that the intensity of the absorption peaks of all 

Nano composites was higher than that of pure polymer. More specifically, the absorbance of the peak 244 nm has shifted to the 

higher wavelength at 277 nm for 5 wt% of composites. The intensity and absorption bands of the prepared composites were found 

to be increased with increase in concentration of TiO2. These noticeable changes reveal that there is strong intermolecular 

interaction between the added TiO2 NPs with aniline molecules. In addition to this, the optical band gap of the PANI-TiO2 Nano 

composite has been determined using Tauc’s plot equation; (αhν)n =B(hν-Eg), where  hv is the energy of incident photon and 

n = 2 for direct and 1/2 for indirect allowed transitions [22-23]. Fig.4. represents the direct optical energy band gap of different 

content of TiO2 nanoparticles incorporated with polyaniline. The tangent drawn to the linear portion of curve gives the energy 

band gap values of the synthesized composites. It is observed that the energy band gap values were decreasing as we increase the 

quantity of TiO2 NPs due to semiconducting nature of TiO2. 
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Fig.3. UV-Visible spectra of prepared samples: (a) Pure PANI, (b) PT5, (c) PT15 and  (d) PT25. 

 

 

Fig.4. Variation in direct energy band gap of PANI-TiO2 Nanocomposites. 

 

D. Antibacterial Activity 

The PANI, TiO2 NPs, and PANI- TiO2 nanocomposite were studied against human pathogenic microorganisms like gram positive 

(S. aureus) and gram negative (E. Coli) bacteria using disc diffusion method as shown in fig. (6). These pathogens were 

commonly found on the surface of contaminated wound and waste water. The bacterial strains were prepared, inoculated in 

nutrient broth and incubated for 24 hours before using bacterial assay. Sterile Muller-Hinton agar plates were prepared. Ofloxacin 

was used as standard reference and dimethyl sulfoxide (DMSO) were used as positive control. The plates were incubated at 37o C 

for 24 hrs. The values of inhibition zone diameter of pure PANI, TiO2 NPs, and PANI- TiO2 nanocomposite were recorded and 

tabulated as shown in table no.1. [29]. 
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Table No. 1: The inhibition zone diameter values in (mm) scale of Pure TiO2, Pristine PANI and PANI-TiO2 Nano composite with 

different weight % of TiO2 (5%,15%,25%) respectively tested against gram positive (S. Aureus) and gram negative (E. Coli) 

bacterial pathogens. 

            

 

Sr. No. 

Samples            Inhibition zone diameter in mm 

S. Aureus (Gram positive) E. Coli (Gram negative) 

1. Ofloxacin 

(Ref.) 

22 mm 22 mm 

2. TiO2 16 8 

3.  PP 10 8 

4. PT5 20 22 

5. PT15 18 0 

6. PT25 10 10 

                     

The result indicates that synthesized TiO2 nanoparticles have shown the excellent antibacterial effects against the bacterial strains. 

The bactericidal activity of TiO2 NPs is more effective than that of pristine PANI which shows somewhat poor antimicrobial 

activity against the both bacterial strains. This may be due to the non-crystalline nature of PANI. The study reveals that the 

antibacterial activity enhanced after addition of TiO2 nanoparticles and is found maximum for 5 wt. % of added TiO2. The 

synergistic effects occurred when the TiO2 nanoparticles were incorporated into the PANI matrix. The result clearly demonstrates 

that PANI-TiO2 nanocomposite has excellent antibacterial activity against both pathogenic bacteria. Sample PT5 has shown the 

highest bactericidal activity amongst all the samples which is almost equal to that of the standard Ofloxacin. Also, the sample PT5 

showed the maximum zone of inhibition for E. Coli as compared to the S. Aureus. These results may be observed because of the 

variation in the structure of bacterial cell wall, where the gram-positive bacteria have a thicker cell wall of peptidoglycan than that 

of gram negative which in turn restricts the tunneling of TiO2 nanoparticles. Moreover, as we increase the loading of TiO2 NPs the 

bactericidal property decreases. The nanocomposite PT15 showed a clear zone of 18 mm and 0 mm for the both microorganisms 

S. Aureus and E.  Coli respectively. It is because of the fact that the antibacterial activity also depends on the morphology of the 

particles [30]. The reason behind the excellent biocidal activity of PANI-TiO2 nanocomposite is the lower particle size of freshly 

prepared samples. These nanoparticles can easily penetrate the bacterial cell wall through small pores present on the surface of 

cell which may leads to the perturbation in metabolic process and hence cell death [31-32]. The crystallite size of the particles 

calculated from the XRD data of PT5, PT15 and PT25 nanocomposite were found to be 9.46 nm, 42.67 nm and 37.44 nm 

respectively. The enhancement in antibacterial activity is because of added TiO2 NPs. Since the TiO2 has ability to trigger the free 

hydroxyl [HO-] radicles when dispersed in the solution. As these hydroxyl radicles are highly toxic and readily reactive in the 
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oxidation of organic substances. These [HO-] radicles inhibit the microbial growth by targeting the DNA and enzyme in the 

nucleus of cell [24-25]. Also, the reactive oxygen species (ROS) like H2O2, OH and O2
- are responsible to rupture the cell 

membrane and make it porous which may lead to bacterial destruction [26-28]. The variation in inhibition zone diameter vs. 

different nanocomposites is graphically represented in figure 5. 

 

 
 

Fig.5. Bar Chart of Inhibition zone diameter vs. synthesized samples, where 1, 2, 3,4,5,6 correspond to Oflaxin, TiO2, Pure PANI, 

PT5%, PT15%, and PT25% respectively against pathogenic bacteria. 

 

 

Fig.6. Antibacterial activity of Pure PANI, TiO2 NPs, and various PANI/TiO2 Nano composites PT1 (5%), PT3 (15%) and PT5 

(25%) tested against gram positive (S. aureus) and gram negative (E. coli) bacterial strains. 

 

IV. Conclusion 

The above discussion can be summarized as, synthesis of PANI-TiO2 nanocomposites were done by in-situ chemical oxidative 

polymerization reaction. The TiO2 nanoparticles were successfully incorporated within the PANI matrix with various amounts of 

TiO2 using APS as oxidant. The applied method was simple, low cost and so easy that a very less chemical required unlike other 
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methods. The presence of TiO2 NPs and strong chemical interaction between PANI-TiO2 nanocomposite was confirmed by FTIR 

analysis. The synthesis of broad long chain polymers with some degree of crystallanity were confirmed by the XRD data. XRD 

study reveals that the crystalline TiO2 NPs are well incorporated into the PANI surface. The particle size was obtained using 

Scherer equation and is in the range of 10 - 50 nm. The UV-Vis. Spectra confirms the strong intermolecular interaction of each 

individual particle with polymer. The optical band gap energy for different nanocomposite has been calculated using Tauc’s Plot. 

The band gap energy was found to be decreased with loading of TiO2 NPs. In addition to this the proposed research was further 

studied to the antibacterial study. The results confirmed that novel PANI-TiO2 nanocomposites have shown the great resistance to 

the bacterial growth. The sample PT1 (PANI with 5% TiO2) showed the best bactericidal activity against both pathogenic strains. 

With increase in the amount of TiO2 the inhibition zone decreases. This may be due to the small particle size and agglomeration of 

polymer on the surface of TiO2 nanoparticles. Thus, we conclude that loaded TiO2 nanoparticles enhanced the antibacterial 

activity and these biomaterials can further used for the packaging of food product, paint industries, textile, pharmaceutical and 

medicine. 
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Abstract: - In this study, the PEDOT-PSS (Poly 3, 4-ethelynedioxythiophenene-Polysodium4-styrenesulfonate) has been synthesized with 

the help of chemical oxidative method. The structure of composites were studied with the help of Fourier transform infrared (FTIR) 

spectroscopy over the wavelength range of 600-4000 cm-1 and it shows the various group position of the molecules . The X-Ray 

diffraction (XRD) technique reveals the amorphous nature of the samples. The characterization of Ultraviolet Visible (UV- visible) 

spectra and is used to study the direct and indirect transition and optical band gap. The surface morphology has been studied with the help 

of Scanning Electron Microscopy (SEM). The behavior of electrical conductivity at different temperature of PEDOT –PSS in the ratio of 

EDOT: PSS (1:1, 1:2, 1:3, 3:1 and 5:1) has been taken on the conducting paper by treated with Methanol, Ethanol and DMSO (Dimethyl 

Sulphoxide). The 1:1 ratio material sample was more conductive as compare to other ratio. For the 3:1 ratio the conductivity found to be 

less than other ratio. 

Keywords:PEDOT-PSS, APS, SEM, XRD, UV- Visible, Electrical Conductivity 

 

I. INTRODUCTION  

With the objective to construct organic electrochemical and optoelectronic devices, conducting polymers, 

including doped conducting polymers and intrinsic semiconducting conjugated polymers, are considered 

essential. Researchers have recently turned their attention to studying a novel kind of thiophene group called 

PEDOT (Poly 3,4-ethelynedioxythiophenene) polymers. Because of its straightforward synthesis method and 

special qualities—such as mechanical flexibility, adjustable electrical conductivity, environmental stability, low 

cost, and solution processability—the P-type of PEDOT is an essential material [1-2].The PEDOT-PSS 

(Polysodium 4-styrenesulfonate) polymer exhibits a high electrical conductivity, with hydrophobic PEDOT 

molecules coated in hydrophilic PSS molecules. As a result of the selective removal of PSS, the hydrophilic 

ethylene glycol solvent gets increasingly ineffective [3]. H.Ziyanget. al, suggests that by enhancing PEDOT-PSS, 

conductivity has a significant role in improving short circuit current and fill factor [4]. PEDOT exhibits superior 

qualities compared to other π-conjugated polymers because of its exceptional stability, electro-optical, 

transparency, and conductivity, while being employed in just a handful of uses [5]. Due to PSS's polyelectrolyte 

nature and PEDOT's solubility in water, PEDOT and PSS form a conjugated polymer. While PEDOT imparts a 

positive charge, PSS carries a negative charge [6]. Pristin PEDOT-PSS is utilized as a transparent electrode 

because of its poor conductivity. The effectiveness of electrical conductivity using organic solvent is dependent 

on a change in the PEDOT backbone structure; as a result, the electrical characteristics of the final nanomaterials 

can be adjusted by modulating the conductivity of PEDOT-PSS using dopant, although the exact mechanism is 

still unresolved [7]. PEDOT's conductivity exhibits an excess of insulating limit, which has an impact on its 

application in low resistance [8].  The composition ratio has a significant impact on PEDOT-PSS electrical 

conductivity, and it exhibits ideal conditions for the Hopping charge carrier [9]. By reorienting the polymer 

chain, PEDOT-PSS treated with solvent enhances the quality of conductivity and mobility charge carrier. This 

occurs because the addition of nanoparticles improves the overall electrochemical performance by reducing the 

coulomb contact that causes a screening effect in the PEDOT-PSS molecule [10,11,12]. 
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Fig 1. Applications of PEDOT-PSS to different fields. 

PEDOT-PSS has a broad application area due its high electrical conductivity, good stability in air, high 

mechanical flexibility and high transparancy shown in fig.1. 

In the present research work, the synthesis of PEDOT-PSS (Poly 3,4-ethelynedioxythiophenene-Polysodium4-

styrenesulfonate)  has been done with the help of insitu chemical oxidative method  using Ammonium 

Persulphate (APS) and Ferric Chloride Anhydrous (FeCl3). The characterization of sample is carried out by 

XRD (X-Ray diffraction), Fourier transform infrared spectroscopy (FTIR) , Ultraviolet-Visible Spectroscopy 

(UV- Visible) and Scanning Electron Microscopy (SEM). The electrical conductivity and activation energy of  

PEDOT-PSS sample with different solvent has been examined.

II. EXPERIMENTAL SECTION 

1. Materials and Reagents 

Poly(sodium4-styrenesulfonate) (PSS) (Mw = 75,000 g/mol) is procured from Sigma Aldrich and EDOT (3,4-

ethylenedioxythiophene) monomer acquired from TCI (Tokiyo Chemical Industries), Ferric Chloride Anhydrous 

(FeCl3) from Hi Media ,DMSO, Ammonium Persulphate (APS) from Fisher Scientific, Ethylene Glycol and 

Ammonium Persulphate (APS) from Fisher Scientific. 

2. Preparation of PEDOT-PSS 

The 50 ml solution of PSS is prepared in the ratio 1:1 (EDOT-PSS) in distilled water. This solution is 

ultrasonicated for 45 minutes to get homogenous mixture of PSS solution. After sonication EDOT monomer is 

added into PSS solution and well mixed with the help of magnetic stirrer. Add APS at 1:2 mass ratio (EDOT : 

APS) directly in the above mixture and dissolve then add drop by drop FeCl3 solution which is prepared at 1:0.6 

mass ratio (EDOT : FeCl3)[13]. The Polymerization reaction started as the drop of FeCl3 mixed in the above 

mixture then color changes into blue and vigorously stirred it up to 2 h at room temperature during 

polymerization reaction. Keep this solution for 16 hours as it is. The obtained product was filtered with the help 

of filter paper and washed several times with distilled water. The obtained product is dried at 60o on the filter 

paper in oven for 24 h. Finally we get bluish black product and crushed it in the Agate Morter Pestle to obtain 

fine powder. The same procedure is repeated for 1:2, 1:3, 5:1, 3:1 mass ratio (EDOT : PSS) without changing 

the ratio for APS and FeCl3 with respect to EDOT monomer that will remain as it is for the polymerization 

reaction. The nomenclature of the samples PSS 5:1, 3:1, 1:1, 1:2 and 1:3 ratio  were denoted as A0, A, B, C, D 

and E. 

3. Fabrication of conducting Polymer  

The synthesized conducting polymer PEDOT-PSS was fabricated on Whatmann filter paper by using 

chemical bath deposition (CBD) method to investigate the electrical conductivity at various temperatures. Firstly 

the conducting sample was added in 10 ml of Ethylene Glycol with a constant stirring about 2 h and was 

ultrasonicated for the next 1 h. A small piece of Whatmann filter paper has been added in the above mixture and 

was left undisturbed over 4 h. The sample was dried in the oven. Again this sample was added in the beaker of 

EG. Repeatedly the procedure was followed to obtain the layer by layer deposition of the sample on the 

Whatmann filterpaper. 

4. Characterization  

The XRD data is obtained from Rigaku MiniFlex 600 X-ray spectrophotometer which is operated at 

maximum voltage 40 kV and 15 mA Current. The FTIR analysis is carried out from Alpha Brooker Instrument 

spectrometer. The direct indirect transition and optical band gap was studied with the help UV-Visible 
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spectrometer. The surface morphology has been studied with the help of SEM and the compositions of elements 

were confirmed by Energy Dispersive X-Ray Spectroscopy (EDX). The electrical conductivity of the PEDOT-

PSS was measured with the help of two probe methods and showed the conductivity at different temperature. 

III. RESULTS AND DISCUSSION 

1. X -Ray Diffraction (XRD) 

The investigation of XRD pattern of synthesized samples was recorded in the 2 ranges from 10º-80º. All the 

spectra of PEDOT-PSS ratio and pure PSS are shown in fig 2. The pure PSS showed peak at 2 = 31.8o which is 

observed due to the presence of Na in PSS. A broad peak in samples A, B, C, D, E were observed ranging from 

20.15º to 28º confirmed the successful formation of insitu polymerization of EDOT: PSS monomer [14]. The 

increase in the concentration of PSS did not influence any crystallinity in this composite. Consequently, PEDOT-

PSS sample with varying ratio were indicate the complete amorphous in nature. 

 
Fig 2. XRD of sample A0, A, B, C, D and E  

 

2. FTIR Analysis  

Fig 3 shows the FTIR spectra of PEDOT-PSS with varying ratio of all samples in 4000-600 cm-1 

wavenumber range. From the FTIR spectra it is observed that O-H stretching is present which confirms from the 

peak at 3691 cm-1 for C sample and it is seen varies for the other samples of increasing concentration of PSS too 

[15]. The C-H bonding is confirmed by the distinctive absorption spectra, which have a peak at 2877 cm-1 [16, 

17]. Additionally, the strong bond and significant vibration polarity of the carbonyl are investigated at 1709 cm-1 

through C=O [18]. The weak vibrations caused by C=C stretching are responsible for the peak that was recorded 

at 1568 cm-1. The presence of PEDOT-PSS is confirmed by the band at frequency of 1135 cm-1, which 

corresponds to stretching modes for the aromatic sulfonate ester group and (C–O–C) stretching in the 

ethylenedioxy groups of the PEDOT units.  The weak stretching vibration of the C–O bond is associated with the 

band at frequency 1038 cm-1. 

 
Fig 3. FTIR of all the samples. 
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3. Scanning Electron Microscopy (SEM)  

Fig. 4a, b, c shows the surface morphology of PEDOT-PSS samples A, C and D and studied with the help of 

SEM. The SEM image of samples A, C and D of EDOT: PSS ratio (5:1, 1:1 and 1:2) shows the agglomeration of 

particles. The Fig. 4 (a) the compact cluster of discrete particles just like a broccoli vegetable. The smooth 

structure morphology indicates the poor electrical conductivity because it is not good for transfer of electron in 

the polymer chain. The SEM images of sample C and D reveals rough surfaces as a result of this both the 

samples is good electrical conductivity. From the surface morphology it observed that as the rough surface 

increase the electrical conductivity also increase due the addition of PSS leads to the formation of microparticle. 

The charge transfer mechanism plays an important role in the system. The Energy Dispersive X-Ray 

Spectroscopy (EDX) reveals that the chemical composition of elements in the polymer sample A, C and D is as 

shown in fig. 5. From the study of EDX shows that it contains composition of Carbon, Nitrogen, Sulphur and 

Oxygen element. In case of preparation of sample A the carbon atom contributes more but in case of sample C 

oxygen atom is less and large amount of oxygen is present in the sample D. The interconnection in the elements 

leads to change in the conductivity of PEDOT-PSS.  

 
Fig 4 SEM images for (a) A, (b) C, (c) D samples of PEDOT: PSS. 

 

 

 

 

 

 

Fig 5 EDAX study for (a) A, (b) C, (c) D samples of PEDOT: PSS. 
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4. UV-Visible Spectra 

The UV- Visible spectra is use to study the direct and indirect transition and to find at the optical energy band 

gap over a wavelength range 200 to 800 nm. The fig 6 reveals the UV-Visible spectra of synthesized PEDOT-

PSS by changing the ratio of EDOT to PSS. A broad absorption peak was observed in between 200 to 420 nm 

near the UV region which slightly changes but very similar to the previously reported composite PEDOT-PSS 

sample as shown in Fig 6 (a) [21]. The peak were observed as a result of the bonding to antibonding in the range 

of 200 to 300 nm occurred due to the p-p* transition A, B, D and E [22] but in case of C two peaks were present. 

Both the peaks occurred due to the presence of aromatic ring in PSS but the peak present at 350 nm shows the 

bonding to nonbonding, p-n transition [23]. From the spectra it clearly indicates that lower concentration of PSS 

shows the higher absorption spectrum. The optical energy band gap is determined by Tauc's plot and its relation 

is given by equation no.(1): 

. ℎ. 𝑣 = 𝐴 (ℎ. 𝑣 − 𝐸𝑔)𝑛………………. (1) 

The Table 1. shows the direct transition of optical energy band gap for varying concentration of PSS. The 

Optical Energy band gap of Conducting samples of PEDOT-PSS is shown in the fig 6 (b).It illustrates that the 

optical energy band gap of sample A  found to be more 2.41eV than sample E, therefore the nature of the sample 

found to be in semiconducting due to optical energy band gap lie between conductor and insulator. 

 
Fig 6. (a) A plot of UV-vis absorption spectra  and (b) The Optical Energy band gap of all Conducting 

samples of PEDOT-PSS. 

 

Table 1. Optical energy band gap for varying concentration of PEDOT: PSS. 

 

5. DC Electrical Conductivity Analysis 

The DC electrical conductivity was studied with the help of two probe method. Fig 7 illustrates the variation 

of DC electrical conductivity of synthesized PEDOT-PSS material with a varying concentration of PSS. The DC 

Electrical Conductivity of the conducting samples was determined by using Arrhenius equation (2), 

𝜎 =  𝜎0 exp (−∆𝐸
𝐾𝑇⁄ )……….. (2) 

The Arrhenius plot, which indicates the temperature dependence of the DC electrical conductivity for 

solvents such as methanol, ethanol, and DMSO treated with varying concentrations of EDOT, was applied to PSS 

samples A (5:1), B (3:1), C (1:1), D (1:2), and E (1:3). The DC electrical conductivity was then investigated in 

the temperature range of 303-358K. The DC electrical conductivity rises in accordance with temperature. This is 

revealed by fig 7 (a). As in case of pure sample E found to be more conducting and sample A is the least. The 

ultimate reason is the change in the concentration of PSS. According to Fig 7(b), Sample C has the highest 

electrical conductivity in the DMSO instance, while Sample A has the lowest conductivity compared to the other 

samples. Similarly Fig. 7(c) and 7(d), these figures show that Sample E and Sample C were more conductive than 
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the other samples. Additionally, in all cases, sample A had the lowest DC electrical conductivity. The addition of 

methanol, ethanol, DMSO indicates that the change in the morphology of thin film due to the hopping of charge 

carriers. The variations of different solvents with the concentration verses conductivity is shown in the fig 8. Pure 

and ethanol have highest conductivity in sample E while DMSO and methanol has highest conductivity to sample 

C. The fig 9 represents the change in conductivity with various concentrations of PSS. It is observed that a 1:2 

ratio greatly impacts electrical conductivity for pure samples. We also got the same results for ethanol and 

methanol. Large electrical conductivity was seen in sample C (1:1), much as in the case of DMSO. As a result, 

conductivity changed barely in terms of temperature, indicating that conductivity did not vary as temperature 

rose. The concentration of PSS and the changes in behavior produced by solvents actively participating in the 

activation energy and charge carriers that were able to move into the conducting site of the polymer matrix are 

other factors that affect conductivity. Table 2 displays the activation energy of different solvents for each of the 

samples A, B, C, D, and E. 

 
Fig 7. DC Electrical Conductivity as a function of temperature for (a) Pure, (b) DMSO, (c) Ethanol and (d) 

Methanol for all the samples. 

 
Fig 8.The plot of concentration of EDOT to PSS versus conductivity 
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. 

Fig 9. The plot of concentration of EDOT to PSS verses change in conductivity. 

 

Table 2. Activation energy of various solvents for all samples of PEDOT:PSS. 

 

IV. CONCLUSION 

The samples of PEDOT-PSS polymer were prepared with the help Chemical Oxidative method by varying 

concentration of PSS in the ratio of 5:1, 3:1, 1:1, 1:2 and 1:3 EDOT to PSS. This synthesized sample was treated 

with solvents Methanol, Ethanol and DMSO. The structural investigation of sample was characterized by XRD, 

FTIR, SEM and UV-Visible spectra. From the XRD it is conclude that sample PEDOT-PSS possess the 

amorphous nature. The FTIR indicates the various positions of the molecules and the frequency of band at 1135 

cm-1 confirm the bonding of PSS with PEDOT. Also the vibrational polar and strong bond of carbonyl is C=O 

represent by the presence of peak at 1709 cm-1. Surface Morphology of sample A, C and D has been studied with 

the help of SEM. The image shows the agglomeration of the particle in polymeric matrix and from EDX it 

confirms that the element C, N, S and O are present. The UV-Visible spectra determine the optical energy band 

gap. The smallest concentration of PSS shows the highest energy band gap among all. The activation energy of 

the PEDOT-PSS sample were find to be in the range of 10-3 eV. The 1:2 ratio reveals the largest change in 

conductivity with concentration of PSS. In the similar fashion all the parameters of various ratios of PEDOT-PSS 

samples treated with solvents were studied. 
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Figure 1 Concept of Colorimetric Technology 
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Real-Time Soil Fertility Detection 

Using Colorimetric Technology: 

A Precision Farming Approach In 

Vidarbha Region of Maharashtra 
 

Abstract: - Agriculture is a wide economic sector and plays a vital role within the overall economic development of the nation. Over 

fertilization is a serious issue that affects farmers around the world. Unplanned use of fertilizers leads to inferior quality of crops and 

various environmental problems like water pollution, soil contamination, bio-magnification and poor food quality. Technological 

advancements in the sector of agriculture can ascertain to enhance the ability and quality of assured farming activities. Bad quality 

crop production is often because of either unnecessary use of fertilizer or insufficient addition of fertilizer. Now a day it is most 

important to maintain the proper ratio of nutrients for better growth and yield of the crop through organic and inorganic fertilizers. 

The aim of our developed system is to detect the N (nitrogen), P (phosphorus) and K (potassium) contents of soil in situ and based 

on the result; farmers will used the necessary fertilizers as per need. In this system we used optical technique is used for soil 

micronutrients detection. 

Keywords: Color Sensor, Soil Fertility, NPK nutrients, Arduino, I2C OLED Display, Microcontroller, Cloud, IoT. 

 

I.  INTRODUCTION 

Agriculture is the backbone of Indian economy. In India, around 70% of the population earns its earnings 

from agriculture[1]. Soil physical and chemical conditions play a very important role in the crop production 

cycle. Moreover, farmers can also add organic or inorganic nutrients to the soil in precise ratios. Therefore, soil 

fertility detection plays a vital role in plant growth and improved yield[2]. Continuing to cultivate without 

properly measuring soil nutrients can lead to decreased soil fertility and yields. Identification of soil nutrients is 

essential for proper plant growth and effective fertilization[3]. In the current scenario, technological 

developments are having a valuable impact on the agricultural sector. The use of new technologies has brought 

about major changes from traditional to modern farming. One modern farming method that increases productivity 

is precision farming. Use sensors, controls, and software systems to obtain real-time information to improve crop 

cultivation[4]. The general soil testing is take place in laboratories which are maximum available at district level 

also it take a considerable time to generates the results. Hence this process is time consuming and costly too[5]. 

Moreover the overall soil fertility changes with change in weather conditions. Thus a system required which will 

detect the soil nutrients in real time.  

The system is based on colorimetric analysis technology. A color sensor is used as a soil nutrient sensor. 

Different reagents are added to the aqueous solution of the soil to be tested, which changes color depending on 

the concentration of micronutrients present. The light emitted from the color sensor hits the solution and the 

reflected light is received by the color sensor detectors, which converts the (R, G, B) values into electrical 

signals. Further use of threshold values previously stored in the microcontroller's database helps in detecting the 

micronutrient levels present in the soil sample. 
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      Table 2 Importance of Nitrogen, Phosphorous and Potassium Detection 

Macronutrients Adequate Inadequate Results 

Nitrogen Promotes the growth of 

leaves and vegetation. 

Tree doesn’t get average 

height. Leaves become 

yellow. 

 

Phosphorous Promotes root and shoot 

growth.  

Growth of plant stops. 

 

 

Potassium 
Promotes flowering, 

fruiting and general 

hardiness. 

Leaves become reddish 

yellow on the edges while 

inner part of the leaves 

remain green.  

 

 

II. LITERATURE SURVEY 

In 2015, Dhanapriya.M et al. proposed a system to test the levels of micronutrients and macronutrients in soil 

using portable kits. The collected data was transmitted to the target via GPRS and the ground location was 

identified using GPS. Simulations were performed using PROTEUS software and the results were analyzed[6]. 

Muhammad E.H. Chowdhury et al. developed a high-density optical sensor based on photometric nutrient 

detection in soil using high-precision photodiodes and light-emitting diodes in 2016. The quality of the sensor 

was experimentally investigated and the results were compared with those obtained with a conventional 

spectrophotometer and color card[3]. In 2016, D. Rupa et al. had shown a new approach to soil testing using an 

embedded system. The researchers developed a testing device that can analyse soil by detecting nitrogen, 

potassium, phosphorus, and pH levels. They measured the concentration of soil nutrients N and K using nitrate 

and phosphorus ISEs. They explain how to use enough fertilizer to meet the needs of your plants while taking 

advantage of nutrients already present in the soil[7]. The study, “Using electrical conductivity of in situ soil 

solutions to assess mineral nitrogen in commercial orchards: preliminary results,” was published by Elena Baldi 

and her research group in 2020. The aim of this study is to investigate the effectiveness of soil electrical 

conductivity (EC) testing as a rapid method to assess inorganic nitrogen (N) in orchards and to define accurate 

nitrogen inputs that can help farmers avoid fertilizer waste[8]. Gagandeep Singh Kukreja and his research group 

published a paper on IoT for enhancing agriculture and soil nutrient storage. The research focused on essential 

components for plant development such as nitrogen, phosphorus, and potassium, and how to effectively control 

these nutrients. The proposed system uses RGB color sensors, humidity sensors, and pH sensors, all connected to 

a NodeMCU[9]. Agni Biswas et al. published an article in 2015 describing how they can provide farmers with 

tools to increase information and make their farms more productive. In it, the authors monitor soil moisture, pH, 

humidity, and temperature, then turn valves on or off on pipes based on input from these factors[10].Rapid 

technological advances and swift legislative action not only helped India avert a food disaster but also ensured a 

steady increase in food production. 

III. MATERIAL AND METHODOLOGY 

Accurate measurement and analysis are crucial for any application. Many of these applications require low-

power, low-cost portable devices. The aim is to determine various soil parameters by developing modern 

embedded systems that are low-power, low-cost and portable[2]. The most important consideration is to 

recognize the soil macronutrients, which are the main nutrients in soil for plant growth. Therefore, the nutrients 

nitrogen, phosphorus and potassium need to be measured for further analysis. Thus the required equipment 

description is as follows. 

1. Arduino Nano V3 

The Arduino NANO V3 is the smallest open source embedded 

development board from Arduino, based on the Atmega328 SMD 

package microcontroller. It is a surface mount breadboard friendly 

board with an integrated mini USB port[11]. It has 30 DIP style male 

I/O connectors, small in size and less expensive. The development 

board has everything for system development i.e. Reset, oscillator 
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Figure 3 Schematic of 

TCS3200 sensor 

Figure 4 Schematic 

of ESP8266 

Figure 5 Schematic of 
1.3’ OLED Display 

Figure 6 System Block Diagram 

circuit, USB to UART circuit, I2C, analog and digital I/O pins, ICSP programming headers etc.[12]. 

2. TCS3200 Color Sensor 

The TCS3200 is a programmable color light-to-frequency converter with silicon 

photodiodes and a current-to-frequency converter on a single CMOS IC. The output is a 

square wave with a 50% duty cycle and frequency directly proportional to the light 

intensity. In the TCS3200, the light-to-frequency converter reads an 8 x 8 array of 

photodiodes. 16 photodiodes have blue filters, 16 photodiodes have green filters, 16 

photodiodes have red filters, and 16 photodiodes have no filters. The photodiodes are 

110 μm x 110 μm in size and are spaced 134 μm apart[13]. 

 

3. ESP8266 Wi-Fi Module 

The ESP8266 is a low-cost Wi-Fi microchip with integrated TCP/IP networking software 

and microcontroller capabilities. Each ESP8266 module is pre-programmed with AT 

commands. The ESP8266 represents a highly integrated Wi-Fi SoC solution that enables low 

power consumption, small size, and reliable performance for the Internet of Things, and can 

also be used as a Wi-Fi adapter for any microcontroller design via SPI/SDIO or UART 

interfaces[14]. 

4. 1.3' I2C OLED Display 

This 1.3' I2C OLED display is a 128x64 monochrome dot-matrix display module 

with I2C interface. It is ideal when you need a super small display. Compared to LCD, 

OLED screens are significantly more competitive and have many advantages such as 

high brightness, self-illumination, high contrast ratio, slim outline, wide viewing angle, 

wide temperature range and low power consumption. It is compatible with 3.3V, 5V 

microcontrollers such as Arduino[15].  

IV. MODELING AND ANALYSIS 

To solve the above problems, we have developed a soil fertility detection system based on colorimetric 

technology. 

1. System Block Diagram 

In this system, the color sensor works by shining white light on a sample of soil water solution i.e. aqueous 

solution (The aqueous solution is made with the help of soil testing kit with standard procedure)  and measuring 

the intensity of the reflected light using the 8x8 photodiode chip available in the TCS3200 sensor. The results 

obtained from the sensor is analyzed by microcontroller and displayed on the OLED display. At the same time, it 

is stored in a cloud server called ThingSpeak.com using an ESP8266 Wi-Fi module, and is displayed as a graph 

on the cloud server according to the deviation of the sensor values. Using the ThingView mobile app, users can 

view these results anytime and anywhere for further analysis. 
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Figure 7 Making of Aqueous Solution 

Figure 8 Schematic of System Design Figure 9 Working Flowchart of System 

Graph 1 Different distance N values 

2. System Circuit design and Working Flowchart 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V. RESULT AND DISCUSSION 

This embedded system is designed to detect different soil parameters such as nitrogen, phosphorus, and 

potassium. An Arduino Nano V3 microcontroller was programmed for this. The received data is sent to the 

computer through a serial communication cable. The data received from Arduino is processed using the open 

source software "Arduino IDE" that supports C and C++ languages and the results are displayed on the OLED 

display. At the same time, the received data was sent to the cloud using an Esp8266 Wi-Fi module. The results 

obtained with the developed embedded system are discussed below.  

 In this system, we first took 20 samples at different locations of Vidarbha region and set the optimal distance 

by varying the length between the sample and the sensor: 50mm, 40mm, 30mm, and 20mm. Then we selected the 

distance where the incidence and reflection angles were most accurate, i.e 30mm/3cm. 
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Graph 2 Result Analysis of the system 

Graph 3 Nitrogen content available in  

different samples 

Graph 4 Phosphorous content available in  

different samples 

Graph 5 Potassium content available in  

different samples 

Table 2 Color Intensity Threshold Levels for Nitrogen, Potassium and Phosphorous 

 

 

 

 

                  

 

      

After all customization measures, we have found the following sample results: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

The above bar graph shows the different samples tested from different locations and found that the NPK 

values are varying from one location to another also the results are varying with atmospheric condition. The 

threshold values for soil N, P and K content are also given in Table 2, which shows the range of colour intensity 

values for N, P and K in the form of low, medium and high. 
 

1. Cloud data Loading and Visualization: 

As the result is detected by Sensor and received at microcontroller all data is transferred to cloud for further 

analysis and future reference. The Graph 3, 4, 5 are the cloud data store images.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Nutrients V Low Low Medium High V High 

Nitrogen 0 - 9 10 - 20 20 - 30 30 - 40 >  40 

Phosphorus 0 - 15 15 - 25 25 - 35 35 - 45 >  45 

Potassium 0 - 30 30 - 60 60 - 90 90- 120 >  120 
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VI. CONCLUSION AND FUTURE SCOPE 

The study concludes that the TCS3200 color sensor with Arduino Nano has been effectively designed and 

tested to measure nutrients N, P, and K in soil. This finding may improve other farmers' problems in determining 

and measuring the amount of nutrients in soil at a lower cost than traditional methods. It may also help reduce 

the amount of fertilizers unnecessarily added to soil. 

Future learning efforts will expand this method further and introduce an Android application that will 

display all the data about a farmer's field, including macronutrient values and levels, fertilizer recommendations, 

atmospheric conditions, and crop price close to market. 
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Electrochemical Studies: Biomass-

Derived Nitrogen-Doped Graphene 

Oxide 

 

 

Abstract: - Heteroatom doping is an effective method for customizing the optical, electrical and magnetic properties of carbon-based 

energy storage materials. In the present work, biomass-derived nitrogen-doped graphene oxide (NGO) is synthesized using a simple cost-

effective, low-temperature auto-combustion process having more than 10.01 at.% nitrogen (N) doping content.  The presence of nitrogen 

in GO has been corroborated by the electron dispersion X-ray analysis. The effect of nitrogen doping on electrochemical properties are 

studied using cyclic-voltammetry (CV) and electrochemical impedance spectroscopy (EIS) measurements.  Three-electrode-based half-

cell analysis performed within 0 to -1.0 V operating potential window vs. Ag/AgCl has approved 6.531 F g-1 specific capacitance for NGO 

nanobud-like electrode at 0.4 Ag-1 current density with about 92.13% stability, which is superior to pristine GO electrode material, 

suggesting the importance of nitrogen doping for improving electrochemical properties.  This could pave the way for forming nitrogen-

doped biomass-based electrode materials for high-performance electrochemical devices.  

Keywords: Graphene oxide; Structural analysis; Biomass-Derived; Surface morphology; Nitrogen doping; 

Supercapacitor. 

 

I. INTRODUCTION  

 The scarcity of fossil fuel resources, growing current energy demands, and global 

warming have created a pressing need for sustainable energy sources [1, 2]. Currently, e-

mobile items (aircraft and automobiles) require a significant amount of energy; consequently, 

building a sustainable transportation system is critical. These e-mobile devices necessitate 

significant energy and power densities. Batteries have a high energy density but limited 

power density [3]. Furthermore, batteries increase the weight/volume of mobile devices, 

which contradicts the goal of reducing energy use. As a result, there is a demand for energy-

storage devices with high energy and power density that can also serve as a structural 

component of e-mobiles [4]. It is becoming increasingly necessary to develop new 

technologies for clean, inexpensive, and reliable power [5, 6]. Electrochemical 

supercapacitors (ESs) are revolutionary electrochemical energy storage devices, bridge the 

current gap between batteries and regular capacitors by capturing energy and  
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providing high power in a short period of time [7]. They are also known to store energy in 

the electrical double-layer capacitors region via ion adsorption. Furthermore, because of their 

quick reversible faradaic reactions, pseudocapacitors are sometimes considered as 

supercapacitors [8]. One of the new materials of solution is two-dimensional carbon sheets 

i.e. graphene where a single layer of sp2-hybridized carbon atoms is tightly packed through a 

honeycomb-like structure. Due to unique properties such as high Young's modulus, fracture 

strength, thermal conductivity, charge carrier mobility, and specific surface area, it has been 

the focus of significant global research. Unfortunately, graphene's poor solubility in both 

polar and nonpolar fluids has severely hampered its preparation and applications. However, 

due to the abundance of oxygen functional groups on its basal plane and edges, graphene 

oxide (GO) is hydrophilic in nature. Although GO has the same lamellar structure as 

graphene, due to functional groups, such as good dispersion stability in aqueous and other 

organic solvents, it has potentially more promising properties [9]. The low electronic 

conductivity and weak microbial adherence of GO are preventing an efficient transfer of 

charge [10]. Reducing GO can partially restore the ideal graphene structure, which is 

advantageous for boosting its conductivity. However, because of van der Waals interactions, 

the decreased GO frequently experiences irreversible agglomeration and re-stacking, which 

can produce a negative impact on its electrochemical performances by decreasing specific 

surface area [11]. Additionally, the presence of hydrophilic oxygenated surface area and 

hydrophobic pristine graphene in GO boosts its surface heterogeneity and improves its 

capacity to bind with various pollutants via hydrophobic interactions, van der Waals 

interactions, electrostatic interactions, π- stacking, and H-bonding [12]. In most cases, 

conductive polymers like polypyrrole and polyaniline and metallic oxides [13] like TiO2 and 

SnO2 [14] were coupled with GO. Hence, doping or functionalization was added at the 

carbon basal planes and the edge sites to get over this restriction, which creates new 

opportunities for practical applications [15]. 

 The perfect sp2 hybridization of the carbon atoms is typically disrupted by substitutional 

doping of graphene with various atoms (such as B, N, S, F, and Si), which locally can 

promote significant changes in its electrical characteristics. Since nitrogen has five valence 

electrons available to make powerful valence bonds with carbon atoms and a similar atomic 

size to other prospective dopants, it has garnered a lot of attention [16]. As a result, it can be 

easily incorporated into the carbon lattice to enhance the graphene's binding capabilities and 

electron-donor properties. N-doping could also improve the carbon nanomaterials' capacity 

for efficient extracellular electron transfer, which is advantageous for biosensing [17] and 

bioelectricity generation applications [18]. For example, electrocatalysts for Oxidation 

Reduction Reaction (ORR) [19], enormous promise in high-frequency semiconductor devices 

[20], and improved catalysis for energy conversion and storage [21] are just a few of the 

exciting features that N-doping promises. Both, one-step and two-step N-doping strategies 

have been used to accomplish N doping in graphene. The one-step N-doping strategy 

frequently includes Chemical Vapor Deposition (CVD) , flame treatment, and solvothermal 

method while, the two-step N-doping strategy primarily consists of thermal annealing, 

pyrolysis, N2H4 treatment, wet chemical synthesis, microwave treatment, supercritical 

reaction, hydrothermal method, microwave-assisted hydrothermal method, and 

lyophilization-assisted heat treatment [22]. However, the majority of these methods have 
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restrictions that prevent them from being used for mass manufacturing, including low yield, 

significant energy use, and severe environments. The CVD approach, for example, is 

expensive and requires high temperatures (800–1100°C), while other synthesis processes are 

difficult and time-consuming, requiring either a certain environment or poisonous precursors 

[23]. By these circumstances, the development of a low-cost, effective, economical, and 

ecologically acceptable process for nitrogen doping of graphene materials under benign 

conditions is very desirable. Graphene-based SC technology can be greener and substantially 

safer than traditional battery technology because it operates without bursting or overheating. 

 Hence, as part of our ongoing research on the synthesis of the GO and doped-GO for 

various applications, here we prepared GO and nitrogen-doped graphene oxide (NGO) by 

carbonizing tabletop sugar [24] and carbonizing urea with tabletop sugar, respectively. Both 

GO and NGO were used for physical characterization initially and then envisaged for 

electrochemical measurements  in a 6 M KOH electrolyte solution. The aim of this article 

was to see the effect of N-doping on electrochemical energy storage performance of biomass- 

derived GO. 

II. EXPERIMENTAL SECTION 

A. Preparation of GO and NGO  

The pure GO and NGO electrode materials were prepared by carbonization process. 

Periodic heating of dry table sugar with and without organic urea can be a common technique 

for creating NGO and GO, respectively. Scheme 1 provides an illustration of the scientific 

details. Dry table sugar and dry table sugar combined with 50 wt.% organic urea were 

grounded into powders using a mortar pestle which were then transferred to transparent 

laboratory petri-dishes. These organic, affordable and environmentally benign powdered 

samples were carbonized for two hours at 300°C in a closed furnace. The treated dark 

powders were crushed and used without being further annealed. In both instances, the 

product yield was between 50-57% of the synthesis material used. The resulting black 

powder was found to be somewhat soluble in dimethyl sulfoxide, but insoluble in water, 

ethanol, methanol, and benzene under warm conditions (≤100°C).  

 
Scheme 1. Schematic showing synthesis of NGO using table top sugar and urea. 
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B. Electrode preparation 

 A slice of Ni-Foam (1.0 cm  1.5 cm) was sonicated for 30 min in a 1% HCl solution 

with deionized water to remove contaminants before being rinsed with deionized water for 

10 minutes and air dried at room-temperature for 24 h. Both GO and NGO electrodes were 

prepared by  coating 1 mg active material powder mixed with polyvinyl alcohol (PVA) 

binder equally on the surface of Ni-foam which was dried at 175 ℃ for 6 h to form the 

cathode electrodes.  

C. Physical and electrochemical characterizations 

 Field emission scanning electron microscopy (FE-SEM) Hitachi, S-4800 operated at 15 

kV accelerating voltage and equipped with energy dispersive X-ray spectroscopy (EDX) was 

used for surface morphology analysis. X-ray photoelectron spectroscopy (XPS) (Omicron 

ESCA) to analyze the valence states of the surface chemical elements and their associated 

molecular species. Raman spectroscopy (Horiba Scientific France, Xplora Plus system at a 

Laser wavelength of 532 nm & 785 nm) was considered to confirm the change in the band 

position of GO after N-doping and X-ray diffraction (XRD) (XRD, D8-Discovery Bruker, Cu 

K, 40 kV, 40 mA) was  used to know structural change if there any. 

 Cyclic-voltammetry (CV), galvanostatic charge-discharge (GCD), and electrochemical 

impedance spectroscopy (EIS) measurements were used in a three-electrode system utilizing 

the IVIUM electrochemical workstation for electrochemical analysis. The working, 

reference, and counter electrodes were respectively GO or NGO coated Ni-foam, Ag/AgCl, a 

platinum. The CV measurement was performed at scan rates ranging from 5 to 100 mV/s 

between 0 and -1.0 V potential range in a 6 M KOH aqueous electrolyte. The EIS was 

operated using an alternating current perturbation with an amplitude of 0.3V and a frequency 

range of 1 Hz to 45 kHz. The specific capacitance (Csp) of both electrodes was calculated 

with the help of CV and GCD plots using the following (1); 

 𝐶𝑠𝑝  =
𝐼∗∆𝑡

𝑚∗∆𝑉
                              …..(1) 

Where, I is the current density, Δt is the discharge duration, ΔV is the potential difference, 

and m is the mass of the active material [13]. 

III. RESULTS AND DISCUSSION 

A. Surface morphology confirmation 

 The successor urea was used to modify the surface of GO by doping N. The FE-SEM 

pictures adduce the surface morphology difference between GO and NGO scanned at 

different magnifications as shown in Fig. 1(a), indicating that the presence of urea affects the 

surface morphology/contents of NGO. A comprehensive look at the FE-SEM pictures of the 

NGO electrode, as shown in Fig. 1b, suggests the growth of cabbage-like floral nano-buds. 

The height of a single nano-bud is remarkable due to their close proximity. The presence of 

large open gaps between these nano-buds has been proven, allowing for the easy and rapid 

movement of charge/electrolyte ions within electrode material for minimum diffusion 

resistance.  Fig. 1 (c) and (d) support the calculation of weight percentages of elements 

present on pristine GO and NGO electrode surfaces, respectively.  
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Fig. 1.  (a, b) FE-SEM of GO, and NGO powders scanned at different magnifications and. 

(c, d) EDAX mapping showing the weight percentages of C, O and N elements. (e, f) XRD 

and Raman shift spectra of GO and NGO powders. 

Raman spectroscopy was used to estimate the degree of defects in the graphene structures. 

Because of the predominance of pyrrolic-N and pyridinic-N configurations determined by 

XPS, the NGO G-band, when compared to the GO G-band, has been shifted to a lower 

frequency by up to 28 cm-1 for NGO. The density of defects is connected with the D band. 

The average peak intensity of the D band relative to the G band (ID/IG) was used to determine 

the defect level. The peak intensity ratios (ID/IG) between the D and G bands represent the 

density and dispersion of the defects that were used to estimate the defect density. Equation 

(2) was used to calculate the distance between defects (LD); 

 𝐿𝐷 = (4300 ∗ (𝐼𝐷 𝐼𝐺)⁄ −1
𝐸𝐿

4⁄ )1/2           …. (2) 
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Where, EL is the laser energy (2.41 eV, λ = 514.5 nm). Because of the introduction of defects 

during N doping, NGO has the greatest ID/IG value with the smallest LD than GO [18]. The 

Raman spectrum of the NGO has confirmed two prominent peaks at roughly 1341 cm-1 (D 

band) and 1558 cm-1 (G band), respectively (Fig. 1f). The D-band (disorder-induced) 

correlates to the aromatic rings' breathing mode, whereas the G-band (in-plane vibration) 

corresponds to the tangential vibration of the C sp2 atoms [25]. Raman mapping of NGO 

ID/IG is higher than that of GO, most likely due to the insertion of defects during N doping, 

which is consistent with earlier results.  The ID/IG values increased after N doping. 

Nonetheless, the ID/IG ratios for GO and NGO were 0.6996 and 0.9424, respectively. The 

higher ID/IG value of NGO suggests a more disordered structure than GO, which could be 

attributable to the high nitrogen doping level due to urea as an "internal" doping source [26]. 

B. Analysis of the XRD and XPS spectra  

Fig. 1e depicts the XRD patterns of the GO and NGO. It is worth noting that GO had a 

significant height at 2θ = 17.8ο. However, the peak changed from 2θ = 17.8ο in GO to 2θ = 

22.4ο in NGO, suggesting the successful doping of the N in GO [24]. The patterns also show 

that the peak intensity at 2θ = 22.4ο in NGO decreased and broadened. The broadening of the 

NGO peak could be related to differences in interlayer spacing caused by the presence of 

functional groups such as hydroxyl and epoxide on the surface of GO, which were eliminated 

after air annealing, resulting in the narrow peak [27, 28]. 

 
 

Fig. 2. The proposed structures of pyridinic-N and pyrrolic-N along with; (a) full range 

XPS survey spectrum, (b-f) high-resolution deconvoluted of GO (b: C1s scan; c: O1s scan) 

and NGO (d: C1s scan; e: O1s scan; f: N1s scan) spectra. 

 The XPS spectra of GO, and NGO were collected to examine the surface elemental 

proportions and chemical states.  Elements like C, N, and O elements were observed on NGO 

surface. The XPS survey spectra, as shown in Fig. 2a, confirmed no single N in the GO. In 

Fig. 2b, the C 1s spectrum of the GO electrode exhibits three prominent peaks at 284.23, 

285.76, and 286.15 eV for the C=C (sp2), C-C (sp3), and C-OH/epoxy, respectively. The 
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high-resolution O1s XPS from GO in Fig. 2c has revealed additional peaks at 532.25, 532.48 

ascribed to C=O and COOH/O-C=O, respectively. A significant doping level (graphitic-N = 

25.19%) was evidenced that may contribute high catalytic efficiency [26]. Fig. 2(d-f) 

presents the high-resolution deconvoluted spectra of NGO. In Fig. 2e, O1s spectrum three 

peaks with binding energies of 532.73, 531.11, and 533.84 eV corresponding to C=O, C-O, 

and O=C-O adsorption were fitted [29]. Furthermore, as illustrated in Fig. 2d, the C1s 

spectrum was divided into three peaks spanning 284 to 288 eV. The three binding energies at 

284.26, 287.83, and 288.4 eV for C=C, C=O, and O-C=O bonds, respectively, were noticed 

[30]. The peak for C=O at 287.8 eV could be superimposed by C-N at roughly 287.5 0.5 eV 

[29, 31]. The asymmetric N1s peak (Fig. 2f.) was split into two components, indicating that 

nitrogen atoms were doped in two distinct locations on the graphene skeleton. At 398.32 eV, 

the pyridinic-N (bonded with two sp2 hybridized carbon atoms in a hexagonal ring) 

contributes one p-electron to the π-conjugated system in the graphene structure, while the 

pyrrolic-N (bonded with two sp2 hybridized carbon atoms in a pentagonal ring) contributes 

two p-electrons in the π-conjugated system). Fig. 2 also depicts the placement of N atoms on 

the graphene skeleton. N-doping has been found to disturb the sp2 hybridized carbon 

arrangement of GO, weakening the chemical inertness of the carbon for better catalytic 

activity. In short, graphitic N, in particular, has the potential to induce electron transfer from 

neighboring carbon atoms to N, hence improving catalytic efficiency [32]. 

IV.  ELECTROCHEMICAL STUDIES 

A. Half-cell electrochemical measurements 

    The electrochemical energy storage properties of GO and NGO were measured in a three-

electrode system with a 6 M KOH electrolyte solution within a potential window ranging 

from 0 to 1 V vs. an Ag/AgCl reference electrode. Fig. 3a depicts the CV curves of the GO 

attempted at 5-100 mV/s scan rates, indicating the participation of pseudocapacitive behavior 

due to the presence of oxygen functional groups connected to the surface of GO [24]. 
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Fig. 3. Electrochemical measurements of; a-b) CV, and d-e) GCD of theGO and NGO 

electrodes.  c) CV @ 50 mV/s scan rate and f) comparative SC vs. current density revelation 

of the GO and NGO electrodes. 

 The CV curves of the NGO measured at different scan rates ranging from 5 to 100mV/s 

are shown in Fig. 3b. Furthermore, when the scan rate increases, the obtained current 

increases, and a significant change in redox peaks is observed at 100 mV/s, indicating a fairly 

good rate of response. At 0.8 A/g, the Csp values of the GO and NGO were 2.0552 F/g and 

2.2371 F/g, respectively, indicating that the Csp of the NGO electrode is greater than that of 

GO. highlighting the contribution of the redox pseudocapacitance from doping.These Csp 

values were 6.531, 2.637, 2.237, 1.939, and 1.613 F/g for current densities of 0.4, 0.6, 0.8, 1 

and 2 A/g, respectively. The SC computed from the mass of the NGO loaded on the Ni-foam 

electrode was 6.531 F/g, resulting in a capacitance retention of 92.13%. Fig. 3c depicts the 

CV plots of both the GO and NGO electrode materials at 50 mV/s, illustrating a large area 

under the curve and hence an impressive capacitive nature of NGO electrode over GO. 

NGO's better capacitance performance could be attributed to its high pyridinic-N and 

pyrrolic-N contents, as well as different surface morphology, which could provide excellent 

electrical conductivity and pseudocapacitance with good electrolyte penetration [23]. 

 The GCD curves of the NGO electrode were measured in a potential window of 0 to -1.0 

V at 0.4, 0.6, 0.8, 1 and 2 A/g current densities  where a disturbed saw-tooth pattern is 

observed, and the discharge time of the NGO was longer than that of GO at both high and 

low current densities. Both electrodes' GCD curves were almost symmetric, indicating that 

the as-obtained GO and NGO were availing good electrochemical capacitive properties. The 

Csp values of the GO and NGO electrodes were derived from the discharging curves at 

different current densities (Fig. 3(d-e)). We clearly see that the Csp decreases with an increase 

in current density for both electrodes. The Csp values calculated by using eq. 1, in accordance 

with current density, are also plotted in Fig. 3f. As previously stated, due to a poor 

combustion synthesis impact, the as-obtained Csp for the NGO was slightly lower. Based on 

the XPS fitting data, it is clear that after increasing the temperature over 180 ℃ an increase 
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in the proportion of pyrrolic N takes place. N-doped GO commonly results in four binding 

configurations inside the carbon lattice: graphitic N (sp2), pyridinic N (sp2), oxidized N (sp2), 

and pyrrolic N (sp3). The reduced sp2 species in oxidized, graphitic, and pyridinic 

conformations might have permitted increased electron transference due to negative doping. 

As a result, positive charge delocalization could result in greater bacterial affinity via 

electrostatic contact. The absence of graphitic N (sp2) and oxidized N (sp2) configurations 

can be attributed to a low-temperature annealing [27]. The increased SC of the NGO 

compared to the GO could be attributed to the creation of additional defect sites as a result of 

N-doping doping in the GO. The in-situ produced defects could allow for a more efficient 

active site and a faster charge transfer mechanism, resulting in improved electrochemical 

performance.  

 
 

Fig. 4. a) The Mott-Schottky, and b) Nyquist (along with simple circuit model that 

explains current flow across a metal oxide contact), and c-d) Bode plots of the GO and NGO 

electrodes. 

 

 

 Fig. 4(a) depicts the Mott-Schottky plots where n-type behavior for both the GO and 

NGO electrodes was noted. The plot collects the values of forbidden energies i.e., 𝐸𝐹𝐵
𝐺𝑂  = 

−0.1428, 𝐸𝐹𝐵
𝑁𝐺𝑂 =  −0.1621 from their respective slopes. The Nyquist plots of the NGO and 

GO electrode materials are shown in Fig. 4(b), along with; (a) an equivalent resistor-

capacitor circuit and (b) the behavior of these two electrodes at higher frequency as an inset, 
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where both have the approximate same real axis intercept (i.e., Rs  = 1.0 Ω). Non-Faradaic 

current is correlated with an interfacial capacitance (Cint), whereas Faradaic current is 

correlated with a charge transfer resistance (Rct). A series resistance (Rs) is depicted to 

indicate the resistance caused by the wires, contacts, and solutions that complete the circuit. 

 Fig. 4c and d, shows the Bode magnitude and phase angle plots the GO and NGO 

electrodes with respect to frequencies. For both of the electrodes, as the frequency increases, 

the impedance decreases; which can be attributed to the capacitive behavior of the electrodes. 

A similar observation was found for the phase angle, confirming that the capacitive behavior 

is dominant at higher frequencies [19]. Cycling life is a key consideration in supercapacitor 

applications. Thus, we investigated the cycling life tests of the NGO as measured by the 

GCD curve over 1000 cycles (Fig. 5) where NGO demonstrated good capacitance retention, 

and displayed acceptable cyclic life, approving moderate chemical stability and considerable 

mechanical robustness over GO for its use in portable devices.  

 
Fig. 5. Cycling stability of the GO and NGO electrodes. 

Introduction 

 

V.   CONCLUSION 

The nitrogen-doped graphene oxide (NGO) has successfully been produced utilizing a cheap, 

easy, and safe auto-combustion process using tabletop market quality sugar. Both GO and 

NGO are characterized and examined for their physical and electrochemical energy storage 

properties. The XRD patterns revealed that the GO has been effectively synthesized and 

doped with nitrogen. Raman spectrum measurement has demonstrated that NGO induces a 

shift in the D and G bands as a result of structural distortion caused by the differing bond 

lengths of C-C and C-N. The presence of two forms of N is confirmed by deconvoluted XPS 

spectra of N1s: pyridinic-N (N in 6-membered ring) and pyrrolic-N (N in 5-membered ring). 

Furthermore, surface analysis shows that the NGO has formed characteristic floral buds on 

the surface. Finally, heavily nitrogenated graphene oxide appears to be a suitable material for 

supercapacitor applications as confirmed here, NGOelectrode reveals a reasonable specific 

capacitance of 6.531 F g−1 and a superior cycling life of 1000 cycles with just 7.9% 
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performance loss, suggesting its usability as biomass-derived electrode materials in energy 

storage devices. 
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Abstract: - AgCl3,ZnCl2 and KCl added glycine single crystals have been grown in 1M%  proportion by slow solvent evaporation 

method .The powder XRD study confirms that the grown crystals doped with KCl and ZnCl2 have gamma glycine crystal structure 

and it crystallizes into a hexagonal structure with a non-centro symmetric space group of P31and glycine crystal doped with 

aluminium chloride belongs to monoclinic system The FTIR spectrum was recorded to identify the expected functional groups. 

Optical absorbance spectrum recorded in the wavelength range of UV-VIS revealed that this crystal has good optical transparency in 

the range 250-1100nm. 
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1.Introduction 

NLO crystals were used in optoelectronics, laser crystals, light modulation and optical storage etc. due to their second 

harmonic generation efficiencies and transparent in the visible and ultraviolet ranges. Amino acids crystals were famous 

organic materials shows NLO properties due to the fact that they have chiral symmetry and crystallize in non– centro 

symmetric space group[1] . Glycine (NH2-CH2-COOH) is a simplest amino acids and it exist in three forms of α, β and γ 

when reacts with inorganic salts .Some of the glycine compound exhibit ferroelectric and NLO properties[2].The growth 

of gamma glycine single crystals have been grown using additive such as potassium chloride with various concentration 

like 4g,12g,18g in 100ml of water [3] by slow evaporation method. Single crystals of gamma glycine were grown from 

aqueous solution of glycine and zinc chloride in 1:0.5 molar ratio[4].Some other gamma glycine crystals already reported 

doping with inorganic compound such as potassium fluoride[5],zinc sulphate, magnesium sulphate[6],lithium 

bromide,lithiumacetate,sodium chloride[7].Jyotsna R Pandey (2011) has reported that new organic GOA (glycine oxalic 

acid) crystals of appreciable sizes were grown from solution method in 2-3 weeks time. XRD studies revealed 

orhothrohmbic crystal structure. The cell parameters were dependent on the concentration of oxalic acid in the crystals. 

The UV visible studies showed wide transparency window between 188 nm to 700 nm suggesting the use of grown 

materials for non linear optical applications.Glycine Magnesium Chloride (GMC) single crystal was grown by Suresh 

Sahadevan et al. (2017) in slow evaporation technique was of good quality. From the single crystal XRD data obtained, it 

was proved that the crystals belong to hexagonal crystal system. The higher values of dielectric constant occurs at higher 

temperature.Narayan Bhat and Dharm (2002) were grown gamma glycine single crystals have been grown using additive 

such as with sodium nitrate various concentration T.Balkrishnan,K.Ramamurthi(2008) were studied that grown gamma 

glycine single crystals doped with zinc chloride in the 1:1 ratio by temp reduction method 

M. Esthaku Peter,P.Ramasamy(2010) were grown gamma glycine single crystals of triglycine  zinc chloride in 2:1 molar 

ratio by slow solvent evaporation technique 

.In the present work , gamma glycine crystal have been grown  by slow evaporation method by doping kcl,zncl2 with 

molar 1M%.Also doping of Agcl3 with molar 1M% for the growth of gamma glycine single crystal for the first time.the 

various characterization studies have been carried out and the results are discussed. 

 

2. Materials and Method 

2.1 Materials used 

 

 Glycine(C2H5NO2-amino acetic acid ).AR(99.5%),M.Wt:75.07g/mol, potassium chloride(kcl)M.Wt:74.555g/mol,zinc  

chloride(zncl2) M.Wt: 136.286g/mol, aluminium chloride(alcl3)M.Wt:133.33g/mol and distilled water were used for the 

crystal growth 

2.2 Slow evaporation crystal growth method. 

It is the low temperature solution growth technique. In this technique crystals can be grown from solution, if the solution is 

supersaturated i.e. It contains more solute than it can be equilibrium with the solid. The driving force that is the super 

saturation is carried out by solvent evaporation. This method is used to grow bulk crystal which possess high solubility and 

variation in solubility with temperature. 

The  saturated aqueous solution  of sample was prepared and stirrer continuously using magnetic stirrer. The solution is 

filtered two or three times. Then the solution is a transfer into a clean vessel. The vessel is placed in a constant temperature 

bath which are  controlled by microprocessor. The growth of samples by this method may take weeks or months to grow 

crystal. The non-toxic  solvent like water is taken mainly to evaporation into the atmosphere. The Crystal growth condition 
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take temperature stabilization to about ±0.0050c.The deficiency of temperature control system have more effect on crystal 

growth rate. The size of Crystal produced is small in this technique [8]. Experimental setup as shown in Fig.1. 

 

                               

                a                                                                                           b                        

Fig.1 Experimental setup(both a&b) 

 

 Gamma glycine was synthesized by mixing saturated  glycine solution with doping of dopants with 1M% of KCL,1M% of 

zncl2 and 1M% of alcl3 in the different vessel and distilled water taken as solvent. The solution was stirred well for about 

2 hour at room temperature and saturated solution was filtered with what man filter paper in clean vessel. The vessel where 

covered with perforated polythene sheet and kept in the constant temperature bath 350c the solution was allowed for slow 

evaporation and grown crystal obtained within 35 days as shown in Fig.2.                                                                                                                           

 

 

  

 

 

 

 

 

Fig.2: (a) zncl2 doped glycine (b) kcl doped glycine (c) alcl3 doped glycine 

 

3.Results and discussion 

3.1 X-ray diffraction analysis 

 

The diffraction pattern of a sample get into peak position and intensities. The position of the lines are shows spacing 

between planes in the lattice and the intensities depends on the atoms position on particulars sites.In the present work 

Powder x-ray diffraction analysis of the grownγ-glycine and α-glycine has been carried out using Lynx Eye X-ray 

diffractometer with Kα radiation(λ=1.54060)at room temp 250C for structural analysis of the crystal. 

Finely crushed powder of the grown crystal was used for the analysis.The Powder sample was stand over the range 10 - 

800 .The intensity of the diffracted beam was recorded as the function of 2Ѳ and the peaks were indexed which are agree 

with the literature report [9][8].The observed  values are in good agreement with data in JCPDS Card NO:06-0230 for 

gamma glycine and JCPDS CARD NO:32-1702 for alpha glycine. 

 Glycine crystal doped with aluminium chloride belongs to monoclinic system and gamma glycine doped with zinc 

chloride and potassium chloride belongs to hexagonal crystal system as given in Table1. 

                        (a)                     (b)                    (c) 
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Table  1 

Crystal 

parameter 

Gamma 

glycine 

doped with 

zncl2 

Gamma 

glycine 

doped with 

kcl 

Gamma glycine 

doped with alcl3 

Polymorph 

structure 

γ γ α 

structure hexagonal hexagonal monoclinic 

Lattice 

parameter 

a=7.0454Å 

b=7.0454Å 

c=5.4901 

Å 

α=900 

β=900 

γ=1200 

a=7.0409Å 

b=7.0409Å 

c=5.49881 

Å 

α=900 

β=900 

γ=1200 

a=5.3405Å 

b=11.801Å 

c=5.1281 Å 

β=111.720 

 

The index XRD pattern for the grown crystal are shown in Fig.3.Appearance of  sharp and strong peaks confirms the good 

crystallinity of the grown sample .The characteristics peak at 2Ѳ =25.278 for kcl doped glycine and prominent planes 

are(110),(101),(210),(102).The characteristics peak at 2Ѳ =25.261 for zncl2 doped glycine and prominent planes 

are(110),(101),(210),(102),(200).The characteristics peak at 2Ѳ =29.666 for alcl3 doped glycine and prominent planes 

are(040),(021),(-110),(044). 
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Fig.3 Powder XRD pattern of glycine single crystal 

3.2 FTIR studies 

The recorded FTIR spectra of powdered doped glycine is  shown in Fig.4.The observed functional groups of grown α and γ 

glycine single crystal are well agree with reported result [9],[3],[5],[6].From the report of α –glycine doped Alcl3 ,it is 

observed that ,the functional group 503,607,697 cm-1 are corresponding to the carboxylic groups, while 1504 

corresponding to the NH3
+ group. 

In the FTIR spectra of γ-glycine doped zncl2, the functional group 503,607,695 cm-1 are corresponding to the carboxylic 

groups, while 1497 cm-1 corresponding to the NH3
+ group. The observed at 1043 cm-1and 889 cm-1 are corresponding to C-

C-N Asymmetric  stretching vibration C-C-N symmetric  stretching vibration in the FTIR spectra of γ-glycine doped KCl. 

The observed frequencies and their assignment of the glycine single crystal are shown in table 2. 

Table 2 . FTIR Analysis  
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Fig. 4. FTIR Analysis of glycine single crystal 

Alcl3 

doped 

glycine 

(α-

glycine)cm-

1 

Zncl2 

doped 

glycine 

(γ-

glycine) 

cm-1 

Kcl 

doped 

glycine 

(γ-

glycine) 

cm-1 

Band assignment 

 

 

 

    

    

3169 3106 3105 NH3
+ asymmetric  stretching vibration 

2612 2603 2601 NH3
+   stretching vibration 

2123 2169 2169 Combinational bond 

1611 1595 1575 asymmetric  CO2 stretching vibration 

1504 1497 1495 NH3
+ 

1411 1391 1390 COO- Symmetric stretching vibration 

1332 1334 1334 CH2 twisting 

1111 1126 1127 NH3
+ Rocking 

1033 1042 1043 CCN Asymmetric  stretching vibration 

910 929 929 CH2 Rocking 

891 889 889 CCN symmetric  stretching vibration 

697 685 686 COO- Bending 

607 607 603 COO- wagging 

503 503 502 COO- rocking 
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3.3  UV-Visible spectrum Analysis 

 The recorded UV-Vis NIR transmission spectrum of grown crystal as  shown Fig.5 . The spectral where recorded in the 

range of 200-1100 nm. From spectrum it is notice that, crystal has lower cut off wavelength at 300 nm and there is no 

significant absorption observed in the entire region of the spectrum .The crystal is transparent in the entire visible region. 

It  suggest that crystal is suitable for frequency doubling process. 

 

 

Fig. 5. UV spectra of glycine single crystal 

4.Conclusion 

 We have grown gamma  glycine  single crystal with doping of zncl2, kcl and alcl3 with 1M% concentration by slow 

evaporation method. From Powder XRD analysis, aluminium chloride doped glycine crystallize in monoclinic system and 

Kcl,Zncl2 crystallize in  hexagonal system .The appearance of sharp and strong peak confirm the good crystallinity of the 

grown crystal.  

 FTIR analysis confirm the presence of various functional group. From UV analysis, it is notice that, The lower cutoff 

frequency at 300nm and transmitters range 300-900nm.The absence of absorption of light in the visible region is the 

important property of amino acids. 
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Synthesis of Alpha Alumina        

(α-Al2O3 ) nanoparticles by 

solution combustion method. 

  

Abstract: - In this study, Aluminium Nitrate Nonahydrate Al(NO3)3.9H2O and Urea 

NH2CONH2 were used as raw materials to synthesize Alpha Alumina (α- Al2O3 ) 

nanoparticles by solution combustion method.The synthetic process and properties of 

nano-powder (α- Al2O3 ) was studied by X-ray diffraction, Scanning Electron 

Microscopy and Transmission Electron Microscopy. The product was sphere-shaped 

particle with good dispersity. 

Keywords - (α- Al2O3 ) , Solution Combustion method., XRD , SEM , TEM 
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INTRODUCTION 

  

Metal oxide nanoparticles have found many uses in engineering, medicine and materials.[1-8]Alumina 

(Al2O3) has been used in different applications because of its various importance and beneficial properties. 

The chemical compound of alumina composed of  aluminum and oxygen and most widely used ceramic 

materials among others ceramic material such as aluminum nitride, zirconia,silicon carbide, etc. Various 

 applications that used alumina are as a biomedical implants, catalyst support and absorbents,fire 

retardants, polymer matrix composite,insulator and in clinical field, electronic fields, etc. [9]. Nowadays, 

metal oxide nanoparticles have found many uses in engineering ,medicine and materials.Al2O3 

nanoparticlesare used for a wide range of adsorbent and catalyst applications including the adsorption of 

catalysts in polyethylene production, in hydrogen peroxide production, as a selective adsorbent for many 

chemicals including arsenic, fluoride, in sulfur removal from gas streams. The oxides of aluminium 

materials are widely used in ceramics, refractories and abrasives due to their hardness, chemical inertness, 

high melting point, non-volatility and resistance to oxidation and corrosion.[10] 

Alumina can be synthesized into different phases including alpha, beta, gamma, and  delta.All of these 

phases can be attained at different temperature during synthesizing of alumina.Each phase have its own 

features which are different for application used. However, among  these phases the alpha alumina is most 

stable structure and popular among researchers due to its superior properties such as high hardness, high 

stability, high insulation and transparency.[11] 

 

EXPERIMENTAL DETAILS / ANALYSIS 

 
Every chemcial used was of analytical grade. 

 
A certain amount of Aluminium Nitrate (98%) Non Hydrate [Al(NO3)3.9H2O] was dissolved in 20ml 

distilled water . Then about 6 g (6.00399g) of urea [ NH2CONH2 ] was added and the solution was stirred 

using a magnetic stirrer for one hour. Then the solution was combusted at 600o C for 3 minutes in preheated 

furnace. A solid in foam form was obtained. The solid was then crushed to obtained a fine powder. 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

Al(NO3)3.9H2O was taken as precursor 
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X-ray Diffractometry (XRD) Analysis 

 

 

                 X-ray Diffractometry (XRD) Analysis 

 

 Fig 1 shows XRD pattern of synthesized nano-powder after combustion. The peaks were observed 

at 25.656o , 35.236o, 37.857o, 43.436o, 52.613o, 57.5644o, 66.592o and 68.276o . The crystalline size 

calculated according to debye scherrer formula was found out to be 28.22365039 nm. 

It can be seen that the XRD data is agreeable with the standard diffraction chart of α- Al2O3  in 

JCPDS 00-001-1296 , indicating the α- Al2O3 phase has good crystalline structure but some impuritites 

were observed. 

 

Fig 1 - XRD pattern of synthesized α- Al2O3 nano-powder after combustion. 

SEM and TEM Analysis 

SEM study is carried out to observe the overall surface morphology and crystallite sizes of the prepared 

nanomaterials.  From the SEM images are observed under 10 micrometer resolutions which shows the foam 

like surface morphology as  shown in figure ..... In the depicted images of Al2O3 nanomaterials, it can be 

clearly seen that the  crystallite sizes may vary from a 10 μm to few microns range if we magnify further. 

The crystallites look like having a sharp surface edge as well as crystalline grains and the particles foam‐like 

morphology can be formed from highly agglomerated crystallites.Also, it is confirmed that the crystallite 

sizes are nearly equal for all sample. 

6g of NH2CONH2 was added 

Dissolved in 20ml distilled water 

Combustion at 600oC for 3 minutes 

α- Al2O3 powder 

Magnetic Stirring 
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TEM analysis was carried out to confirm the actual size of the particles, their growth pattern and the 

distribution of the crystallites.Figure 3 shows the as synthesized TEM image of sphere-like shaped of α-

Al2O3 nanoparticles. The alumina nanoparticles were formed with size in the range of 20-35 nm 

 

Fig 2 - SEM images of the as-prepared 

α-Al2O3 nanoparticles. 

 

            

Fig 3 - TEM images of the as-prepared α-Al2O3 nanoparticles.  

 

Conclusion- It was concluded that urea served not only as a fuel for the process running but also as a 

“catalyst” for the formation of alpha alumina from alumina nitrate.The use of Urea as a accelerating fuel to 

form chelants leads to formation of fine α-Al2O3 nanoparticles. The powder was nanocrystalline in nature 

with average crystallite size of about 28 nm as confirmed by XRD  
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Comparative Study of primary and 
secondary alcohols in a common 

solvent Nitrobenzene using Ultrasonic 
Pulse-echo technique 

 

Abstract: - This work focuses on studying the Liquid mixtures to identify their nature and 
behavior. Variations are studied on the basis of different physical parameters using ultrasonic 
characterization techniques. This work depicts the study of the binary mixture of ethanol and 
iso-propanol in a common solvent where the nitrobenzene for the temperature range is 10C-
100C. The temperature stabilizer -Julabo F32 is noted with an accuracy of ±0.1ºC. Ultrasonic 
attenuation and velocity are studied in both the mixtures. Both the alcohols have been 
witnessed to have the similar nature of the curves with a sharp change in the values of critical 
molar concentrations and critical temperatures. 

Keywords: Ultrasonic pulse echo technique, ultrasonic velocity of propagation, ultrasonic 
absorption, critical mixture 

 

I. INTRODUCTION 

The Liquids or liquid mixtures are of a meticulous importance as dynamic processes occur near their 

critical points. Further, they possess a sharp phase transition near their critical temperature. Propagation of 

ultrasonic wave through the liquid or liquid mixture introduces thermal agitations in it. This perturbs the 

system and a relaxation phenomenon is encountered. Further, Absorption in liquids is result of the combined 

effects of viscosity and conduction of heat. Absorption due to structural relaxation shows significant 

velocity dispersion over the relaxation region. The measurement of thermodynamic parameters is possible 

using ultrasonic relaxation for which stoichiometric nature of perturbed equilibrium is to be studied. This 

study is generally executed using systematic variations in chemical composition. Many researchers have 

studied different alcohols and their mixtures in different solvents [1-11]. Perturbation in the chemical 

combination of the mixtures provides variations in the values of ultrasonic attenuation.  

        In the given study, nitrobenzene is a common solvent for ethanol and iso-propanol. Both alcohols 

have varied molecular combinations where Ethanol is a primary alcohol and iso-propanol is the secondary.  
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The measurements are done using pulse echo technique with Transducer of 10 MHz frequency. The 

temperature stabilization is done with the usage of Julabo Thermostat with an accuracy of ±0.10 C. The 

variations of attenuation and velocity show that the critical temperature and concentration values are 

different for both the alcohols which prove to be the basis for comparison. 

 
 

II. EXPERIMENTAL 

A. Materials 

Ethanol and isopropyl alcohol and nitrobenzene used are of AR grade. The mixtures are prepared without 

further filtration or distillation of the sample.  

The cell is specially designed to measure ultrasonic velocity and attenuation in liquid mixtures with 

utmost accuracy. It has a variable path length which can be changed as we move the transducer probe up and 

down. It is made up of stainless steel with grooves to avoid internal reflections, corrosion, and non-reactivity 

with the sample under study. Sample holder is a two layered cylinder where the outer cylinder is used to 

circulate water from the thermostat to maintain temperature stability and the inner cylinder is used to hold a 

sample. 

Pulse echo is one of the best techniques to study the liquid samples. This has several benefits, which 

includes its feature to send a short train of sound waves through the medium to the receiver where a acoustic 

energy passes through the medium of liquid mixture for only a short time avoiding local heating of the 

sample. In the present work, in-house designed pulse echo set-up is used with 10MHzfrequency [12]. 

Kalman Filter is used in this system which helps the system to extract signals from the noise.  

 
 

 

 

 

 

 

 

 

         Figure 1. Schematic diagram for experimental set-up 
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B. Method 

This method starts with the process of the cell being rinsed with the sample three times. The sample is 

then carefully poured in a cell or a sample holder to avoid the formation of any air bubble. This step is 

followed by switching on the thermostat and the sample is left for uniform circulation of water through the 

sample holder. The temperature of the sample is initially raised to the desired value, and then readings are 

noted down in a decreasing fashion to minimize the hysteresis. Figure 1 represents experimental set-up. 

Ultrasonic velocity and attenuation are calculated by noting the time of flight and amplitudes of respective 

echoes. The measurement for time of flight using echo pattern is as shown in figure 2 and measurement for 

attenuation is as shown in figure 3.  

 

Figure 2. Echo 
Pattern on a 

digital 

oscilloscope to 
measure               

Figure 3. Echo 

Pattern on a 
digital 

oscilloscope to 

measure amplitude 
time of flight  
 

 

 

 

C. RESULTS AND DISCUSSION 

 

 

 

 

 

 

 

 

 

 

Figure 4. Variation of attenuation with respect to concentration for mixtures ethanol and iso-propyl alcohol in nitrobenzene 
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Figure 5. Variation of attenuation with respect to temperature for mixtures of ethanol and iso-propyl alcohol in nitrobenzene 

Ultrasonic attenuation measurement is a tool for studying variations in molecular structure in a sample. 

Temperature is a major factor in the structural relaxation that occurs in many samples. Romanov proposed a 

concentration fluctuation model that explains the effect of concentration on the physical properties of 

mixtures. Researchers [13-18] have studied the variation of attenuation for temperature and concentration.  

Figure 4 represents the changes in attenuation for the variations in its concentration. As we continue to add 

ethanol or isopropyl alcohol to the nitrobenzene, the attenuation initially increases, reaches a maximum, and 

gradually decreases. This is a mixture of associated and non-associated liquids, where hydrogen bonding is a 

factor in the attenuation of ultrasound [19-20]. Dispersion of ultrasonic waves is observed due to relaxation 

phenomenon. The graph shows that the attenuation is on the higher side for isopropyl alcohol with respect to 

concentration. Ethanol, being a primary alcohol, has a lower charge, showing attenuation at lower 

temperatures and lower concentrations. On the other hand, iso-propyl alcohol is a secondary alcohol and 

tightly bonds atoms with the OH functional group on the second carbon atom. Thus, structural relaxation is 

dominant in the isopropyl blend. The interaction between the open-ended O-H group in ethanol with 

nitrobenzene is a dipole-dipole interaction, while the interaction with iso-propyl alcohol having an O-H 

bond on the second carbon atom induces a dipole-dipole interaction. Ethanol, being a primary alcohol, has 

an attenuation peak at a lower temperature compared to the attenuation experienced by isopropyl alcohol as 

shown in figure 5. Temperature changes show that smaller packing fractions and functional group relaxation 

at free carbon, led to a decrease in temperature [21-22]. 

 

 

 

 

 

 

 

 

 

 
 

Figure 6. Variation of velocity with respect to concentration for mixtures of ethanol and iso-propyl alcohol in nitrobenzene 
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Figure 7. Variation of velocity with respect to temperature for mixtures of ethanol and iso-propyl alcohol in nitrobenzene 

 

Ultrasonic velocity measurement is used to study the effect of intermolecular forces in a mixture. Ethanol 

is with the functional group at first carbon. Isopropyl alcohol has it on the second carbon atom in the chain 

that alters the reactivity of the material. The influence of temperature and concentration on the speed of 

ultrasound is monitored. The ultrasonic speed of nitrobenzene is highest in its pure form. The velocity of the 

mixture lowers with rising concentrations of the individual alcohols as shown in Figure 6. The polar nature 

of the alcohols and the hydroxyl group exhibiting a self-associative nature are responsible for such 

variations. Isopropyl alcohol has a lower density [9]. Dipole-induced interactions can be witnessed on 

mixing of associated and non-associated liquids. The changes in temperature are observed in Figure 7. A 

decrease in ultrasound velocity is observed as the increase in temperature weakens the molecular forces. A 

strong dipole-dipole interaction between hydrogen, oxygen, or nitrogen is generally called a hydrogen bond. 

Due to larger partial positive charge on the hydrogen atom and the large partial negative charge on the 

oxygen or nitrogen atom, there is a large difference in electronegativity. In the primary alcohol, 

electronegative oxygen atom will exhibit a dipole-dipole interaction, while when the secondary alcohol 

molecules interact with the nitrobenzene, it exhibits an induced dipole force. As the temperature increases, 

these forces weaken [15]. 

 

 

 

D. CONCLUSION 

  A comparative study is done for primary and secondary alcohol using ethanol as primary and isopropyl 

alcohol as secondary alcohol. Following are the conclusions after studying the samples. The first factor 

to focus on is the position of the OH group present in ethanol and isopropyl alcohol. This factor affects 

the chemical reaction taking place between the solute and the solvent. With increasing concentration of 

alcohols in nitrobenzene the interaction between the OH functional group and nitrogen in nitrobenzene 
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is due to the large variance in the electro negativity of hydrogen and nitrogen. Complexes are formed in 

both mixtures as follows [23]. 

 

                                                          A+ B ⇌AB+B⇌AB2+B⇌AB3+B⇌AB4 

                                                          A+ B ⇌AB+A ⇌A2B+A⇌A3B+A⇌A4B 

 

         This complete discussion is in the light of Fixman's approach of concentration fluctuation [24-25]. The 

dependency of absorption on temperature and concentration influences the behaviour of mixtures. Different 

critical temperatures and concentration values provide a good comparison between the two alcohols. 
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Abstract: - The Electrocardiogram (ECG) is a valuable tool for diagnosing cardiac arrhythmias without invasive procedures. This 

study utilizes an arrhythmia detection system to analyze scanned ECG paper images, distinguishing between normal and arrhythmic 

patterns. Artificial Neural Networks (ANN) serve as the backbone of this system, with various models trained separately using 
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I.  INTRODUCTION  

The Electrocardiogram (ECG) signal reflects the heart's electrical activity and offers crucial insights 

into heart-related diseases. This research aims to analyze and detect arrhythmias using Neural Network 

classifiers. The process involves digitizing ECG images, detecting QRS complexes in the signal, 

extracting features from these complexes, and finally, classifying them using Neural Networks. 

Artificial Neural Networks (ANN) have become popular for arrhythmia detection, with the back 

propagation neural network (BPNN) being a favored model trained using a back propagation algorithm. 

Different ANN models mimic the behavior of neurons in the human brain, making them suitable for 

arrhythmia detection. Researchers have employed various ANN models with different performance 

metrics, highlighting the need to identify the most effective model for arrhythmia detection. 

This work aims to develop an arrhythmia detection system utilizing different ANN models, 

including feedforward neural networks, cascade neural networks, pattern net neural networks, and 

recurrent neural networks. The paper is structured into sections: background, details about Artificial 

Neural Networks, detection and classification of arrhythmias from scanned ECG paper records images, 

results and decision, and conclusion. 

II. BACKGROUND 

Several recent studies in the field of arrhythmia detection and analysis are summarized here. Dallali 

et al. [2] conducted an analytical investigation of ECG signals to identify uncommon heart rhythms, 

employing time-frequency filters to reduce noise. Kutlu et al. [3] proposed a system for arrhythmia 

detection based on morphological features and utilized a wrapper feature selection algorithm. Fatin A 

Flhaj et al. [4] analyzed five types of beat classes of arrhythmia using principal component analysis of 

DWT coefficients, achieving high accuracy with SVM and neural network methods. 

Manu Thomos et al. [5] introduced a computer-aided diagnosis system for cardiac diseases utilizing 

DTCWT technique and a multi-layer backpropagation neural network for classification. Hongqiung Li 

et al. [6] implemented feature extraction and classification of ECG signals using GA-BPNN and WPD. 

Andrew Y. Ng et al. [7] proposed a convolutional neural network algorithm for detecting various 

arrhythmias from ECG signals. 

Latha Parthiban et al. [8] suggested a Coactive NeuroFuzzy Inference System for arrhythmia 

prediction, combining genetic algorithm, neural networks, and fuzzy logic. Maedeh Kiani Sarkalehm et 

al. [9] utilized DWT transform for feature extraction and MLP for classification. Mohd. Khalid Awang 

et al. [10] developed a Heart Disease Management Information System integrated with a neural network 

simulator. Ali Sadr et al. [11] compared Multi-layer Perceptron and Radial Basis Function for ECG 

signal classification. 

Mehmet Engin et al. [12] proposed a fuzzy-hybrid neural network for ECG signal classification. 

Yuksel Ozbay et al. [13] used Artificial Neural Networks to classify ten different arrhythmias, achieving 

96% accuracy with backpropagation. V. S. Chauhan et al. [14] introduced a modified slope of the ECG 

signal as a new feature for feature extraction and classification. 

III. ARTIFICIAL NEURAL NETWORK 

Artificial Neural Networks (ANNs) are data processing mathematical models composed of units known 

as nodes or neurons, organized into layers. These layers include an input layer, one or more hidden 

layers, and an output layer. The neurons in these layers are interconnected through weights and biases. 

The input layer receives the initial data, and each subsequent layer is connected to the one before it. The 

output layer generates the final result of the ANN. Training an ANN can be accomplished using the 

Back Propagation algorithm, which involves the following equations. 

 

Uk(t) = Σ (n, j=1) wjk(t) * xj(t) + bk(t)  (1) 

Yk(t) = φ(Uk(t))  (2) 

Where: 

• wjk(t): Weight assigned by neuron k to input j at time t 

• xj(t): Input value of j at time-step t 
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• bk(t): The bias of k-neuron at time t 

• φ: Nonlinear activation function 

• yk(t): Output from neuron k at time t 

The target output Tk is compared with the output Yk using the error function given by Equation 3: 

δk = (Tk - yk) yk (1 - yk)  (3) 

For neurons in the hidden layer, the error is given by Equation 4: 

δk = yk (1 - yk) Σ (δk * wk)  (4) 

Where: 

• δk: Error term of the output layer 

• wk: The weight between the output and hidden layers 

The error from the output layer is fed back to the input layer for updating the weights of each 

connection as follows: 

wjk(t+1) = wjk(t) + ηδk yk + α(wjk(t) - wjk(t-1))  (5) 

Where: 

• η: Learning rate 

• α: Momentum variable 

Cascade-forward networks are similar to feed-forward networks, but they include connections from the 

input and every previous layer to subsequent layers. Layer recurrent neural networks are also similar to 

feed-forward networks, except that each layer has a recurrent connection with an associated tap delay. 

PatternNet is a feed-forward network used for pattern recognition problems and can be trained to 

classify inputs according to target classes. 

The difference between the desired output and the actual output is given by the mean square error 

(MSE), a performance function that needs to be minimized during ANN training. 

In this research paper, four ANN training algorithms were used to train four models separately to 

identify the best one for arrhythmia recognition: 

• Bayesian Regularization algorithm (TRAINBR) 

• Levenberg-Marquardt algorithm (TRAINLM) 

• Resilient Back Propagation (TRAINRP) 

• Scaled Conjugate Gradient Back Propagation (TRAINSCG) 

 

 

IV. DETECTION AND CLASSIFICATION OF ARRHYTHMIAS FROM SCANNED ECG IMAGES 

  The proposed algorithms were tested on 32 images from a normal patient and 32 images from 

patients with arrhythmias. These ECG images were pre-processed and digitized using Dijkstra's shortest 

path algorithm, as illustrated in Figure 4. Harris Corner features were utilized for the detection and 

classification of arrhythmias from the digitized ECG signals using a Neural Network. 

In this study, different ANN models were used separately for arrhythmia detection. Each of these 

models was constructed individually, consisting of input layers, various hidden layers, and output layers. 

The ECG paper recordings needed to be scanned. Figure 2 shows an example of a scanned ECG paper 

recording. 
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Fig 2: Scanned ECG Document 

 

The first step is carried out to select and crop one of the 12-lead ECG signals as shown in the 

figure 3         for cropping III lead 

 

Fig 3: Cropped ECG Image. 

 

 
Fig 4: ECG curve plot on the original ECG image. 

 

 

V. RESULTS AND DISCUSSIONS 

MATLAB was utilized to develop the simulation programs for four models: feedforward, cascade-

forward, Patternnet, and layrecnet. The performance of these ANN models for arrhythmia detection was 

evaluated based on accuracy and execution time. The evaluation considered varying the number of 

hidden layers (5, 10, 15, 20, 25) and different neural network architectures for each number of hidden 

layers, as shown in Table I. The training function considered here is ‘trainlm’ and performance function 

for neural network is ‘MSE’. 
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  Table I Performance of Neural Network for various numbers of hidden layers 

Accuracy 

Number of Hidden 
Layers 

 
5 

 
10 

 
15 

 
20 

 
25 

FeedForward Neural 
Network 

73.437 
5 78.125 

51.562 
5 87.5 87.5 

Patternnet 87.5 87.5 87.5 73.4375 87.5 

CascadedForwardNet 81.25 87.5 75 65.625 75 

 
LayrecNet 

85.714 
3 85.7143 

85.714 
3 85.7143 

85.714 
3 

Execution Time 

Number of Hidden 
Layers 

 
5 

 
10 

 
15 

 
20 

 
25 

Feedforward Neural 
Network 2.0562 3.4534 

25.250 
5 48.0734 

92.965 
2 

 
Patternnet 

3.7723 8.2157 
31.447 

3 38.4494 
70.984 

6 

 
CascadedForwardNet 

2.946 8.5766 
43.627 

3 
59.3516 

99.431 
9 

LayrecNet 4.3282 1.831 1.9357 2.8307 3.9387 

                   

        Table II Performance of ‘LayrecNet’ Neural Networks for Different Training Functions 

 

 

                       

 

 

 

 

 

 

 

 

 

 

 

  The table II shows that for LayrecNet the accuracy of all training functions is best. The execution 

time of ‘trainrp’ is  less (average2.97). Hence considering the execution time and accuracy together, it’ 

s been concluded that the ‘trainrp’ is the best for arrhythmias detection.As concluded from the above 

results, LayrecNet networks with ‘trainrp’ function performs better for arrhythmia detection from 

actual time scanned ECG image data. Here we have compared the performance of LayrecNet neural 

networks using different neural network performance functions including ‘MSE’,’SSE’,’SAE’,and 

‘MAE’. 

Table III depicts the performance of LayrecNet neural networks with ‘trairp’ function for types of   

arrhythmias detection. 

 

Table III Performance of LayrecNet Neural Networks for different Performance Functions 

 

 

Accuracy 

Number of 

Hidden 

Layers 

 

 
5 

 

 
10 

 

 
15 

 

 
20 

 

 
25 

Trainlm 87.5 50 87.5 87.5 87.5 

Trainbr 87.5 87.5 87.5 87.5 87.5 

Trainscg 87.5 84.375 87.5 84.375 87.5 

Trainrp 87.5 85.9375 87.5 85.9375 87.5 

Execution Time 

Number of 

Hidden 
Layers 

 

 
5 

 

 
10 

 

 
15 

 

 
20 

 

 
25 

Trainlm 133.5743 37.5393 16.7896 63.897 212.8488 

 
Trainbr 

1.55E+0 
3 

1.61E+0 
3 

1.66E+0 
3 

1.74E+0 
3 

5.41E+0 
3 

Trainscg 89.7128 9.837 15.0933 3.4528 3.1374 

Trainrp 4.3282 1.831 1.9357 2.8307 3.9387 
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The overall accuracy and execution time of ‘MSE’ is best for arrhythmias detection with LayreCNet 

neural networks. 

 

VI. CONCLUSIONS 

In this study, neural network classification was employed to classify scanned ECG images. Various 

neural network models were assessed based on accuracy, execution time, and different performance 

metrics, including MSE, SSE, SAE, and MAE. For the scanned ECG images, a layered neural network 

using the 'trainrp' training function and 'MSE' as the performance metric proved to be the most 

effective. Future work will focus on investigating additional types of arrhythmias and reducing the 

time and storage requirements for the ECG image database. 
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SAE 87.5 89.0625 92.1875 87.5 81.25 
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Abstract: - Traditional diagnostic methods faces limitations in discerning between different viral strains promptly. This research 

focuses on advancing the state-of-the-art in COVID-19 variant detection by harnessing the power of X-ray imaging and deep 

learning, implemented using MATLAB as the development environment. The utilization of neural networks, a subset of deep 

learning models, offers a promising avenue for automating the identification of Omicron and Delta variants based on radiological 

patterns captured in CT scan images. This Research paper focuses on designing a MATLAB GUI for COVID detection & tagging 

the results using Neuro Solution Software. 

Keywords: COVID, X-Ray Images, CT Scan Images,MATLAB, Neuro Solution Software. 

 

I. INTRODUCTION  

 

Radiographs such as X-rays and computed tomography (CT) scans are cost-effective and widely available at public 

health facilities, hospital emergency rooms (ERs), and even at rural clinics, they could be used for rapid detection of 

possible COVID-19-induced lung infections. Therefore, toward automating the COVID-19 detection,we propose a 

viable and efficient deep learning-based chest radiograph framework to analyse COVID-19 cases with accuracy.A 

unique dataset is prepared from available sources containing the chest view of CT scan & X-ray data for COVID-19 

cases. Our Designed framework leverages a data augmentation of radiograph images algorithm for the COVID-19 

data, by adaptively employing the MATLAB and NeuroSolution on COVID-19 infected chest images to generate a 

train a robust model. 
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IV. TOOLS USED 

A.  MATLAB 

MATLAB is a software package for mathematical calculations

MATLAB is a programming language developed by MathWorks. Image processing in MATLAB provides technique to convert 

an image into digital format and perform operations on it to get an enhanced image or extract some useful information from it. 

Changes that take place in images are usually performed automatically and rely on carefully designed algorithm. Image processing 

is a multidisciplinary field, with contributions from different branches of science including mathematics, physics, optical and 

electrical engineering. Moreover, it overlaps with other areas such as pattern recognition, machine learning, artificial 

intelligence and human vision research.  

 

B.  NeuroSolutions (Neural Network Software) 

NeuroSolutions is an easy-to-use neural network software package for Windows. It combines a modular, icon-based 

network design interface with an implementation of advanced artificial intelligence and learning algorithms using intuitive 

wizards or an easy-touse Excel interface. Perform sales forecasting, sports predictions, medical classification, and much more with 

NeuroSolutions. NeuroSolutions  helps to Analyze and preprocess data from SQL Server, Excel, or text files into relevant 

information to create highly accurate predictive neural network models. NeuroSolutions  is capable to Automatically mine your 

data for hidden relationships on small or large data sets using advanced neural networks and artificial intelligence.It has the 

Harness the massive processing power of graphics cards and distributed processing on a single machine or thousands & also 

Quickly deploy your neural network solutions for Windows or All Platforms applications. 

 

 

V. SIMULATING RESULTS 

A. MATLAB GUI for Medical Image Classification: Functionality Overview 

The MATLAB Graphical User Interface (GUI) designed to classify medical images into categories such as COVID-19, normal 

(healthy), and pneumonia. The GUI incorporates eight buttons, each dedicated to a specific function: selecting COVID-19 images, 

selecting normal images, selecting pneumonia images, training an Artificial Neural Network (ANN), testing X-ray images, 

classifying images, testing CT images, and classifying COVID-19 variants. The GUI serves as a user-friendly platform to 

streamline the process of medical image analysis and classification. 

 
Button 1: Selection of COVID-19 Images 

The first button in the GUI is designated for the selection of COVID-19 images. When this button is pressed, it opens a file 

selection dialog that allows the user to choose multiple images from their file system. These images are stored in a global variable 

for subsequent use in training the ANN. The selection process involves using the uigetfile function with the 'MultiSelect' option 

enabled, which facilitates the selection of multiple image files at once. This functionality is critical for gathering the necessary 

dataset to train the classification model. 

Button 2: Selection of Normal Images 

The second button functions similarly to the first but is used for selecting images of normal (healthy) lungs. Upon pressing this 

button, a file selection dialog appears, enabling the user to select multiple normal images. These images are also stored in a global 
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variable. This step ensures that the dataset includes a balanced representation of normal images, which is essential for accurate 

model training and evaluation. 

Button 3: Selection of Pneumonia Images 

The third button is dedicated to selecting pneumonia images. This button, like the previous two, triggers a file selection dialog for 

choosing multiple images indicative of pneumonia. These images are stored in a global variable, completing the dataset needed for 

training the ANN. Having a comprehensive and diverse dataset is crucial for the model to learn distinguishing features across 

different classes effectively. 

Button 4: ANN Training 

The fourth button is for training the Artificial Neural Network (ANN). Before initiating the training process, the GUI checks 

whether images have been selected for all three categories: COVID-19, normal, and pneumonia. If any category is missing, an 

error dialog prompts the user to complete the selection. Once the image datasets are confirmed, the training process begins. This 

involves loading and preprocessing the images, such as resizing and normalization, followed by feeding them into the ANN for 

training. The training function includes defining the network architecture, configuring training parameters, and iterating through 

the dataset to optimize the network weights. Upon completion, the trained model is stored in a global variable for future 

classification tasks. 

Button 5: X-ray Image Test 

The fifth button allows users to test individual X-ray images. When this button is pressed, a file selection dialog opens for the user 

to select a single X-ray image. The selected image undergoes preprocessing steps, such as resizing and normalization, to ensure it 

matches the input format expected by the ANN. The preprocessed image is then fed into the trained ANN, which outputs a 

classification result indicating whether the image is classified as COVID-19, normal, or pneumonia. The result is displayed to the 

user, providing immediate feedback on the classification. 

Button 6: Classify Images 

The sixth button is used for classifying images using the trained ANN. This button can be used after the ANN has been trained. It 

allows the user to classify a batch of images or a single image selected from their file system. The selected images are 

preprocessed similarly to the training data before being passed through the ANN for classification. The classification results are 

then displayed, showing the predicted category for each image. This functionality is essential for validating the ANN's 

performance on new, unseen data and for practical diagnostic purposes. 

Button 7: CT Image Test 

The seventh button is designated for testing CT images. Similar to the X-ray image test, this button opens a file selection dialog 

for the user to choose a CT image. The selected CT image undergoes the same preprocessing steps as X-ray images to ensure 

compatibility with the ANN input requirements. The preprocessed image is then classified by the ANN, and the result is 

displayed. This functionality extends the application of the GUI to different types of medical imaging modalities, enhancing its 

versatility. 

Button 8: Classify COVID-19 Variant 

The eighth and final button in the GUI is for classifying COVID-19 variants. This functionality is particularly relevant in the 

context of identifying different strains of the COVID-19 virus from medical images. When this button is pressed, the user selects 

an image suspected of containing a COVID-19 variant. The image is preprocessed and then analyzed by the ANN, which has been 

trained to differentiate between various COVID-19 strains. The classification result, indicating the specific variant, is displayed to 

the user. This advanced functionality aids in the detailed analysis and tracking of COVID-19 mutations. 

MATLAB GUI, though simple with a single button for selecting a folder containing COVID-19 images, plays a crucial 

role in streamlining the workflow for medical image analysis. By enabling users to efficiently select and load a bulk set of images, 

it sets the stage for subsequent image processing tasks. This functionality is particularly valuable in medical research and 

diagnostics, where handling large datasets is common. The clear and intuitive design of the GUI ensures that users can quickly 

and accurately select the necessary image data, thereby enhancing the efficiency and effectiveness of their analytical workflows. 
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B. MATLAB GUI for ANN Training with Normal, COVID-19, and Pneumonia Images: Functionality Overview 

   
MATLAB GUI, with its interface, provides a robust and user-friendly platform for selecting and processing 

image datasets needed for training an ANN. By enabling users to select images of normal lungs, COVID-19 

affected lungs, and pneumonia-affected lungs separately, the GUI ensures that each dataset is accurately 

compiled and ready for neural network training. The integrated preprocessing and training functions further 

streamline the workflow, making it accessible for users to develop and train models efficiently. This GUI thus 

serves as an essential tool in medical image analysis and the development of diagnostic models using machine 

learning techniques 

C. CLASSIFICATION PROCESS 

The classification process involves several steps: 

1.Loading Selected Images: The images from the selected paths are loaded into MATLAB using the imread 

function. Each image is read and stored in an appropriate data structure for further processing. 

2.Preprocessing Images: The loaded images are preprocessed to ensure they are in the correct format for 

classification. Common preprocessing steps include resizing the images to a standard size and normalizing pixel 

values. 

3.Classifying Images: The preprocessed images are then passed through a pre-trained neural network model for 

classification. The model outputs the predicted class for each image, which could be categories such as normal, 

COVID-19, or pneumonia. 

D. NeuroSolutions Results 

NeuroSolutions provides an easy-to-use and intuitive user interface for Microsoft Excel.  It simplifies and enhances 

the process of getting data into and out of a NeuroSolutions neural network. It also benefits both novice and 

advanced neural network developers by offering an easy-to-use, yet extremely powerful and exclusive features.The 

Excel interface is accessible by clicking on the "Launch Excel with NeuroSolutions" button from the launcher OR 

by launching Excel directly.  This quick tutorial will provide you with high level details of tagging your data, 

building a neural network, training it and finally testing the performance.  For in-depth information on 

NeuroSolutions features in Excel please refer to the NeuroSolutions for Excel Help Documentation.Excel provides 

the perfect interface for presenting data for neural networks.   It can work with any column-formatted data such as 

comma-separated files (.csv), tab-delimited files (.txt) and of course Excel files (.xls and .xlsx).   
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Neurosolutions Test Report 

 
 

VI. CONCLUSION 

The Designed framework leverages a data augmentation of radiograph images algorithm for the COVID-19 data, by 

adaptively employing the MATLAB and NeuroSolution on COVID-19 infected chest images to generate a train a robust 

model. The training data consisting of actual and synthetic chest images are fed into our customized neural network 

model, which achieves COVID-19 detection with good accuracy. Furthermore, through this it is possible to efficiently 

automate COVID-19 Variant detection from CT scan images to provide a fast and reliable evidence of COVID-19 

infection in the lung that can complement existing COVID-19 diagnostics modalities. 
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Efficient Synthesis and Detailed 

Analysis of Graphene Quantum 

Dots (GQDs) via Electrochemical 

Exfoliation  

Abstract: -  

            Graphene quantum dots (GQDs), have been attracting a lot of attention recently because of their 

unique electrical, optical, and chemical properties, which make them highly attractive for a variety of uses in 

biomedicine, optoelectronics, sensing, and catalysis. Here, we provide an extensive examination of the 

synthesis of GQD by electrochemical exfoliation method and characterization with particular emphasis on the 

precise control of their dimensions, structure, and properties. XRD shown Broaden sharp peak at 26.26°, 

which shows crystalline nature of GQD. UV shown great peak of absorption at 236 nm, and FTIR shown 

absorption peaks of GQD are 3588, 3775, 2341, 1593, and 1245 cm⁻¹.  The produced GQDs exhibited 

great  high quantum yield, and minimal cytotoxicity, which made them attractive options for a range of uses.  

Keywords: Graphene Quantum Dots (GQD), Graphite flaks, Exfoliation etc. 

 

                

  I. Introduction  
                   Graphene quantum dots (GQDs), a novel and interesting zero-dimensional substance of the 

carbon family, have been the subject of a great deal of interest in recent years because of their 

remarkable and desired optical, chemical, physical, electrical, and biological properties. These special, 

size-dependent qualities serve to illustrate the many uses in the optoelectronic and medicinal fields. 

They are a reflection of the combined structural features of very small graphene sheets, which include 

edge effects and quantum confinement. Due to this, applications of GQDs have also increased in the 

areas of biomedical (bio-sensing, bio-imaging, drug delivery, anti-bacterial activity, and photo-

thermal/dynamic therapy) and optoelectronic (light-emitting diodes and solar cells).[1] 

                               New opportunities in the field of nanotechnology because GQD have several 

additional advantages over graphene, such as a tunable bandgap, excellent aqueous solubility, good 

biocompatibility, high fluorescence quantum yield, and the presence of several active functional 

groups. GQDs have unique electrical and structural characteristics. Their small size allows them to 

have special optical characteristics and the ability to release electrons selectively. GQDs thus appear 

very promising for use in biological applications. The material's unique properties make them very 

attractive alternatives for use in the biomedical industry. Because of their special physical and 

chemical characteristics, such as their small size, chemical inertness, excellent photoluminescence 

stability, minimal cytotoxicity, and strong biocompatibility, GQDs stand out as exceptional and 

universal fluorophores.[2] 

                                GQDs are zero-dimensional fluorescent nanomaterials based on carbon that have 

an internal graphene lattice. Their solubility is superior to that of carbon nanotubes. Their typical size 

is less than 20 nm, while their maximum size of 60 nm has been recorded. Their small size allows 

them to easily pass through biological membranes. Lower pH levels and high electrolyte 

concentrations cause the GQD solution to become very stable. Many of the biological uses of 
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graphene quantum dots (GQDs), such as biosensing and bioimaging, become feasible by their 

fluorescence, which is one of its well-studied luminescence features. They have a greater quantum 

yield. GQDs have a huge surface area, great crystallinity, and outstanding GQDS are disc-shaped, 

single-layered carbon nanoparticles with SP2 hybridization carbon.[3] 

                         The shape of most synthesized GQDs is circular or elliptical, although triangular, 

quadrate and hexagonal GQDs have been synthesized as well.[4] In this paper, The synthesized GQD 

were characterized using various techniques to determine their structural and optical properties. we 

report the synthesis of GQD by using electrochemical exfoliation of graphite. The materials are 

analyzed by XRD, ultraviolet- visible (UV- VIS) and Fourier Transform Infrared Spectroscopy (FT-

IR). 

 

 

    II. Experimental 
 

 Materials 
             Sulphuric acid (H2SO4) AR grade from Alpha chemika, distilled water was used for making 

ionic solution, Graphite flaks, copper wire or rod, cellulose nitrate filter paper and Acetone these all 

materials was used for synthesized of  GQD.  

  

Synthesis of GQD  
 

                      Graphene quantum dots were synthesized by the electrochemical exfoliation of graphite. 

Firstly, graphene was synthesized from graphite flake. Graphite flaks were used as an anode and 

source of graphene. The copper electrode was used as a cathode. The graphite flake and silver 

electrode were inserted into the ionic solution of sulphuric acid ( H2SO4) with a separation of 5 cm. 

AR-grade chemicals was used in this investigation for the preparation of an ionic solution. The ionic 

solution was prepared by taking 4.8 g of sulphuric acid (H2SO4) diluted in 100 ml.[5] 

                             The exfoliation process was carried out by a DC bias arrangement (10 V). Exfoliated 

graphene was collected through cellulose nitrate filter paper and washed with double distilled water 

then again with acetone. After filtration of material, ultra sonication was carried out for 18 h by 

ultrasonic homogenizer probe sonicator, then material calcinations at 100oC for 2 h and got fine 

materials. Relative to other processes, electrochemical exfoliation is easier to perform since it only 

requires one step and takes a some hours, whereas many other procedures required longer times for 

preparation and the finished material to stabilize. [2] 

 

 

Result and Discussion 
 

Material Characterization 
 

              X-ray Diffraction (XRD) gives information of atomic and molecular structure of a crystal 

sample.When incident X-rays are directed upon a sample, they diffract into a variety of distinct 

directions. The crystalline structure of the sample can be determined by measuring the angles and 

intensities of the diffracted beam.[6] 
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Fig 1: XRD pattern of GQD 

 

                Figure 1 shows the XRD pattern of GQD. The XRD pattern shown in Figure 1 indicates the 

formation of graphene quantum dots. There are two peaks (002) and (100), which are the main peaks 

of graphene quantum dots. GQD exhibits sharp peaks at 2θ = 26.26o and 43.93o, which is due to its 

crystalline nature. 2θ = 26.26o indicates a highly organized structure. Using the Debye-Scherrer 

equation, it was found to be 10.6 nm. 

 

                

 

  

 

 
 

                                                              Fig 2: UV pattern of GQD 

 

                   The UV-visible spectra of the GQD are shown in figure 2. The strong peak obtained at 236 

nm indicates the presence of GQD. The energy gap between the electronic energy levels of small 

molecules is high. Therefore, the excitation of a molecule from a lower electronic energy level to a 
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high level needs a high-energy photon of a shorter wavelength. A peak is always obtained between 

230 and 250 nm relative to the π-π* transitions of the C=C aromatic bond and, therefore, to the sp2 

hybridization domains. Associated with the n-π transitions of C=O bonds, due to the presence of 

oxygen groups on the surface of GQD, can also be observed in the region of 280–300 nm. These 

longer wavelengths can be diminished through the chemical reduction of GQD, which removes the 

oxygen functionalities [7]. 

 

A 

                                                                     

                                                                  Fig 3: FT-IR pattern of GQD 

 

                      Fourier Transform Infrared Spectroscopy (FT-IR) spectra of the GQD are shown in 

figure 3. FTIR spectra demonstrated the reduction of the C-O-C and C-OH functional groups in GQD. 

The absorption peaks of GQD are 3588, 3775, 2341, 1593, and 1245 cm-1. The absorption peak of 

GQD within 3588–3000 cm-1can be assigned to O-H stretching vibration. It was found that the 

absorption peaks of carbonyl stretching and carboxylate symmetry vibrating at 1750 cm-1 and 1593 

cm-1had no apparent decrease, whereas the absorption band of the C-O group at 1245 cm-1almost 

disappeared in the FT-IR spectra of GQD.[8] 
 

 Conclusion  

 
                 The synthesis of graphene quantum dots (GQDs) using the electrochemical exfoliation 

method and their consequent characterization were extensively investigated in this study. Particular 

attention was given to the precise control of the size, structure, and characteristics of the GQDs. The 

crystalline characteristics of the GQDs were shown by an enlarged, sharp peak at 26.26° observed in 

the X-ray diffraction (XRD) examination. Their optical activity was confirmed by an apparent 

absorption peak observed at 236 nm using UV-Vis spectroscopy. A peak is always obtained between 

230 and 250 nm relative to the π-π* transitions of the C=C aromatic bond and, therefore, to the sp2 

hybridization domains. Absorption peaks have been observed at 3588, 3775, 2341, 1593, and 1245 

cm⁻¹ by Fourier-transform infrared (FTIR) spectroscopy. These peaks are indicative of different 

functional groups that are present on the surface of GQD, which that demonstrated the reduction of the 

C-O-C and C-OH functional groups in GQD. The synthesized GQDs are interesting alternatives for 

many kinds of applications due to their high quantum yield and low cytotoxicity. These characteristics 

highlight the adaptability of GQDs produced by electrochemical exfoliation and bring up promising 
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opportunities for future study and application. Future research will concentrate on studying GQD 

inclusion into functional devices and developing synthesis techniques to increase yield and flexibility. 
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Frequency and Concentration 

Dependent Dielectric and Electrical 

Properties of N, N-

Dimethylacetamide and n-Nonanol 
  

Abstract: - A precision LCR meter using a liquid dielectric cell was utilized to measure the complex dielectric function (ε∗(ω)=ε′-jε″) 

of binary mixtures consisting of n-Nonanol and N, N-Dimethylacetamide (DMA) within the frequency spectrum ranging from 100 Hz 

to 2 MHz at a constant temperature of 303.15 K. Different dielectric and electrical parameters such complex electric modulus M⁎(ω), 

complex electrical conductivity σ⁎(ω), and complex impedance Z⁎(ω) were calculated from complex relative dielectric function ε⁎(ω). 

Further, complex permittivity data was used to fit the Coelho model. This model provides insights into the electrode polarization 

relaxation time, which is associated with the relaxation processes of the electric double layer. Various relaxation times, such as 

electrode polarization (τEP) and ionic conduction relaxation time (τσ), were determined. It was observed that the real part of the 

dielectric permittivity corresponds to the static dielectric permittivity of these mixtures within the frequency range of 500 kHz to 2 

MHz. This behavior shows the significant effect of absorbed charge impurities on the dielectric polarization of these dipolar liquids at 

low frequencies. Different parameters such as Debye Length (λD), Ion Mobility (µ), Mobile Ion Concentration (P0), and Ion diffusivity 

(D) were determined. This study is useful for gaining knowledge about the effect of the concentration on different dielectric and 

electrical properties of the mixtures. 

Keywords: Coelho Model, Electrode Polarization Relaxation Time, n-Nonanol, N, N Dimethylacetamide, Precision 

LCR meter. 
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I.  INTRODUCTION 

Dielectric spectroscopy is often used as the techniques for interpreting the molecular interaction in binary 

liquid systems [1]. It is used to investigate the molecular dynamics of liquids, capturing the rapid variations in 

both intermolecular and intramolecular structures as they evolve [1]. Investigation of the dielectric properties of 

binary mixtures of polar liquids has garnered growing attention in scientific communities [2]. Low-frequency 

dielectric dispersion studies offer intricate understandings of the charge dynamics and electrical conduction 

mechanisms within liquids [3]. These insights are directly correlated with the molecular structure and polarization 

strength of the liquids, providing valuable information about their behavior [3]. The exploration of the molecular 

structures and dynamics of amides, particularly regarding their hydrogen bonding, remains a focal point of 

scientific investigation. Amides serve as valuable models for understanding hydrogen-bonded peptide linkages 

and find utility as electrolyte solvents. Additionally, the pronounced self-association via strong hydrogen bonding 

in alcohols has established them as common solvents since the early days of solution chemistry [4-6]. Therefore, 

there is a deep interest in investigating the static permittivity of amides when mixed with alcohols, aiming to 

elucidate their molecular conformations and potential applications across various scientific and technological 

domains [7-14]. Studying the dielectric characteristics of binary mixtures containing both associative and non-

associative polar liquids offers valuable insights into the molecular interactions occurring within the solution [14-

16]. Among the associative liquids, Alcohols hold significant industrial and scientific relevance as organic 

compounds, with their physical and chemical properties predominantly dictated by the presence of the hydroxyl 

group [17]. Alcohol, being a versatile organic liquid, finds wide application in chemical industries as a solvent for 

oils and resins, as well as serving as an antifreeze agent for explosives [18]. Among the non-associative liquids, 

Amides have high polarity, potent solvating capabilities, and a wide liquid range making them indispensable 

solvents with substantial industrial and technological significance. The amide linkage (–CO–NH–) serves as a 

crucial functional group across various disciplines, including chemistry, biochemistry, pharmaceuticals, and 

material science [9,19]. N, N-dimethylacetamide (DMA) is a clear liquid that readily mixes with water and a wide 

range of organic solvents, such as alcohols, ethers, and ketones, in any proportion. DMA's high solubility in water 

and excellent solvent efficiency, especially for high molecular weight polymers and resins, contribute to its 

extensive use in synthetic Fibers and polyurethane [20]. 

In the present investigation, an attempt is made to determine the dielectric and electrical properties of the 

binary mixtures of n-Nonanol + DMA at 303.15 K temperature with the help of an Agilent precision LCR meter in 

the frequency range 100 Hz to 2 MHz. Different parameters such as electrode polarization relaxation time, ionic 

conduction relaxation time, DC conductivity, and static dielectric constant are calculated from different 

formalisms. This study is useful for studying different polarization mechanisms involved in liquid mixtures.  This 

work contributes to the understanding of how n-Nonanol-DMA binary liquid mixtures are affected by 

concentrations and frequency. 

 

II. EXPERIMENTAL DETAILS 

n-Nonanol and N, N-Dimethylacetamide (DMA) of AR Grade were procured in their analytical grades from 

SISCO Chem P Ltd., India, and utilized without undergoing any purification processes. Eleven different binary 

mixture samples with differing mole fractions (XA) of DMA in n-Nonanol were prepared.  

An Agilent E-4980 precision LCR meter with a cylindrical capacitor fixture as a sample holder was used to 

measure the resistor and capacitance with and without samples in the frequency range of 100 Hz to 2 MHz. The 

cylindrical capacitance fixture was designed in our laboratory, featuring an outer cylinder, inner cylinder, 

connectors, and Teflon spacers. The detailed calibration process is described cited literatures [21,22]. The 

temperature of the solutions being tested was precisely controlled using a constant temperature water bath, with a 

precision of ± 0.1 K, to maintain consistency and accuracy throughout the experimental process. 

III. RESULTS AND DISCUSSION 

Figure 1 (a) and (b) display the real (ε') and imaginary (ε'') parts of the complex dielectric permittivity, ε*(ω) 

spectra, for n-Nonanol + DMA binary mixtures across different mole fractions of DMA at 303.15 K temperature. 
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Fig.1 (a) variation of dielectric constant against frequency (b) variation of dielectric loss against frequency 

  

In Figure 1(a), the spectra are divided into two different regions: a higher-frequency region and a lower-

frequency region. Within the higher frequency region, which extends beyond 5 kHz, the real part of the 

permittivity spectrum demonstrates a frequency-independent behavior, converging towards a stable value over 

time. On the other hand, the real part of the permittivity spectrum shows a significant augmentation in the lower 

frequency range, below 5 kHz, which is connected with an increase in the DMA (Dimethylacetamide) volume 

fraction. This finding highlights various behaviors at different frequency ranges and implies a dependence on the 

system's frequency. The real part of the dielectric permittivity, particularly noticeable at lower frequencies, is 

predominantly attributed to electrode polarization (EP). This phenomenon arises from the establishment of electric 

double layer (EDL) capacitances, wherein ions and free charges accumulate at the interface between the dielectric 

material and the electrode surfaces, especially in a planar geometry setup. This accumulation, particularly of ions 

drifting over longer distances, significantly impacts the observed dielectric behavior of the system, leading to the 

pronounced elevation in ε' values at low frequencies [23-25].  In polar dipolar liquids, the strength of the electrode 

polarization (EP) effect weakens with increasing frequency. This weakening is a result of the reduced long-range 

mobility of free charges within the liquid dielectric material, which is caused by the rapid reversal of the applied 

AC electric field as the frequency rises. At a specific frequency where the EP effect vanishes entirely, the real part 

(ε') of the dielectric permittivity for the liquid dipolar materials approaches to its static permittivity value (ε0). As 

the frequency increases, the real part (ε') of the dielectric permittivity decreases linearly until it reaches a steady 

state at specific frequencies. For pure n-Nonanol and DMA, these steady-state values occur at approximately 300 

Hz and 5 kHz, respectively. This suggests a transition to a state where the electrical properties of the material are 

no longer influenced by the polarization effect induced by the applied electric field [26-29].  The observed 

phenomenon provides clear evidence for the existence of thermally activated ionic impurities within the polar 

solvent DMA (dimethylacetamide). 

The spectra of ε'' (Fig. 1(b)) for DMA, n-Nonanol, and their binary mixtures exhibit a linear decrease with 

increasing frequency, considered by a slope of approximately -1.00 (±0.02) when plotted on a log-log scale. This 

consistent behavior confirms the presence of an Ohmic-type ionic conduction mechanism within these dipolar 

liquid materials. Such behavior is observed across various dipolar liquids and their binary mixtures 

[26,27,29,30,31]. Initially, at a frequency of 20 Hz, the ε'' values of DMA and n-Nonanol mixtures are nearly in 

the order of magnitude six, showing a linear decrease as the frequency increases up to 1 MHz. It appears that these 

values approach the minimum value at the higher frequency side. 

The complex permittivity data obtained from experiments are affected by the electrode polarization (EP) 

effect, mainly in the lower frequency range (< 104 Hz) within the investigated mixtures [32]. To analyze this data, 

we applied the Coelho model by keeping the values of α & β to one, which is given by 

𝜀∗(𝜔) = 𝜀0 +
𝛥𝜀𝐸𝑃

[1+(𝑖𝜔𝜏𝐸𝑃)𝛼]𝛽
       (1) 

 Where, ΔεEP = ε0(EP) - ε0 

             ε0(EP) = Low-frequency dielectric constant in the presence of EP 

            ε0= Static permittivity and 

             τEP =Electrode polarization relaxation time. 
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Fig. 2 Experimental and fitted data of complex permittivity spectra using the CNLS method for the concentration range for the mole 

fraction XA=0.5. 

 

Complex Nonlinear Least Square (CNLS) fitting procedure, as outlined in the reference [33] was used to fit 

experimental data to Eq. (1). The fitting parameters that were taken in this process were τEP, ε0, and ΔεEP. Fig. 2 

represents the graph of experimental and fitted data points of ε*(ω) to the Coelho model (equation (1)) for XA = 

0.5. The Coelho model gives the best fitting for all the concentration ranges. The different fitted parameters for all 

the concentration ranges are tabulated in Table 1. It can be seen from Table 1 that as the concentration of DMA 

increases in the mixtures the value of the static dielectric constant increases. The electronic double-layer relaxation 

time decreases as the concentration of DMA increases in the mixtures. 

 

 

Table 3: Fitted parameters ε0, ΔεEP and τEP using CNLS fitting procedure. 

XA ε0 Δε τEP 

0.0 8.170 9.0526E+08 - 

0.1 9.590 6.3514E+05 432.85 

0.2 11.144 7.5318E+06 279.60 

0.3 12.630 1.4290E+06 265.97 

0.4 14.514 1.8378E+06 238.51 

0.5 18.687 2.8662E+06 230.66 

0.6 22.001 2.9220E+06 141.71 

0.7 28.215 3.7734E+06 160.51 

0.8 28.253 2.5501E+06 67.795 

0.9 30.791 4.2809E+06 38.103 

1.0 37.367 3.7688E+06 33.883 

 

An actual approach for investigating the features of ionic conductivity relaxation processes while minimizing 

the effect of Electric Double Layers (EDLs) dynamics in ion-conductive materials is to apply the change of 

dielectric spectra into electric modulus. The spectra of electric modulus explain to avoid the space charge effect 

observed in dielectric spectra [34]. The complex electric modulus M*(ω) is expressed as the inverse of the 

complex permittivity (ε*(ω)), written as M*(ω) = 1/ε*(ω). It is given by the relation: [1] 
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𝑀∗(𝜔) = 𝑀′ + 𝑗𝑀′′ =
𝜀′

𝜀′2+𝜀′′2 + 𝑗
𝜀′′

𝜀′2+𝜀′′2    (2) 

Where ε’ and ε’’ show the real and imaginary parts of permittivity. 

 

 
Fig.3 (a) variation of real part of electric modulus against frequency (b) variation of imaginary part of modulus against frequency 

 

Fig. 3(a) and 3(b) depicts the plots of real and imaginary parts of modulus spectra. These binary mixtures show 

behavior consistent with the Debye function, a characteristic common by other dipolar liquids and ionic 

electrolytes [26,35]. It can be seen from the Fig. 3 (a) that values of the M' spectra increase exponentially up to 

104 Hz for n-Nonanol and higher concentrations of n-Nonanol. While beyond the frequency range 104 Hz, for the 

same concentration, it remains constant. It is observed that for the pure DMA and higher concentration of DMA, 

the spectra of M' increase exponentially up to MHz frequency range and then remain slightly constant. The defeat 

of high capacitance phenomena within the modulus formalism leads to relatively low values of M' over the 

frequency range dominated by EP, with only a slight increase. From Fig. 3(a) it is clear that M' experiences a 

significant increase with frequency, finally stabilizing at the endpoint. The M" spectra (Fig. 3(b), when 

represented on a logarithmic scale, show a linear increase across the low and intermediate-frequency regions, with 

concentration dependent peaks observed in the high-frequency range. These peaks match to the conductivity 

relaxation process, reflecting observations made earlier in several dielectric liquids [26,27]. In Fig. 3(b), as the 

concentration of DMA increases, the peak is observed in the higher frequency region, while a decrease in DMA 

concentration leads to a shift of the peak towards lower frequencies. The frequency fσ associated with the peak 

value of M" is directly associated to the relaxation time τσ for ionic conductivity, expressed as τσ=1/2πf [1]. It can 

be seen from Table 2 that the values of ionic conductivity relaxation time for pure n-Nonanol is 39.904 μS. As we 

are adding a small amount of DMA into the n-Nonanol, the ionic conductivity relaxation time decreases from 

39.904 to 6.324 μS. Ionic conductivity relaxation time further decreases as the concentration of DMA increases in 

n-Nonanol and it approaches to 0.299 μS   for pure DMA. 
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Table 4 Ionic conductivity relaxation time (τσ), and experimentally and theoretically determined DC conductivity values (σdc) for various 

concentrations of DMA at 303.15 K. 

XA Ionic conductivity 

relaxation time τσ 

(µS) 

σdc (µS/m) (From 

Fig. 4 (a)) 

σdc (µS/m) (From Eq. 

(4)) 

0.0 39.904 1.63E-06 1.81E-06 

0.1 6.324 1.36E-05 1.34E-05 

0.2 4.227 2.60E-05 2.33E-05 

0.3 2.244 5.32E-05 4.98E-05 

0.4 1.782 7.79E-05 7.21E-05 

0.5 1.337 1.22E-04 1.24E-04 

0.6 0.893 2.04E-04 2.18E-04 

0.7 0.752 2.70E-04 3.32E-04 

0.8 0.632 3.75E-04 3.96E-04 

0.9 0.252 1.00E-03 1.08E-03 

1.0 0.299 1.01E-03 1.11E-03 

 

 

 
Fig.3 (c) Spectra of M" versus M ' for the binary mixtures of DMA-n-N-Nonanol 

Figure 3(c) depicts the spectra of M" versus M' plots for binary mixtures of DMA and n-Nonanol at 303.15 K 

temperature, indicating conformity to the Debye function, similar to other dipolar liquids and ionic electrolytes 

[26,36]. In the electric modulus plane plots, the absence of spikes at low frequencies assists as confirmation that 

the M*(ω) spectra are not inclined by the EP effect [34]. The size of the Debye semicircle for DMA in the electric 

modulus is relatively small. A decrease in DMA concentration within the mixtures leads to a regular increase in 

the semicircle size, ascribed to higher relaxation frequencies ε*(f) values of the concentrations. 

The real part (σ') and imaginary part (σ'') of the complex electric conductivity (σ*(ω)) of the liquid mixtures 

were determined using the provided equation [25]. 

𝜎∗(𝜔) = 𝜎′ + 𝑗𝜎′′ = 𝑗𝜔𝜀0𝜀′′(𝜔) = 𝜔𝜀0𝜀′′ + 𝑗𝜔𝜀0𝜀′   (3) 

In this equation, ε0 is the value of the permittivity for the free space.  
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Fig.4 (a) variation of real part of electric conductivity against frequency (b) variation of imaginary part of conductivity against frequency 

 

Observations from Figure 4(a) indicate that the values of σ' initially slightly increase irregularly across the 

experimental frequency range, then suggesting frequency independence. The duration of this steady-state 

frequency range depends upon the composition of DMA+ n-Nonanol mixtures. The σ' values remain constant, 

suggesting the direct current (DC) electrical conductivity (σdc) of these binary mixtures.  In the spectral plot of 

Fig. 4 (a), the solid line at σ’ indicates the direct current (DC) conductivity, denoted as "σdc". Table 2 provides 

the dc conductivity values for the (DMA + -n-Nonanol) mixtures at 303.15 K temperature. The direct current 

(DC) conductivity (σdc) values for (DMA + -n-Nonanol) binary mixtures are observed to be within the range of a 

few μS/m.  It is observed from Table 2 that values of dc conductivity are 1.63 μS/m. As the small amount of 

DMA increases in the n-Nonanol, the value of dc conductivity increases to 13.6 μS/m. It increases as the 

concentration of DMA increases in the mixtures of n-Nonanol.  Value of the dc conductivity is also calculated 

using the below relation:  

𝜎𝑑𝑐 =
𝜀0𝜀𝜈

𝜏𝜎
         (4) 

Where, εv is the permittivity of the vacuum, 𝜏𝜎= Ionic conductivity relaxation time and 𝜀0 is the permittivity of 

the free space. 

It can be seen from Table 2 that values of dc conductivity determined from the 𝜎' spectra are in good 

agreement with values determined from the above relation. It is in good agreement for all the concentrations of the 

binary mixtures as well as for n-Nonanol and DMA. 

The σ'' spectra of the DMA + n-Nonanol liquid mixtures at 303.15 K are shown in Fig. 4(b). σ" spectra can 

also be used to understand EDL dynamics in dipolar liquids [37]. It shows the minimum peak for DMA and 

higher concentration of DMA in the lower frequency region up to 10 kHz and beyond the same it increases 

linearly up to 2 MHz frequency region. The minimum peak is shifting towards the lower frequency side as the 

concentration of the mixtures decreases in DMA. For pure n-Nonanol and higher concentrations of n-Nonanol, it 

increases linearly through the all-frequency range. Moreover, they prove a linear rise with increasing frequency, 

indicating the predominant effect of direct current (DC) ionic conduction within this frequency range. However, a 

deviation from linearity in the initial slight frequency gap (100 Hz to around 10 kHz) suggests the significant 

contribution of the electrode polarization (EP) effect in the mixtures of DMA + n-Nonanol [19,30]. 

Figure 5 (a) and (b) represent the impedance spectra, showcasing both the resistive part (Z') and the capacitive 

reactance part (Z'') of the DMA + n-Nonanol binary mixtures at 303.15 K temperature.  

 

 
Fig.5 (a) variation of real part of electric impedance against frequency (b) variation of imaginary part of impedance against frequency 



J. Electrical Systems Vol-Issue (2024): 1-12 

281 

 

Notably, the Z' values display near-constant behavior up to 104 Hz, beyond 104 Hz it decreases non-linearly. 

Furthermore, it is observed that the Z' values for pure n-Nonanol are particularly higher in comparison to those of 

pure DMA. It can be seen from Fig. 5 (b) that a maxima peak is observed for pure n-Nonanol in the MHz 

frequency range. While for the higher concentration of n-Nonanol, Z" (ω) spectra increase linearly as the 

frequency increases. For pure DMA and also for the higher concentration of DMA, it shows minima and maxima 

both peak. The minima peak is shifting towards the higher frequency side as the concentration of DMA increases 

and vice versa the maxima peak shifts towards the lower frequency side. Minima and maxima peaks in the pure 

DMA and higher concentrations of DMA exhibit both the EDL and ionic conductivity relaxation process in the 

given frequency range. 

 

Table 5 Values of the Debye length (λD), ion mobility (μ), mobile ion concentration (P0), and ion diffusivity (D) for the mixtures of n-Nonanol 

and DMA at 303.15 K. 

_____________________________________________________________________________ 
XA λD (nm) µ (m2/vs-1) P0 (m

-3) D (m2/s) 

_________________________________________________________________________________________________ 

0.1 24.11 3.51E-12 2.32E+25 9.18E-14 

0.2 2.50 5.64E-14 2.53E+27 1.47E-15 

0.3 13.92 3.30E-12 9.04E+25 8.63E-14 

0.4 12.33 3.26E-12 1.31E+26 8.52E-14 

0.5 9.56 2.62E-12 2.50E+26 6.83E-14 

0.6 10.40 4.63E-12 2.44E+26 1.21E-13 

0.7 7.73 3.04E-12 4.73E+26 7.94E-14 

0.8 15.39 1.43E-11 1.46E+26 3.74E-13 

0.9 10.90 1.80E-11 3.47E+26 4.72E-13 

1.0 14.57 2.71E-11 2.27E+26 7.09E-13 

__________________________________________________________________________________________________ 

 

The determination of Debye Length (λD), ion mobility (μ), mobile ion concentration (P0), and ion diffusivity 

(D) within the concentration range (0.0 ≤ XA ≤ 1.0) was performed by applying the model equation proposed by 

Klein et. al. [38] in their paper. Table 3 shows the values of Debye Length (λD), ion mobility (μ), mobile ion 

concentration (P0), and ion diffusivity (D) for all the concentration ranges. The thickness of the ion layer formed at 

the electrode surface was determined using the provided equation. 

𝜆𝐷 =
𝑔

2 
𝜏𝐸𝑃
 𝜏𝜎

     (5) 

Where τEP is the electrode polarization relaxation time, τσ is the ionic conductivity relaxation time, g is the gap 

between two electrodes. 

λD denotes to the thickness of the ion layer collected at the electrode surface. The value of λD for DMA is 

14.57 nm. The value of λD shows anomalous behavior with changes in the concentrations in the mixtures. 

Ion mobility is determined over the use of the following equation: 

µ =
𝑔2

4𝑘𝑇𝑀𝜏𝐸𝑃
      (6)

     

where M =
τEP

τσ
, q is charge of electron, k is Boltzmann constant, and T is temperature. 

The mobile ion concentration (P0) and ion diffusivity (D) are derived from the ion mobility calculations, 

      𝑃0 =
𝜎𝑑𝑐

𝑞µ
      (7) 

      𝐷 =
µ𝑅𝑇

𝐹
      (8) 

Where, F is Faraday's constant and R is ideal gas constant. 

As the concentration of DMA increases, there is an increase observed in ion diffusivity. Table 3 displays the 

variations in ion concentration across all concentrations (0.0 ≤  XA ≤  1.0). The ion mobility displays an 

increasing trend with the rising concentration of DMA in the mixture, reaching its maximum value at the highest 

concentration. This specifies that at this concentration, specific molecular structures are formed that allow ions to 
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diffuse more easily over the medium. As the concentration of DMA increases, the ion concentration and Debye 

length displays a nonlinear behavior.  

IV. CONCLUSIONS 

This study investigates the dielectric and electrical properties of n-Nonanol, N, N-Dimethylacetamide (DMA), 

and their binary mixtures as a function of concentration within the frequency range of 100 Hz to 2 MHz at a 

temperature of 303.15 K. Electrode polarization phenomena has happened under the effect of an AC electric field 

in the lower frequency region. The value of the dielectric loss is higher in the lower frequency region due to ionic 

conduction losses. The Coelho model is used to fit the complex permittivity data of the mixtures and provides the 

best fitting for all the binary mixtures. The value of the static dielectric constant increases as the concentration of 

the DMA increases in the mixtures. The values of electrode polarization relaxation time and ionic conduction 

relaxation time decrease as the concentration of DMA increases in the mixtures. Determined values of dc 

conductivity from the real part of conductivity spectra is in good agreement with the values derived theoretically. 

The thickness of ion accumulation is useful to understand the interface between the electrode and the dielectric 

medium, comprising polar liquids like n-Nonanol, DMA, and their mixtures. 
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Combustion Synthesis and Photoluminescence 

Study of Li2ZnTi3O8:Mn4+ Phosphor for Photo-

catalytic Activity in Plants. 

  

 

Abstract: - In view of multifunctional applications of optical materials, an ultraviolet activated 

Li2ZnTi3O8:Mn4+ red emitting phosphor is synthesized by simple route of solution combustion technique, the 

synthesis was based up on the exothermic reaction between the fuel (Urea) and oxidizer (Nitrate), the heat 

release in reaction was utilized for auto combustion of ingredients, the phase formation and crystal structure of 

prepared borates material was determined by powder XRD technique. The sample belongs to spinel cubic 

crystal structure and there are abundant [TiO6]8- octahedron sites can be occupied by Mn4+. The 

Li2ZnTi3O8:Mn4+  shows the red emission in the region of 600-800 nm with a maximum at ~647 nm under 330 

nm excitation, which can promote the plant growth. The optimal Mn4+ doping concentration is ~0.3 mol%, 

which is higher than that of other hosts. Furthermore, the characteristics of thermal quenching are also studied. 

All data suggest that Li2ZnTi3O8:Mn4+  phosphor can be a potential application in plant-cultivation and 

enhance photocytalic activity.   

Keywords:  Combustion synthesis, photoluminescence, phosphors, photo catalytic activity. 

 

 

 

I. INTRODUCTION 

 In present scenario of environmental pollution, human being faced with food, energy, resources which are all closely 

related to plant production. Light is pioneer source in plant growth and development [1-5]. As we all known, chlorophyll 

and carotenoids are the main contributions to plant photosynthesis. Their absorption bands are located in the blue light 

region of 400–520 nm and the red-light region of 610–720 nm, respectively [6-8]. In photosynthesis, blue light is 

conducive to protein synthesis, has a greater impact on plant growth and bud formation, can inhibit plant elongation and 

make plants short and strong. While red light is conducive to the synthesis of sugar and carbohydrate, accelerating the 

development of plant stem nodes. Phytochrome in plants has two forms: PR and PFR, which mainly absorb about 660 nm 

red light and 730 nm far red light, respectively [9]. Therefore, in order to solve the food problems faced by human beings, 

it is necessary to supply light to promote plant growth and improve crop yield and quality. 

 Therefore, In search of an efficient phosphor which emit deep red light in 610 nm -720 nm by using the Mn4+ion as color 

centre, we undertake Li2ZnTi3O8 as host material. Mn4+, because of its excellent luminous properties and low cost, is used to 

instead of Eu2+ or Ce3+. In addition, Mn4+ can absorb light from 250 to 550 nm, and can emit the red light of 600–750 nm. 

Mn4+ exhibits a wide excitation band that is the result of 4 A2g → 2 T2g, 4 A2g → 4 T1g, and 4 A2g → 4 T2g transitions, and the 2 

E → 4 A2g transition leads to its red emission band [10]. In structural context, Mn4+ ion can shows stable octahedral or 
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distorted octahedral coordinated site .we first time report combustion synthesis and photoluminescence properties under UV 

excitation, results are in favors to use for plant growth. 

 

II.  EXPERIMENTAL 

Combustion synthesis of Li2ZnTi3-xO8:xMn4+ 

Li2ZnTi3-xO8:xMn4+ powders with various Mn4+ -doped concentrations are prepared by modified route of solution 

combustion technique. Zn(NO3)2 (LOBA CHEMIE, 98%), TiO2 (Addendum, 98%), LiNO3 (Star Chem Fine Chemicals 

98%), and MnO2 (LOBA CHEMIE) are chosen as the starting materials. The preparation process is as follows. Firstly, 

stochiometric amounts of starting ingredients were calculated as per the balance inorganic reaction indicated in table no.1 

and weighted precisely. Secondly, all starting ingredients like MnO2, TiO2 were converted into Mn(NO3)2 and Ti(NO3)4 

by mixing MnO2 and TiO2into few ml of dil. HNO3, then these starting ingredients were weighed on High Precision 

Balance (WENSAR ISO 0001 CERTIFIED), then weighed quantities of each metal nitrate and urea were mixed together 

by adding little D.D. water and place on heating menthol for about 30 minute to obtained homogenious, clear and thick 

solution, it then transferred in to a preheated muffle furnace maintained at 550ºC.  

The mixture boils,froaths,ingnites and undergoes dehydration and then decomposition with liberation of NH3 and NO2 

gases. The heat generated in reaction between fuel (urea) and oxidiser (ammonium nitrate) used for the auto-combustion 

of precusors. The process being highly exothermic, continues to liberates gases swell, the mixture glows into large 

voluminious foamy substrate, the entire process complete within 5 minutes.  

The prepared material is then taken out of the furnace and the foamy product is crushed into a fine power and heated at 

8000C for about 1 hour, some of phosphors reported by this technique [11-15]. 

Table 1.The molar ratios of ingredients used in the synthesis and corresponding 

balanced chemical reactions. 

S.N. Phosphors. Balanced chemical reaction with molar ratios of ingredients. 

1. Li2Zn(3-

x)TiO8:xMn4+ 

 (x=0.1,0.3,0.5)  

2Li(NO3)3 + Zn(NO3)2 +(3-x)Ti(NO3)4 + 9CO(NH2)2 + 4.5 NH4NO3 + 

xMn(NO3)2 
𝒉𝒆𝒂𝒕

  𝟓𝟓𝟎 𝟎𝑪
→Li2ZnTi3O8:Mn4++ Gaseous Products (H2O, NH3 

and NOx) 

 

 

III. CHRACTERIZATION 

Phase formation and structural properties of all samples are measured using powder X-ray diffraction analysis (XRD), 

which performed on Rigaku Miniflex × 600 X-ray Diffractometer using Cu Kα radiation with 0.15405 Å wavelengths. The 

XRD data were obtained at the scanning angle ranging from 10° to 80° with the step of 0.2°per sec at room temperature. 

Rietveld refinement analysis and the structural model of the sample are put into effect by the general structure analysis 

system (GSAS) software. The photoluminescence spectra (excitation and emission) were recorded on Hitachi F-7000 

fluorescence spectrophotometer. 

  

IV. STRUCTURE ANALYSIS AND PHASE PURITY. 

The XRD patterns of various Mn4+ concentrations doped Li2ZnTi3O8 phosphor are shown in Fig. 1. It can be clearly 

observed that with the increase of the doping concentration of Mn4+, except for the change of intensity, all the diffraction 
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peaks data of Li2ZnTi3O8:x Mn4+ (0.01 ≤ x ≤ 0.4) samples are in conformity with standard card JCPDS No. 86-1512 in 

shape and position, and no other impurity phase is observed. These data express that the samples of Li2ZnTi3O8:x Mn4+ are 

single phase and that Mn4+ ion is successfully entered into host Li2ZnTi3O8 lattices but do not cause clearly the change of 

crystal structure. There are no additional diffraction peaks can be observed, all the diffraction peaks are in accordance with 

Bragg position, which indicates that the sample is pure phase [16-17]. The parameters of crystal structure Li2ZnTi3O8: 

xMn4+ samples are obtained. Li2ZnTi3O8 belongs to spinel cubic crystal system, P4332 (212) space group, and the crystal 

cell factors are a = b = c = 8.3710 Å and the crystal cell volume was V = 586.59 Å3, respectively. Fig. 2 illustrated unit cell 

of the crystal structure of the sample and coordination environments of TiO6 octahedrons. In the Li2ZnTi3O8 host lattice, 

there are two types coordination sites of lithium ions. One is the Li and Zn ions which are bonding with four oxygen atoms, 

and the other is the independent Li ions bonding with six oxygen atoms occupy the octahedrons in the crystal lattice. 

Moreover, the Ti ions are coordinated by six O atoms and they form an octahedron [18-19]. The Li2ZnTi3O8 host lattice has 

a great deal with TiO6 octahedral and LiO6 octahedral.  

In general, the Mn4+ ion can occupy octahedral or distorted octahedral site with 6-fold coordination where it can exist 

stably in general. Structural results confirms Ti4+ and Li+ are 12.4% and 41.1%, which can further confirm that when Mn4+ 

ions entered the host lattice, it prefers to occupy the Ti4+ sites. 

 

 

 

 

 

 

 

 Fig. 1 Observed XRD pattern for Li2ZnTi2.7Mn0.3O8 

 

 

 

 

Fig. 1 Observed XRD pattern for Li2ZnTi2.7Mn0.3O8 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Unit cell representation of the crystal structure of Li2ZnTi3O8:Mn 4+ 
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(a) TiO6 and (b)LiO2 octahedron (Li/Zn)O4 Tetrahedron 

 

 

V. PHOTOLUMINESCENCE PROPERTIES 

            

 Fig. 3 presented the PLE spectrum and PL spectrum of Li2ZnTi3O8:0.3Mn4+ red phosphor, it can be used to investigate the 

luminescent properties of the phosphors. The excitation spectrum of Li2ZnTi3O8:0.3Mn4+ monitored at 681 nm contains 

broad emission regions from 325 to 350 nm. The, PLE spectrum between 325 and 355 nm. There are three peaks centering 

at 335 nm. A strong excitation peak appears at approximately 330 nm, which is almost in line with earlier report [20-22].  

 

               

        

Fig. 3 PLE (Excitation) left and PL(Emission) right  spectra of Li2ZnTi3O8:0.3Mn4+ Phosphor 

 

Under 330 nm excitation, Li2ZnTi3O8:Mn4+ samples exhibit a strong deep red emission with a sharp emission peaks at 647 

nm, corresponding to the different level transition modes of spin-forbidden 2Eg → 4A2g transition and can be absorbed by 

the plant needed to promote plant growth. It can be universally known Mn4+ is a special transition metal ion and its 3d-3d 

transition band can be excited by near-ultraviolet light. The 3d electron level splits into three degenerate states T2g and the 

double degenerate state Eg in the octahedron field, and special spin parity and forbidden transition 2Eg → 4A2g can emit red 

light, which is consistent with our experimental results.  

 

 

VI.  CONCLUSION 

In this Paper, a new type of Mn4+-activated red phosphor is prepared by solution combustion method firing at 550°C for 5 

min. The phase structure and characteristics of luminescence have been studied in detail. Crystal structure of Li2ZnTi3O8 

was analyzed by XRD characterization and structural refinement. Ti4+ located in the octahedron center is very suitable for 

substitution by Mn4+ ions. The excitation spectrum of samples is ranged from 300 to 375 nm that can match well with the 

ultraviolet chip. Under 330 nm excitation, the Li2ZnTi3O8: Mn4+ phosphors exhibit emission peak centering at 647 nm, 

ascribed to the 2Eg → 4A2g transitions of 3d3 electrons. The red light emitted by the sample can promote the plant growth 

and found suitable application as plant-cultivation light-emitting phosphors. 
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Abstract: - The polypyrrole (PPy) was prepared by chemical oxidative polymerization route. X-ray diffraction (XRD), scanning 

electron microscopy (SEM) and ultraviolet-visible spectroscopy were used to evaluation the as-synthesized PPy sample. The SEM 

results showed that PPy sample was show accumulated nature with cotton like structure. PPy sensor was fabricated using screen 

printing method. The sensing response of PPy based resistive gas sensor was observed for both liquid petroleum gas (LPG) and 

carbon dioxide (CO2) gas. The PPy sensor was more selective towards carbon dioxide (CO2) gas. 

Keywords: Polypyrrole, Gas sensing, Oxidative polymerization  

 

INTRODUCTION 

           Conducting polymers, such as polypyrrole (PPy) have been used as room temperature operated gas sensors. The PPy have 

many better characteristics like high sensitivities, ease of synthesis, environmental stability, high conductivity and short response 

and recovery time at room temperature. It has various applications in sensors, batteries, optical and nanoelectronic devices etc.[1-

2].Carbon dioxide has greatest potential of all these gases to accelerate global warming. The two main causes of CO2 emissions 

into the atmosphere are the industrial revolution and the burning of fossil fuels. LPG is a fuel that can be utilized for a variety of 

purposes but mishandling LPG can lead to flames, explosions, and most importantly deaths. 

            A room-temperature, flexible, polymer-based chemiresistive CO2 gas sensor was fabricated by Zahra Shahrbabaki et al. [3] 

Waghuley et al prepared SnO2/PPy Screen-Printed Multilayer CO2 Gas Sensor for detection of CO2 gas at room temp for different 

concentration. This sensor exhibit improved stability with ~ 2 min response time and ~ 10 min recovery time [4]. Bulakhe et al. 

reported on a room temperature operating LPG sensor based on a PPy-TiO2 heterojunction [5].A titanium dioxide (TiO2)–

reduced graphene oxide (r-GO) composite LPG sensor was prepared by Navin Chaurasiya et al. to detect LPG gas at ambient 

temperature [6].  

            Polypyrrole have been successively synthesized using simple chemical oxidative polymerization route. UV–VIS 

spectroscopy and scanning electronic microscopy (SEM) were used to characterize the PPy.  Polypyrrole film was produced using 

the screen printing technique on a glass substrate that served as a PPy-based resistive gas sensor. The PPy sensor was then used to 

study CO2 and LPG gasses at room temperature (303K). 

 

EXPERIMENTAL 

In this work PPy sample prepared by chemical oxidative polymerization route using monomer pyrrole and ammonium persulphate 

in a 50:50 wt% ratio. Screen printing was the method used to deposit the PPy film. The two-probe method was used to calculate 

the value of the resistance change in the presence of gas. The sensing response of CO2 and LPG gas was studied at room 

temperature (303K) by varying their concentrations. The powdered PPy was investigating with SEM, and XRD and U-V 

spectroscopy. 

 

RESULT AND DISCUSSION 

XRD ANALYSIS 

The XRD patterns of as-synthesized PPy samples made with a 50:50 weight percent stoichiometry are displayed in Figure 1. 

Using a step height of 0.02 degrees, the XRD scanning was done in the 2θ range, which spans from 10 to 70. The pattern displays 

nearly erratic forms with a few pointed peaks, which is indicate of PPy has semicrystalline structure. The wide hump peak in the 

region of 15–25°C also analyzes the semicrystalline nature [7]. Oriented amorphous polymers have a different X-ray diffraction 
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pattern than unoriented polymers. The Sharp peaks in the XRD pattern, exhibits high degree of crystallinity and unoriented 

polymerization. 

 

                   Figure 1: XRD pattern of as-synthesized PPy sample  

          The average chain separation values play key role in altering physical properties of materials and it has a great impact on 

electrical properties of polymeric materials also. In present case, we were detecting presence of gas by resistive method so its 

estimation is must. 

Table 1: Average chain separation values and average particle size of as-synthesized sample 

Sample 

name 

Composition 

(wt %) 

Peak position of 

amorphous halo (2θ) 

Average chain 

separation (Ǻ) 

Average Particle size (nm) 

S1 50:50 16.92 1.027 15.93 

 

SEM 

          The surface morphology of as-synthesized PPy sample was investigated using SEM micrograph as shown in figure 2. An 

extended open interconnected network is formed when the surfaces of the collected samples are randomly connected to one 

another. The synthesized sample show accumulated nature with cotton like structure. This asymmetrical structure is appropriate 

for gas sensing application. 

 

 

Figure 2: SEM micrographs of as-synthesized PPy sample 
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UV- VIS SPECTROSCOPY 

           Plot of the optical band gap for PPy sample is shown in figure 3. Polymerization is an inconsistent process therefore there 

is no correlation between the concentration of oxidant or monomer and the optical band gap values. This happens is due to 

monomers are joined in random numbers to a polymeric chain. Thus there is no obvious correlation between the concentration of 

the oxidant or monomer and the physical properties of organic materials. 

 

Figure 3: UV-VIS Spectra of as-synthesized PPy sample  

 

GAS SENSING RESPONSE 

               Figure 4 shows the selectivity response of as-fabricated sensors. Selectivity is the ability of a material to detect a specific 

gas. Fabricated sensors have optimum response towards CO2 gas than LPG for dose of 500 ppm at room temperature. The sensing 

response of sensors to CO2 gas is better than that of LPG at 500 ppm dose at room temperature. When the sensing response is 

measured, it is found that resistance of film increases in the presence of CO2 gas whereas, resistance decreases in the presence of 

LPG. It indicates that the materials being studied for gas sensing are n-type, or electron-rich. When exposed to CO2 gas, the as-

synthesized PPy sensing materials exhibit a high sensing response. 

 

Figure 4: Selectivity responses of PPy sample towards the 500 ppm LPG and CO2 gas concentration at RT 

 

          Figure 5 demonstrates sensing behavior PPy-based sensors towards CO2 gas in terms of sensing. Up to 1000 ppm, the 

sensor response was found to be almost linear. The resistance of sensing film rise in the presence of CO2 gas (oxidizing gas), 
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indicating the n-type behavior of sensing materials. The prepared sample exhibits a better sensing response due to the high degree 

of polymerization. 

 

Figure 5: Gas sensing response of PPy sample towards the CO2 gas at RT 

 

CONCLUSIONS 

           In present work, we effectively synthesized PPy sample utilizing ammonium persulphate as an oxidant and pyrrole in a 

50:50 wt% ratio, employing a chemical oxidative polymerization technique. The UV spectroscopic study describes the chemical 

composition of the as-prepared sample, which prominently demonstrates formation of PPy. The XRD pattern shows essentially 

erratic forms with a few sharp peaks, indicating a semicrystalline structure of PPy. Using XRD data, average polymer chain 

separation of as-synthesized PPy was determined which is found to be 1.027 Å, with an average particle size of 15.93 nm. The 

SEM micrograph shows accumulated nature with cotton like appearance. This asymmetrical structure is appropriate for gas 

sensing application. The sensor linear response curve is highly dependent on CO2 gas concentration. 
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Abstract: The present study reported the synthesis of Eu3+ activated KLaF4 fluoride-based phosphor via conventional high-

temperature solid-state reaction method. The identification of the crystalline structure of the prepared phosphor was characterized by 

XRD analysis, confirming the formation of cubic crystal structure with space group Fm-3m. The emission (PL), and excitation 

(PLE) spectra were investigated by photoluminescence spectroscopy, exhibiting that excitation peaks are centered at 260 nm, 395 

nm,466 nm, and 534nm attributes to O2- → Eu3+ transition charge transfer band, 7F0→ 5L6 ,
7F0→ 5D2, and 7F0→ 5D1 transitions of 

Eu3+ ions, respectively. Optimum luminescent intensity was observed at 0.7mol% doping concentration of Eu3+ ions, which further 

studied at different excitation wavelengths, under the excitation of 466nm emission intensity observed at 612nm in the red region of 

the spectrum with CIE coordinates located at (0.6620, 0.3488) and color purity 97.66%. The obtained outcomes suggested that, the 

reported phosphor may be a promising candidate as blue exciting red-emitting phosphor for w-LEDs. 

Keywords: Phosphor; LED; solid state diffusion; CIE co-ordinates; photoluminescence 

 

 

 
1 Department of Physics, RTM Nagpur University, Nagpur 440033, India 
2 *Corresponding Author: Department of Applied Physics, Priyadarshini College of Engineering, Nagpur 440019, India 

Copyright © JES 2024 on-line: journal.esrgroups.org 



J. Electrical Systems Vol-Issue (2024): 1-12 

295 

I.  INTRODUCTION  

In the recent era, great research interest has been inclined toward the development of rare earth (RE3+) doped 

nanocrystalline phosphor materials owing to their numerous advantages in display and illumination. White light 

emitting diodes (w-LEDs) gain prime attention due to their exceptional optical performance, long operational 

lifetime, high luminous efficiency, remarkable chemical and thermal stability, and environmental friendliness 

which are expected to replace the conventional source of light worldwide in the near future [1–5].  Among the 

various reported inorganic phosphors, fluoride-based host phosphor gains more attention owing to their high 

refractive index with low photon energy resulting in a longer lifetime of their excited state along with optimum 

luminescence yields [6–8]. The various RE3+ activated fluoride based phosphors are extensively studied includes 

β-YF3:Tm3+/Yb3+ [9], GdF3:Eu3+ [10], KLaF4:Tb3+[6], KLaF4:Eu3+[11], KLaF4:Ce3+[12], NaYF4:Eu/Sr [13], 

NaYF4:Yb,Er[14] exhibits special characteristics of host matrix which could strongly influence the emissive 

nature of RE3+ ions. The various parameters such as site occupancy, relative energy of the 4f emitting level of 

RE3+ ions along guest-host interaction greatly impact the emission mechanism of RE3+ ions in the host matrix. 

The Eu3+ ions as activator exhibits intense emission in the red region (~612nm) which is widely used in most 

commercial red-emitting phosphors. The crystal structure of the host matrix and local site symmetry substitution 

of activator in the host are the prominent factors responsible for intra-4f-shell down-conversion transitions 

(5D0→7FJ, J=1,2,3,4) of Eu3+ ions in the host [15,16]. In the present work, we report the synthesis of 

KLaF4:xEu3+ phosphor first time via solid state reaction method. The formation of crystal structure will be 

confirmed from XRD analysis, along with luminescent properties of as-synthesized phosphor materials were 

studied at different excitation wavelengths. The obtained outcome revealed that the reported phosphor is best 

suitable as blue exciting red-emitting phosphor for w-LEDs. 

 

II. EXPERIMENTAL 

A.  Materials and Preparation 

 

The Phosphor KLaF4:xEu3+ (x=0.1, 0.2, 0.5, 0.7 & 1 mol %) has been synthesized by conventional high-

temperature solid state reaction method. The starting materials such as Lanthanum Oxide [La2O3 (99.90%), 

Potassium Carbonate [K2CO3 (99.90%)], Ammonium Fluoride [NH4F (99.90%)], and Europium Oxide 

[Eu2O3(99.90%)] are all analytical grade were employed as reactants. All the reactant materials were weighted 
according to stoichiometric ratio and mixed homogeneously in an agate mortar and pestle for 1hr. The fine 

powder of the samples was transfer into ceramic crucible calcinate at 400 oC for 2h inside a muffle furnace. The 

obtained powder was grounded and reheated again at 800oC for 24h. After having cooled down to room 

temperature in the furnace, the samples were grounded into powder for further characterization.  

 

B. Characterization 

X-ray diffraction (XRD) characterization of as-synthesized phosphor was carried out using a Bruker Advance 

D8 diffractometer with Cu-K∝ radiation (X-ray tube operated at 40KV and 40mA) scanning in 2θ pattern was 

noted in the range of 20-70o with step size 0.021 and 0.5s per step. The photoluminescence excitation (PLE) and 

emission (PL) spectra were recorded at room temperature using a SHIMADZU spectrofluorophotometer RF-

5301 PC equipped with 150W xenon flash lamp and spectral width of 1.5nm. The Commission Internationale de 

l'éclairage (CIE) chromaticity coordinates were analyzed using an Osram Sylvania Color calculator with high 

accuracy. 

 

III. RESULTS AND DISCUSSION 

1. XRD analysis 

The Phase composition, purity, and crystalline structure of as-synthesized phosphor material was studied using 

XRD analysis. The X-ray diffraction pattern of the prepared phosphor material shown in Figure 1, exhibits 

excellent crystalline structure. 
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Fig 1: XRD pattern of KLaF4 phosphor. 

 
All the diffraction peaks are well indexed with standard Reference Code 01-075-0248, confirming the formation 

of single-phase material. The crystal structure of as-synthesized KLaF4 phosphor is shown in Figure 2. This 

revealed a cubic crystal structure with space group Fm-3m (225) [6]. The crystallographic data and lattice 

parameter of the KLaF4 phosphor are shown in Table 1. 

 

 

 

 

 

 

Table1. Crystallographic data and lattice parameter of KLaF4 phosphor 

 
Crystal parameter KLaF4 phosphor from crystallographic information 

file (CIF) no.  

Crystal structure Cubic 

Space group Fm-3m 

Volume (V) 208.633394Å3 

Lattice parameter a= 5.93100 Å 

b=5.93100 Å 

c=5.93100 Å 

∝=90o 

β = 90o 

γ = 90o 
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Fig 2: Crystal structure diagram of KLaF4 phosphor. 

 

2. Photoluminescence Characterization 

The PL excitation spectrum of KLaF4:0.7Eu3+ phosphor monitor at 612nm attributed to 5D0→7F2 transition of Eu3+ 

ions is depicted in Figure 3. The PLE spectrum comprises a broad excitation band from 220 to 310nm. From the 

figure, it is clear that the broad excitation band centered at 260nm corresponds to the O2-→Eu3+ charge transfer 

band (CTB) owing to electron transfer from filled 2p orbital of O2- ions to the empty state of 4f orbital of Eu3+ ions 

[17,18]. In addition, several excitation peaks are observed assigned to intra-configurational 4f-4f forbidden 

transition of Eu3+ ions centered at 395nm, 466nm, 534nm attributed to 7F0→5L6, 7F0→5D2, and 7F0→5D1 transition 

of Eu3+ ions in the host [19–21]. Among all the excitation peaks the strongest excitation peak is centered in the 

blue region at 466nm. The PL emission spectrum for KLaF4:0.7Eu3+ phosphor at the different excitation 

wavelengths of 395nm, 466nm, and 534nm located in the wavelength range of 550nm to 650nm is shown in 

Figure 4. The sharp emission peaks for all excitation wavelengths are observed at 579nm, 592nm, 612nm, and 

622nm corresponding to 5D0→7F0, 5D0→7F1, 5D0→7F2, and 5D0→7F3 transition of Eu3+ ions in the host [22]. From 

the emission spectrum, it is clear that, emission intensity at 612nm (5D0→7F2) assigned to an electric dipole (ED) 

transition was much higher in comparison with emission wavelength of 592nm (5D0→7F1) which is attributed to 

the magnetic dipole of Eu3+ ions in the host. When the Eu3+ ion is located at the crystallographic site followed by 

inversion symmetry, the magnetic dipole transition 5D0→7F1 transition is dominant, moreover if it site without 

inversion symmetry the electric dipole 5D0→7F2 transition will be dominant [23,24]. The obtained outcomes 

revealed that the local symmetry of Eu3+ ions sites belong to the non-centrosymmetric in the host lattice. 
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Fig 3: PL excitation spectra of KLaF4: Eu3+ phosphor under 612 nm emission wavelength. 

 

 
 

Fig 4: Emission spectra of KLaF4:0.7mol% Eu3+ phosphor with different excitation wavelengths. 

3. CIE Chromaticituy 

To optimize the credential of synthesized phosphor for w-LED application, the PL spectra were analyzed using 

Commission de I Eclairage chromaticity (CIE) coordinates, which is most important parameter to confirm 

luminous quality of the phosphor. The CIE chromaticity diagram of KLaF4:0.7Eu3+ phosphor under the 

excitation wavelength of 236nm, 394nm, 466nm, and 534nm is depicted in figure 5. The obtained values of CIE 

coordinates along with color purity and color correlated temperature (CCT) at the different excitation 
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wavelengths for 0.7mol% Eu3+ doped KLaF4 phosphor is demonstrated in Table 2. The color purity of the 

phosphor is evaluated by the formula given below [3–5,25]. 

color purity =
√(x−xi)2+(y−yi)2

√(xd−xi)2+(yd−yi)2
× 100%             (1) 

where, (x, y) and (xi,yi) are denoted for the color coordinate of the prepared phosphor and luminescent point of 

the standard CIE (1931) source respectively. (xd, yd) represent the chromaticity coordinate of the dominant 

wavelength of a light source. 

 

 

Fig 5: CIE chromaticity diagram of KLaF4:0.7molEu3+ doped phosphor 

 
The quality of the white light can be examined using correlated color temperature (CCT) value, which can be 

evaluated using Mc Camy empirical formula [26].  

CCT = −499n3 + 3525n2 − 6823.3n + 5520.33                     (2) 

where, n =
x−xe

y−ye
 , and (xe,ye) = (0.332, 0.186) term as chromaticity epicentre. Normally,  CCT values of the 

studied phosphor were found to vary from 1871-6125K. Generally, a CCT value of more than 5000K revealed 

the cold white light used for commercial lighting purposes. The CCT value of standard daylight at noon (D65, 

6500K) is suitable for cold near white light emission [27]. The obtained value of CCT is depicted in Table 2.  

 

Table 2: CIE Chromaticity coordinates, color purity and CCT 

 

S.No. Excitation 

Wavelength (nm) 

x y Color purity 

(%) 

CCT (K) 

A. 266 0.6542 0.3454 95.357 2422 

B. 395 0.6506 0.3461 94.31 2363 

C. 466 0.6620 0.3488 97.66 2433 

D 534 0.6619 0.3378 97.60 2731 

 
 

IV. CONCLUSION 

In summary, Eu3+ activated KLaF4 phosphor has been successfully synthesized by a high-temperature solid-state 

reaction method. The crystal structure has been characterized by XRD analysis. All diffraction peaks are in good 

agreement with standard reference code 01-075-0248 revealing the formation of a single-phase cubic structure 

with space group Fm-3m. The luminescent intensity of  KLaF4: 0.7mol% Eu3+ phosphor has been examined at 
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different excitation wavelengths and revealed sharp emission positions at 579nm, 592nm, 612nm, and 622nm 

corresponding to  5D0→7F0, 5D0→7F1, 
5D0→7F2, and 5D0→7F3 transition of Eu3+ ions in the host. At the excitation 

of 466nm, emission intensity at 612nm (5D0→7F2) is much higher than  592nm (5D0→7F1), exhibits dominece of 

electric dipole (ED) transition. The CIE values are located at (0.6620,0.3488 ) with color purity 97.66% confirm 

that the reported sample is a potential candidate as a blue exciting red-emitting phosphor for w-LEDs. 
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Abstract 

The fuel cell generates electricity by taking the natural gases as fuel. One of great advantages of fuel cell is 

its efficiency. Electrolyte materials in solid oxide fuel cells (SOFCs) play as key role for deciding its 

operating temperature. Nowadays, researchers are trying to increase the ionic conductivity of electrolyte 

material at low temperature which is a challenging task. In this research paper, 2%Fe doped WO3, is used as 

an electrolyte material for low-temperature SOFCs (LTSOFCs). X-ray diffraction pattern revealed 

monoclinic structure with the P21/n space group. Scanning electron microscopic study (SEM) shows the 

surface morphology with highly dense structure which results in better electrochemical performance than 

other electrolyte material. FTIR analysis revealed the chemical bonds present in the material. The 

electrochemical study at different temperature shows that Fe doped WO3 exhibits significant potential as an 

electrolyte material for Low temperature SOFC. 
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Introduction 

Solid oxide fuel cells (SOFCs) use natural gases as fuel and convert them into electricity via an 

electrochemical reaction, resulting in a high efficiency of around 60% [1]. SOFCs made up of a cathode 

electrolyte and an anode. The electrolyte plays a crucial role in determining the operating temperature of 

SOFCs. Moreover, many researchers have focused on developing high-ionic conductive electrolyte 

materials at low temperatures to reduce operating temperature [2]. Next-generation energy sources need to 

rely less on fossil fuel burning because to variable fuel costs and environmental concerns. SOFCs are 

projected to significantly impact the future of energy technology [3].It is well known fact that the Lower 

operating temperature,450-650°C, can improve stability and minimize costs by reducing thermal and 

chemical stresses, expanding material options, reducing energy usage, and enabling faster start-up times for 

portable applications. SOFCs operating temperature can be reduced by lowering the electrolyte resistance. 

The resistance of electrolyte material will be reduced by replacing well established yttrium stabilized 

zirconium (YSZ) electrolyte with the materials having better ionic conductivity[4].  The low ionic 

conductivity of YSZ’s makes it unsuitable for use as an electrolyte in SOFCs at temperatures below 

800°C[5]. 

According to literature survey it has been observed that Fe doped WO3 increase the dielectric parameter due 

to polarization and in turn the ionic conductivity [6-8]. Therefore, in present work an attempt was done for 

the synthesis of the 2 % doped WO3 (abbreviated as FW02) as an electrolyte material at low temperature. 

 

Experimental 

FW02 was prepared using the aqueous nitrate sulfate solution method. Ferric nitrate (Himedia Hi-AR purity 

99.000-102.00%), and tungsten oxide (WO3) were used as initial ingredients. All initial ingredients were 

taken in stoichiometric amounts for the preparation of FW02. The sulfate solution of WO3 and the nitrate 

solution of ferric nitrate were prepared. Later, both solutions were mixed and stirred for 10 minutes to form 

homogeneous mixture. The final solution was then dried overnight in the furnace at 200 °C. The dried 

powder was crushed using a mortar and pestle calcined at 500 °C for 5 hours to remove nitrate and sulfate 

contents. Then 2 to 3 drops of PVA (Polyvinyl Alcohol) were added as a binding agent to make the pellets. 

The final heat treatment of pellets was done at 950 °C for 12 hours. The samples were cooled in a furnace to 

room temperature. Here, tungsten oxide WO3 (W0) with a Himedia purity of 98%, was used as the standard 

sample for comparison purpose. 

X-ray powder diffraction (XRD) study was used to characterize the sample using a Rigaku table top X-ray 

diffractometer with a copper target (CuKα = 1.5405 Å, filament current = 15mA, operating voltage = 40 

kV). The step size was kept at 0.04 and the scanning speed was 5 degrees per minute. The microstructural 

investigation of sintered pellets was performed with the help of scanning electron microscopy (SEM) 

utilizing Model ZIESS EVO18 with accelerating voltage of 0.2 to 5 kV and filament current of 2.56 A. FT-
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IR spectroscopy was performed to detect the different bonds in the samples under study using the JASCO 

4700 FTIR model. 

The electrochemical performance of the NW02 sample was determined using electrochemical impedance 

spectroscopy. NW02 pellets were coated with silver paste using xylene to achieve a homogenous paste. To 

ensure appropriate contact between the pellet and the electrode, the silver paste was first dried at room 

temperature before being baked for 5 hours in an oven at 150 OC. An impedance study was performed at 

300-400°C using the Metro ohm Auto lab model 204. The optimum AC voltage was 25mV in a frequency 

range of 0.1Hz to 1MHz. The collected EIS data were finally analyzed using the Nova 2.1.1 software. 

 

 

Results and Discussion 

X-ray powder diffraction 

Figure 1 shows the comparision of X-ray diffraction patterns of FW02 and pure tungsten oxide (W0) with 

standard COD file (No. 1010618). The XRD peaks of W0 and FW02 are indexed, showing a highly 

crystalline monoclinic phase of both pure and doped material. The 2 % Fe doped material attained 

monoclinic phase which is in good agreement with reported data[9, 10].The main diffraction peaks of all 

samples under study are located at 2 of 23.1, 23.6, 24.4, 33.3, 34.06, 34.18,41.50,41.86 and 49.94 and well 

indexed to (002), (020), (200), (022), (202̅), (220),(220),(222̅) and (400) planes, respectively corresponds to 

a typical monoclinic structure. A detailed examination of Figure 1 of FW02 shows the absence of secondary 

phases, demonstrating the effective replacement of the W6+ ions by the Fe3+ ions. Thus, it can be conclude 

that Fe goes entirely to the site of tungsten oxide. Figure 2 shows a magnified image of the X-ray powder 

diffraction patterns in the 2 range, 22 to 26 degrees of W0 and FW02. A close look of Figure 2 shows that 

the diffraction peaks (002), (020), and (200) are shifted to higher angle after 2% doping of Fe. Strong 

evidence for the existence of WO3 in the monoclinic phase is provided by this matching planes more intense 

triplet [11]. The shift in lattice parameter values confirms that Fe has been effectively doped into WO3[8]. 

Rietveld refinement analysis is done using FullProf software. Rietveld refinement analysis of FW02 is given 

in Figure 3 which confirms the monoclinic phase with space group P21/n. The bottom curve displays the 

discrepancy between estimated and refined intensities to the crystallographic model and experimental 

measurements. The locations of the Bragg reflections are indicated by the vertical tick marks. The 

comparison of lattice parameters of W0 and FW02 are listed in Table 1, which shoes increase in lattice 

parameter, is good agreement of earlier reported lattice parameter by TengZhanga et al[9]. 
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Fig.1 XRD patterns of W0 and FW02 with 

standard COD pattern. 
 

 

Fig.1 XRD patterns of W0 and FW02 with 

standard COD pattern. 
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Fig.2Enlarged views of X-ray powder diffraction 

patterns in 2 range of 22 to 26 degree of W0 and 

FW02. 
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Fig.3Rietveld refinement of FW02. 

 
 

 

 

 

 

Scanning electron microscopy (SEM) 

Figure 4 shows the scanning electron microphotographs of FW02. A cursory look at the Figure 3 clearly 

indicates that FW02 becomes more dense and homogenous after sintering. The statistically analysis of 

particle size distribution was determined using the ImageJ software. The particle size distribution map 

reveals particle sizes ranging from 0.5 to 3 microns, with an average size of 2 microns. Therefore, the 

average grain size of FW02 is 2 m. So, it can be said that this densed material can be used as an electrolyte 

for SOFCs. 

 

Fig.4SEM images of Sintered FW02. 

 

Fourier Transform Infrared spectroscopy (FTIR) 

Samples a (Å) b (Å) c (Å)    

W0 7.298391 7.531981 7.684532 90 89.287 90 

FW02 7.310525 7.528165 7.686395 90 89.218 90 
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Figure 5 shows the FTIR spectra of W0 and FW02 in the range of 500 to 4000 cm-1. All spectra show 

comparable IR active bands. The wide bands of about 600 cm-1 are attributed to stretching vibrations of the 

O-W-O bond [13].The band at 3660 cm-1 represents the hydrogen-bonded OH stretching vibrations of water 

molecules that are absorbed by KBr from moisture. The band at 1397 cm-1 is caused by stretching vibrations 

of the C-O bond, while the band at 1065 cm-1 is caused by C-O-C stretching of adsorbed CO2 molecules 

from the atmosphere [14]. It is interesting to note here that the iron oxide bands are absent which indicates 

that the Fe3+ ions are successfully incorporated at WO3 lattice site. This is also in good agreement with 

earlier reporting [8]. 
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Fig. 5 FTIR spectra of W0 and FW02. 

 

Electrochemical impedance spectroscopy (EIS) 

EIS data in the low temperature range were collected and used to calculate their ionic conductivities and 

represented in Figure 6.  The EIS of FW02was carried out of temperatures range 300 to 400°C with intervals 

of 50°C. Ionic conductivity data is extracted from fitted data using equation 1. 

= L/(R ꓫ S) …….     (1) 

Where S is the area of pellet in cm2, R is the bulk resistance in ohm (), and L is the thickness of pellet in 

cm [17]. 
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Fig.6 Impedance spectra of FW2 sample at different temperatures 

Bulk resistance is represented by the high frequency side semicircle passing through the origin, whereas the 

grain boundary is represented by the arc in the middle frequency band. The low frequency range is 

characterized by complicated electrode behavior, including many arcs [15].It is clear from Figure 6 that 

electrolyte’s grain boundary arc's radius reduces with increase in temperature.  

The semicircle has a minimum radius of FW02 pellet at temperature 400°C. Increased carrier ions 

and ionic mobility can cause a decrease in bulk resistance[16].Impedance spectra of FW02with equivalent 

circuit diagram at 300 °C is depicted in Figure 7. The polarisation and ohmic resistances (Rs and Rp) 

provide information about the charge transfer. Furthermore, the Ohmic resistance (Rs) corresponds to the 

intersection of the EIS curve at the high frequency on the real axis of resistance, which is usually provided 

by the ionic transport resistance in the electrolyte layer. 
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Fig.7 Impedance spectra with fitted line along with equivalent circuit diagram of FW02 at 300 oC. 

 

The ionic conductivity of the FW02 listed in table 3 with respect to temperature. It is evident that 

conductivity increases with temperature. Due to the thermal vibrations of the ceramic lattice and the 

increasing ion vacancies, It can be seen that the conductivity increases with increasing temperature due to 

the increased ion vacancies and the thermal vibrations of the ceramic lattice. This indicates that doping of Fe 

in place of W increases the faster charge diffusion and mass transfer processes. Parameters obtained from 

fitting of experimental EIS spectra for FW02 are given in table 2. By observing the fitted data of  FW02, it is 

shown that while the Rp value decreases with respect to temperature, which leads to increase in FW02 ionic 

conductivity. 

 

 

 

 

 

 

 

 

 

 

 

It is found that ionic conductivity increases after 2% Fe doping in WO3. The ionic conductivity of value of 

FW02 is 0.01504 S/cm at 350 °C. 

Conclusion 

In present study, a new dopant iron (Fe) is used in tungsten oxide system as an electrolyte material. A 

monoclinic crystal structure is obtained for FW02. FTIR study indicate the presence of W-O bond in FW02 

sample. The ionic conductivity is 0.01504 S/cm at 350oC. The value of ionic conductivity is more as 

compared to other system mentioned in the literature at 350oC. In nutshell, it can be said that FW02 can be 

considered as potential electrolyte material for low temperature SOFCs. 

  

Samples a (Å) b (Å) c (Å)    

W0 7.298391 7.531981 7.684532 90 89.287 90 

FW02 7.310525 7.528165 7.686395 90 89.218 90 

Temp(°C ) Rs() Rp() CPE1(nMho) 

300 23.5 240 12.7 

350 15 31.2 155 

 

 

Table2. Parameters obtained from fitting of 

experimental EIS spectra for FW02. 
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Structural and Optical 

Properties Study of ZnO 

Thin Films Prepared by 

Spin Coating Method  
  

Abstract: - Here we report the preparation of ZnO thin films by spin coating method. The as prepared ZnO thin films were 

found to be polycrystalline in nature having hexagonal (wurtzite) structure as confirmed by X-ray diffraction. The ZnO 

crystallites are preferentially oriented along (002) planes parallel to the substrate surface for the films annealed for 2hrs of 

duration which are then becomes polycrystalline with increasing the duration time from 4hrs to 6 hrs. The films have high 

transparency which is observed to be decreased with increasing the number of cycles. The transparency of the films is also 

found to be dependent of the annealing temperature and annealing time. The absorption spectra analysis of the as prepared films 

shows the direct nature of band-to-band transitions. The band gap energy is found to be increases with increasing the number of 

deposition cycles. The band gap energy is also found to be dependent on the annealing temperature and duration of annealing 

temperature. Moreover, interestingly the tauc plot show the intermediate energy level for all the samples in between 2.88 eV to 

2.91 eV, which is found to be influenced by the preparation conditions. The structural and optical properties were correlated 

with the preparation parameters of the ZnO thin films.                

Keywords:Defects, Spin Coating, X-ray Diffraction, ZnO 

 

I. INTRODUCTION 

Among the various semiconductors zinc oxide is an inexpensive n-type semiconductor having wide band 

gap of 3.37 eV which is observed in two different structural forms namely hexagonal wurtzite and cubic 

zinc blende [1]. It is widely used in various applications such as ceramics, paints, pigments, lubricant, paste, 

ferrites, batteries, food industry and so on [2].   The various methods are used for the preparation of thin 

films of zinc oxide such as Sol-Gel [3], Chemical Bath Deposition [4], Spray Pyrolysis [5], SILAR [6], 

Laser Ablation [7], Chemical Vapor Deposition [8], Spin Coating [2]. Out of these the sol-gel spin coating 

method is more suitable due to their advantages such as easy to prepare, control of chemical compositions, 

ability to produce fine structures and control on film thickness and low cost. Various researchers have 

already been reported the relation between spin coating parameters with structural and optical properties of 

ZnO thin films.  

 

Here we report the preparation of zinc oxide thin films by spin coating method. The effect of number of 

cycles and calcination temperature on structural and optical properties is reported.  

 

 

II. EXPERIMENTAL 

ZnO films were deposited on glass substrate using the spin-coating method (Model No.: HO-TH05) at 

room temperature and atmospherics pressure. Glass substrates were cleaned with distilled water, acetone 

and ethanol successively in an ultrasonic bath, and then dried under IR Lamp. The precursor solution for 

spin coating deposition was prepared by dissolving 1gm of zinc acetate in 10 ml ethanol. Then ammonia 

solution was added drop wise to form amino complex of zinc until the pH of solution was adjusted to ~10. 

This solution was then stirred for 15 min at room temperature to obtain a homogeneous solution. The 

obtained solution was deposited on the glass substrate by spin coating method at a spin rate of 1000 rpm for 

30 sec. The deposited films were dried at a 55°C under IR lamp for 10 min. The films were prepared by 

repeating a 10, 15, 20 & 50 number of cycles of spin coating. For each deposition the film was dried under 

IR lamp for 10 minutes before the next cycle. Finally, the films which were prepared by repeating a 10, 15 

and 20 number of cycles were annealed at 350, 400 and 450 degrees for 2hr, 4hr, 6hr respectively for 

complete oxidation. Whereas, the films which were prepared by repeating a 50 number of cycles was 

anneatled at 450 degrees for 2hr, 4hr and 6hrs respectively. 
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III. RESULT AND DISCUSSION 

Structural Analysis: 

 

The crystal structure analysis of as prepared ZnO thin films is carried out by using X-ray diffraction 

method. Fig.3. shows X-ray diffraction patterns of ZnO thin films prepared for 10, 15 and 20 cycles and heat 

treated for 350 degrees, 400 degrees and 450 degrees respectively. It is clearly observed that all the samples 

show a very small peaks observed at around 2θ equal to 34.28, 31.36 and 31.14 degree corresponds to (100), 

(002) & (101) reflections respectively. Which are in agreement with those of the expected peaks of wurtzite 

structure of ZnO. These peaks are superposed to the diffuse scattering produced by the amorphous silica 

glass substrate. The observed diffraction peaks can be indexed to standard hexagonal wurtziteZnO Structure. 

 

 

 
Fig.1.: X-ray diffraction patterns of ZnO thin films prepared for 10, 15 and 20 cycles and heat treated for 

a) 350 degree, (b) 400 degree and (c) 450 degree respectively. 

 

 

 

To elaborate the impact of heating temperature and reaction media on growth of zinc oxide 

nanostructures the films are deposited for large number of cycles i.e. 50 cycles. Fig.2 (a) shows the normal 

XRD pattern of the films deposited for 50 cycles and heat treated at 2 hrs, 4hrs and 6 hrs respectively 

whereas the Fig.2. (b) shows the slow scan of the same films in between the 2θ values of 30 to 40 degree. It 

is observed that all the deposited and heat treated films show the broad peaks at around 2θ equal to 34.28, 

31.36 and 31.14 degree corresponds to (100), (002) & (101) reflections respectively. Moreover, as we 

increase the heating temperature the peaks are observed to shift towards the lower 2θ values at the same 

time the peak intensity also decreases. The film heat treated at 2hrs show the (002) orientation which 

gradually decreases with increasing the heating time. Therefore, with increasing the heating period films get 

relaxed and transforms into the perfect Wurtzite structure of ZnO.  The broad peaks observed in the XRD 

patterns are indicative of small particles. 
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Fig. 2: (a) Normal X-ray diffraction pattern and (b) Slow scan of ZnO thin films prepared at 50 cycles 

and heat treated for 450 degrees for 2hrs, 4hrs and 6hrs respectively. 

 

Furthermore, the increase of intensity, preferably the c-axis orientation along (002) plane was observed 

for the sample heated for 2 hours. It is worth to note that, the samples with a deposition of 50 cycles, as the 

heating time increases the intensity of (002) orientation decreases. This indicates that the crystallinity quality 

of ZnO film is cultivated with changing the heating time.  

 

The crystallite size (D) of ZnO sample prepared at 50 cyles were calculated by using the well-known of 

Debye-Scherrer equation as follows:   

 

                                            D = 0.94 λ/Bcosθ 

 

Where, λ is the wavelength incident X-ray (λ=1.5406A) B is the full width at half maximum (FWHM), 

and θ is the diffraction angle at which the peak of a particular orientation occurs. The observed crystallite 

size for the samples calcined at 2hr, 4hr and 6hr was found to be around 25 nm, 14nm and 55 nm 

respectively.   

 

Optical Properties Study: 

 

UV-Visible Spectroscopy Study: 

 

Fig.3. shows the absorbance spectra of the films prepared at 350, 400 and 450 degrees for 10, 15 and 20 

cycles and heated at 2hr respectively.  The inset of each graph shows the respective Tauc plot of (αhν) ² 

versus hν which gives the band gap energy (Eg) for deposited material. The absorbance spectra of each 

sample shows the strong absorbance in the 300 nm to 400 nm of wavelength range. Moreover, each sample 

shows the small knee near the 360 nm of wavelength which indicates the presence of defect state. The band 

gap values calculated from the tauc plots for ZnO thin films deposited for 10, 15 and 20 cycles via spin 

coating method and heat treated at 350, 400 and 450 degrees and are given in Table.1. The band gap value 

of ZnO thin films is found to be 3.98 eV, 3.95 eV, 3.97 eV and 3.88 eV for the deposition cycles of 10 ,15, 

20 and 50 and heat treated for 2 hrs. respectively.  The observed increase in band gap value with increasing 

the number of deposition cycles is quite obvious due to the increase in film thickness with the number of 

deposition cycle. 
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Fig.3.: The absorbance spectra of the films prepared at 350, 400 and 450 degrees for 10, 15 and 20 

cycles and heated at 2hrs respectively. 

 

 

 

Table.1.: Calculated band gap for thin films deposited for 10, 15, 20 and 50 cycles.  

 
Fig.4. shows the absorbance spectra of the samples prepared at 50 cycle and heated at 450 degree for 

2hrs. 4 hrs. and 6 hrs respectively. The inset shows the tauc plots of the respective samples. The band gap 

value of ZnO thin films is found to be 3.88 eV, 3.86 eV and 4.01 eV for the samples heat treated at 2hrs. 4 

hrs. and 6 hrs. respectively. 
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Fig.4.: The absorbance spectra of the samples prepared at 50 cycle and heated at 450 degrees for 2hrs. 4 

hrs. and 6 hrs. respectively. 

 

 

 

Fourier Transform Infrared Spectroscopy: 

 

A typical FTIR spectrum of the ZnO in the frequency range from 500 to 4500 cm-¹ is shown in Fig.5. It 

is observed that, the peaks appearing in the spectra are characteristics of the material structure. It is observed 

that the broad peak observed in the spectra at around 500 cm-1 of wavenumber corresponds to prominent 

symmetric stretching vibration of low frequency Zn-O band in ZnO lattice. All the samples show this band 

confirms the formation of ZnO structure and absence of any other peak in the spectra gives the purity of the 

sample. 
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FIG. 5.: FTIR SPECTRA OF AS PREPARED ZNO THIN FILMS. 

 

IV. CONCLUSION 

In conclusion we have successfully prepared the ZnO thin films by spin coating method. An attempt has 

been made to prepare the ZnO thin films for different deposition cycles. The phase formations of all samples 

were confirmed by XRD study. The preferential growth of the film along c-axis oriented along (002) 

direction is observed for the sample heated at different temperature for 2hrs. As the heating period increases 

the sample becomes more polycrystalline having wurtzite structure. We have studied the effect of deposition 

cycles on the crystallinity and size of the crystallite. The crystallite size is observed to be increased with 

increasing the period of heating from 2hrs to 6hrs. The band gap calculation was done from tauc plots for all 

the as prepared samples. The value of band gap is found to be increased with increasing the deposition 

cycles as well as the heating temperature and duration of heating. FTIR analysis shows the presence of 

broad peak observed near 500 cm-1 of wavenumber which corresponds to Zn-O stretching in ZnO lattice.  
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Spectroscopic investigation of 

photoluminescence properties of 

K2CaMg(PO4)2:Eu3+ phosphor for 

solid state lighting applications 

 

Abstract: - Phosphate based phosphors have been a major area of interest in solid state lighting devices. In the presented study, we 

report various concentrations of Europium (Eu3+) activated K2CaMg(PO4)2 prepared via the standard solid-state diffusion 

synthesis method. The prepared phosphor is characterized using Photoluminescence (PL) spectroscopy. In the PL study, the PL 

excitation spectra exhibit excitation band at 395 nm wavelength along with a charge transfer band (CTB) centred at 258 nm. The PL 

emission spectra observed shows peaks at 594 nm (Orange Region) and 614 nm (Red Region) due to the 5D0→7F1 and 5D0→7F2 

transitions of Eu3+ ions. The sample is also characterized using X-Ray Diffraction (XRD), Scanning Electron Microscopy (SEM), 

and Commission Internationale de l'Éclairage (CIE) techniques. The CIE diagram shows CIE coordinates in the orange-red region. 

According to obtained results, we suggest that the prepared phosphor have huge potential for future investigation in the field of solid 

state lighting (SSL) and display devices. 

Keywords: Phosphor; Photoluminescence; Phosphate; Solid State Lighting (SSL) 
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I.  INTRODUCTION  

Light emitting diodes (LEDs) have revolutionized the lighting industry with their energy efficiency, 

durability and versatility of applications [1–3]. One crucial component that contributes significantly to the 

performance of LEDs is phosphor. LEDs phosphors play a very vital role in converting blue light emitted by 

LEDs into various colours, thereby enhancing light quality and efficiency. The future of LEDs phosphors is 

promising, with ongoing research and development focusing on addressing current challenges and unlocking 

new opportunities. Key areas of interest include: Advanced Materials: Exploring novel phosphor materials 

with improved efficiency, stability, and spectral characteristics [4,5]. Smart Lighting: Integrating phosphors 

with smart lighting technologies for dynamic colour tuning and enhanced energy savings [6,7], Health and 

Well-being: Developing LED phosphors that mimic natural sunlight spectra to promote circadian rhythm 

regulation and improve human well-being [8], Environmental Sustainability: Emphasizing eco-friendly 

phosphor formulations and recycling strategies to reduce environmental impact [9]. LED phosphors play a 

critical role in the performance and versatility of LED lighting systems. Understanding their principles, types, 

applications, and ongoing advancements is essential for realizing the full potential of LEDs in various sectors, 

from everyday lighting to advanced display technologies and beyond. Some reports suggest that 22% of the 

electric power is consumed in the field of lighting [10]. Thus, how to reduce lighting energy consumption has 

become the research direction of many researchers. With the help of light-emitting diode (LED) light sources, 

energy consumption could be reduced by about 1000 TW [11].  

Currently, the creation of W-LEDs has typically depended on combining a blue-emitting gallium nitride 

(GaN) light-emitting diode with yellow-emitting materials like cerium-doped yttrium aluminium garnet (YAG: 

Ce3+) [12,13]. However, due to a lack of red-light component, this type of WLED has some drawbacks, such 

low colour render index value (CRI) and high color correlated temperature (CCT), which restricts the areas in 

which WLEDs may be used (e.g., indoor illumination and screen display) [14,15]. While the human eye 

perceives the blend of blue and yellow light as white (cold white light), the CRI is typically low (<70). 

Especially, in certain lighting domains that demand excellent warm white illumination, such as photography, 

surgery, museums, cinematography, and art galleries, CRI rating needs to exceed 90 [16–18].  Currently, 

numerous research papers focus on advancing orange-red emitting phosphors and enhancing the luminescent 

characteristics of existing phosphors. Particularly, there has been detailed investigation into Eu3+ activated 

phosphors. The Eu3+ ion has an electronic configuration of [Xe]4f6, where the 4f orbitals are shielded from 

external influences by the closed outer shells of 5s2 and 5p6. Importantly, the ground state energy level 7F0 and 

the significant excited state energy level 5D0 of Eu3+ are nondegenerate and unaffected by the crystal-field 

effect imposed by the host material. This key characteristic simplifies the interpretation of experimental 

absorption and luminescence spectra properties related to Eu3+. Numerous reports have demonstrated when 

Eu3+ ions occupy non-centrosymmetric sites, they emit vibrant red light corresponding to the 5D0→7F2 

transitions [19–22].  

It is well established that the optical properties of luminescent phosphors doped with rare earth ions are 

greatly influenced by the properties of the host matrix. Typically, it is widely recognized that the light-emitting 

characteristics of rare earth doped phosphors heavily rely on the host materials. Hence, choosing suitable host 

materials is a crucial endeavor in advancing rare earth activated phosphors for WLEDs. With various groups of 

materials emerging as good host materials for synthesis of phosphors, a great emphasis has certainly been on 

Phosphate materials. It is variably reported that, the formation of phosphate-based solid solution could improve 

the luminescence efficiency, so it is of great scientific significance to systematically study this influence 

mechanism [23,24]. Phosphate based phosphors doped with Eu3+ has been a field which has been extensively 

studied and reported [23–27]. Recently, Helode et al. investigated the optical spectroscopic studies and 

concentration quenching effects on Sr9MgK(PO4)7: Eu3+ using the Dexter analysis [28]. Also, in 2021, Bin Yu 

et al. reported a novel mixed ion phosphate Cs2Bi2Sr(P2O7)(PO4)2 doped with Eu3+ synthesized using solid state 

reaction method and studied its optical characteristics and crystal structure [29]. Nandanwar et al. studied the 

photoluminescence properties and structural study of Sr3La(PO4)3:Eu3+ phosphor prepared by wet chemical 

synthesis route [30]. Alongside, other researchers also studied various other phosphate type host materials 

doped with Eu3+, Ca5(PO4)3F [31], NaMgPO4 [32], K4Ca(PO4)2 [33], Ca9Y(PO4)7 [34], etc. are some of the 

examples of such recently prepared phosphors. 

In this work, multiple concentrations of K2CaMg(PO4)2:Eu3+ phosphor have been synthesized by 

conventional solid state diffusion synthesis method. In addition, PL properties of the proposed sample were 
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investigated. As per our best knowledge, K2CaMg(PO4)2:Eu3+ phosphor is first time reported by the authors 

and obtained result of proposed sample shows excellent PL properties for future studies of WLEDs and display 

devices.    

 

II. EXPERIMENTAL 

The presented paper reports various concentrations (x= 0.5, 0.7, 1.0, 1.3 and 1.5 mol%) of Eu3+ doped 

K2CaMg(PO4)2 phosphor prepared by conventional solid state diffusion synthesis method. Potassium 

Carbonate (K2CO3), Calcium Carbonate (CaCO3), Magnesium Carbonate (MgCO3) and Ammonium 

Dihydrogen Phosphate (N2H9PO4) were used as starting material to prepare the host material which was 

subsequently doped with Europium Oxide (Eu2O3). All the precursors were weighed in stoichiometric ratio in 

the process. All the weighed materials were placed in agate mortar and pestle. For thirty minutes, every sample 

was constantly crushed to turn the combination into a homogenous fine powder. The resulting mixture was put 

in a muffle furnace after being transferred to ceramic crucibles. The muffle furnace was continuously operated 

at 800°C for 24 hours. After the period, sample was allowed to cool down to the room temperature and then 

further crushed using agate mortar pestle for 5 minutes per sample. Further characterizations were conducted 

using the powdered samples that were obtained. 

The phosphor was characterized using a variety of techniques, including XRD, SEM, PL, and CIE. Glass 

samples were analyzed using the Rigaku Miniflex D 600 X-ray diffractometer with Cu Kα radiation (λ = 

0.154059 nm) at 40 kV and 15 mA to identify phases and crystalline structures. The diffraction pattern was 

detected between 10˚ and 80˚ at a scanning rate of 0.04 o/sec. A scanning electron microscopy (SEM) analysis 

was carried out to analyse the morphology of the produced samples. The photoluminescence (PL) excitation and 

emission spectra of the glass sample were acquired with a SHIMADZU Spectrofluorophotometer RF-5301 PC. 

A 50 W Xenon lamp was used as an excitation source to measure the photoluminescence (PL) spectrum. 
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III. RESULTS AND DISCUSSION 

1. X-Ray Powder Diffraction 

Figure 1 depicts the XRD patterns of the proposed material, which were recorded in the 10° to 80° range. 

To the best of our knowledge, no research group has reported this material. This is first time prepared material 

using the solid-state diffusion approach. Furthermore, the standard data for the proposed host material were not 

available in the literature/JCPDS/ICDD/ICSD data, therefore the XRD pattern of the synthesized material was 

not compared. The major diffraction peaks are found in the 30° to 50° range. The XRD pattern exhibits 

sharp and narrow diffraction peaks, indicating the crystalline nature of the produced phosphor. As per the 

literature and ionic radii database, the ionic radii of Eu3+ is around 1.07 Å and ionic radii of Ca2+ is around 1.12 

Å. Therefore, ionic radii of Ca2+ is greater than the ionic radii of Eu3+. As per the ionic radii matching rule, it 

was expected that Eu3+ ions occupy the Ca2+ sites without significantly varying the structure of host lattice. 

 

Figure 1: X-Ray Powder diffraction Spectra of K2CaMg(PO4)2: 0.5 mol%Eu3+. 

2. Scanning Electron Microscopy (SEM) 

Figure 2 shows the SEM images of the 0.5 mol%Eu3+. material. The SEM images were captured with 

magnification of 1μm to 2μm. The size of particles varied in submicron range. The captured SEM images 

showed the high agglomeration and porous nature of the particles. This high agglomeration may be obtained due 

to the non-uniformities in heating and high temperature synthesis. The irregular shapes may also be arising due 

to the difference in the time period of crushing or the use of agate mortar and pestle. The porous nature of the 

particles as seen in the images is attributed to the of carbon dioxide and ammonia from the reaction mixture 

while heating. 

 
Figure 2: SEM images of K2CaMg(PO4)2:0.5 mol%Eu3+. 
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3. Photoluminescence Spectra 

Figure 3 represents PL excitation spectra of K2CaMg(PO4)2: 1 mol% Eu3+ phosphor, which is recorded in 

the range of 220-500 nm under 616 nm emission wavelength. The excitation spectrum depicts broad absorption 

band from 220-300 nm centred at 260 nm, this band also known as the Charge Transfer (CT) band. The CT 

band may be arising due to the charge transition from Oxygen 2p orbital (O2-) to the vacant europium 4f orbital 

(Eu3+) ions. In addition, multiple sharp absorption bands are observed at 320 nm, 363 nm, 383 nm and 395 nm, 

which may be arise due to 7F0→5H3, 7F0→5D4, 7F0→5L7 and 7F0→5L6 transitions of Eu3+ ions [35,36]. From the 

excitation spectrum, we are clearly observed that 395 nm absorption band exhibits strong excitation intensity. 

As per the literature we found that near ultraviolet (NUV) absorption is suitable for WLEDs application. Here 

we observed that Eu3+ doped K2CaMg(PO4)2 phosphor have absorption in the NUV region which suggests that 

our prepared sample may have potential for future studies in the field of WLEDs. 

 
Figure 3: PL excitation spectrum graph of K2CaMg(PO4)2:Eu3+ phosphor monitored at emission wavelength of 

616 nm. 

 

Figure 4 (a) and (b) represents PL emission spectra of the K2CaMg (PO4)2: x mol% Eu3+ (x= 0.5, 0.7, 1.0, 

1.3, 1.5 mol%) phosphor under 260 nm and 395 nm respectively. The emission spectrum is recorded in the 

range of 500-700 nm. The observed emission spectrum represents two strong emission bands around at 594 

and 616 nm which may be observed due to the 5D0→7F1 and 5D0→7F2 transitions of Eu3+ ions [19]. Under 260 

nm and 395 nm excitation, emission spectrum shows similar nature of the spectrum, only PL intensities are 

varied with variation of excitation wavelength, with emission peak at 616 nm being more intense as compared 

to the emission peak at 594 nm. As per the literature, it is known that the peak observed at 594 nm (5D0→7F1) 

is due to magnetic dipole transitions which is not dependent on the coordination surrounding and are 

insensitive to site symmetry. Whereas the peak observed at 616 nm (5D0→7F2) is due to the electric dipole 

transitions of Eu3+ ions from the chemical environment surrounding the dopant [37,38]. Furthermore, the 

orange-red emissions due to electric dipole transition shows higher intensity as compared to the magnetic 

dipole transitions.  
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Figure 4 (a) : PL emission spectrum graph of K2CaMg(PO4)2:Eu3+ phosphor monitored at excitation 

wavelength of 260 nm. (b) PL emission spectrum graph of K2CaMg(PO4)2:Eu3+ phosphor monitored at 

excitation wavelength of 395nm. 

 

4. Concentration Quenching 

Concentration of dopant ions play a very important role in the PL spectra of a compound as it can 

significantly affect the luminescence properties of a material. Thus in order to find an optimal concentration of 

Eu3+ ions a series of K2CaMg(PO4)2: x mol% Eu3+ (x= 0.5, 0.7, 1.0, 1.3, 1.5 mol%) has been synthesized. It is 

observed that, with variation in the concentration of Eu3+ ions there is no change in the position of peaks but it 

does have an effect on the emission intensity of the material. Figure 5 given below shows the trends observed 

by varying concentration of dopant ions in the case of K2CaMg(PO4)2:Eu3+. The graph suggests an increase in 

the emission intensity with an increase in the concentration of Eu3+ ions till a maximum value of x= 1.0 mol% 

and then the emission intensity decreases with subsequent increase in Eu3+ concentration. This phenomenon is 

termed as concentration quenching [37,38]. 

Literature survey suggests the critical distance (Rc) is a very important factor as it suggests the type of 

energy transfer between the dopant and host. If Rc < 5Å, the energy is transferred due to exchange interaction, 

whereas when Rc > 5Å the energy is transferred via electric multipolar interaction. Blasse’s pointed out that 

critical distance is approximately equal to twice the radius of the sphere with the volume of unit cell and is 

expressed by the formula [37,38]: 

Rc = 2 (
3V

4πXcZ
)

1/3

… … … … ….   (1) 

where V is the volume of the unit cell, Xc is the critical concentration of Eu3+ ions, and Z is the number of 

available sites for the dopant in the unit cell. The type of the interaction can be further ascertained by the 

equation proposed by Dexter [19,26,39]: 

I

x
= K[1 + β(x)θ/3]

−1
 … … … ..  (2) 

This equation can be approximated as: 

Log
I

x
= c −

θ

3
log(x) … … … … … . (3)  

Where I is the PL emission intensity and x is the value of concentration of Eu3+ ions and K, β and c are 

constants in the same excitation conditions. According to Van Uitert, when the value of θ=6 then it presents the 

electric dipole-dipole (d-d) interaction, if the value of θ=8 then it presents the electric dipole- electric 

quadruple (d-q) interaction, and if the value of θ=8 then it presents the electric quadruple-electric quadruple (q-

q) interactions [19,26,39]. Figure 6 (a,b) depicts the linear fitting graph of K2CaMg(PO4)2: Eu3+ at excitation 

wavelengths 260 nm and 395 nm respectively. The graph is plotted as a function of Log(x) against Log(I/x) 

and is represented as a straight fitted line with negative slope value (-θ/3). According to linear fit for excitation 

value 260 nm the slope is (-θ/3) ≈ -1.63. Thus, the value of θ is calculated to be θ ≈ 4.89.  As for figure 5(b) 

with excitation wavelength 395 nm, the slope was measured to be (θ/3) ≈ -1.93 which suggests the value of θ 
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to be about θ = 5.99. As both the values of θ are closer to 6, this means the dipole- dipole (d-d) interaction 

leads to concentration quenching mechanism in case of K2CaMg(PO4)2: Eu3+ phosphor. 

 
Figure 5: Concentration Quenching graph of K2CaMg(PO4)2:Eu3+. 

 
Figure 6: Linear fitting graph between Log(x) and Log(I/x) at excitation wavelength (a) 260 nm (b) 395 nm 

 

5. CIE Chromaticity 

Figure 7 represents the Commission Internationale de l'Éclairage (CIE) diagram for K2CaMg(PO4)2: 1 

mol% Eu3+ phosphor observed under the excitation wavelengths of 260 and 395 nm, respectively. The diagram 

was plotted using OSRAM SYLVANIA Colour Calculator. The CIE coordinates are observed in the red 

region, which confirms strong red emission of the proposed material. Colour purity and CCT are also 

significant parameters for WLED applications. Equations 4 and 5 present a mathematical equation for colour 

purity and CCT computation. Using these equations and obtained CIE coordinates, we determine the values of 

colour purity and CCT as shown in Table 1 [40,41].  

𝐶𝑜𝑙𝑜𝑟 𝑃𝑢𝑟𝑖𝑡𝑦 =  
√(𝑥−𝑥𝑖)2+(𝑦−𝑦𝑖)2

√(𝑥𝑑−𝑥𝑖)2−(𝑦𝑑−𝑦𝑖)2
 × 100%  ……… (4) 

Where (x, y) are the CIE colour coordinates of the K2CaMg(PO4)2: 1 mol% Eu3+ sample, (xi, yi) are the 

white light coordinates, and (xd, yd) are the dominant wavelength coordinates. The colour purity of the 

suggested sample was calculated at 260 and 395 nm excitation wavelengths, and the computed colour purity 

values were more than 80%, indicating that the proposed phosphor is suitable for use in WLEDs as a red 

emitter.  

𝐶𝐶𝑇 =  −499 n3  +  3525 n2 –  6823.3 n + 5520.33  … … ….  (5)  

Where,       
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𝑛 =  
𝑥 −  𝑥𝑒

𝑦 − 𝑦𝑒

 

Previous research has revealed that if the CCT value is larger than 4000 K, it produces cool light, and if it is 

less than 4000 K, it produces warm light [26]. The calculated value of CCT is around 1500 K, indicating that 

proposed sample is appropriate for warm WLEDs.  

Table 1: CIE Chromaticity coordinates, Color purity and CCT values of K2CaMg(PO4)2: 1 mol% Eu3+ 

phosphor under 260 nm and 395 nm excitation wavelengths 

 x y xd yd Colour Purity CCT 

A(395 nm) 0.6038 0.3957 0.6775 0.3224 80.61% 1511 K 

B(260 nm) 0.6188 0.3807 0.678 0.3281 83.94% 1524 K 

 

 
Figure 7: CIE diagram for K2CaMg(PO4)2: 1 mol% Eu3+ phosphor 

 

 

IV. CONCLUSION 

In the present work, a series of Eu3+ doped K2CaMg(PO4)2 was prepared by the conventional solid state 

diffusion method. The prepared phosphor was characterized using XRD, SEM, PL excitation, PL emission and 

CIE techniques. The XRD spectra of the prepared phosphor showed definite sharp peaks suggesting the 

crystalline nature of the phosphor. The SEM images suggested the porous nature of the phosphor due to 

emission of various gases during the synthesis of material. The PL emission spectra of the Eu3+ doped 

K2CaMg(PO4)2 shows peaks at 594 nm due to the 5D0→7F1 and at 616 due to 5D0→7F2 transitions of Eu3+ ions. 

The concentration quenching graphs suggested the emission intensity to continuously increase upto 1 mol % 

Eu3+ ions and then decreasing, thus confirming 1.0 mol% to be an optimal doping concentration. Further the 

CIE diagram of the prepared phosphor indicated emission in intense red region of the spectra and the CIE 

coordinates were observed at (0.6038, 0.3957) for 395 nm excitation and at (0.6188, 0.3807) for the 260 nm 

excitation. The presented research thus indicates that the prepared phosphor has a great potential in red light 

emitting phosphors for eco-friendly white light generation.  
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Abstract: 

      Here we report the performance of TiO2 based dye sensitized solar cell for 

chlorophyll based natural dyes. The TiO2 films were deposited on a conductive glass 

substrate (FTO) by using doctor blade method which was used as a working electrode. 

Dyes, extracted from plant leaves of spinach, neem and mint were used as a natural dye. 

Their performance was compared with commercially available Rose Bengal dye. The as 

prepared TiO2 electrode were found to be polycrystalline in nature having tetragonal 

structure with anatase phase as confirmed by X-ray diffraction. The band gap of the as 

prepared film was found to be 3.9 eV as confirmed by UV-vis analysis. Moreover, the 

dye absorption on the TiO2 film was also confirmed by UV-visible spectroscopy. The 

absorption spectra analysis of the dye adsorbed films clearly shows the increase in 

absorbance in visible range. Finally, the performance of the as prepared dye sensitized 

films were studied by fabricating the cell.  Among the different natural dyes spinach 

extracted in acetone shows the highest performance as compared with others.  

Keywords: Natural Dyes, Doctor Blade Technique, Absorbance, TiO2  

 

 

 INTRODUCTION: 

                     Among all the renewable energy option solar energy stands out as the most viable choice to 

meet our energy demand as solar energy striking the earth is 1400 W/m². The abundance of this energy 

reaching earth can be fruitfully utilized in various ways namely solar fuel, photovoltaics, solar electricity 

and solar thermal solutions. Photovoltaic cells can be categorized by four main generations first, second, 

third and fourth generation. A dye sensitized solar cell, a third generation cell, is a low-cost solar cell 

belonging to the group of thin film solar cells [1]. It is based on a semiconductor formed between a photo-

sensitized anode and an electrolyte a photo electrochemical system. The modern version of dye sensitized 

solar cell also known as the Gratzel cell. 

                    In 1960s, it was discovered that electricity can be generated through illuminated organic dyes in 

electrochemical cells [2]. At the University of California at Berkeley, chlorophyll was extracted from 

spinach [3]. First chlorophyll-sensitized zinc oxide (ZnO) electrode was synthesized in 1972 [4].                                         
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For the first time, through electron injection of excited dye molecules into a wide band gap of semiconductor 

photons were converted into electricity. 

                   A lot of research has been done on “ZnO” single crystals but the efficiency of these dye-

sensitized solar cells was very poor, as the monolayer of dye molecules was able to absorbed incident light 

only up to 1% [5]. 

                  Thus, the efficiency was improved by optimizing the porosity of the electrode made up of fine 

oxide powder [6]. So that the absorption of dye over electrode could be enhanced and as a result light 

harvesting efficiency could also be enhanced. As a result, Nano-porous titanium dioxide (TiO2) electrodes 

with a roughness factor of Ca. 1000 were discovered, and in 1991, DSSCs with 7% efficiency were invented 

[7]. These cells also known as Gratzel cells, were originally co-invented in 1988 by Brian O Reyan and 

Michael Gratzel at UC Berkeley and were further developed by aforementioned scientists at Ecole 

Polytechnique federate de Lausann (EPFL) till 1991[8]. 

Here we report the fabrication and performance of dye sensitized solar cell by using the commercially 

available TiO2 powder for the various dyes such as synthetic Rose Bengal and different natural dyes like 

spinach, neem and mint.   

EXPERIMENTAL PROCEDURE:  

Materials used: Commercially available TiO2 Nano powder, ethyl cellulose, Triton-X-100, ethanol, Lithium 

Iodide, iodine, acetonitrile, Rose Bengal (dye), spinach leaves, neem tree leaves, mint leaves. Distilled 

water, acetone. FTO, glass slides. 

Formation of Paste:  A known amount (0.20 gm) of commercially available TiO2 Nano powder was mixed 

in 2 ml ethanol using pestle and mortar and grinded for 5 minutes. Similarly, a known amount (0.12gm) of 

ethyl cellulose was mixed with 2 ml ethanol using pestle and mortar for 5 minutes. Then both the solutions 

were ultrasonicated for one hour to have a uniform dispersion of TiO2 and dissolution of ethyl cellulose in 

ethanol using ultrasonic bath separately. After ultrasonication they were mixed together and grinded in 

pestle mortar for one and half hour to have a homogeneous solution. In this homogeneous solution, 3 drops 

of Triton X-100 were added as a surfactant and again grinded for 15 minutes. Ethanol was added as required 

during each step of grinding to maintain the viscosity of the paste. In this way the paste is ready for the use. 

Extraction of Dyes:  Dye is one of the important materials of DSSC. Its main function is to absorb the sun 

rays and transmit the photoelectron, to TiO2. The most common dye used in DSSC is organic and natural 

dyes. The synthetic dyes possess higher optical absorption than natural dye in visible region. Thus, the 

photovoltaic performances of the DSSC utilizing synthetic dyes are relatively higher than that of the device 

using natural dye. A natural dye as a sensitizer in DSSC is designed according to the nature of 

photosynthesis principle. Natural dyes contain carboxyl, hydroxyl and so on which can easily react with the 

surface of TiO2 nanoparticle. Moreover, the dyes containing higher percentage of chlorophyll content used 
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in the DSSC was shown the better performance. Natural dyes can be directly extracted from plants with no 

pollution, no tedious synthesis and separation and purification process is relatively simple. It could be 

achieved by a variety of natural dye sensitization to absorb sunlight of all band range.  

 

In the present work two types of dyes were used for preparation of DSSC namely; commercially available 

Rose Bengal dye and naturally prepared dyes using plant leaves extract such as spinach, neem and mint. 

Commercially available Rose Bengal dye: For the preparation of Rose Bengal dye two types solvents were 

used i.e., ethanol and acetonitrile.  0.001M Rose Bengal Dye were dispersed into 10ml of each solvent 

separately. Then the mixture was stirred for 15 min under dark condition and the dyes are ready to use. 

Naturally prepared dyes using plant leaves extract: Natural dyes were prepared by using different plant 

leaves extract. Initially, plant leaves were properly cleaned and leaves were dried under natural condition. 

Spinach leaves were dried for a week, Neem leaves were dried for 4-5 days and the Mint leaves were dried 

for 2-3 days. Finally, the dried leaves were crushed in mortar and pestle till it becomes powder.  

 

Different types of solvents were used for preparation dye. The spinach dye was prepared in acetone, 

acetonitrile and ethanol whereas; mint dye was prepared in only ethanol solvent. Here, known amount (1 

gm) of both the dyes powder were dispersed into 20 ml of each solvent separately. Let them rest for 18 

hours under dark condition and then filter them. Solvent is added if required and the dye is ready to use. For 

the preparation of Neem dye, two types of solvent were used namely ethanol and acetonitrile. Initially, 1 gm 

of Neem leaves powder were dispersed 20 ml of each solvent separately and the mixture is heated for 1 hour 

at 80○ C. After heating the mixture is kept as it is for 18 hours and then it is get filtered with Whatman filter 

paper and the dye is ready to use. 

Working electrode assembly: FTO (fluorine doped tin oxide) glass, which was used as a current collector 

was first cleaned in a distilled water for approximately 15 min, and then sequentially with acetone and 

ethanol for 15 min each using an ultrasonic bath. The edges of the FTO glass were covered with adhesive 

tape as a frame to control the film thickness and provide non-coated areas for electrical contact. The TiO2 

paste was coated on an FTO glass plate using the doctor-blade technique. After application, the TiO2 films 

were air-dried for approximately 5 min to reduce the surface irregularities. The films were then heated to 

450 °C in air for 1 hour to remove the organic loads and facilitate interconnection of the TiO2 nanoparticles. 

Then the films were dipped into dyes for 24 hours. After dye adsorption, the film was cleaned with 

respective solvent to remove the excess dye and dried for 10 minutes. The size of the TiO2 electrodes used 

was 0.36cm2. 

Preparation of Counter Electrode: The counter electrode in DSSCs collects electron in the external circuit 

and catalyzes the reduction of the redox electrolyte and hole transport in the solid electrolyte. Thus, it 

undoubtedly has an important impact on the photovoltaic performance, long-term stability, and cost of 



J.ElectricalSystemsVol-Issue(2024):1-12 

331 

DSSCs. FTO was cleaned as mention above. To make a counter electrode, a thin layer of carbon suit was 

developed on an FTO plate. A carbon black electrode was easily made by moving the substrate (conductive 

side of FTO) above the flame of a candle. The substrate becomes black after some time and then it was 

cooled. The size of the counter electrode used was 0.36 cm2. 

 

Preparation of Electrolyte Solution: The electrolyte plays one of the most significant roles in the process of 

light-to-electricity conversion, since it works as an electron transfer mediator with the function of 

regenerating the dye sensitizer from the oxidized state. The iodide/triiodide (I-/I3-) was used as the 

electrolyte solution. It is prepared by taking 0.1M Lithium Iodide and 0.05M Iodide in acetonitrile. The 

solution was then mixed thoroughly by using magnetic stirrer for 1 hour.  

Fabrication of DSSC: The prepared working electrode and counter electrode are used to fabricate 

sandwiched type DSSC. The spacing between the two electrodes were formed by taping the working 

electrode twice by scotch tape. A drop of electrolyte solution as mentioned above was injected between the 

working electrode and counter electrode. Crocodile pins are used for contacts from the fabricated solar cell. 

After fabrication of solar cells, a tungsten lamp of constant light source (200mW/cm2) is used to study the 

performance of DSSC. The performance of the DSSC is be evaluated in terms of short circuit current (JSC) 

open circuit voltage (VOC), fill-factor (FF) and power conversion efficiency (η). 

RESULT AND DISCUSSION: 

Structural Analysis: 

The crystal structure analysis of as prepared TiO2 working electrode and commercially available TiO2 Nano 

powder which is used for the preparation of working electrode is carried out by using X-ray diffraction 

method. The X-ray diffraction machine model Rigaku Miniflex 600 is used to perform qualitative and 

quantitative analysis of polycrystalline materials. Fig.1. shows the XRD pattern of commercial available 

TiO2 powder, as prepared TiO2 film and FTO substrate. The XRD patterns of commercial TiO2 powder, as 

prepared TiO2 film consists of seven peaks raised at 2θ = 25.62○, 38.11○, 48.30○, 54.13○, 55.38○, 62.88○, 

75.19○ corresponding to (101), (004), (200), (105), (211), (204) and (215) planes of Anatase structure of 

TiO2. Moreover, the TiO2 film consists of some extra peaks which are corresponding to the FTO substrate 

as confirmed from XRD pattern of FTO substrate. There are no any other peaks observed in the sample 

confirms the purity of the film. 
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Fig. 1.: X-ray diffraction pattern of commercial TiO2 powder, as prepared TiO2 film and FTO substrate 

respectively. 

The average crystallite size (t) of TiO2 powder and film is estimated by using Debye-Scherrer formula given 

by:  

t = 

where λ is the wavelength of CuKα = 1.54 A○, β the full-width at half-maximum of diffraction peak 

measured in radian and θ is the Bragg’s angle of the X-ray pattern at maximum intensity. The estimated 

crystallite size of TiO2 powder was found to be around 40 nm whereas, for the TiO2 film it is found to be 

23 nm. 

Optical Properties of TiO2:  The optical analysis of the as prepared working electrode is carried out by 

taking the absorbance spectra using UV-vis spectrometer model: UV-1800, SHIMADZU. The 

absorbance spectra of as prepared film, different dyes such as Rose Bengal and Spinach and TiO2 films 

loaded with different dyes has been recorded and shown in Fig. 2. Care full observation of spectra shows 

that the dyes are successfully adsorbed on the TiO2 film.  The absorption data obtained from UV-vis 

spectrometer for TiO2 film are used to calculate the bandgap energy. To calculate the band gap of TiO2 

film the Tauc plot has been plotted as shown in Fig 2. (b). the band gap of TiO2 film was found to be 3.9 

eV. However, the obtained bandgap is higher than the reported bandgap (3.2 eV) of bulk TiO2. It is well 

reported that, with decrease in size of crystal, the value of band gap increases.     
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Fig. 2.: UV- visible absorbance spectra of a) TiO2 film, c) Rose Bengal dye, d) TiO2 film loaded with 

Rose Bengal dye, e) Spinach dye, f) TiO2 loaded with spinach dye and b) Tauc plot of TiO2 film.   
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I-V characteristics of DSSC: Different DSSCs were prepared using TiO2 with different Dyes. To study 

the performance of these DSSCs, the I-V characteristics of these cells were recorded in the lab under 

tungsten lamp of 200W power. Fig. 3. Shows the I-V plots of as prepared different DSSCs.  The 

resultant values of various parameters cells are summarized In Table 1.  It is clearly found that the 

power conversion efficiency of commercially prepared Rose Bengal dye is greater than that of the 

naturally prepared dyes using plant leaves extract. Which is observed to be η = 0.85125%. Similarly, the 

other factors like JSC, VOC, Vm and Jm has higher value for Rose Bengal dye than naturally prepared 

dyes. 

         Table 4.1.: Various parameters of as prepared different DSSCs obtained from I-V characteristics. 
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Fig. 3. I-V Characteristics of as prepared different DSSCs. 
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CONCLUSION:  

  In conclusion, an attempt has been made to fabricate the dye sensitized solar cell by using commercially 

available TiO2 nano powder for the various dyes such as synthetic Rose Bengal, and different natural dyes 

like spinach, neem and mint. The working electrode was prepared by making the paste of commercially 

available TiO2 nano powder on FTO substrate using doctor blade technique. The X-ray diffraction study of 

as prepared film shows the anatase phase of TiO2. The band gap of the as prepared film was found to be 3.9 

eV as confirmed by UV-vis analysis. Moreover, the dye absorption on the TiO2 film was also confirmed by 

UV-visible spectroscopy. The extraction, preparation and photovoltaic performance of DSSCs based on 

commercially available Rose Bengal dye and naturally prepared dyes using plant leaves extract were 

optimized. Dye loaded film clearly shows the enhancement in absorbance in the visible region. Finally, the 

performance of the as prepared cell has been checked. It is observed that the film loaded with Rose Bengal 

dye gives the high efficiency 0.85125 percent as compared to the natural dyes. The other parameters of the 

cell were also calculated. Natural dyes can be easily and safely extracted by simple techniques. Among the 

natural dyes spinach extracted in acetone gave the highest performance as compared with other dyes.  

Therefore, it can be concluded that the natural dyes which are extracted from plants leaves may be used as 

the promising dye for dye sensitized solar cell. 
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Synthesis of CuO 
Nanoparticles by Using 

Butea Monospermaby 

Green Approach 

 

 
 

 

Abstract: - Green synthesis of nanoparticles aims in decreasing the use of toxic chemicals. Plants leaves contain reducing as well as the very 

good capping agents. Synthesis of CuO nanoparticles by green approach is extremely promising because of its environmentally friendly 

behavior and their versatile application. In this study we useButea monospermafor synthesis of CuO nanoparticles under atmospheric condition. 

The synthesis of CuO nanoparticles were confirmed by spectral characterization using UV- visible spectrometry, FTIR and XRD studies. 

Keywords:Butea monosperma,CuOnanoparticles, capping agents. 

 

 

V. INTRODUCTION 

The ‘Nano’ is referred to as Greek prefix meaning ‘dwarf’ or something very small and depicts one thousand 

millionth of a meter. Nanoparticles are the fundamental component of nanotechnology. Nanoparticles are the 

particulate matter with at least one dimension less than 100nm. They can be made up of carbon, metal, metal 

oxides or organic matter.There are vast applications of nanoparticles synthesized by eco-friendly way they are 

used in wastewater treatment for degradation of dyes, as antimicrobial agents for bio imaging, drug delivery 

system, biosensor, tissue engineering, multicolor optic coding, protein detection, cancer treatment therapy and in 

many other fields. 

VI. MATERIALS AND METHODS 

 

1. Fresh leaves of Butea monospermawere collected from Amravati, Maharashtra, India. The fresh leaves 

then wash thoroughly with tap water  

and then with deionized water. Out of that 5 gram of leaves were crushed in mortar and pestle by adding 

ethanol and then followed by filtration. 

2. 5 gram of previously washed leaves were boiled from 200 to 50 ml in distilled water with stirring and 

then filtered with filter paper. The filtrate were stored in refrigerator for further use . 

III .  SYNTHESIS 

1. Synthesis of CuO nanoparticles using NaOH  

Copper sulphate (0.5m) solution was prepared in 50ml of distilled water. Then 10 ml of leaf extract prepared in 

ethanol were added drop wise with dropper. Heating and stirring process was done for 60 minutes at 80 degree 
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Celsius on hot plate with magnetic stirrer. Then 0.5 molar of NaOH solution were added drop wise for 45 

minutes at 80 degree Celsius. Then nanoparticles were allowed to settle for overnight. Sonicate the product for 30 

minutes. Suspension was taken out by syringe and filtered with help of whatman filter paper. These particles 

were dried in hot air oven and then kept in muffle furnace to remove further moisture and impurities at 

temperature 360 degree Celsius for 1 hour. 

2. Synthesis of CuO nanoparticles without using NaOH  

On hot plate with magnetic stirrer 0.5 molar of copper sulphate solution was prepared in 50ml of distilled 

water. Then 10 ml of extract prepared in distilled water were added drop wise with dropper. This process was 

done for 60 minutes at 80 degree Celsius on hot plate with magnetic stirrer. Then the particles were allowed to 

settle down for overnight. On next day sonication was done for 30 minutes. Suspension was taken out by syringe 

and filtered with help of whatman filter paper. Then particles were dried in hot air oven and then kept in muffle 

furnace to remove further moisture and impurities at temperature 360 degree Celsius for 1 hour. 

 

                                                                                     IV.      CHARACTERIZATION  

➢ UV- VISIBLE ANALYSIS 

 

 

 

 

 

 

 

 

The UV-Visible  absorbance spectra of CuO nanoparticles were recorded in range of 200-800nm using 

shimadzu 1800 spectrophotometer.In fig.1 [Extract in alcohol + NaOH]Solvent used for UV analysis was 

distilled water. The maximum absorbance found at 500nm.In fig.2 [Extract in H2O without NaOH]Solvent used 

for UV analysis was distilled water. The maximum absorbance found at 280nm. 

FT-IR Spectum analysis 

synthesized CuO nanoparticles was recorded by Bruker IR spectrophotometer. 

Fig.3 [Extract in alcohol + NaOH]The IR spectrum of CuO nanoparticles shows the band between the ranges 

550-780cm-1. This indicates Cu-Ostretching and formation of CuO nanoparticles.Fig.4 [Extract in H2O without 

NaOH]. The IR spectrum of CuO nanoparticles shows the band between the ranges 550-780cm-1. Thisindicates 

Cu-O stretching and formation of CuO nanoparticles. At 1000-2000cm-1 shows band it means stretching in C-

O and C-N bond due to presence of phytochemicals in plant extract. 

 

 

 

 

 

 

Fig.1  Fig.2 
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➢ XRD Analysis 

The spectrum of CuO nanoparticles was carried on Rigaku X-ray diffractrometer. 

Fig.5 [Extract in alcohol + NaOH]. The CuO nanoparticles synthesized with NaOH showed peak at angle 2Ɵ = 

35.38, 38.81 and 58.66 respectively with (111), (111), (202) intensity which corresponds to cubic lattice 

structure. 

Fig.6 [Extract in H2O without NaOH]. The CuO nanoparticles synthesized without NaOH showed peak at 

angle 2Ɵ =35.67, 38.78 and 58.34 respectively with (111), (202), (113) intensity which correspond to cubic 

lattice structure. 

There is decrease in intensity if we compared Fig.5 and Fig.6  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V.  BIOLOGICAL ACTIVITY 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig.6-CuO nanoparticles prepared from Extract in alcohol with NaOH (J1) are resistant to fungus C.albicans 

Fig.7-CuO nanoparticles prepared from Extract in H2O without NaOH (J4) are resistant to gram negative  

Fig. 5 Fig. 6 

Fig. 7 
Fig. 8 
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bacteria E.coli 

CONCLUSION  

The green synthesis of CuO nanoparticles was efficaciously performed using copper sulphate as precursor 

and Butea monospermaplant leaves extract as a powerful reducing agent. The applied technique is undemanding 

and easily biodegradable due to presence of phytochemicals and is carried out in short time. 

The visible green color indicates the production of CuO nanoparticles. Further, demanding the reduction of 

Cu to CuO nanoparticles using UV-Visible spectroscopy. The ultraviolet spectroscopic absorption peak is at 

500nm and 280nm. In the IR spectrum of CuO nanoparticles shows band between the ranges 550-780cm-1. The 

XRD pattern of synthesized CuO nanoparticles show intense peak at 2Ɵ =35.38, 38.81 and 58.66 which 

corresponds cubic lattice structure X-ray intensity vary when nanoparticles synthesized with NaOH and without 

NaOH. 
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application 

 
 

Abstract: - Graphene, considered as the parent of all carbon materials, is a two-dimensional layered hexagonal 

lattice of sp2 bonded carbon atoms. This work has been carried out to explore the electrochemistry 

graphene/titanium oxide nanocomposites. Herein the present article reports the synthesis of graphene-TiO2 

nanocomposites by ex-situ synthesis method.  The synthesized nano-composites have been characterized by 

X-ray diffraction analysis (XRD). Electrochemical properties of the prepared nanocomposite electrodes and 

the supercapacitor have been studied using cyclic voltammetry (CV) in 3 M KOH as electrolyte. The 5% TiO2 

doped graphene nanocomposite electrode showed a specific capacitance of 167.5 F/g.  

Keywords:  Supercapacitors, Graphene, titanium oxide, nanocomposites, specific capacitance, cyclic voltammetry, X-ray 

diffraction and ex-situ synthesis. 

I.  INTRODUCTION  

         In the 21st century, the development of stored energy is a major concern for technology expansion. In particular, 

electronic devices such as mobile phones, laptops, and electric cars require energy supply from energy storage devices. 

However, most batteries have low power density, short life cycle time, and take a long time to charge memory to the 

device. [1] New technologies are therefore needed that can provide longer cycle times and more energy. It can be charged 

in a short time. Energy storage devices have great potential, and this field has attracted great interest among researchers to 

develop more efficient energy storage devices. One such device is the supercapacitor. [2] 

Supercapacitors have much larger capacitance values than traditional capacitors. Supercapacitors have lower voltage limits 

that can even out the performance differences between rechargeable batteries and common electrolytic capacitors. [3] 

Issues associated with modern society's dependence on fossil fuels include rising fuel prices, pollution, global warming, 

and geopolitical concerns. Mitigating these problems is an increasingly important goal that can be achieved through the 

development of other energy sources and storage technologies. As a result, interest in high-performance, high-energy-

density energy storage systems has recently increased. [4] Slow charge–discharge rate, short life cycles, and high weight of 

battery limit its applications in portable and wearable devises. At present-day, supercapacitors have been receiving a 

countless consideration, because of their significant features such as high energy density, great power density, light weight, 

fast charging–discharging rate and long life span.[5] 

The performance of low-cost and eco-friendly energy conversion and storage components which are mostly requirements 

of electrical energy storage systems, such as batteries and electrochemical capacitors, depends on the physical and 

chemical properties of electrode materials.[6] Both EDL and pseudocapacitive behavior properties in supercapacitor 

electrodes can be achieved using advanced nanocomposites. At the same time, the performance of supercapacitors is also 

affected by the type of electrolyte. Therefore, the appropriate combination of electrode materials and electrolytes is 

important for the development of high-performance supercapacitors. [7] Various transition metal oxides (TMOs) such 

as TiO2, RuO2, MnO2, V2O5, Fe2O3, Co3O4, etc. are used as electrode materials in the fabrication of supercapacitor 

devices. Most TMO-based supercapacitors operate via a pseudocapacitive charge storage mechanism. [8] To further 
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improve conductivity, TMO is often inserted/mixed into carbon-based nanostructures. Examples: graphene, carbon 

nanotubes (CNTs), activated carbon. As supercapacitor electrodes, his TMO carbon composites mentioned above are 

known to store charge through a combination of EDLC and pseudocapacitance mechanisms. Additionally, the TMO carbon 

composite electrode has a high specific surface area. In this study, graphene-TiO2 nanocomposites were synthesized by ex 

situ synthesis method. In this method, TiO2 nanoparticles are uniformly dispersed on the graphene layer. This method 

increases the specific surface area and power of the supercapacitor. [9] 

*Corresponding author: Government Vidarbha Institute of Science and Humanities, Amravati 444604, India.  

     Email id: rajeshbarde1976@gmail.com 

 

 II MATERIALS AND METHODS  

 Synthesis of Graphene and Titanium oxide (TiO2) nanoparticle 

 Graphene was synthetized by the electrochemical exfoliation method. We take and 480 ml double distilled water and 20 

ml H2S04 in beaker (96: 04 ratio of double distilled water and concentrated H2S04). We use graphite electrode as anode (+ 

ve terminal) and copper electrode as cathode (- ve terminal). Now We supply the dc voltage from the dc power source , 

(dimmer state via pair of diode 6A) in the range 9 - 12 v. We get precipitate after 24 Hours at the bottom of beaker. We 

filter this pot by using watmann filter paper and wash by double distilled water 3 times. To remove the moisture, we put 

this graphene powder in oven at 150°c for 2 Hours. 

Titanium dioxide nanoparticles were synthesized by sol gel method.  12 ml TTIP (Titanium tetra Iso-prapoxide) was 

dissolved into 10 ml ethanol in 500 beaker and whole mixture was stirred for 30 minutes using magnetic stirrer for 

hydrolysis reaction, 3 ml of deionised water and 2 ml of hydrochloric acid were added to the solution dropwise. The mixed 

solution was then stirred constantly for 2 hours, to get homogenous solution.  The PH value of solution was maintained in 

the acidity range of PH3. After 24 Hours, the gel was dried and then heated at 400°c dried in muffle furnaces.[10] 

Preparation of Graphene-Zinc oxide (G-ZnO) Nanocomposite 

Graphene doped with ZnO nanoparticles was synthesized by using an ethanolic solution of graphene and 5 wt.% 

concentration of ZnO using Ex-situ technique in wt.% stoichiometry . 

III RESULT AND DISCUSSION 

Fig. 1(a) represents the XRD of pure graphene which gives the intense peak at 2θ = 260   and 2θ = 42.50. Fig.(b) represents 

the XRD of TiO2 nanoparticle.  XRD pattern of  TiO2 shows characteristic diffraction peaks located at 2θ =  25.30, 37.80, 

48.00, 53.90, 55.00, 62.70, 68.70, 70.30, and 75.00 corresponding to the (101), (004), (200), (105), (211), (204), (116), (220) 

and (215) planes of tetragonal anatase TiO2 (JCPDS card no. 21–1272), respectively.[11] Strong diffraction peaks at 25° 

and 48° indicating TiO2 in the anatase phase. The peaks are sharp and well defined which reveal well crystalline nature of 

the nanoparticles. No characteristic peaks of other impurities were detected in the diffractogram. Furthermore, the XRD 

patterns of G-TiO2 nanocomposite material are provided in figure 2. The presence of all diffraction peaks of pure graphene 

(2θ = 260 and 42.50 ) in Graphene-TiO2 composite indicate that the addition of TiO2 does not influence the preferable 

orientation of the graphene and other  strong peaks at 25° and 48° confirm the presence of TiO2.  
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Fig. 1. a) XRD of pure graphene b) XRD of TiO2 nanoparticle 

.  

      Fig. 2.  XRD of 5 % TiO2 doped Graphene 
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Supercapacitive study:  

 Electrochemical energy storage capacitance of 5 % TiO2 doped graphene nanocomposite as electrode of electrochemical 

capacitor was evaluated from cyclic voltametric (CV) curves. Fig. 3 illustrates the cyclic voltammetry (CV) curves of 

graphene-TiO2 nanocomposite recorded at a scan rate of scan rates 20 mv/s, 40 mv/s, 60 mv/s and 80 mv/s  in 3 M KOH 

electrolyte solution, in  potential range of 0 to 0.5 V, which shows  quasi-rectangular graphs indicating a pseudo-capacitive 

behaviour. Specific capacitance has been estimated using the relation  

                                                     Cp = 
𝐴

2𝑚𝑘∆𝑉
                                  (1) 

Where A is the area under the CV curve, m is the mass loaded, k is the scan rates and ΔV is the potential window.  

 

Fig. 3.  CV Curve of 5 % TiO2 doped graphene at scan rates 20 mv/s, 40 mv/s, 60 mv/s, 80 mv/s 

 

According to Eq. (1), the calculated specific capacitance Cs values of the graphene–TiO2 hybrid electrode are 167.5 F/g, 

102.7 F/g, 81.2 F/g and 70.4 F/g   at scan rate of 20  mv/s, 40  mv/s, 60 mv/s and 80 mv/s respectively.  

IV SUMMARY 

The 5% TiO2 doped graphene hybrid nanostructure as an electrode material for supercapacitors was successfully 

synthesized using a ex-situ synthesis method. The structural and capacitive behaviours of the as-prepared materials were 

well investigated. XRD graph confirmed the structure of TiO2 nanoparticles, pure graphene and TiO2 doped graphene. Our 

results showed that the graphene–TiO2 hybrid electrode exhibited a maximum specific capacitance of 167.5 F/g at a scan 

rate of 20 mV/s in 3 M KOH electrolyte solution. The improved specific capacitance of the graphene–TiO2 hybrid 
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electrode was mainly attributed to the pseudocapacitance of the anatase phase of TiO2 and was partially influenced by the 

intrinsic double-layer capacitance of the graphene sheets. [12] 

References:  

[1] S.Sharma, A.K. Panwar, M.M. Tripathi,“Storage technologies for electric vehicles,” Journal of Traffic and 

Transportation Engineering (English Edition), Vol.7, Issue.3, pp.340-361, June 2020 

[2] A.D.Setyoputra, H. Ruffa, H. Sutanto, A. Subagio,“The Characterisation of MWCNT-rGO-TiO2 Nanocomposite as 

Potential Electrode Material for Hybrid Supercapacitor,” Int. J. Electrochem. Sci, Vol.17,Issue.5, pp. 1-10, 2022  

[3] S.E. Umoru, “Capacity Imbalance and Diffusion Kinetic Between the Electrodes of Hybrid Supercapacitor: A 

Review”, International Journal of Scientific Research in Physics and Applied Sciences, Vol.12, Issue.1, pp.07-23, 2024 

[4] Ander González, Eider Goikolea, Jon Andoni Barrena , Roman Mysyk, “Review on supercapacitors: Technologies and 

materials,” Renewable and Sustainable Energy Reviews, Vol.58, Issue.5, pp.1189–1206, 2016 

[5] Santosh J. Uke, Vijay P. Akhare , Devidas R. Bambole , Anjali B. Bodade,Gajanan N. Chaudhari, “Recent 

Advancements in the Cobalt Oxides, Manganese Oxides, and Their Composite As an Electrode Material for 

Supercapacitor: A Review,” Frontiers in Materials, Vol.4, Issue.21, pp. 1-6, 2017 

 [6] S.E. Umoru, “Hybrid Supercapacitor For Energy Storage Devices: A Review”, Journal of Physics and Chemistry of 

Materials Vol.10, Issue.4, pp.24-35, 2023 

[7]  S. Sundriyal, V. Shrivastav, M. Sharma  , S. Mishra, A. Deep, “Significantly enhanced performance of rGO/TiO2 

nanosheet composite electrodes based 1.8 V symmetrical supercapacitor with use of redox additive electrolyte,” Journal of 

Alloys and Compounds, Vol.790, Issue.35  pp.377-387,2019 

[8] S. Mandal, J. Hu, S.Q. Shi, “A comprehensive review of hybrid supercapacitor from transition metal and industrial 

crop based activated carbon for energy storage applications,” materialstodays COMMUNICATIONS Vol.790, Issue.3  

pp.1-56,2023 

[9] P. Nagarajua , A. Alsalmeb , A. Alswielehb , R. Jayavela, “Facile in-situ microwave irradiation synthesis of 

TiO2/graphene nanocomposite for high-performance supercapacitor applications,” Journal of Electroanalytical Chemistry, 

Vol. 808 Issue.1 pp. 90–100, 2018 

[10] M. M. Ahmad, S. Mushtaq, H. S. Al Qahtani, A. Sedky, M. W. Alam , “Investigation of TiO2 Nanoparticles 

Synthesized by Sol-Gel Method for Effectual Photodegradation, Oxidation and Reduction Reaction,” crystals, Vol. 11 

Issue.12 pp. 1-16, 2021 

[11] S.R. Damkale, S. S. Arbuj, G. G. Umarji, S. B. Rane and B. B. Kale, “Highly crystalline anatase TiO2 nanocuboids as 

an efficient photocatalyst for hydrogen generation,” RSC Adv., Vol. 11 Issue.13 pp. 7587-7599, 2021 

 

[12] A. Ramadoss, S. J. Kim, “Improved activity of a graphene–TiO2 hybrid electrode in an electrochemical 

supercapacitor,” Carbon, Vol. 63 Issue.1 pp. 434-445, 2013 

 

 

 

 

 



 

 

348 
 

 

 

I. INTRODUCTION 

Compounds that possess the apatite-type structure have been the subject of extensive research, owing to 

their potential for use as luminescent materials [1-4]. These compounds are typically expressed as M10(XO4)6Z2, 

with M representing a metal cation that can be monovalent (Na+, Li+), divalent (Ca2+, Sr2+, Mg2+), or trivalent 

rare-earth ion (La3+, Y3+, etc); XO4 representing a complex anionic group (SiO4, PO4, GeO4, VO4 etc.); and Z 

being an anion (F−, Cl−, O2−, S2−, etc.) [5]. Apatites crystallize in the hexagonal form with space group P63/m 

[6]. Furthermore, apatite materials have been shown to have superior physical and chemical stability, and a rigid 

crystal structure compared to sulfides and oxysulfides. Additionally, the structure is characterized by two cation 

sites, with the 4f site being symmetric at C3 and the 6h site being symmetric at Cs [5,7]. It is well-suited to the 

luminescence of trivalent rare earth (RE) ions due to the feature of low symmetry [8]. 

Rare earth doped inorganic phosphors are becoming increasingly popular due to their versatility and 

usefulness in various applications. They have been utilized in luminescent devices, sensor technologies, opto-

electronic devices, display devices, bio-molecule detection, and biochemical probes, to name a few. Their 

unique properties make them highly desirable for a range of different industries and research fields [9,10]. Rare 

earth activated phosphors are widely used in solid state lasers, color display devices, energy-saving fluorescent 

lamps, and other applications. Research activities related to the preparation and characterization of rare earth 

doped phosphors are being carried out throughout the world. There is a growing interest in developing cheap 

and efficient sources of white light for various purposes, such as displays, liquid crystal displays, field emission 

displays, backlight, and alternatives to general lighting (incandescent light bulb). The phosphors doped with RE 

ions are usually categorized into two groups. The first group includes ions like Eu2+ and Ce3+, which emit broad 

band light as a result of the 5d-4f transition. The second group consists of ions such as Eu3+, Sm3+, Tm3+, Tb3+, 

Gd3+, and Yb3+, which emit narrow band light due to the transition between the 4f levels [11]. 

L. Liang et al. [12] synthesized Eu2+ doped Ca9La(PO4)5(SiO4)Cl2 phosphor via high temperature solid state 

reaction method and reported that the prepared phosphor can be useful as a blue-emitting phosphor for WLED 

application. H. Liu et al. [13] reported n-UV excitable white light emitting Dy3+ doped Ca9La(PO4)5(SiO4)Cl2 

phosphor synthesized by high temperature solid state reaction method. The luminescence property of Eu3+ 

doped Ca9La(PO4)5(SiO4)F2 phosphor was successfully tailored by replacing F− with Cl− and  (PO4)3− with 
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Abstract: - Rare earth (RE) doped Ca9La(PO4)5(SiO4)Cl2 phosphors were synthesized using the conventional solid state reaction 

method. The synthesized phosphors underwent various characterization techniques, including XRD, SEM, FTIR, and 

photoluminescence (PL). The XRD analysis confirmed the formation of a single-phase Ca9La(PO4)5(SiO4)Cl2 compound in 

hexagonal form with space group P63/m. The SEM results indicated that the particles were agglomerated and non-uniform in nature, 

ranging from a few μm. The PL investigation revealed that Ca9La(PO4)5(SiO4)Cl2:Eu2+ and Ca9La(PO4)5(SiO4)Cl2:Sm3+ phosphors 

can be excited by near-UV (n-UV) LED chips, which emits light in blue (454 nm) and orange-red (602 nm) region, respectively. 

Additionally, the energy transfer between Ce3+ to Eu2+ and Ce3+ to Sm3+ was also examined, and the PL results indicate that 

Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Eu2+) and Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+) phosphors could be useful for n-UV excited LED, display 

devices and related applications. 

Keywords: Ca9La(PO4)5(SiO4)Cl2, Apatite, Rare earth, Energy transfer, LED. 
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(MoO4)3−,(VO4)3−, (WO4)3−, and (SO4)3− [14]. Over the years, many apatite-type phosphors were developed and 

their luminescence property were investigated such as La6Ba4(SiO4)6F2:Dy3+ [15], Sr10−x(SiO4)3(SO4)3O:xEu2+ 

[16], Ca2+xLa8−x(SiO4)6−x(PO4)xO2:Eu3+ [17] , Mn2Gd8(SiO4)6O2 [18], Ca9Mg(PO4)6F2:Eu2+,Mn2+ [19], 

Ca2Gd8(SiO4)6O2:Eu3+ [20], Na6(SO4)2FCl:RE [21] Ca4Y6(SiO4)6O:Ce3+/Mn2+/Tb3+ [22]. In this article, we repot 

the synthesis of Ca9La(PO4)5(SiO4)Cl2 phosphor doped with different RE ions, and their PL study were 

investigated in detail. 

II. MATERIALS PREPARATION AND ANALYSIS 

A series of singly (Eu3+,Ce3+,Sm3+), doubly (Ce3+,Sm3+) and (Ce3+,Eu3+) doped Ca9La(PO4)5(SiO4)Cl2 

phosphors were synthesized by conventional solid state reaction method. According to the stoichiometric 

compositions (molar proportion) the starting reagents CaCO3, La2(CO3)3, (NH4)2HPO4, SiO2, NH4HCl2 (all A.R. 

grade) and RE activators Eu2O3, Ce2O3, Sm2O3 were weighed and thoroughly mixed by grounding together in 

a mortar pestle for 30 min. The mixture was finely ground and then carefully transferred to a ceramic crucible. 

The samples were then heat treated at 800˚C for 24 hours in a controlled muffle furnace. After the samples were 

collected from the furnace at room temperature, they were ground into a fine powder for further analysis and 

characterization.  

To obtain the X-ray diffraction (XRD) data, a Rigaku Miniflex 600 X-ray diffractometer was used with Cu-

Kα radiation (λ= 1.5409 nm) over an angular range of 10˚ to 90˚ in 2θ. The particle size of prepared sample was 

investigated by using Scanning Electron Microscope (SEM) INSTRUMENT ZEISS EVO SEM 18. A Fourier 

transform infrared spectrum (FT-IR) was recorded on Brucker Alpha FT-IR Spectrometer to get the information 

about present vibrational bonds stretching in the synthesized material. The PL excitation and emission spectra 

of all prepared phosphors were recorded on SHIMADZU Spectrofluorophotometer RF-5301 PC with a Xenon 

flash lamp (150 W). The color chromaticity coordinates were obtained according to Commission International 

de I’Eclairage (CIE) using Radiant Imaging color calculator. 

III. RESULTS AND DISCUSSIONS 

1. XRD and Crystal Structure 

The XRD pattern of the synthesized Ca9La(PO4)5(SiO4)Cl2 phosphor is presented in Fig. 1, which exhibit 

sharp diffraction peaks. The obtained XRD patterns matched well with the standard data JCPDS file No. 73-

1728, which indicating hexagonal structure with space group P63/m with cell parameters a = b = 9.67224 Å, c = 

6.68289 Å, and the unit cell volume V =541.438 Å3. Fig. 2 shows crystal structure of Ca9La(PO4)5(SiO4)Cl2 

compound. It consists of two inequivalent cation (Ca/La) sites namely 6h and 4f. The (Ca/La) atom situated at 

6h site is bonded with five O2− and two equivalent Cl− atoms. The Ca−O bond length ranges from 2.30 to 2.50 

Å, while both Ca−Cl bond lengths are of 2.97 Å. The (Ca/La) atom situated at 4f site is bonded with nine O2− 

atoms with bond length ranges from 2.38 to 2.79 Å [23]. The (P/Si) is bonded in a tetrahedral geometry to four 

O2− atoms, with bond length ranges from 1.53 to 1.55 Å. 

 
Fig.1. Powder XRD patterns of Ca9La(PO4)5(SiO4)Cl2 
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Fig.2. Crystal structure of Ca9La(PO4)5(SiO4)Cl2 compound 

2. SEM and FT-IR analysis 

The surface morphology of synthesized material was studied by scanning electron microscopy (SEM) is 

presented in Fig. 3. The SEM images reveal that the particles were relatively agglomerated and non-uniform in 

nature due to the solid-state reaction method. The grain size distribution is broad and the average particle size 

ranges from 1 m to 10 m. The small particles are agglomerated forming bigger crystallites.  

 

 
Fig.3. SEM images of Ca9La(PO4)5(SiO4)Cl2 

FT-IR spectroscopy is an analytical technique that is used to identify the functional groups present in a 

compound. The Ca9La(PO4)5(SiO4)Cl2 sample with doping of 1 mol% Eu2+ ions was analyzed using this 

method, and result is presented in Fig. 4. The intense band situated at 557 and 607 cm-1 are attributed to the 

bending vibrations (ν4) of O–P–O.  The adsorption peak at 1024 cm−1 related to the P–O stretching vibration 

(ν3) phosphate group (PO4
3−) [24,25]. Some very weak peaks near 1600 cm-1 are due to O-H. These peaks are 

related to the presence of water molecules in the compound and moisture absorbed from the atmosphere. 
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Fig.4. FT-IR spectrum of Ca9La(PO4)5(SiO4)Cl2 

 

3. PL of Ca9La(PO4)5(SiO4)Cl2:Eu2+ 

The PL excitation and emission spectra of Eu2+ doped Ca9La(PO4)5(SiO4)Cl2 phosphor is presented in Fig. 

5. The ground state electronic configuration of Eu2+ is 4f7. The excitation occurs from the transition between 

ground state 8S7/2 of 4f7 configuration to the states belonging to 4f65d1 configuration. It is important to note that 

the next 4f7 manifold (6PJ) is situated at a higher energy level of approximately 28,000 cm−1, where as the 

lowest lying 4f65d levels start near 34,000 cm−1 and are marked 8HJ for the free ion. Usually, Eu2+ emits broad-

band emission due to f-d transitions. The emission of Eu2+ originates from the lowest band of 4f65d1 

configuration to 8S7/2 state of 4f7 configuration. The position of emission band varies from near-UV to the red 

region depending on the host lattice. This dependence is due to the crystal field splitting of the 5d levels. The 

impact of crystal field splitting on the 4f65d levels is much greater than that on the 4f7 levels, mainly due to the 

larger spatial extent of the 5d orbitals. As a result, the 4f65d levels often act as the metastable state or the lowest 

excited state in the presence of Eu2+ in a crystalline host [26]. It is important to note that the emission bands 

tend to shift towards longer wavelengths as the crystal field strength increases [27].  

The PL emission spectra of Ca9La(PO4)5(SiO4)Cl2:xEu2+ (x=0.5 to 2 mol%) phosphor monitored at 352 

nm excitation is presented in Fig. 5(b). It exhibit broad emission band ranging from 400 to 520 nm 

centered at 454 nm, assigned to the electric dipole allowed transition of Eu2+ ions from 4f65d1
→4f7 levels 

[28]. The PL excitation spectra (Fig. 5(a)) monitored at 454 nm emission exhibit broad excitation band 

centered at 352 nm, which is attributed to transition from 4f7 (8S7/2)→ 4f65d of Eu2+ ions, which could be 

effectively excited by UV LED chip. It is interesting to note that the concentration of Eu2+ in the 

Ca9La(PO4)5(SiO4)Cl2 phosphors has a significant impact on the PL emission intensity. Specifically, as the 

concentration of Eu2+ increases from 0.5 mol% to 1.5 mol%, the PL emission intensity of the phosphor 

increases. However, beyond 1.5 mol%, the emission intensity falls due to concentration quenching. This 

phenomenon occurs when the excitation energy is lost via non-radiative decay processes. Importantly, there 

were no changes observed in the shape and peak position of the PL excitation and emission curve with varying 

Eu2+ concentration. 

 To determine the cause of concentration quenching, the critical distance (Rc) between the activator and the 

quenching site was calculated by the following expression [29,30]: 

Rc = 2 (
3V

4πXCN
)

1/3

… … … ….             (1) 

 

Where, V = volume of the unit cell, Xc = optimum concentration of activator ions, and N = number of 

dopant sites available in the unit cell. In the present case, V=541.438 Å3, Xc =1.5%, and N=7. From equation 

(1), it was found that the critical distance is 21.438 Å, which is much greater than 5 Å. This suggests that energy 
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transfer via exchange interaction is unlikely, and electric multipolar interaction is the dominant process that 

causes concentration quenching of Eu2+ ion in the prepared phosphors. Electric multipolar interaction includes 

dipole-dipole, dipole-quadrupole, and quadrupole-quadrupole interactions. According to Van Uiter’s report, the 

emission intensity (I) per activator ion follows the equation [31]. 

 

I 

x
= K (1 + β(x)

θ
3⁄ )

−1

… … … ….       (2) 

 

where I is emission intensity of phosphor, x is the concentration of activator, K and β are constants for a 

given host in the same excitation condition, and θ = 6, 8, and 10 corresponds to dipole-dipole, dipole-

quadrupole, and quadrupole-quadrupole interactions, respectively. To get the value of θ, the relationship 

between log (I/x) and log (x) is plotted and is presented in fig. 6(a). The slope of fitting line which equal to       

(-θ/3) is determined to be -1.84. Thus, the value of θ calculated to be 5.52 is close to 6, revealing that the 

concentration quenching mechanism of Eu2+ doped Ca9La(PO4)5(SiO4)Cl2 phosphors is dominated by the 

dipole-dipole interaction. 

 

 
 

Fig.5. PL excitation emission spectra of Ca9La(PO4)5(SiO4)Cl2:Eu2+ phosphor  

(a) Eu2+ excitation for 454 nm emission, (b) Eu2+ emission for 352 nm excitation 

 

 

 
Fig.6. Curve of log (I/x) vs log (x): (a) Ca9La(PO4)5(SiO4)Cl2:Eu2+, (b) Ca9La(PO4)5(SiO4)Cl2:Sm3+  

 

4. PL of Ca9La(PO4)5(SiO4)Cl2:Sm3+ 

Fig. 7 shows PL excitation and emission spectra of Ca9La(PO4)5(SiO4)Cl2 phosphor activated with 

different doping concentration of Sm3+. At 405 nm excitation, the phosphors exhibit characteristic 

emission lines at 563, 602, and 646 nm, as shown in Fig. 7(b). The emission peak centered at 563 nm 
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attributed to 4G5/2 → 6H5/2 transition of Sm3+ ion, which is originated due to purely magnetic dipole (MD) 

moment. The most intense emission peak at 602 nm attributed to the transition of Sm3+ ion from 4G5/2 → 6H7/2. 

The 4G5/2 → 6H7/2 transition is magnetic dipole allowed but electric dipole (ED) nature is more dominant with 

selection rule ΔJ = ±1, therefore it is allowed as both partially MD and partially ED. The least intense emission 

peak at 646 nm corresponds to 4G5/2 → 6H9/2 transition, which is originated due to purely ED moment with 

selection rule ΔJ = ±2 and is sensitive to the crystal field [32-34]. The ratio between the intensity of the ED and 

MD transitions indicates the symmetry of neighboring environment of the Sm3+ ions. If the intensity of ED 

transition is higher than MD, then it indicates asymmetry nature around the rare earth (RE) ions. It seems like 

the host matrix has a symmetric nature since the spectral intensity of the 646 nm emission peak is weaker than 

the other peaks in our current study [35]. At 602 nm emission, the phosphor exhibit excitation peaks at 345, 

362, 376, 391, 405, and 418 nm attributed to the transitions of Sm3+ ions from ground state 6H5/2 → 4H9/2, 
4D3/2, 4D1/2, 4G11/2, 4F7/2, and 4M19/2 respectively [36-38]. The nature of excitation band in near-UV region 

suggests that the prepared phosphor can be effectively excited by UV LED chip. It is also observed from Fig. 7 

that the position of emission and excitation band remains same with varying Sm3+ concentration. However, the 

emission intensity rises and show maximum intensity at 7 mol%, beyond that the emission intensity decreases 

due to concentration quenching effect. The critical distance for Sm3+ ions is 12.8 Å, which means that exchange 

interaction is not possible and electric multipolar interaction is the dominant process that causes concentration 

quenching of Sm3+ ion in the prepared phosphors. Additionally, the plot between log (I/x) and log (x) is plotted 

and is presented in fig. 6(b) shows a linear relation with a slope of about -1.57. Thus, the value of θ calculated 

to be 4.71 is close to 6, indicating that the concentration quenching mechanism of Sm3+ doped 

Ca9La(PO4)5(SiO4)Cl2 phosphors is dominated by the dipole-dipole interaction. 

 

 
Fig.7. PL excitation emission spectra of Ca9La(PO4)5(SiO4)Cl2:Sm3+ phosphor  

(a) Sm3+ excitation for 602 nm emission, (b) Sm3+ emission for 405 nm excitation 

 

5. PL of Ca9La(PO4)5(SiO4)Cl2:Ce3+ 

The PL excitation and emission spectra of Ce3+ doped Ca9La(PO4)5(SiO4)Cl2 phosphor is presented in     

Fig. 8. The Ce3+ is one of the lanthanide ion with an atomic number 58 and electronic configuration of [Xe]4f1. 

The luminescence of Ce3+ ion comes from the transition between 4f1 ground state and 5d1 excited state. The 4f-

shell is empty in the excited state and a single 5d-electron that interacts strongly with the crystal lattice. The 

interaction between the 5d-electron and the crystal lattice in the excited state seems to have a significant impact 

on the crystal field effects and phonon coupling [39]. It seems that the 2DJ excited state of 5d1 is particularly 

affected by this interaction, which can result in the splitting of the state into five Kramer's doublet by low 

symmetry [40]. On the other hand, the 2FJ ground state of 4f1 undergoes a split into two levels, namely 2F5/2 and 
2F7/2, due to the spin orbit interaction. The separation of approximately 2000 cm-1 between these two levels [41]. 

The PL is usually intense because of parity allowed and spin-allowed 4f-5d transition. Due to strong crystal 

field interaction, the position of 5d band itself depends on the host and therefore the Stoke’s shift and also the 

spectral positions of both the excitation and emission bands are host dependent [42]. Optical absorption in Ce3+-

doped crystals corresponds to the transitions from the 2F5/2 ground state to the five 5d1 excited states. On the 
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other hand, the emission occurs as the transitions from the lowest 5d1 excited state to the 2F5/2 and 2F7/2 ground 

states. This is the reason for the double structure usually observed in the Ce3+ emission band. 

In Fig. 8(b), we can see the PL emission spectrum of Ca9La(PO4)5(SiO4)Cl2:Ce3+ (10 mol%) when 

monitored at 311 nm excitation wavelength. The spectrum displays a broad band emission that ranges from 350 

to 580 nm, with a peak at around 425 nm and a shoulder around 390 nm. These features are assigned to the Ce3+ 

ion transition between the 5d level to the ground state (2F5/2, 2F7/2). The emission band can be separated into two 

Gaussian components (as indicated by the dotted lines in Fig. 8(b)) with maxima at 425 nm (23529 cm‒1) and 

390 nm (25641 cm‒1). On an energy scale, the energy difference between these two components is about 2112 

cm‒1, which agrees with the theoretical difference between the 2F5/2 and 2F7/2 levels (about 2000 cm‒1). When 

monitoring the excitation spectra at an emission wavelength of 425 nm, it can be observed that there is a 

significant band present around 311 nm. This band is associated with transitions from 4f1 → 5d1 configuration. 

 
Fig.8. PL excitation emission spectra of Ca9La(PO4)5(SiO4)Cl2:Ce3+ phosphor 

(a) Ce3+ excitation for 425 nm emission, (b) Ce3+ emission for 311 nm excitation 

 

6. PL of Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Eu2+) 

Due to the spectral overlap between the emission band of Ca9La(PO4)5(SiO4)Cl2:Ce3+ and excitation 

band of Ca9La(PO4)5(SiO4)Cl2:Eu2+, an energy transfer can be possible between Ce3+ to Eu2+. The PL 

excitation spectra of Ca9La(PO4)5(SiO4)Cl2:(Ce3+, Eu2+) phosphor monitored at 454 nm emission wavelength 

exhibit broad excitation band ranging from 250 to 400 nm is shown in Fig. 9(a). The excitation band 

centered at 311 nm with shoulders at 290 and 342 nm. At 311 nm excitation, the phosphor exhibit broad 

emission band that ranges from 350 to 550 nm, peaking at 454 nm and a shoulder at 390 nm as shown in 

Fig. 9(b). The 390 nm peak is assigned to Ce3+ emission, while intensity maxima occur at 454 nm is 

assigned to Eu2+ emission and both are confirmed from Fig. 5(b) and Fig. 8(b). The comparison of Ce3+ 

emission and Ce3+ to Eu2+ energy transfer emission is shown in Fig. 10. Fig. 13 shows Ce3+ to Eu2+ energy 

transfer mechanism. It seems that when Ce3+ ions absorb n-UV radiation, the energy is then transferred from the 

excited 5d level of Ce3+ ion to the excited 4f65d1 state of Eu2+ ion. Afterward Eu2+ emission occur from excited 

4f65d1 
→4f7 levels of Eu2+ ion. It is observed that the emission intensity of Eu2+ increases when codoped 

with Ce3+ ion. A similar emission pattern is observed when phosphor is excited at 290 nm which is 

presented in Fig. 9(c). At 342 nm excitation the phosphor exhibit single broad band emission centered at 

454 nm but does not any show shoulder in emission spectra shown in Fig. 9(d). It is also observed that, the 

PL emission intensity of Ca9La(PO4)5(SiO4)Cl2:(Ce3+, Eu2+) phosphor increases as the Eu2+ doping 

concentration increases from 0.1 mol% to 0.7 mol%. Beyond 0.7 mol% the emission intensity falls because of 

concentration quenching phenomenon. Since the PL excitation curve of prepared phosphors matched with n-UV 

LED emission, it suggests that the prepared phosphors can be effectively excited by UV LED chip. 
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Fig.9. PL excitation emission spectra of Ca9La(PO4)5(SiO4)Cl2:(Ce3+, Eu2+) phosphor 

(a) Excitation for 454 nm emission, (b) Emission for 311 nm excitation 

(c) Emission for 290 nm excitation, (d) Emission for 342 nm excitation 

 

 
Fig.10. Comparison of Ce3+ emission and Ce3+ to Eu2+ energy transfer emission 
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7. PL of Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+) 

The emission of Ca9La(PO4)5(SiO4)Cl2:Ce3+ phosphor and absorption of Sm3+ overlap in 350-450 nm 

region, suggesting that energy transfer may occur from Ce3+ to Sm3+ via 5d state of Ce3+ in 

Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+) phosphor. In this phosphor, the concentration of Ce3+ was kept constant 

at 5 mol%, and the concentration of Sm3+ was varied, and the effect of variation of Sm3+ concentration on 

luminescence property was studied. The PL excitation and emission spectrum of 

Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+) phosphor is presented in Fig. 11. The excitation spectra monitored at 602 

nm emission exhibit excitation in n-UV and visible region attributed to the transition from ground state 
6H5/2 to various excited states of Sm3+ ions. At 405 nm, the phosphor emits broad band light (330-750 nm) due 

to Ce3+ ion's transition from 5d level to the ground state (2F5/2, 2F7/2), with peak at 425 nm and shoulder at 390 

nm. Small emission peaks at 565 and 602 nm of similar intensity corresponding to 4G5/2 to 6H5/2 and 
6H7/2transition of Sm3+ ion are also observed. The variation of Sm3+ emission intensity with respect to different 

Sm3+ concentration in prepared phosphors is presented in Fig. 12. Fig. 13 shows Ce3+ to Sm3+ energy transfer 

mechanism. Initially Ce3+ ions absorb N-UV radiation and then transfer the energy from the excited 5d1 state of 

Ce3+ ion to the excited level of Sm3+ ions. This results in the emission of light due to 4G5/2 to 6H5/2 and 
6H7/2transitions. The nature of excitation band in n-UV region suggests that the prepared phosphor can be 

effectively excited by UV LED chip. 

 
Fig.11. PL excitation emission spectra of Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+)  phosphor 
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Fig.12. Variation of emission intensity as a function of Sm3+concentration 

 

 
Fig.13. Energy transfer mechanism between Ce3+ to Eu2+ and Ce3+ to Sm3+ 

 

 
Fig.14. CIE chromaticity diagram 
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IV. COLOR CHORMATICITY 

The color of the phosphor is very important in the field of luminescence and therefore the chromaticity 

diagram and CIE coordinates are calculated using PL data and interactive CIE software (CIE coordinate 

calculator). Fig. 14 shows CIE chromaticity diagram of synthesized phosphors. The color coordinates for 

prepared phosphors are summarized in table 1. 

 

Table 1 Color coordinates for prepared phosphors 

Compound CIE-chromaticity co-ordinate    

(Cx,Cy)  

Ca9La(PO4)5(SiO4)Cl2:Eu2+  (0.146, 0.0447) 

Ca9La(PO4)5(SiO4)Cl2:Sm3+ (0.5681,0.4231) 

Ca9La(PO4)5(SiO4)Cl2:Ce3+ (0.1522,0.0742) 

 
Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Eu2+) (0.1481,0.935) 

Ca9La(PO4)5(SiO4)Cl2:(Ce3+,Sm3+) (0.1859,0.1051) 

 

V. CONCLUSION  

To summarize, a series of Ca9La(PO4)5(SiO4)Cl2 phosphors doped with RE (Eu2+, Sm3+, Ce3+) ions and  co-

doped with (Ce3+, Eu2+) and (Ce3+,Sm3+) were successfully synthesized via solid state reaction method. The 

XRD analysis of the resulting compound matches well with the standard JCPDS file. The blue light emission of 

the Eu2+ doped Ca9La(PO4)5(SiO4)Cl2 phosphor at 454 nm assigned to the transition from 4f65d1 to 4f7 level of 

Eu2+ ion, while the orange-red emission of the Sm3+ doped Ca9La(PO4)5(SiO4)Cl2 phosphor at 602 nm is 

attributed to the transition from 4G5/2 to 6H7/2level of Sm3+ ion. The Ce3+ doped Ca9La(PO4)5(SiO4)Cl2 

phosphor exhibit broad emission from 350 to 550 nm, assigned to transition of Ce3+ ion between 5d level and 

(2F5/2, 2F7/2) levels. When Eu2+ and Sm3+ individually co-doped with Ce3+ in Ca9La(PO4)5(SiO4)Cl2 host, 

efficient energy transfer was  observed from Ce3+ to Eu2+ and partial energy transfer was observed from Ce3+ to 

Sm3+. The excitation spectra of all prepared phosphors show good overlap with LED emission over n-UV 

region, making them attractive candidates for UV-LED converted phosphors, display devices and related 

applications. 
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and their copolymer as a counter 

electrode for the application of 
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Abstract: - This work presents the successful fabrication of natural dye sensitized solar cell (DSSC) using conducting polymers as counter 

electrode instead of expensive platinum .The CuO (copper oxide) nanoparticles were synthesized using co-precipitation method and these 

nanoparticles were used to synthesize TiO2/CuO composites using ball milling method. Doctor blade method was adopted for the 
fabrication of TiO2 and TiO2/CuO working photo electrodes .The doping of CuO in TiO2 revealed the enhancement in the stability of 

DSSC. The natural dye betanin was extracted from the beetroot, used as a dye-sensitizer for the fabrication of DSSC. In this study the 

variation of counter electrodes were carried out using conducting polyaniline (PANI), poly (3, 4-ethylenedioxythiophene) polystyrene 
sulfonate (PEDOT: PSS) and the copolymer of respective polymers. In-situ chemical oxidative polymerization method was utilized for the 

synthesis of pure PANI and PEDOT:PSS and the  co-polymer of PANI/ PEDOT:PSS. 

The structural study of synthesized material were done by using X-Ray diffraction (XRD) analysis. The functional group study of 
synthesized samples were done using  Fourier Transform Infra-Red spectroscopy (FTIR) and UV-visible (UV-Vis) spectroscopy was 

carried out for the optical study .The VI-characteristics of DSSC were  studied to investigate the parameters like open circuit voltage ( Voc 

) , short circuit current ( Isc ),fill factor (FF), voltage at maximum power (Vmp) and current at maximum power ( Imp) . The efficiency of 
various solar cells so fabricated with the variation of counter electrode were also enlisted in this work. The efficiency of solar cell is found 

to be maximum for the pure PANI counter electrode as compared to other electrodes. 

Keywords: Fluorine doped tin oxide (FTO), titanium dioxide (TiO2), polyaniline (PANI) , poly (3, 4-ethylenedioxythiophene) 

polystyrene sulfonate (PEDOT:PSS ), PANI/PEDOT:PSS (PPP) , dye sensitized solar cell (DSSC) ,copper oxide (CuO). 
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1.INTRODUCTION 

                                 In this era of new technology the demand for high energy supply is increasing day by day. 

So there is need to find the sustainable source of energy .The sun is abundant source of energy and solar energy 

is the most promising source of supply for this high energy demand. Dye sensitized solar cells (DSSC’s) are 

most credible alternative to the P-N junction photovoltaic in both the technical and economic sense [1]. 

DSSC’s are the third generation solar cell which are most efficient. The DSSC’s are  popular these days due to 

their remarkable properties such as low cost, non-toxic to environment ,good performance  in the diverse light 

condition ,light weight, flexible ,semi-transparent ,bifacial and highly efficient [1].The four key parameters in 

the construction of DSSC  are working electrode , sensitizer (dye) , redox mediator (electrolyte ) and counter 

electrode . 

                                 The working electrodes are typically made from thin layer of semiconducting metal oxide 

such as titanium dioxide (TiO2), zinc oxide (ZnO) on transparent conductive glass substrate such as FTO 

(Fluorine doped tin oxide) or ITO (Indium doped tin oxide). TiO2 is the most promising material for the 

preparation of working electrode due to its higher energy band gap i.e. 3.2eV , non-toxic nature , less expensive 

and ease of availability [1-2]. However sensitizer (dye) is needed to broaden the absorption spectrum of metal 

oxide [4]. There is a formation of covalent bond between dye molecules and metal oxide layer .Organic dyes 

are less expensive and safer to use rather than expensive and toxic metal dyes[5]. These organic dyes can be 

easily extracted from flowers, leaves, roots of the plants by using some easy techniques [6]. Electrolytes have 

five main components that are redox couple, solvent, additive, ionic liquids and cations. Electrolyte can be 

made from KI and I2 [9]. Typically counter electrodes for the efficient dye sensitized solar cell are made from 

expensive platinum .The cheaper and as efficient alternative is needed to be found out. The most promising 

alternative for the counter electrodes are  the conducting polymers due to their remarkable properties such as 

high conductivity ,ease of synthesis , non -toxic and low cost . In this research work the variations of counter 

electrodes using various conducting polymers such as polyaniline (PANI), poly (3, 4-ethylenedioxythiophene) 

polystyrene sulfonate (PEDOT: PSS) and their copolymer were prepared and their photovoltaic study was 

carried out [3-13]. 

 
Fig 1:Shows the dye sensitized solar cell (DSSC) structure  

 

 

2. EXPERIMENTAL TECHNIQUES 

 

2.1.Preparation of working electrode 

                  The semiconductor paste was prepared by blending 1g of commercial TiO2 nano powder of anatase 

structure, 0.5g of ethyl cellulose, and 1.5ml of Butyl carbitol. The resulting suspension was stirred for 1hr and 

sonicated. Two edges of the FTO glass plate were secured with a layer of scotch tape to control the thickness of 

the film and to mask electric contact strips. Successively the TiO2 paste was spread evenly on the substrate by 

sliding a glass rod along the tape spacer. The FTO glass spread TiO2 nanoparticle were sintered at 100°C for 

about half an hour. After the sintering process was completed, the TiO2 deposited electrode was cooled down 

from 100°C to 60°C at cooling rate of 3°C/min to avoid cracking of glass. Then the TiO2 electrodes was 

annihilated in blast furnace at 4500 C for 1hr. Similar process was done for the TiO2/ 1% CuO composite . 

The  working electrodes then dipped in natural dye extracted from beetroot and henna leaves for 18 hr and then 

washed with ethanol to remove excess of unabsorbed dye from it’s surface. 

  

2.1.1. Preparation of TiO2 / 1% CuO composite 
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                 The CuO was prepared by using co-precipitation method. In 0.2 M CuSO4 , 0.4 M NaOH  was added 

dropwise and solution was stirred for about 30 min at 800C .Then the precipitate was filtered and heated at 

4000C for 1 hr . Then 1% of CuO particles were doped with TiO2   using ex-situ approach. 

 

 

2.2. Preparation of conducting polymers 

 

2.2.1. Synthesis of polyaniline (PANI) 

                   PANI was chemically synthesized by oxidative polymerization. A monomer solution was prepared 

by adding 3.64 ml of aniline monomer into 3.32 mL of 1 M hydrochloric acid (HCl) along with 25 ml of 

distilled water. Next, 11.42 g of ammonium persulfate (APS) powder was mixed with 25 ml distilled water 

solution to form the initiator solution. Monomer and initiator solutions were then simultaneously dropped into a 

reactor glass, and the mixture was stirred for 30 min in ice bath (0-50C) temperature. The flow rate of solution 

was controlled to get a homogeneous mixture. The solution will transform to a blackish-green color indicated 

the formation of PANI emeraldine salt (PANI-ES). The precipitate formed was the settled for 16 hr and then 

filtered with whatman filter paper. The filtrate was then dried at 800C for 3hr.  

 

2.2.2. Synthesis of Poly(3,4ethylenedioxythiophene): polystyrene sulfonate (PEDOT:PSS) 

                    Analytical reagent (AR) chemicals have been used for the synthesis. Conducting polymer 

PEDOT:PSS have been synthesized by chemical oxidative polymerization technique using oxidizing agent 

Ammonium Persulfate [(NH4)2S2O3)] (APS) in aqueous medium. PSS was dissolved in 50 ml of distilled water 

at 1:2 mass ratio (EDOT:PSS) and stirred it well up to dissolve. Then the solution was sonicated for 45 min to 

get the homogeneous mixture of PSS solution. After the sonication EDOT monomer was added into PSS 

solution and stirred well using magnetic stirrer. Then oxidant APS was added at 1:2 mass ratio (EDOT:APS) 

directly in the above mixture with continued stirring. After this, the FeCl3 solution which was prepared at 1:0.6 

mass ratio (EDOT:FeCl3) was added dropwise. The polymerization reaction started as the drop of FeCl3 mixed 

in the above mixture. Physical appearance changes into blue and stirred it up to 2 hr at room temperature during 

polymerization reaction. After stirring, it was kept to settle for 16 hr. The obtained material was filtered with 

the help of filter paper and washed several times with distilled water. It was dried at 60 °C in oven for 24 hr. 

The bluish black material/polymer was obtained which was crushed in the Mortar pestle for fine powder. 

 

2.2.3.Synthesis of copolymer of  PANI/ PEDOT:PSS(PPP) 

                   The copolymer was chemically synthesized by oxidative polymerization. A monomer solution was 

prepared by adding 2.662 g of PSS in 80ml distilled water and then sonicated for 30 min. In that solution 1 ml 

(1.33g) EDOT along with 2 ml aniline (2.0g) was added and stirred it. APS (6.66g) was directly added in 

mixture till it completely dissolved. 2 g of FeCl3 was added in 20 ml distilled water then this solution was 

added dropwise to the above solution. The polymerization reaction started as the drop of FeCl3 mixed in the 

above mixture. 

2.3.Preparation of natural dye sensitizer 

                 Beetroot extracts were prepared by crushing the 15g leaves and vegetables and adding them into 30 

ml of ethanol and kept it as it for 1hr then it was filtered by using whatman filter paper. Extracts further 

purification was avoided to check whether an efficient sensitization could be achieved with negligible chemical 

methods. If properly stored, protected from direct sunlight and refrigerated at about 4°C, the acidic natural dye 

solutions (pH = 5.0) are usually stable, with a deactivation half-time of more than 12 months [5] .The formed 

dye was having pH 6. 

 

2.4. Electrolyte preparation 

                 To prepare liquid phase electrolyte 0.01M  (0.126 g)  I2 ( Iodine ) and 0.1M (0.8g ) KI (Potassium 

iodide ) was added into 10 ml of ethylene glycol and stirred for 30 minutes .Then this solution was stored in 

glass bottle and used as it is as electrolyte . 
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3. RESULT AND DISCUSSION 

 

3.1. X-Ray Diffraction Analysis (XRD) 

 
                                                                    Fig 2. XRD pattern of TiO2 ,TiO2/CuO ,PANI ,PEDOT:PSS and PPP 

 

                          Fig 2. Shows XRD pattern of TiO2 ,TiO2/CuO ,PANI ,PEDOT:PSS and PPP.  For the pure 

PANI, the XRD spectra showed broad nebulous diffraction peak at 2θ = 25.22o and low intensity at 2θ =15.170 

and 20.39o indicates the disordered structure of long chain polymer matrix. For Pure PEDOT:PSS no sharp 

peaks were observed which indicates the amorphous nature of polymer. For the copolymer of 

PANI/PEDOT:PSS (PPP) , the XRD spectra showed broad nebulous diffraction peak at 2θ = 21.42 and 23.66o.  

Low intensity at 2θ =16.580 and 29.39o indicates the disordered structure of long chain polymer matrix .The 

presence of highly intense diffraction peaks at 2θ values 25.4o , 37.8o , 48.19o , 54.0o  and 62.8 o corresponds to 

the crystallographic planes of (101), (004), (200), (105) and (204) . This shows the formation of anatase TiO2 

nanoparticles (JCPDS card No. 21–1272). For the TiO2/ CuO composite only change in the intensity is 

observed and peak position remains the same[13-14] . 

 

                          The mean crystallite size of nanocrystallites were calculated using Scherrer formula: D = Kλ / 

(B*Cosθ), where D is the crystalline particle size, K is the Scherrer constant (0.891), λ is the wavelength of X-

ray (0.154056 nm), the half-height width of the diffraction peak is B, and θ is the angle of diffraction. The 

particle size of anatase TiO2 was found to be 48.42 nm . The particle size of CuO was found to be 49.26 nm 

and for TiO2/CuO composite was found to be 49.23 nm . 

 

3.2. FTIR Spectroscopy analysis 

 
Fig 3. FTIR Spectra of TiO2 , TiO2/CuO ,PANI ,PEDOT:PSS and PPP  Fig 3.1 : FTIR spectra of TiO2/CuO 

Fig 3. Shows the FTIR spectra of TiO2, TiO2/CuO ,PANI ,PEDOT:PSS and PPP . The FTIR spectrum of 

TiO2 NPs clearly shows three groups. The first band is the broadest, and is observed around 2300 t0 2400 cm−1, 

corresponding to the stretching vibration of the hydroxyl group O-H of the TiO2 NPs [7]. The next band is 

observed around 1630 cm−1, corresponding to bending modes of water Ti-OH; the last is a important peak at 
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1383 cm−1 related to Ti-O modes.. The spectrum bands for CuO are observed at 601 cm-1are characteristics of 

Cu-O bond formation along with TiO2 for TiO2/CuO[14]. 

The strong absorption band of PANI at 1525 cm-1 is assigned to the C=C stretching of quinoid group. Also, the 

vibration absorption peak of C=C in a benzene type ring is obtained at 1467 cm-1. The spectra shows the bands 

at 2862 cm-1 which are attributed to C-H stretching of PANI. The peak at 3444.87 and 3128.54 cm-1 

corresponds to the stretching vibration absorption peak of N-H and the weak peak at the 1647 cm-1 represents 

deformation vibration absorption peak of N-H bond. The position of these peaks matched with the 

characteristic peak ranges of an amine group- the range of stretching vibration absorption peak of N-H is 3500-

3100 cm-1. 1350-1000 cm-1 and 1640-1560 cm-1 is the range of stretching vibration absorption and the 

deformation vibration peaks of C-N respectively [3].These findings showed that polymerization of aniline 

molecule took place throughout the reaction. 

For the copolymer of PANI/PEDOT: PSS(PPP) the characteristics band of both PANI and PEDOT: PSS was 

observed simultaneously in FTIR spectra. 

Table 1, Table 2 and Table 3 shows the FTIR analysis of TiO2, PANI and PEDOT:PSS [13,15]. 

Table 1. FTIR analysis of TiO2  

 

 

 

Table 2. FTIR analysis of PANI  

Sr. No Wavenumber (cm-1) Bonding /Stretching 

1 1525  C=C of quinoid group 

2 1467  C=C in a benzene type 

3 2862  C-H 

4 1170  –H+N=C 

5 1327  C-N 

6 3444, 3128   N-H  

7 1647  Deformation of N-H 

Table 3. FTIR analysis of PEDOT:PSS  

Sr. No. Wavenumber (cm-1 ) Bonding /Stretching 

1 1000  C-S stretching  of the thiophene ring in PEDOT 

2 1045-1145 S-O stretching SO4
- from oxidant and S-phenyl in PSS  

3 1095-1195 S=O stretching antisymmetric SO4
- from oxidant  

4 1094-1155 C-O stretching  in PEDOT  

5 1290-1370 C-C 

6 1518-1640 C=C 

7 2821-3070 C-H 

8 3400 O-H stretching in PSS 

                    

 

 

Sr. 

No 

Wavenumber (cm−1) Bonding/Stretching 

1 2300 to 2400  hydroxyl group (O-H) 

2 1630  bending modes of water Ti-OH 

3 1383  Ti-O 
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3.3. UV-Visible Spectroscopy analysis 

 
 

 

For the beetroot dye the maximum absorption was found to be in the range 450 to 550 nm of wavelength. The 

dip in the absorption curve was for 320 to 440 nm range. The band gap energy for the beetroot dye was found 

to be 3.2 eV(Fig 4 and 5) . 

 

3.4. VI Characteristics 

 
   

 

Fig 4. UV- Vi spectra of Beetroot dye 

Fig 6. VI Characteristics of DSSC  

(TiO2 + Beetroot+PANI) 

 

Fig 7. VI Characteristics of DSSC  

(TiO2 /1%CuO+ Beetroot+PANI) 
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Fig 6 to 11 shows the V-I characteristis of TiO2 + Beetroot+PANI , TiO2 /1%CuO+ Beetroot+PANI, TiO2 + 

Beetroot+PEDOT:PSS , TiO2 /1%CuO+ Beetroot+ PEDOT:PSS , TiO2 + Beetroot+PPP and TiO2/1%CuO + Beetroot+PPP 

DSSC respectively . For the TiO2 + Beetroot+PANI the open circuit voltage is 42.8 mV which id found to be 

maximum amongst all prepared cells. Also short ciruit current (ISC) and efficiency is found to be maximum for 

this cell (Table 4). The table 4 depicts all values of the parameters for different prepared cells. 

      

Table 4 . Open circuit voltage (VOC) , short circuit current (ISC), Voltage (VMP) and  current(IMP) at  maximum 

power , fill factor (FF) and efficiency of prepared DSSC . 

 

Sr.

No. 

Working 

Electrode  

Counter 

Electrode  

Dye VOC 

(mV) 

ISC 

(μA) 

VMP 

(mV) 

IMP 

(μA) 

FF Efficiency  

(%) 

1 TiO2 PANI Beetroot  42.8 7.2 14.1 4.6 0.21 0.3 

2 TiO2/1% 

CuO 

PANI Beetroot 4.5 2.1 4 1.6 0.67 0.068 

3 TiO2 PEDOT :PSS Beetroot 2.2 2 1.2 1 0.27 0.005 

4 TiO2/1% 

CuO 

PEDOT :PSS Beetroot 3.8 4.4 3.4 2.2 0.45 0.03 

5 TiO2 PPP Beetroot 32.2 2.1 16.3 0.79 0.19 0.05 

6 TiO2/1% 

CuO 

PPP Beetroot 3 0.61 2.6 0.43 0.61 0.004 

 

Fig 8. VI Characteristics of DSSC  

(TiO2 + Beetroot+PEDOT:PSS) 

 

Fig 9. VI Characteristics of DSSC  

(TiO2 /1%CuO+ Beetroot+ PEDOT:PSS) 

 

Fig 10. VI Characteristics of DSSC  

(TiO2 + Beetroot+PPP) 

 

Fig 11. VI Characteristics of DSSC  

(TiO2/1%CuO + Beetroot+PPP) 
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4 . CONCLUSION 

                   The work presents successful fabrication of natural dye sensitized solar cell (DSSC) using 

conducting polymers as counter electrode instead of expensive platinum. The DSSC made with pure PANI 

counter electrode and beetroot dye has maximum efficiency (0.3%) as compared to other electrodes. Doping of 

CuO in TiO2 leads to enhancement in the stability of solar cell and fill factor of solar cell increases after 

addition of 1%CuO in TiO2 which signifies power conversion efficiency of solar cell increase .Further 

optimizations in various parameters is needed for increase in the efficiency of solar cell. 
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Abstract: -  

Spintronics, a developing field at the intersection of electronics and magnetism, holds 

immense promise for revolutionizing information processing and storage technologies. 

Rare earth-conducting polymer nanocomposites have emerged as a novel class of 

materials with significant potential for advancing spintronic applications. This review 

provides a comprehensive overview of recent developments and applications in 

spintronics technology. It begins with an exploration of spin transport phenomena, 

elucidating concepts such as spin injection, spin polarization, and spin manipulation 

techniques. Subsequently, it delves into specific spintronics applications, including 

magnetic memory and storage solutions like spin-transfer torque MRAM and spin-orbit 

torque MRAM. Continued research efforts in this area are essential for realizing the full 

potential of rare earth-conducting polymer nanocomposites in practical spintronics 

applications. 

Keywords: Spintronics, rare earth elements, conducting polymers, nanocomposites, 

applications. 
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I. INTRODUCTION 

In the twenty-first century microelectronics devices face a number of difficulties, Researchers have 

been examining intrinsic properties of electrons called spin in an effort to focus on the present issues facing 

microelectronics devices,[1] such as power consumption and downscaling. New spin–related physics studied 

by gigantic magnetoresistance, tunneling magnetoresistance, and spin transfer torque have been investigate 

in the field of spin electronics, leading to spin based device application [2]. The detection and control of 

electron spin in solid-state physics is focus on electronics field known as spintronics [3]. These include the 

independent discoveries of massive magneto resistance made by Albert Fert in France and Peter Gruenberg 

in Germany in 1988[4, 5] have been observed spin polarized electron injection from ferromagnetic metal to 

a normal metal [6]. Nowadays in modern computer hard drives and other magnetic devices use a metal-

based Spintronics [7,8].Ferromagnetic materials play a vital role in the spintronics application [9], leading to 

recent emphasis on the development of spintronics materials involving carbon materials, metal oxides, and 

conducting polymers [10]. In this review work on rare earth doped conducting polymer for spintronic 

application. Conducting polymer nanocomposites offer unique opportunities in spintronics due to their 

tunable electronic properties and compatibility with flexible and lightweight substrates. Here are some 

potential spintronics applications using conducting polymer nanocomposites [11]. 

II. CONDUCTING POLYMERS 

Conducting polymers, with their 1D intrinsic property have been a focal point of both fundamental and 

applied research in fields like field-effect transistors, displays, and rechargeable batteries [12]. Polyaniline 

(PANI), Polypyrole (PPy), Polythiophene (PTh) represent the extensively studied conducting polymers, in 

contrast to Polyindole, often referred to as PI/PIn/Pind, which has historically garnered less attention due to 

its lower polymerization efficiency. However, recent interest has surged owing to its remarkable 

environmental stability and electrical conductivity. Characterized by a distinctive benzene and pyrrole ring 

structure, coupled with properties such as good thermal stability, low degradation rate, and high storage 

capacity, to study helps us to under-stand the electric behavior of the samples whether capacitive or resistive 

type for which further studies can be conducted for sensor, anticorrosioncoating, and spintronic 

applications.[13].  The semiconducting and electrochemical behavior of rare earth based composites was 

investigated using four probe conductivity meter and cyclic voltammetry (CV) respectively. An overall view 
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of different the techniques show this material use in their various field of electronics and communication 

application is presented [14]. Pure phased rare earth doped ZnO nanoparticles for tetracycline degradation. 

They prepared sample were systematically characterized for structural, optical, and magnetic properties [15].  

The influence of trivalent rare-earth dopants (Sm and La) on the structure-activity properties of CeO2 was 

thoroughly studied for diesel soot oxidation [16]. Pure polyaniline (PANI) and Lanthanum oxide (La2O3) 

modified polyaniline were synthesized by using in-situ polymerization method. Dielectric constant of the 

samples increased as frequency increases and dielectric loss in the materials is also very minimal. The 

prepared samples may find applications in the electronics field industry [17]. The novel organic materials 

innovative devices and functionalized interfaces in organic spintronics are comprehensively introduced. First 

the fundamental concepts and parameters of organic spin devices are clarified. Subsequently the organic 

materials applied in organic spintronics are classified several types of spin-related devices in this field are 

introduced and discussed [18]. A carbon nanotube spin field-effect transistor device by the direct synthesis 

of single-walled carbon nanotubes (SWNTs) on substrates by alcohol catalytic chemical vapor deposition. 

They observed hysteretic magnetoresistance (MR) at low temperatures due to spin-dependent transport. In 

their devices[19]. Bimetallic Co–Ni-based spin FET device is fabricated, and its magnetoresistance behavior 

has been studied [20, 21]. Spin-injecting interfaces involving organic semiconductor (OSC) molecules and 

ferromagnetic metals are discussed. The inter-faces are classified in different categories depending on the 

type and strength of interface interaction and the relevant physics concerning energy level alignment and 

spin polarization of interface states are explained [22]. Organic spintronics is an emerging and potential 

platform for future electronics and display due to the intriguing properties of organic semiconductors. 

Studies have focused on three types of organic spintronic phenomena magnetic field effect, 

magnetoresistance effect, Spin valve [23]. In external spin injection and organic property-induced spin 

Polarization, according to the distinction between the sources of spin polarization [24]. The rare earth doped 

conducting polymer for spintronic applications is promising field of research. To synthesis of rare earth 

composite with conducting polymer some methods are used such as sol gel method, co-precipitation method, 

in-situ polymerization method, and combustion method, chemical oxidative polymerization method [25]. 

From the literature survey we can examine that to improve thermal and cyclic stability, capacity of energy 

storage in electronic device [26]. We conclude that the interaction between the stability, capacity of energy 

storage in electronic device. Conducting polymer nanocomposites offer unique opportunities in spintronics 

due to their tunable electronic properties and compatibility with flexible and lightweight substrates [27]. 

Here are some potential spintronics applications using conducting polymer nanocomposites: 

• Spin Injection Devices: Conducting polymer nanocomposites can be used as spin injectors in spin 

valves and spin transistors. By incorporating magnetic materials into the nanocomposites, spin-
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polarized currents can be injected into adjacent layers, enabling efficient spin transport and 

manipulation [28, 29, 30, 31].  

• Spin Filters: Nanocomposites with controlled spin-dependent transport properties can act as spin 

filters, selectively allowing electrons with specific spin orientations to pass through while blocking 

others. This capability is crucial for spin-based logic and memory devices [32, 33]. 

• Spintronic Memory Devices: Conducting polymer nanocomposites can be employed in spintronic 

memory devices such as spin-transfer torque random access memory (STT-RAM) and magnetic 

random-access memory (MRAM). These devices utilize spin-polarized currents to write and read 

data, offering high-speed operation and non-volatility [34, 35]. 

• Spintronic Sensors: Nanocomposites can be used in spintronic sensors for detecting magnetic fields, 

spin currents, and spin polarization. Their flexibility and compatibility with diverse substrates make 

them suitable for wearable and flexible sensor application [36, 37]. 

• Spintronic Logic and Computing: Conducting polymer nanocomposites hold promise for 

developing spin-based logic and computing devices. Their tunable electronic properties and low-

power operation make them attractive candidates for next-generation spintronic circuits and 

processors [38, 39,40].  

• Spintronic Energy Conversion: Nanocomposites can be utilized in spintronic energy conversion 

devices such as spin See beck effect (SSE) generators and spin thermoelectric devices. These devices 

convert waste heat into useful electrical energy by utilizing the spin degree of freedom of 

electrons[41]. 

• Spintronic Interconnects: Conducting polymer nanocomposites can serve as efficient spin transport 

channels in spintronic interconnects, enabling low-loss transmission of spin information between 

different components in spin-based circuits and systems[41].  

III. Rare Earth Elements 

Rare earth elements (REEs) have garnered significant attention in spintronics research due to their 

unique electronic and magnetic properties, making them promising candidates for various spintronic 

applications[43]. This review explores the utilization of REEs in spintronics, focusing on their roles in 

enhancing spin transport, enabling novel device functionalities, and advancing spin-based technologies. 

Firstly, we discuss the fundamental properties of REEs that make them suitable for spintronics, including 

their high magnetic moments, long spin relaxation times, and robustness against oxidation. Next, we 

examine recent research efforts in incorporating REEs into spintronic devices, such as rare earth-based 

magnetic tunnel junctions (MTJs), spin valves, and spin field-effect transistors (SFETs). We highlight how 

REEs contribute to improving device performance, stability, and scalability, thereby expanding the potential 

applications of spintronics in data storage, sensing, computing, and communication [42]. 
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IV. Application 

• The largest technological application of GMR is in the data storage industry. IBM was first to place 

on the market hard disks based on GMR technology and these a day’s all disk drives make use of this 

technology [44]. 

• Magnetoresistive materials and structures are used as sensors for magnetic recording, MRAM, 

motion Sensors or just simply to measure the strength of a magnetic field.[45,46]  

• Other applications of GMR are as diverse as automotive sensors, solid-state compasses and non-

volatile magnetic memories [47]. 

• Integrated spintronics biochips (neuroelectronic studies and biomedical imaging)[48]. 

• Spintronics devices are used in the field of mass-storage devices. 

 

V. Conclusions 

In this review observed that, the rare earth doped conducting polymer nanocomposites are best 

material for spintronics application a wide variety of new devices that combine logic, storage and 

sensor applications. Spintronics devices might lead to quantum computer and quantum 

communication based on electronics solid state devices, such as spin valve, spin FET Ultimately, 

significant advancements have been achieved in rare earth-conducting polymer spintronics 

concerning novel materials, apparatuses, and functionalized interfaces. But in order to gain industrial 

use, much more work needs to be done. Conducting material for spintronics is predicted to have a 

significant rise in the near future. 
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I.  INTRODUCTION  

The study of dynamical properties of organic solvents in binary mixtures with water, through their interaction 

with electromagnetic waves, provides valuable insights into molecular interactions and structures. Advanced 

spectroscopic techniques, particularly broadband dielectric spectroscopy, are instrumental in revealing these 

properties. Dielectric spectroscopy, using frequency and time domain methods, offers detailed information about 

frequency-dependent dielectric properties, essential for both fundamental research and practical applications. 

Time Domain Reflectometry (TDR), a key technique within time domain spectroscopy, enables precise 

measurement of complex dielectric permittivity over a wide frequency range in a single experiment. This 

versatile method is used in various applications, from assessing soil moisture content to detecting faults in 

electronic components. By studying dielectric dispersion and absorption spectra, significant molecular 

interactions, such as hydrogen bonding, can be elucidated, enhancing our understanding of the structural and 

dynamical behaviors of liquid mixtures.[1] 

Adonitol and  D-arabitol , five-carbon sugar alcohols (pentitol) or alditols are the polyhydroxylated molecules 

they are aliphatic , which has multiple vicinal hydroxy group[2]. The molecular formula of adonitol and D-

arabitol is   C5H12O5, belong to the carbohydrate family. They naturally occur in certain microorganisms and 

some plants[3]. Adonitol, produced by the reduction of ribose, is found in nature in the plant Adonis vernalise 

and in some Gram-positive bacteria's cell walls as ribitol phosphate and teichoic acids. It is also a component of 

riboflavin and flavin mononucleotide (FMN), a nucleotide coenzyme used by various flavoproteins. Whereas, D-

arabitol is primarily sourced from the reduction of arabinose, a pentose sugar found in plant cell walls, 

particularly in hemicellulose[4]. These sugar alcohols find diverse applications across various industries. In the 

food industry, they serve as low-calorie sweeteners and humectants, enhancing the texture and shelf life of 

product[5]. In pharmaceuticals, arabitol is explored as a non-toxic excipient in drug formulations. Their 

occurrence in microbial cell walls also makes them significant in biotechnological research. D-arabitol and 

adonitol's multifaceted properties underscore their importance in developing innovative products and 

processes.[6] 

Water, as the biological basis of life, possesses unique properties primarily due to its structure and dynamics, 

dominated by hydrogen bond interactions. Similarly, D-arabitol and adonitol show a strong tendency to form 

hydrogen bonds[7]. Due to their multiple hydroxyl groups, D-arabitol and adonitol exhibit high solubility in 

aqueous media. Dielectric relaxation studies of their mixtures with water are crucial for understanding 

intermolecular interactions and hydrogen bonding, driven by dipole-dipole interactions. [8] 

The primary objective of this research is to investigate the dielectric relaxation properties of D-arabitol water 

and adonitol-water systems using time domain reflectometry (TDR) in the frequency range of 10 MHz to 30 

GHz. This study reports on the static dielectric constant, relaxation time, and excess dielectric permittivity for 

these mixtures, providing valuable insights into their structural and dynamic behavior. 

II. EXPERIMENTAL 

                  A. Material and sample preparation 

D-arabitol and adonitol, each with a purity of 99%, were purchased from Alfa Aesar and utilized directly 

without any additional preparation. Double-distilled water was used to create the aqueous mixtures. Eleven 

different samples were prepared for each substance. The solutions were prepared at different mole fractions of 

water in adonitol and D-arabitol. The concentration series ranged from 0.3 M to 3 M, with one sample of pure 

water included as a control in both sets.  

                 B. Measurements  

The basic Time Domain Reflectometry (TDR) setup includes a broadband sampling oscilloscope, a TDR 

module, and a coaxial transmission line. For this experiment, a Tektronix DSA8200 sampling oscilloscope with a 

30 GHz bandwidth and a TDR module 80E08 equipped with a step generator unit were used. A 250mV step 

pulse with an 18 ps rise time was sent through a 50 Ω coaxial line system. The sampling oscilloscope monitored 

the changes in the step pulse after it reflected from the sample. The reflected pulse without the sample, R1(t) and 

with the sample, Rx(t), were recorded within a 5 ns time window and digitized into 2000 data points. The step 

pulses recorded with and without sample are RX(t) and R1(t) respectively and the addition {q(t) = [R1(t) + 

Rx(t)]} and subtraction {p(t) = [R1(t) - Rx(t)]} of these pulses are performed in the oscilloscope's memory. These 

added and subtracted pulses are then transferred to a PC for further analysis. Fourier transformations of the pulses 
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and subsequent data analysis were previously conducted to determine the complex permittivity spectra, ε*(ω), 

using the non-linear least squares fit method 

 

III. RESULT AND DISCUSSION 

1.  Dielectric constant and relaxation time: 

The dielectric relaxation for the solution of adonitol and water & D-arabitol and water system has been fitted 

in the Debye model(a) and the Cole- Davidson model(b) using nonlinear least square fit method respectively. 

= ∞+
ɛ−ɛ∞

(𝟏+𝒋𝝎𝝉)
          …. a 

            =∞ +
ɛ−ɛ∞

(𝟏+𝒋𝝎𝝉)𝜷           … b 

 

 

Where 0  is the static permittivity, ∞ is the permittivity at high frequency, τ is relaxation time α and β is the                      

empirical parameter it gives how relaxation time distributed. Dielectric parameters like dielectric constant, 

relaxation time for (adonitol + water mixture) and (arabitol + water mixture) is shown below in table a and b. It is 

observed that the dielectric constant for both the sample are found to be decreasing with increase in concentration 

of Adonitol and Arabitol at room temperature 250C.This may be due to the lesser alignment of dipole or smaller 

value of dipole moment. The relaxation time is found to be increases continuously with increase in concentration 

of sample as shown below in fig.1. This due to the modified network of hydrogen bond by sample to increase the 

time, it shows linear relationship between the relaxation time and the viscosity of material [8]. 

Fig .1  

 

2.  Complex permitivity spectra 

The dielectric spectra is found out to be same for adonitol and D-arabitol [9].The fig.2(a) and fig.2(b) shows 

the frequency dependent values of permittivity (ε՛)and dielectric loss(ε՛՛) of adonitol-water and D-arabitol-water 

mixture at 250C.From the plot that values of dielectric permittivity (ε՛) and dielectric loss (ε՛՛) shifted towards 

lower frequency side as the concentration increases the shifting of loss peaks towards lower frequency side with 

increase in concentration indicates increased relaxation time.[10] 
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Table a 

 

 

Fig.2(a) Complex permittivity spectra for mixture of Adonitol and water at 250C. 
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Table b 

 

 

Fig.2(b) Complex permittivity spectra for mixture of D-arabitol and water at 250C 

 

IV. CONCLUSION   

In this paper two out of seven sugar alcohol which are adonitol and D-arabitol have been studied by using 

time domain reflectometry at room temperature. Complex permittivity spectra of this polyols have been observed 

in the frequency range of 10MHz to 30GHz at 250C temperature. The value of static dielectric constant and 

relaxation time for adonitol and D-arabitol in water were found out.  One significant finding from the observed 

data is the decrease in the value of the static dielectric constant (0 ) with increase in concentration of adonitol and 

D-arabitol in water. This suggests the formation of hydration sheaths around adonitol and D- arabitol molecules 

in the solution. Whereas relaxation time(Γ) was observed to increase in the presence of adonitol and D-arabitol in 

the water solution, which is due to the formation of structural arrangement around water molecules by polyol 
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molecules, inhibit their rotational motion. Our further approach is to comparatively study the dielectric parameter 

of different polyols with varying temperature. 
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Polyaniline/Cerium Oxide 

composites by using Ultraviolet 

Visible Spectroscopy 
 

 

Abstract: - In this study, XRD, absorption, optical conductivity of PANI/CeO2 composites were studied. The present work 

successfully demonstrated the preparation of Polyaniline (PANI) and PANI/CeO2 nanocomposites prepared by in-situ chemical 

oxidative polymerization technique. XRD spectra shows broader peak at 2θ=25.20 indicating the amorphous nature of PANI. The 

mean crystallite size of CeO2 nanocomposites was found to be 44.822 nm. The absorbance spectra and optical conductivity were 

obtained by UV-Vis spectroscopy at room temperature the absorption spectra shows an intense absorption dip in the wavelength 

region 240 nm to 276 nm and broad hump in the wavelength region 486 nm to 698 nm. The optical conductivity was also estimated 

it shows highest value for sample C1 (5%) whereas lowest value for sample C4 (20%). 

Keywords: Polyaniline, cerium oxide, nanocomposites, optical conductivity, UV-Vis spectroscopy. 

 

I.  INTRODUCTION  

Conducting polymers are conjugated polymers, which are organic molecules with an extended p-orbital 

structure that allows electrons to flow from one end of the polymer to the other [1]. Due to the excellent 

properties, of conducting polymers such as electrical property, optical and high mechanical properties, easy 

synthesis, effortless fabrication and high environmental stability over conventional inorganic materials they are 

extensively studied. [2]. Conducting polymers have the extra benefit of conductivity in the metallic or 

semiconducting regimes along with many of the benefits of plastics, such as flexibility and processing from 

solution, however, many applications are limited by the lack of straight-forward techniques to obtain inexpensive 

conductive polymer shapes/patterns [3].  

     Among all conducting polymers Polyaniline (PANI) is preferred due to its remarkable qualities, which 

include excellent electrical features, reasonable chemical and environmental stability, low cost, and a simple 

preparation process, it has potential applications in a variety of fields, including organic electronics, biomedical 

and anti-corrosion materials [4]. PANI is also well-known for being straightforward, stable in the environment, 

and dopable with protonic acids. By connecting the 1, 4-coupling of the aniline monomer components, PANI can 

be found [5].  

     Metal oxide is one of these nanostructures that attract the most attention due to its many uses, including 

electrical conductivity and transparency in the visible spectrum. These properties make them perfect for solar 

cells, fuel cells, supercapacitors, sensors, catalysis, and electrochromic windows [6]. Cerium is a lustrous, 

flexible, and malleable element. Iron-gray in hue, cerium metal exhibits a high degree of reactivity. It exists as 

cerium oxide when combined with oxygen atoms and is also referred to as a potent oxidizing agent. It can be 

found in compounds as either ceric (Ce4+, tetravalent state) or cerous (Ce3+, trivalent state) [7]. Anees et al 

studied the optical and electrical properties of electrochemically deposited PANI/cerium oxide film onto indium-

tin-oxide (ITO) glass substrate by using UV-visible spectroscopy and I–V characteristic. The estimated band gap 

of the CeO2 sample was 3.44 eV. The electrical properties of the PANI/CeO2 hybrid nanocomposites flim are 

mostly controlled by PANI doping, as demonstrated by optical and electrochemical characteristics [8]. Barde et 

al studied CeO2 doped phospo-vanadate glass system. The values of direct band gap are greater than the 

corresponding values of indirect band gap. The samples exhibit a progressive rise in absorption around the 225 

nm, which raises the refractive index and optical conductivity [9]. Anitha et al explains a novel synthesis for 

producing Polyaniline/CeO2 nanocomposites with by in situ polymerization technique. The optical studies results  

for the PANI/CeO2 nanocomposites shows the possible visible absorption peaks in the region of 273, 342, 634 

and 872 (nm). Band gap energy of nanocomposites is discussed and calculated; it is 3.3 eV [10]. 
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     Inspiring from the above discussion, we planned to study the optical conductivity of PANI/CeO2 

nanocomposites. To the best of our knowledge, there is no information on the optical conductivity of 

PANI/CeO2. The optical conductivity was estimated by using ultra violet (UV-Vis) spectroscopy.   

II. EXPERIMENTAL 

1. Synthesis of CeO2 nanoparticles  

A horn-type 20 KHz Sonic Sonifier was used to prepare the nanoparticle of CeO2 through sonication.  5 gm 

of CeO2 was dissolved in 100 ml double distilled water and stirred it for 20 min. This mixture was ultrasonicated 

for 30 min, light yellow precipitate was formed. This precipitate was washed by using double distilled water and 

then washed by ethanol, and then it dried out in an oven at 100ºC for 3 h.     

2. Synthesis of PANI/ CeO2 

The in-situ chemical oxidative method is preferred for the synthesis of polyaniline from aniline monomer. 

The typical preparation process is as follows 2.32 ml of aniline and 1.5 ml HCL were dissolved in 25 ml double 

distilled water to form uniform solution.  The quantity of CeO2 nanoparticles added were estimated as 5, 10, 15 

and 20 weight percent (wt. %) per weight of aniline monomer solution. Now, the solution was stirred in the ice-

bath (0-5ºc)  for 30 min. Dissolve 4 gm. of ferric chloride in the beaker containing 25 ml of double distilled water 

and this solution was added drop wise to above monomer solution till polymerization took place and the reaction 

mixture was stirred for 1-2 hours constantly at (0-5ºc) temperature. A series of colour change occurred from blue 

to dark green and precipitate is formed which was kept for 24 hrs. For the polymerization, precipitate were 

filtered using Whatmann filter paper no 1 and washed with double distilled water and ethanol till filtrate becomes 

colourless. The obtained precipitate was dried for 24 h at 40ºC. The dark green powder of PANI/CeO2 

nanocomposites were obtained. The nomenclature for Pure PANI, CeO2, 5%, 10%, 15% and 20% PANI/CeO2 

were named as PP, C0, C1, C2, C3 and C4 respectively [11-12]. 

 

III. RESULT AND DISCUSSION 

1. XRD Analysis 

Fig. 1 shows X-ray diffraction patterns of the pure PANI, CeO2 and PANI/CeO2 composites.  The XRD 

spectra of the pure PANI found to be broader indicating amorphous nature of PANI, the diffraction peak was 

observed at 2θ=25.20 and low intensity at 2θ=14.880 and 20.660 [13]. The peaks of CeO2 is observed at 28.840, 

33.30, 47.70, 56.50, 59.30, 69.60, 76.90, and 79.400. Corresponds to the crystallographic planes of (110), (200), 

(220), (311), (222), (400), (331) and (420) (JCPDS card no 34-0394). From the graph it is seen that the PANI/ 

CeO2 composites shows the similar peaks of CeO2 indicating the crystal nature of CeO2 nanoparticles in 

composites. Also, according to these study the inclusion of CeO2 nanoparticles in amorphous PANI molecular 

chain. From XRD, it is also observed that as the concentration of CeO2 increases peak intensity also increases, 

but the diffraction pattern of the composite does not change. It remains same as that of CeO2. The mean 

crystallite sizes of nanocomposites were calculated using scherrer formula D=Kλ/(β cosθ)   Where β is full width 

at half maximum, D is the crystalline particle size, K is the scherrer constant (0.891), λ is the wavelength of X-

ray (0.154056 nm), θ is angle of diffraction. The particle size of CeO2 nanocomposites was found to be 44.822 

nm.  

 

Fig. 1 XRD of Pure polyaniline, CeO2, PANI/CeO2 composites 
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2. Absorbance and Optical Conductivity 

Fig. 2 represents the UV-VIS spectrum of the PANI/CeO2 composites as a function of wavelength. The plot 

shows the intense absorption dip in the wavelength region 240 to 276 nm and a broad hump in the wavelength 

region of 486 nm to 698 nm. The absorption band in the region 200 nm to 400 nm are attributed to ligand to 

metal charge transfer and the band in the region 400 to 700 is due to the pair excitation processes. Sample C1 

shows highest absorbance [14-15]. 

 

Fig.2 Absorption spectra of PANI/CeO2 composites 

Fig. 3(a) shows the variation of optical conductivity as a function of wavelength. The optical conductivity in 

terms of energy can be calculated as б = (α cn)/4π where α is the percent absorption c is speed of light and n is 

refractive index. The highest value of optical conductivity is associated with sample C1 whereas lowest with 

sample C4. From the plot it is observed that optical conductivity was tuned by concentration of CeO2. 

         Fig. 3(b) shows the variation of optical conductivity with hυ (eV). Initially the optical conductivity 

increases with photon energy upto 2.04 eV. Beyond energy 2.04 eV optical conductivity decreases. It shows the 

linear increase in the region of energy 3 eV to 4 eV. Beyond 4 eV energy optical conductivity decreases. It shows 

higher optical conductivity for sample C1 and lower for sample C4 [16-17]. 

 
Fig.3 (a) Variation of optical conductivity as a function of wavelength and (b) Variation of optical 

conductivity as a function of photon energy. 

 

IV. CONCLUSION 

The present work successfully demonstrated the preparation of PANI/CeO2 composites prepared by using in-

situ technique. XRD spectra confirmed the amorphous nature of PANI. The mean crystallite size of CeO2 

nanocomposites was found to be 44.822 nm. The absorption spectra show an intense absorption dip in the 

wavelength region 240 to 276 nm and board hump in the wavelength region of 486 to 698 nm. The optical 

conductivity was also estimated it shows highest value for sample C1 whereas lowest value for sample C4. 
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SYNTHESIS OF ZINC OXIDE (ZnO) 

NANOPARTICLES BY CO-PRECIPITATION 

METHOD & IT’S CHARECTERIZATION. 

  

 

Abstract: ZnO nanoparticles are believed to be one of the  most produced nanomaterials have a large surface area 

relative to their size and high catalytic activity. This present work aimed at the investigation of the structural, 

optical and chemical properties of synthesized ZnO nanoparticles by co-precipitation method. In this present work, 

we synthesized ZnO nanoparticles by  co-precipitation method using zinc acetate [Zn(CH3COO)2 ]  and sodium 

hydroxide [NaOH] as a precursors and further for purification  ammonia solution was used. The synthesized ZnO 

sample was annealed at 400 oC for 4 hours. The characterization like X-ray diffraction (XRD), UV - visible 

spectroscopy and Fourier transmission infrared spectroscopy (FTIR) were done. The x-ray diffraction (XRD) study 

reveals that the prepared ZnO nanoparticles have wurtzite hexagonal structure and XRD patterns proved the 

presence of zinc oxide nanoparticles. Lattice parameter was derived from XRD data and particle size of the 

nanoparticles was also calculated by using Scherrer formula. The UV - visible spectroscopy was taken at room 

temperature. The UV-vis absorption spectrum shows an absorption band at 358 nm due to ZnO nanoparticles in 

addition the band-gap energy(3.107eV) of the nanoparticles were calculated using Tauc’s equation. FTIR data was 

also used to analyze the various functional groups present in the synthesized nanoparticles. 

Keywords: co-precipitation method , Nanoparticles, Zinc oxide, X-ray diffraction, UV – visible, FTIR . 

 

 

 

INTRODUCTION  

In recent years, metal oxide nanoparticles have been the subject of focused research due to their unique electronic, optical, 

mechanical, magnetic and chemical properties. Zinc oxide (ZnO) is the most promising compound in the II-VI semiconductor 

family[1]. The material ZnO is a wide direct band-gap semiconductor. That are significantly different from those of bulk 

counterpart. The nano zinc oxide has found wide ranging applications in various areas due to its unique and superior physical and 

chemical properties compared with bulk ZnO [2].The large specific surface area, high pore volume, nanostructured properties, low 

cost and low toxicity of nano ZnO make it a promising candidate, particularly in catalysts , photocatalysis, electrostatic dissipative 

coating, transparent UV protection films, and chemical sensors [3].Different synthesis technique could be used to prepare ZnO 

NPs. Also ZnO can be synthesized in different nanostructures and these nanostructures have unique optical properties. Actually 

different microstructure i.e. grain size, lattice constant, lattice strain and defects at grain boundaries strongly influence the optical 

properties of ZnO [4].Various methods such as thermal decomposition, chemical vapor deposition, sol gel, spray pyrolysis, and 

precipitation have been developed for the fabrication of nanosized ZnO particles with uniform morphology and size. In the present 

study simple and widely used co-precipitation technique has been used in this work for preparing ZnO NPs. The co-precipitation 

synthesis technique for preparation of nanostructures is based on bottom up approach [5]. In this process the product yield is low 
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and the final product may contain some impurities or un-reacted raw materials. Therefore it is necessary to wash the final product 

several times by distilled water or by alcohol. However, this simple technique is very useful for synthesis of control nanostructure 

(i.e. size and shape) and for doping by other elements into semiconductor nano-crystalsd and the characterization of ZnO 

nanoparticles using X-ray diffraction, UV - visible spectroscopy and Fourier transmission infrared spectroscopy (FTIR)[6] . 

 

EXPERIMENTAL 

Synthesis of ZnO nanoparticles: 

The present work describes synthesis of chemically synthesized ZnO nanoparticles prepared by co-precipitation method in our 

laboratory. For preparation of 5gm of ZnO nanoparticles the  stoichiometric amounts of starting raw materials  zinc acetate 

[Zn(CH3COO)2 ]  and sodium hydroxide [NaOH] of required amount & concentration was calculated and weighed with the help 

of  weight balance[7]. 

Zinc acetate and sodium hydroxide were dissolved in 100 ml distilled water in two separate beakers with magnetic stirrer for 

proper solution. Then NaOH solution was added drop wise into the zinc acetate solution with constant stirring with temperature 

upto 70 C0 until completely dissolution of solution[8]. 

The reaction was allowed to proceed for 3 hours after the complete addition of sodium hydroxide to form zinc hydroxide solution 

and precipitate. After the dissolving of solution was allowed to settle down and left the solution for 24 hours at room temperature 

overnight for final process [9]. Then the supernatant solution was separated carefully, and white precipitate was washed several 

times by distilled water & ethanol then solution was filtered with the help of ‘whatman filter paper’. After getting white 

precipitate, dried it with the help of uv light lamp until its converted into white powder [10]. 

After the drying the resultant  powder was collected then the calcination/annealing process was done at 400 C0 with the help of  

‘Furnence’ for 4 hours during this process Zn(OH)2 was completely converted into ZnO nanoparticles. [11] 

 

 CHARACTERIZATIONS 

X-ray diffraction (XRD) is a powerful analytical technique used to analyze the crystal structure, phase composition, crystallinity, 

and lattice parameters of materials. XRD works by analyzing the diffraction pattern produced when X-rays interact with the 

crystal lattice of a material. In this work the X-ray diffraction analysis were carried out on Rigaku Miniflex 600 X-ray 

Diffractometer.The optical properties of the nanoparticles in solutions are studied using UV-Visible spectrophotometer in the 

wavelength range of 200–800 nm. Fourier transmission infrared spectroscopy (FTIR) technique also used to obtain an infrared 

spectrum or emission of ZnO. An FTIR spectrometer simultaneously collects high resolution spectral data over a wide range. 

 

RESULTS AND DISCUSSION 

The figure 1 shows the XRD pattern of prepared Zno nanoparticles. The diffraction peaks at 2Ɵ0 = 31.710, 34.370, 36.200, 47.510, 

56.550, 62.840, 66.310, 69.020,72.560, 76.950 and corresponding (hkl) values are (100), (002), (101), (102), (110), (103), (112), 

(201), (004). 
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Figure 1. 

The ZnO nanoparticles exhibit strong (101) diffraction peak. The XRD pattern shows polycrystalline nature of these prepared 

ZnO sample. The diffraction peak could be identified as hexagonal wurtzite structure of ZnO[7, 12,13]. The XRD pattern and 

calculated lattice parameters were compared with standard data (JCPDS PDF card No.230-0112).   

The lattice parameters (a, c) of the prepared ZnO nanoparticles have been calculated by using following equtaion no 1 . The 

estimated value of lattice parameters are as follows a = 3.247A0&c = 5.2129A0 .The calculated  c/a ratio of the lattice parameters 

was found as 1.606A0 [7, 14].  

Lattice 

parameters 

Standard values Calculated 

values 

a 3.2494A0 3.247A0 

c 5.2054A0 5.2129A0 

c/a 1.6019A0 1.606A0 

 

The crystallite size (D) of the ZnO nanoparticles was calculated by ‘Scherrer equation’ which is given by euqation no 2. The 

calculated crystallite size (D) of the ZnO nanoparticles was found D = 33.917 nm. 

 

𝟏

𝒅𝒉𝒌𝒍 
= [

𝟒

𝟑
(

𝒉2+𝒉𝒌+𝒌𝟐

𝒂𝟐
) +

𝒍𝟐

𝒄𝟐
]……………….(1)    

 

Where dhkl   represents the inter-planer spacing corresponding to the Miller indices (hkl).  

 

  D   =
𝐊𝛌

𝛃𝐂𝐎𝐒𝚹
…………………………………..(2) 

Here D is average crystallite size,  k is Scherrer const(0.9) .  λ is wavelength of x-ray (1.5406A0) and β is FWHM on  2Ɵ0 scale of 

the diffraction peaks. 
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UV visible spectrum of prepared ZnO nanoparticle is shown in below figure no 2. It reveals that ZnO nanoparticles with 

absorption maxima at 358 nm. The ZnO nanoparticles exibit silent exciton absorption features due to the relatively large binding 

energy. 

 

                         Fig -2:- UV spectra of   Zno                                                        Fig-3 :- Binding energy of ZnO 

 

The direct band gap energy of ZnO nanoparticles was found 3.107eV by using the Tauc’s equation. The Tauc plot uses the 

equation (αhν)2 = A(hν - Eg) to plot the absorption coefficient (α) against the photon energy (hν) as shown in figure no. 3 [14]. 

Parameter ƛ(A) Peak  position FWHM   

K ƛ(A) 2 Theta (O)_ Beta(O)  

D ...AVERAGE 

(nm) 

      

0.9 0.15406 28.59 0.21 39.03869166  

0.9 0.15406 31.712 0.283 29.18202758  

0.9 0.15406 32.59 0.09 91.96409578  

0.9 0.15406 34.378 0.233 35.68973904  

0.9 0.15406 36.204 0.286 29.22366282 33.91717714 

0.9 0.15406 47.517 0.278 31.2226446  

0.9 0.15406 50.69 0.29 30.31170385  

0.9 0.15406 56.554 0.329 27.41871653  

0.9 0.15406 62.849 0.315 29.55483368  

0.9 0.15406 66.31 0.33 28.75510323  

0.9 0.15406 67.909 0.317 30.2126717  

0.9 0.15406 69.02 0.344 28.02560408  

0.9 0.15406 72.567 0.38 25.93481763  

0.9 0.15406 76.951 0.34 29.84585984  

0.9 0.15406 81.36 0.37 28.31240725  

0.9 0.15406 89.569 0.4 27.98225491  

 

𝐷 =
𝐾𝝀

𝞫𝐶𝑂𝑆𝜭
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FTIR spectroscopy could collect the infrared spectrum information of sample and provide the structural information to identify the 

molecules. The FTIR of ZnO shown in figure no. 4. 

 

 

Figure- 4. 

The peak indicates the characteristics functional group present in the synthesized ZnO nanoparticles, it is infrared that the ZnO 

have absorption peaks in the range of 3783cm-1, 3687cm-1, 2342cm-1, 1563cm-1, 1384cm-1,1074cm-1, 863cm-1. The peak at 1384 

cm-1 are described to primary alcohol in vibration of the OH bond of the alcohol[15]. The peak 3687cm -1 ascribed to stretching 

vibration of hydroxyl compounds. The follwing table shows peak and chemical bonds and their nature of vibration in ZnO[16].  

 

 

 

CONCLUSION 

The  present work describes the zinc oxide (ZnO) nanoparticles were prepared and synthesized by the ‘co-precipitation method’. 

The XRD pattern and analysis revealed that the ZnO sample is crystalline and hexagonal wurtzite structure. The lattice parameters 

of prepared ZnO was found as  a = 3.247A0 , c = 5.2129A0 and c/a ratio = 1.606A0.  The crystallite size of ZnO prepared 

nanoparticles was determined by Debye-Scherrer’s equation and it was found to be in nanometer range 33.19 nm The results were 

compared with standard (JCPDS PDF card No. 230-0112) and the formation of ZnO nanoparticles was confirmed. The UV visible 

results shows the absorption maxima  peat at 358 nm. And band gap energy of  ZnO nanoparticles was found 3.107eV by using 

the Tauc’s equation. The FTIR result showed that the peak ascribed to stretching vibration of hydroxyl compounds and the OH 

bond is present in the prepared ZnO nanoparticles.  
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1.  Introduction 

The study of dielectric relaxation in mixtures of isopropanol and pyridine using Time Domain Reflectometry 

(TDR) offers significant insights into the molecular interactions and dynamics within the system. Dielectric 

relaxation, which refers to the delay in the dielectric constant of a material in response to a changing electric 

field, provides critical information about the molecular structure and behavior of liquids and their mixtures 

[1].  

Isopropanol, a simple alcohol, and pyridine, a basic heterocyclic organic compound, both have unique 

dielectric properties. Isopropanol is known for its hydrogen bonding capabilities, while pyridine, due to its 

aromatic structure and nitrogen atom, can engage in specific interactions such as π-stacking and hydrogen 

bonding with suitable partners. The combination of these two compounds in a mixture presents a complex 

system where various molecular interactions can be probed using dielectric relaxation techniques.  

 

Previous studies have demonstrated the efficacy of TDR in analyzing the dielectric properties of 

various liquid mixtures [2-4]. For instance, Bokhare et al. (2024) investigated the dielectric relaxation 

behavior of d-sorbitol and water mixtures, revealing critical insights into their molecular interactions and 

dynamics [4]. Similarly, the dielectric study of 1-nitropropane and Dimethyl sulfoxide mixtures by Dhage et 

al. (2024) highlighted the significance of intermolecular interactions and its impact on the dielectric 

properties of the system [3]. 

 In this study, we aim to explore the dielectric relaxation behavior of isopropanol and pyridine mixtures 

using TDR. By analyzing the relaxation times and dielectric constants, we seek to understand the nature of 

interactions between isopropanol and pyridine molecules, and how these interactions influence the overall 

dielectric properties of the mixture in frequency range 10 MHz to 10 GHz. This research not only 

contributes to the fundamental understanding of molecular interactions in binary mixtures but also has 

potential implications for various applications in chemical and pharmaceutical industries where such 

mixtures are prevalent. 

2. Experimental 

2.1. Materials 

Binary Mixtures of Isopropanol and pyridine of changed concentrations were prepared by volume fraction. 

2.2. Measurements 

 TDR is a powerful method used to study the dielectric properties of materials over a wide frequency range. 

TDR measures the reflection of a short voltage pulse transmitted through a material, providing detailed 

information about the dielectric relaxation processes occurring within the system.  

Meticulously prepared solutions were held at a constant temperature for 10-15 minutes before TDR 

measurements [3-5] using a conventional setup with a signal source, a 50 Ω coaxial transmission line, and a 

high-speed Tektronix DSA 8300 sampling oscilloscope equipped with a dual-channel 80E10B module. This 

module generated fast-rise time pulses (12 ps incident and 15 ps reflected) using a tunnel diode, launching 
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them into the coaxial line. The reflected pulse response, R₁(t) for the empty line and Rx(t) for the sample-

filled line, was captured within a 5 ns window and digitized with 2000 points by the sampling oscilloscope. 

Fourier transform and non-linear least squares analysis were then applied to extract the complex permittivity 

spectra (ε*(ω)) of pure solutions and binary mixtures for frequency dependence. 

3. Results and Discussion 

3.1 Complex permittivity spectra

 
The frequency-dependent complex permittivity spectra for isopropanol-pyridine mixtures, obtained using 

Time Domain Reflectometry (TDR) at 25 °C, show that dielectric permittivity decreases with increasing 

frequency. This is because at higher frequencies, polar molecules cannot reorient quickly enough with the 

changing electric field. Consequently, their alignment diminishes, leading to lower dielectric permittivity. 

The complex permittivity spectra obtained with TDR are fitted to the Havriliak - Negami expression using 

the non-linear least squares fit method [6-7]. 
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where ε0  is the static dielectric constant which represents the equilibrium behaviour, ε∞  is the permittivity at 

high frequency which  represents the instantaneous behaviour, τ is relaxation time,  and  are the shape 

parameters describing symmetric and asymmetric distribution of relaxation time, respectively, and ω is the 

angular frequency. The Debye ( =0,  = 1)[8], Cole-Cole (0 1 and  = 1) [9] and  Davidson – Cole (  

= 0 and 0 1)[10] relaxation models are the limiting cases of H-N expression.The static dielectric 

constant (ε0) and relaxation time (τ) for Isopropanol-pyridine mixtures at different temperatures are shown in 

table 1. 

                         Table 1. Dielectric parameters: a) Dielectric constant (0) b) relaxation time () for Isopropanol + pyridine mixture.  

Volume fraction of 

Pyridine 

Static dielectric 

constant  

Relaxation 

time(ps) 

1 12.23 5.804 

0.9 13.35 6.717 

0.8 14.26 6.232 

0.7 15.78 12.69 

0.6 16.20 14.61 

0.5 16.72 27.66 

0.4 17.30 40.91 

0.3 17.82 82.01 

0.2 18.63 123.64 

0.1 20.04 180.6 

00 20.28 157.05 
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                                         Figure 1       Complex permittivity spectra for Isopropanol + pyridine mixtures at 250C. 
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                                       Figure 2: Static Dielectric constant versus Volume fraction of Pyridine for Isopropanol+ pyridine mixtures at 250C 

 

Figure 2 reveals that the static dielectric constant of the mixture decreases as the volume fraction of pyridine 

increases for Isopropanol+pyridine mixtures. The static dielectric constant of a mixture is influenced by the 

individual dielectric constants of the components and their ability to polarize in an electric field. Isopropanol 

has a higher dielectric constant due to its strong hydrogen bonding capability, which facilitates greater 

polarization. Pyridine, on the other hand, has a lower dielectric constant because it is less polarizable 

compared to isopropanol. As the volume fraction of pyridine increases, the overall polarizability of the 

mixture decreases, leading to a reduction in the static dielectric constant. This is because the pyridine 

molecules disrupt the hydrogen bonding network of isopropanol, thereby reducing the mixture's ability to 

align with the electric field and store electric energy. 

Figure 3 reveals that the relaxation time of the mixture decreases as the volume fraction of pyridine 

increases for Isopropanol + pyridine mixtures. In isopropanol-pyridine mixtures, the addition of pyridine 

alters the molecular environment, affecting the ease with which molecules can reorient. Pyridine's molecular 

structure and interactions within the mixture likely result in a faster relaxation process compared to 

isopropanol alone. As the volume fraction of pyridine increases, the dominance of pyridine's molecular 

environment leads to a reduction in relaxation time. 
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                                                 Figure 3: Relaxation time versus Volume fraction of Pyridine for Isopropanol+ pyridine mixtures at 250C 

 

 

4. Conclusion 

The dielectric relaxation study of isopropanol-pyridine mixtures using Time Domain Reflectometry (TDR) 

reveals three key trends: a frequency-dependent decrease in dielectric permittivity, a reduction in static 

dielectric constant with increasing pyridine volume fraction, and a corresponding decrease in relaxation 

time. These findings illustrate the complex molecular interactions within the mixture, with the observed 

trends suggesting limitations in molecular reorientation, disruptions in hydrogen bonding networks induced 

by pyridine, and an accelerated relaxation process influenced by pyridine's molecular environment. Such 

insights are crucial for applications in chemical and pharmaceutical industries. 
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Abstract: - The complex permittivity ε*(f), complex electric modulus M*(f), complex 

electrical conductivity σ*(f) and complex impedance Z*(f) over the frequency range from 

100 Hz to 2 MHz for the Chlorobenzene and n-Butanol mixtures spanning the entire mixing 

range (0.0→1.0) have been investigated at different temperature(303.15 K, 313.15 K and 

323.15 K). The complex permittivity data were analyzed using dielectric relaxation models 

by applying the complex nonlinear least square fitting method (CNLS). The dielectric 

relaxation parameters were extracted from the best fitted model (Debye model). By 

examining the concentration dependence of these parameters, insights into the molecular 

interactions among the constituents of the mixtures were obtained. These analyses were 

utilized to determine various parameters, including the ionic conduction relaxation time (τσ), 

the DC conductivity (σdc) and activation energy (Ea).Modulus and conductivity spectra are 

utilized to gain insights into how variations in concentration of the components in the 

mixtures affect their electrical properties. 

Keywords: chlorobenzene, n-Butanol, dielectric relaxation spectroscopy (DRS), Relaxation 

time. 

1. INTRODUCTION  

Confirming the structure of primary alcohols under varying environmental conditions 

presents an intriguing and multifaceted challenge that captivates researchers across various 

scientific domains, encompassing chemistry, physics, biology, electronics engineering 

[1,3].Dielectric spectroscopic study is an important tool for material characterization and is 

used to understand inter/intra-molecular interactions as well as molecular structures of 

molecular system[4-10].Frequency-dependent dielectric properties are highly beneficial for 

comprehending the fundamental characteristics of liquids, including their structural 
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persistence and dynamics. These properties also play a crucial role in various practical 

applications, providing insights into molecular interactions and behavior under different 

conditions [10].Alcohols are integral to many chemical reactions due to their capacity for 

self-association into diverse internal structures. Their versatility makes them widely utilized 

in industrial and scientific contexts, serving as reagents, solvents, and fuels [11-13].n-

Butanol (n-BuOH) finds extensive applications in pharmaceuticals, textiles and automobile 

industries. The simplest of the chlorobenzene, consists of a benzene ring with a single 

chlorine atom substituted at one of its positions Chlorobenzene, which has a low dielectric 

constant, is a non-aqueous solvent widely used in chemical synthesis and various industrial 

applications. 

In the present paper we report complex dielectric spectra ε*(f), electric modulus spectra 

M*(f), electric conductivity spectra σ*(f) and impedance spectra Z*(f) for CB, n-BuOH and 

their binary mixtures in the frequency span 100 Hz to 2 MHz at different temperatures. 

I. EXPERIMENTAL 

Chlorobenzene (CB) and Butanol (n-BuOH)both the ACS grades were procured from 

Merck Life Science Pvt. Ltd. (India). They were used without further purification. Eleven 

samples of the binary mixtures of different mole fraction of CB in n-BuOH were prepared. A 

precision LCR meter (Agilent E-4980A) and a coaxial capacitor as the sample holder was 

used to measure the complex permittivity of the liquid samples. In our laboratory, we 

designed and fabricated a cylindrical capacitor. The capacitor features an outer cylinder, an 

inner cylinder, connectors, and Teflon components. The manufacturing process was executed 

by a local manufacturer. Before measurements calibration was performed for cylindrical 

liquid test fixture as described in literature [5]. The temperature of the binary liquid samples 

throughout measurement was controlled by constant temperature water bath with a precision 

of 0.1K. 

 

Table 1. Comparison of the pure liquid static dielectric constant (ε0) with literature values. 

________________________________________________________________________ 
____________________________________________________________________________ 

Compound Name  Temperature Static dielectric constant (ε0)        ____________________________________________________________________________ 

   Exp. Lit.                                                                                                          ___________________________ 

Chlorobenzene  303.15 K 5.41 5.61[17] 

  313.15 K 5.25 5.51[18] 

  323.15 K 4.93 5.33[18] 

 n-Butanol 303.15 K 16.33 16.91[15]  

  313.15 K 15.57 15.66[35] 

  323.15 K 14.36 14.54[35]          ____________________________________________________________________________ 
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II. RESULTS AND DISCUSSION 

The measured values of ε′ and ε″ over the entire range of frequency (100 Hz to 2 MHz) 

for various mixture concentration (CB + n-BuOH) at different temperatures are shown in Fig. 

1 (A), (B), (C). The permittivity spectra exhibit a division into two distinct regions: a higher-

frequency region and a lower-frequency region.  

 

 

Fig. 1. Plots of the real part of permittivity (ε′) versus frequency for binary mixtures of CB 

+ n-BuOH at (A) 303.15K (B) 313.15 K and (C) 323.15 K temperatures. 

In the higher frequency region, typically above 103 Hz, the real part of the permittivity 

spectra remains constant and independent of frequency. As the frequency increases within 

this range, the permittivity stabilizes or attenuates to a steady state. From Fig. 1(A) (B) (C), it 

can be seen that the real part of permittivity (ε′) remains constant over the entire frequency 

range Chlorobenzene (CB) rich region. This constancy of ε′ indicates the absence of ionic 

impurities in CB, as ionic impurities typically cause a frequency-dependent variation in the 

dielectric constant. For the high concentration of n-Butanol real part of permittivity (ε′) is 

high in the low-frequency region and decreases rapidly with increasing frequency. The 

higher value of the real part of the permittivity (ε′) in the lower frequency region indicates a 

dominant effect of electron polarization (EP). At a low frequency, it is observed that the real 

part of permittivity ε′ values in the low-frequency region (electrode polarization dominant 

region) increase with the temperature rise. This suggests that the ion concentration in the 
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electrical double layers (EDLs) increases with temperature increases [2]. In high frequency 

rang ε′ values are decrease with increase of temperature. Figure 2 (A),(B),(C) shows the 

imaginary part of permittivity spectra (ε″) for the different mole fractions of CB in n-BuOH. 

It can be seen from the figure that in the low frequency region for n-Butanol and higher 

concentration of Butanol, values of imaginary part of permittivity (ε″) exhibit strong 

dependence on the frequency. It is independent of frequency for higher concentration of CB 

and pure CB. The large value of ε″ for pure n-Butanol and high concentrations of n-Butanol 

confirms the presence of free ionic impurities in the n-BuOH.The high value of ε″ at lower 

frequencies is due to the dominance of ionic conduction loss. This indicates that at low 

frequencies, the ionic impurities significantly contribute to energy dissipation, resulting in a 

higher dielectric loss[4,13,14].Fig. 2 (A),(B),(C)shows that increased frequency with 

Dielectric loss (ε″) of pure n-BuOH rapidly decrease at 103 Hz frequency. When the 

temperature of binary mixture was increases with ε″ increase at high frequency range. At low 

frequency rang ε″ decrease with increase temperature. Experimental complex dielectric data 

were fitted to Debye Model and specifically utilized the Havriliak–Negami (HN) [7,12] to 

obtain static dielectric constant (ε0), electrode polarization relaxation time (τEP). 

Transforming dielectric spectra into electric modulus is a useful way to investigate ionic 

conductivity relaxation processes [2]. The real part M′ and imaginary part M′′ of complex 

modulus M*(f) are evaluated from the following equation [13,14]. 

 

ε∗ = M′ + jM" =  
ε′

(ε′)2+(ε")2 + j
ε"

(ε′)2+(ε")2                                                                          (1)  

 



J.ElectricalSystemsVol-Issue(2024):1-12 

405 

 

Fig. 2.Plots of (ε”) versus frequency for binary mixtures of CB + n-BuOH at (A) 303.15K 

(B) 313.15 K and (C) 323.15 K temperatures. 

 

Where ε' is the real part of permittivity, and ε'' is the imaginary part of permittivity. The 

plot of real part of modulus spectra M’ for the binary mixture of CB + n-BuOH at different 

temperatures are shown the Fig. 3 (A), (B),(C). In the n-BuOH rich region, M′ increases 

linearly in the frequency range up to 105 Hz, after which it reaches a constant value. As the 

concentration of CB increases, the constant region reaches up to kHz frequency range.Figure 

3(A), (B),(C) shows that the temperature increases of pure n-BuOH decreases with the first 

concentration of CB than increase with increase with CB increase at 313.15 K and 323.15 K. 

In Fig.4, the imaginary part M″ spectra, plotted on a logarithmic scale, exhibit a linear 

increase in the increase with frequency and reach the maximum point in the intermediate 

frequency range and then decreases in the higher frequency range. These peaks correspond to 

the ionic conductivity relaxation process in the mixtures, a phenomenon previously observed 

in several dielectric liquids [2,13,14]. It is clear from the modulus spectra that (Fig. 4) M″, 

peak for pure n-BuOHobserved at the high-frequency side, but as the concentration of CB 

increases, the peak shifts from the high-frequency side to the low-frequency side. The ionic 

conductivity relaxation time (τσ= 1/2π fσ) is determined using the frequency (fσ) 

corresponding to the maximum value of M″. 
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Fig.3. Plots of real part of modulus (M′) versus frequency for binary mixtures of CB + n-

BuOH at (A) 303.15K (B) 313.15 K and (C) 323.15 K temperatures. 

 

Fig.4. Plots of real part of modulus (M”) versus frequency for binary mixtures of CB + n-

BuOH at (A) 303.15K (B) 313.15 K and (C) 323.15 K temperatures.  
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Determined values of ionic conductivity relaxation time for binary mixtures for all the 

temperature ranges are tabulated in Table 2. It can be observed from the Table 2 that the 

values of ionic conductivity relaxation time increase as the concentration of the CB increases 

in the mixture at particular 303.15 K temperature. However, at 313.15 K and 323.15 K, the 

ionic conductivity relaxation time exhibit anomalous behavior. 

 

 

 

Fig.5. Plots of (σ′) versus frequency for the binary mixture Chlorobenzene with n-Butanol 

at (A) 303.15K (B) 313.15 K and (C) 323.15 K temperatures. 

 

The complex electrical conductivity of the binary liquid mixtures were obtained from the 

equation [13,14]: 

σ∗(ω) =  σ′ + jσ" = ωε0ε"+ jωε0ε′                                                                                   (2) 

The variation of σ’ with against frequency for the binary mixtures (CB + n-BuOH) is 

shown for three different temperatureare shown in Fig. 5 (A), (B), (C). 

For the concentrations, 0.0 and 0.1 of CB, the real part of the conductivity (σ′) increases 

with increasing frequency in the high-frequency region (above 105 Hz) and it becomes 

constant in the intermediate frequency range. For lower concentration of n-Butanol it shows 

the plateau region in all the frequency ranges. The σdc values are determined from this 
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frequency-independent area of the stability region of the σ′ spectra. Similarly direct current 

electrical conductivity (σdc) computed from the relation σdc = ε0·εv/τσ. It has been observed 

that dc conductivity values are decreases with increasing concentration of chlorobenzene, as 

shown in Table (2). It decreases also with the increase in the temperature for all the 

concentration ranges. The low value of dc conductivity of pure CB indicates the absence of 

ionic impurities in CB making it an insulating liquid [14]. The graph of the imaginary part of 

complex conductivity spectra with frequency is shown in Fig. 6 (A), (B), (C). It can be seen 

from the figure, that a minima peak is observed in the pure n-BuOH and higher concentration 

of n-BuOH. While it remains linear in all the frequency regions and for the concentration 

ranges. 

 

Table 2. Values of ionic conductivity relaxation time (τσ), and experimental and 

theoretical derived DC conductivity (DC) at different temperature 

__________________________________________________________________________ 

XA τσ(μs) σdc(μs/m) fig.6 σdc (μs/m)(Eq.5  ) 

  From fig From equation  

                _________________________________________________________________________ 

T = 303.15 K 

0.0 2.00 7.35E-05 7.22E-05 

0.1 2.82 4.49E-05 4.61E-05 

0.2 3.77 2.88E-05 3.00E-05 

0.3 4.48 2.19E-05 2.29E-05 

0.4 5.64 1.61E-05 1.55E-05 

0.5 6.70 1.14E-05 1.11E-05 

0.6 15.00 4.36E-06 4.30E-06 

0.7 33.56 1.99E-06 1.71E-06 

0.8 70.96 6.12E-07 7.36E-07 

0.9 178.24 2.18E-07 2.74E-07 

1.0 1061.72 1.89E-08 4.52E-08 

T = 313.15 K 

0.0 2.12 7.00E-05 6.90E-05 

0.1 1.59 1.09E-04 7.77E-05 

0.2 1.68 6.18E-05 6.32E-05 

0.3 2.00 4.48E-05 4.61E-05 

0.4 2.99 2.56E-05 2.66E-05 

0.5 3.99 1.67E-05 1.76E-05 
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0.6 8.43 7.20E-06 7.23E-06 

0.7 14.16 3.46E-06 3.89E-06 

0.8 33.57 1.45E-06 1.51E-06 

0.9 188.80 4.15E-07 2.58E-07 

1.0 893.33 7.14E-08 5.21E-08 

T = 323.15 K 

0.0 1.34 1.67E-04 9.48E-05 

0.1 1.12 1.73E-04 1.02E-04 

0.2 1.00 9.92E-05 1.01E-04 

0.3 1.42 6.31E-05 6.29E-05 

0.4 2.00 3.83E-05 3.90E-05 

0.5 3.17 2.13E-05 2.12E-05 

0.6 6.70 8.98E-06 8.88E-06 

0.7 11.25 4.46E-06 4.63E-06 

0.8 25.18 2.01E-06 1.99E-06 

0.9 79.62 4.27E-07 6.01E-07 

1.0 188.80 1.04E-07 2.37E-07 

_________________________________________________________________________ 

 

The complex impedance spectra of the binary liquid mixture of CB + n-Butanol are 

evaluated by the below Equation [6,14]:  

𝑍∗(𝜔) = 𝑍′ +  𝑍" =  
𝑅𝑃

1+(𝜔𝐶𝑃𝑅𝑃)2 − 𝑗
𝜔𝐶𝑃𝑅𝑃

1+(𝜔𝐶𝑃𝑅𝑃)2(3) 

Where, CPand RP are electric capacity and resistance of the sample. The real part of 

complex impedance (Z') spectra for all temperatures are shown in Fig. 7(A), (B), (C). Z' 

spectra remains constant up to 10⁴ Hz for the lower concentration of chlorobenzene in n-

Butanol, and then decreases rapidly in the high frequency range (>10⁴ Hz). It decreases 

linearly for the higher concentration of CB and pure CB with increases frequency. Fig.8 (A), 

(B), (C) shows the plot of the imaginary part of the complex impedance spectra at different 

temperature. In this plot, for lower concentrations of chlorobenzene, Z'' exhibit a minima and 

maxima peak is observed. 
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Fig.6.Plot of (σ′′) versus frequency for CB + n-BuOH binary mixtures at (A) 303.15K (B) 

313.15 K and (C) 323.15 K temperatures.

 

Fig. 7. Plot of Z′ versus frequency for the binary mixture of CB and n-BuOHat (A) 

303.15K (B) 313.15 K and (C) 323.15 Ktemperatures. 
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Concentrations of chlorobenzene in n-Butanol Z'' increases with frequency reach the 

maximum point than decreases with increases frequency range.  

 

Fig. 8. Plot of Z′′ versus frequency for the binary mixture of CB and n-BuOH at (A) 

303.15K (B) 313.15 K and (C) 323.15 K temperatures. 

III. CONCLUSIONS 

This paper presents the complex dielectric and electrical spectra for pure Chlorobenzene 

and their mixtures (CB + n-BuOH) for the different temperature ranges (303.15 K, 313.15 K 

and 323.15 K). The complex permittivity parameter indicates that an EP phenomenon is 

more prominent at lower frequency. The dielectric loss value is high in the lower frequency 

region due to ionic conduction loss. At low frequencies, the ionic impurities significantly 

contribute to energy dissipation, resulting in a higher dielectric loss. The ionic relaxation 

time τσ is evaluated from the maximum value of M''. As the concentration of chlorobenzene 

increases, the ionic relaxation time (τσ) increases at 303.15 K. However, at 313.15 K and 

323.15 K, the ionic relaxation time (τσ) exhibit anomalous behavior. Direct current electrical 

conductivity σdcis evaluated from the constant region of the real part of σ'. It is observed that 

as the concentration of chlorobenzene increases, the value of σdc decreases.  
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Abstract: Polyaniline/Titanium dioxide (PANI/TiO2) nanocomposites synthesized by solution 

route technique and the thin film of nanocomposite was deposited on glass substrate during 

polymerization. The PANI/TiO2 nanocomposites have been analyzed by using XRD, SEM, and 

FTIR. PANI/TiO2 thin film sensor synthesized by solution route technique and it was exposed to 

CO2 gas at different temperature and studied cross selectivity. The gas sensing measurement 

reveals that, on exposing of CO2 gas (1000ppm) at different temperature the resistance of thin film 

was increased and it shows highest response at 460C which was very closed to room temperature. 

XRD graph reveals that TiO2 nanoparticle was present in PANI chain structure and SEM image 

showed agglomerated structure of PANI/TiO2 helps for adsorption process. Electronic structure 

modification of PANI chain due to the presence of TiO2 was confirmed by FTIR.  

Keywords: Conducting polymer, Polyaniline (PANI), Titanium dioxide (TiO2), nanocomposites, 

thin film, and CO2 gas sensor. 

 

 

1. Introduction 

High concentrations of CO2 gas in confined areas can be potentially dangerous. However, the chemical 

inertness of carbon dioxide has caused many difficulties in developing CO2 chemical sensors [1]. 

Conventional methods of detecting CO2 include using infrared spectroscopy and gas chromatography. The 

commercial equipment’s available based on the above techniques are bulky and expensive. Due to these 

reasons research on sensing materials has been focused to design a high performance and elevated efficiency 

gas sensing elements with suitable sensing materials which can sense high concentration of carbon dioxide 

(CO2) gas in atmosphere [2].  

Organic and inorganic materials are used as gas sensing materials. ZnO, TiO2 and SnO2 have been well 

studied for gases detection in inorganic category. For organic materials category, conducting polymers such 

as polyaniline, polypyrrole, and polythiophene have been widely investigated as effective materials for 

chemical sensors [3].  
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Among the conducting polymers polyaniline (PANI) is frequently used because of its ease of synthesis, 

environmental stability, intrinsic redox reaction, high electrical conductivity [4]. Mixing semiconductive 

metal oxide with PANI to form nanocomposites was found to be an effective way to improve the gas sensing 

properties of PANI. However, the problem with these conducting polymers is their low processing ability, 

poor mechanical strength, and chemical stability [5]. There is a tremendous approach for the enhancement of 

the mechanical strength and characteristics of sensors by combining the organic materials with inorganic 

counterparts to form composites. Among the inorganic materials, Titanium dioxide (TiO2) was chosen due 

to its unique physical and chemical properties such as large energy gap, dielectric constant, and 

environmental-friendliness and easy to synthesis [6].  

However, very few researchers have studied the composite PANI/TiO2 for sensor application.  In the present 

paper, we report fabrication of Polyaniline/TiO2 nanocomposite thin film CO2 gas sensors synthesized by 

solution route technique.  

2. Experimental 

Solution route technique is the effective method for synthesis of PANI/TiO2 nanocomposites thin film [7]. 

In this technique aniline monomer was distilled under reduced pressure. Initially, 0.3 M of TiCl3, was 

hydrolyzed, in 50 ml of double distilled water (DDW) with constant stirring and it’s pH was maintained at 

≤4, using 3-4 drops of concentrated HCl. 10 ml of Hydrogen peroxide (H2O2) was added in the above 

solution, which oxidizes titanium ions to tin oxide, the brown colored solution is obtained. Take 40 ml of 

solution from it and add 0.1 M of aniline, and keep it for constant stirring for 15 minutes and that reaction 

mixture kept on ice bath for 30 minutes. After that add (Drop by drop) ammonium persulphate (APS) 

((NH4)2S2O8) solution in the above mixture and simultaneously inserted pre-cleaned glass substrates 

vertically. It was found that solution color change to dark green indicating the polymerization and 

formation of PANI/TiO2 composites and the growth of film on the glass substrate. The precipitate produced 

in the reaction was removed by filtration, washed repeatedly with DDW and dried under vacuum for 24 

hours. The composite powder was conductive emeraldine salt (ES) form of PANI/TiO2 nanocomposite.  

 

1) 2TiCl3+ 3H2O2 =========>   2TiO2 + 2H2O + 2HCl + 2Cl2(gas) 

                         2) 
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3. Results 

3.1. XRD 

The XRD pattern of PANI/ TiO2 nanocomposites showed diffraction peaks along (1 1 0), (1 0 1), (1 1 1), (2 

0 0), (2 1 0) centered at 2θ= 23.68o, 26.28o, 30.62o, 32.920, 38o and 41.040 respectively. On comparing the 

observed XRD peaks and corresponding planes with the standard (h k l) planes of the TiO2 reported 

elsewhere [8-9]. A good matching was seen between the two sets, confirming that the nanocomposites 

consist of TiO2 having tetragonal rutile phase [10]. The peaks related to the TiO2 nanoparticles became 

sharper and more crystalline in composites. These peaks are slightly shifted from their respective standard 

positions, may be due to presence of PANI matrix. This confirmed that PANI/TiO2 nanocomposites become 

more crystalline as the concentration of TiO2 is increased and PANI deposited on the surface of TiO2 

particles has no effect on the crystallization behavior of TiO2 particles in the nanocomposites [11-13]. 

 

Fig.1 XRD pattern of PANI/ TiO2 nanocomposites. 

3.2. SEM  

The surface morphology of PANI/TiO2 nanocomposite is determined by scanning electron microscopy 

(SEM) as shown in Fig. 2a and Fig. 2b for two different magnification ranges. The SEM images of 

composites with diameters about 167 nm and 183 nm, respectively. The decrease in composite particle 

diameter might have been due to an increase in TiO2 content, which caused a relative decrease in PANI 

content. The pure PANI exhibits a completely amorphous region [14]. The SEM images clearly reveals that 

surface of PANI/TiO2 is not smooth and uneven lumps and holes are visible which are suitable for gas 

adsorption. It is found that the doping of TiO2 strongly affected the morphology of the resulting PANI/TiO2 

composites. In case of PANI/TiO2 composite, the SEM micrograph revealed that the composite particles are 

highly dispersed with agglomeration with an interlocking arrangement of granular particles (Fig. 2a) [15-

17].  

0
0.5

1
1.5

2
2.5

3
3.5

4
4.5

2
0

.0
0

3
0

.0
0

4
0

.0
0

5
0

.0
0

6
0

.0
0

7
0

.0
0

8
0

.0
0

9
0

.0
0

1
0

0
.0

0

1
0

0
.0

0

In
te

n
si

ty

PANI/TiO2



J.ElectricalSystemsVol-Issue(2024):1-12 

417 

    Fig.2a SEM 

images of PANI/ TiO2 nanocomposites.    Fig.2b SEM images of PANI/ TiO2 nanocomposites. 

 

3.3. Fourier- Transform Infrared Spectroscopy (FTIR)   

The FTIR spectra reveal the presence of Ti-O-Ti vibrational peak and characteristic vibrational peaks of PANI 

indicating the interaction of TiO2 particles in PANI matrix. The peak at 3861-3394 cm-1 is attributed to N-H 

stretching vibration [18]. The vibration band at 1158-1100 cm-1 range is the characteristic band of PANI 

corresponding to charge delocalization proving the protonation which is shifted towards higher wavelength 

side due to the interaction of TiO2 in PANI matrix [19-21]. It is also observed that the peaks at around 800-850 

cm-1 corresponds to the C-H bending out of the plane for 1, 4 substituted aromatic rings indicating the linear 

structure which is slightly deviated due to the presence of TiO2 particles. There are strong peak at 761.23 and 

686 cm-1 which are due to the antisymmetric Ti-O-Ti mode in TiO2 [22]. 

 

 

                                       Fig. 3 FTIR spectra of PANI/TiO2 nanocomposites 
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3.5. Gas Sensing Measurement  

The gas sensing setup used to measure variation in resistance as shown in Fig.5. 

 

Fig. 4 Gas sensing setup used in present work 

 

Fig. 5 Sensitivity Vs Temperature graph of PANI/TiO2 nanocomposites 

 

PANI/TiO2 thin was exposed to CO2 gas for 1000 ppm at different temperature resistance start increasing 

due to porous structure of PANi/TiO2 films leads to the predominance of surface phenomena over bulk 

material phenomena, which may again be due to surface adsorption effect [23-26]. The sensitivity of 

PANI/TiO2 nanocomposite for CO2 with increasing temperature was found to be as shown in fig. 5. This 

graph shows that sensitivity of nanocomposite is higher at normal temperature and it goes on decreasing 

with increasing temperature The response/recovery time is an important parameter use for characterizing a 

sensor. Table 1 show the time and resistance change of PANI/TiO2 composite for CO2 gas for constant 

concentration of gas i.e. 1000 ppm. It is revealed that the response time was found to be 70 to 80 s, if CO2 

concentration increased from 1000 ppm and more response time may decreases as found. This may be 
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because of high surface area due to porous structure of exposed film which facilitates rapid diffusion of gas 

molecules into the film [27-28]. The response Sgas of the sensor is calculated from following equation.   

𝑺𝒆𝒏𝒔𝒊𝒕𝒊𝒗𝒊𝒕𝒚(𝒈𝒂𝒔) =
𝑹𝒈𝒂𝒔 − 𝑹𝒂𝒊𝒓

𝑹𝒂𝒊𝒓
 

where  Rair is  the  sensor  resistance  in  pure  synthetic  air  and  Rgas is the  sensor  resistance  in  the  

presence  of  the  test  gas.  Response  and recovery  times  are  defined  as  the  time  necessary  for  the  

sensor  to reach  90%  of  the  final  resistance  value  during  gas  exposure  and  at the  end  of  gas  

exposure,  respectively [29-30]. 

 

 

 

 

 

 

 

 

 

 

 

Table 1: Best sensing performance of the PANI/TiO2 nanocomposite for CO2 gas 

 

4. Conclusions  

The PANI/TiO2 nanocomposite was successfully synthesized and deposition of thin film by using solution 

route technique. The composites have poorer crystallinity than TiO2, because of amorphous structure of 

PANI and agglomeration interlocking arrangement of granular particles and high surface area have been 

observed in XRD and SEM images. The gas sensing measurements were carried out for different 

temperature, but at room temperature PANI/TiO2 thin film sensor gives more sensitivity than higher 

temperature and also response time was 70 to 80 sec. which was considerable towards CO2 gas.  

 

 

 

 

 

 

 

 

 

Sr. No. Time (sec) Resistance (ohm) 

1 10 3.79E+03 

2 20 3.82E+03 

3 30 3.69E+03 

4 40 3.56E+03 

5 50 3.00E+03 

6 60 2.36E+03 

7 70 1.43E+03 

8 80 1.36E+03 

9 90 1.35E+03 

10 100 1.41E+03 
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Abstract: - The utilization of conducting polymer composites for gas sensing applications has gathered significant interest due to 

their unique properties, such as high surface area, tunable conductivity, and chemical stability. In this study, a composite material 

consisting of poly(3,4-ethylenedioxythiophene):poly(styrene sulfonate) (PEDOT:PSS) (1:2) and reduced graphene oxide (RGO) was 

synthesized and characterized for its potential application as  CO2 gas sensor. The PEDOT:PSS/RGO composites at 5, 10, 15 and 20 

wt. % RGO in PEDOT:PSS were prepared via chemical oxidative in-situ polymerization technique using oxidizing agent 

Ammonium Persulphate (APS), followed by deposition onto a paper substrate. For electrical contacts, Copper electrodes were 

attached on adjacent sides of the sensor film. The structural and chemical properties of the composite were analyzed using 

techniques such as XRD and FTIR. Sensitivity of sensors was measured by a voltage drop method at room temperature  (312 K) at 

100 ppm CO2 gas concentration. It is analysed that PEDOT:PSS+10% RGO composite shows effective (maximum) sensing toward 

CO2 gas but has comparative longer response and recovery time. Whereas, PEDOT:PSS+20 % RGO composite has rapid response 

and recovery time but it is less efficient to sense the gas. 

Keywords: Conducting polymer, PEDOT:PSS, Reduced graphene oxide, CO2 gas sensing, 

Carbonaceous materials, Composite. 

I. INTRODUCTION  

Sensors made of conducting polymers have many particular characteristics such as a higher sensitivity to 

produce stronger signals, shorter response time, and room temperature operating ability.                                                     

These gas sensors play a critical role in environmental monitoring, industrial safety, and indoor air quality 

control. Literature surveys have indicated that several metal oxides are  promising material for various types of 

gas sensing, including CO2. However, less attention has been paid to electrically conducting polymers such as 

polypyrrole, polythiophene, PEDOT:PSS, and polyaniline,etc. These polymers possess unique properties, 

including low density, versatile production methods, high anisotropy of electrical conduction, [1] and non-

metallic temperature dependence of conductivity, which could be advantageous for CO2 gas sensing. Poly(3,4-

ethylenedioxythiophene):poly(styrenesulfonic acid) (PEDOT:PSS) , one of the most important and successful 

conducting polymers. PEDOT has good thermal and chemical stability  until 150 0C. Due to its high conductivity, 

good thermal stability, excellent environmental stability, and electrochemical stability, PEDOT is used in a wide 

range of applications such as light-emitting diodes , electrochromic devices (ECDs), sensors and batteries [2]. On 

the other hand ,reduced graphene oxide , due to its unique two-dimensional carbon nanostructure, offers 

significant potential for various applications such as gas sensing, transparent conducting electrodes, 

ultracapacitors, and thin film transistors. As point of view of gas sensor,  it provides a large surface area per unit 

volume, allowing every atom at the surface to potentially interact with gases. Additionally, it's ease of 

functionalization with different materials enables the development of selective capture agents, enhancing its 

suitability for sensing specific target gases[3-5]. 

The present investigation mainly deals with the preparation of CO2 gas sensor of PEDOT:PSS/ RGO 

composite . It was found that composite of conducting polymers shows more sensitivity to carbon dioxide gas. 

PEDOT:PSS polymer is chosen for the conducting layer because of its high stability in air, while RGO is selected 

for its high surface area-to-volume ratio[6,7]. Chemical and structural properties of PEDOT:PSS conducting 

polymer  can be improved by it’s combination with Carbon nanomaterials[8].  Both PEDOT:PSS and RGO have 

hydrophilic properties, enabling uniform deposition onto sensor substrates as thin films, which is essential for 

sensor technology applications [9].  The CO2 gas sensor based on the synthesized hybrid composite of SnO2- 

RGO exhibited excellent response, good linearity, and low detection limit. The excellent gas interaction of the 

SnO2- RGO hybrid composite could be attributed to its high conductivity[10]. In one of the research work it is 
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observed that as compared to the pure PEDOT:PSS, the Chemically modified graphene (CMG)/PEDOT:PSS 

hybrid system exhibited more promising sensing behavior on H2 gas. The sensing behavior of the 

RGO/PEDOT:PSS composite sensor indicates that the sensing material is a n-type. Also, GO/PEDOT:PSS shows 

better H2 gas sensing properties than RGO/PEDOT:PSS[11]. The earlier study reveals that the research work on 

PEDOT:PSS embedded with RGO is found to be scanty. Hence, the composites were prepared with an intention 

to exploit these materials as CO2 gas sensor. 

In the present study , pristine PEDOT:PSS , RGO and PEDOT:PSS/RGO composites were prepared using  in-

situ chemical oxidative polymerization method. Several amounts of reduced graphene oxide has been loaded to 

prepare a composite by weight percent method. The structural , morphological and functional group study were 

done by XRD and FTIR spectroscopic techniques. Sensitivity of sensors was measured by a voltage drop method 

at room temperature (312 K). 

II. EXPERIMENTAL 

A. Materials 

Poly(Sodium4-styrenesulfonate) (PSS) (Mw=75000 g/mol, Aldrich) procured from Sigma Aldrich and EDOT 

(3,4-ethylenedioxythiophene) monomer acquired from TCI (Tokiyo Chemical Industries) , Ferric Chloride 

Anhydrous (FeCl3), DMSO from Hi Media, Ammonium Persulphate (APS) from Fisher Scientific, Graphite 

powder from Loba Chemie. 

 

B. Synthesis of conducting polymer PEDOT:PSS  

Conducting polymer PEDOT:PSS have been synthesized by chemical oxidative polymerization technique 

using oxidizing agent Ammonium Persulphate [(NH4)2S2O8)] (APS) in aqueous medium. For that PSS was 

dissolved in 50 ml of distilled water at 1:2 mass ratio (EDOT:PSS) and stirred it well to dissolve . Then the 

solution was ultrasonicated for 45 min to get the homogeneous mixture of PSS solution. After the sonication 

EDOT monomer was added into PSS solution and stirred well using magnetic stirrer. Then oxidant APS was 

added at 1:2 mass ratio (EDOT:APS) directly in the above mixture with continued stirring. After this, the FeCl3 

solution which was prepared at 1:0.6 mass ratio (EDOT:FeCl3) was added dropwise. The polymerization reaction 

started as the drop of FeCl3 mixed in the above mixture. Physical appearance changes into blue and stirred it up 

to 2 h at room temperature during polymerization reaction. After stirring, it was kept unagitated for 16 h. The 

obtained material was filtered with the help of filter paper and washed several times with distilled water. It was 

dried at 60 0C in oven for 24 h. The bluish black material / polymer was obtained which was crushed in the 

Mortar pestle to get fine powder [12]. 

 

C. Synthesis of Reduced Graphene Oxide (RGO) 

The modified Hummer’s method was used for producing Reduced Graphene Oxide (RGO) by oxidizing graphite 

powder using oxidant KMnO4. Firstly Graphene Oxide (GO) was obtained which on reduction gives reduced 

graphene oxide.                      

                                               

                      Step 1: Synthesis of Graphene Oxide 

2 g Graphite powder was dispersed into cold conc. 46 ml H2SO4 in a beaker which was kept in an ice bath 

and stirred using a magnetic stirrer. Slowly, 3 g of KMnO4 was added while ensuring that the temperature of the 

solution do not rise above 10 0C. Then the reaction vessel was removed from ice bath, the temperature was 

brought to 35 0C and the reaction vessel was allowed to sit for 30 min to an h. Over this time, the solution 

thickened and turned a brownish gray in color. Next, 100 ml of deionized water was slowly and carefully added 

to the reaction vessel. At this time , temperature of the solution was rose to 100 0C. The solution was kept at this 

elevated temperature for 15 min, during which it became brown in color. After that , 300 ml deionized water with 

3 % H2O2 was added to the reaction vessel/beaker. Finally the solid products was washed with 5 % HCl and 

deionized water 5 times to remove all the impurities. and, dried at 60 oC in an oven to obtain the Graphene Oxide 

Powder [13,14]. 

                Step 2: Reduction of Graphene Oxide:- 

Suspension of GO (1 mg/ml) was prepared by sonicating dried GO in distilled water. To it’s   500 ml , 500 

mg of ascorbic acid was added . The pH of the solution was adjusted to 10 by adding NH3 solution .The mixture 

was stirred at 65 oC . The resulting solution was filtered using filter paper. Then it was washed with distilled 

water and dried at 50 oC in an oven [15]. 
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D. Composite preparation of PEDOT:PSS and RGO (In –situ approach). 

Composite was prepared by weight percent method. 4.26 g PSS was dissolved in 50 ml distilled water at 1:2 

mass ratio (EDOT:PSS) and stirred it well to dissolve. 40 mg (5 %) RGO was added to the solution.(80 mg -10 

%, 120 mg -15% , 160 mg -20 %). Then the solution was ultrasonicated for 45 minutes to get the homogeneous 

mixture. After the sonication, 2.13 g (1.6 ml) EDOT monomer was added into solution and stirred well using 

magnetic stirrer for 2 to 3 h. Then oxidant APS (4.26 g) was added at 1:2 mass ratio (EDOT:APS) directly in the 

above mixture with continued stirring. After this, the FeCl3 solution was prepared at 1:0.6 mass ratio 

(EDOT:FeCl3) by adding 1.29 g of FeCl3 in 20 ml distilled water , and was added dropwise. After stirring it was 

kept unagitated for 16 h. The obtained material was filtered with the help of filter paper and washed several times 

with distilled water. It was dried at 60 0C in oven for 24 . The bluish black material /polymer was obtained which 

was crushed in the mortar pestle for fine powder. Thus four samples P1 –PEDOT:PSS + 5 % RGO, P2- 

PEDOT:PSS + 10 % RGO, P3- PEDOT:PSS + 15 % RGO and P4- PEDOT:PSS + 20 % RGO were obtained. 

 

E. XRD & FTIR characterizations 

The X-ray diffraction analysis was performed using a Rigaku Miniflex benchtop X-ray diffractometer, 

equipped with an advanced detector and Cu Kα radiation, at department of physics and electronics, Government 

Vidarbha Institute of Science and Humanities, Amravati. The resulting diffractogram was recorded in terms of 

2θ, having the range of 0° to 80°. Fourier Transform Infrared Spectroscopy (FTIR) was obtained to examine the 

various molecular stretches and bonds between the molecules and functional groups of the material. The spectra 

were recorded using a Bruker Alpha II FTIR with a diamond crystal ATR, covering the vibrational range of 400-

4000 cm⁻¹. 

 

F. Fabrication of sensor and Sensing technique 

The sensor was fabricated by using screen printing technique. For that, whatman filter paper was cut into 2 

cm × 2 cm dimensions. The binder for screen-printing was prepared by thoroughly mixing 8 wt% butyl carbitol 

with 92 wt% ethyl cellulose in 1:2 ratio of ethyl cellulose to composite material. The paste formed was screen 

printed on the desired prepared paper substrate such that uniform coating is obtained. Then it was kept for 24 h to 

dry at room temperature and then heated at 80-90 oC for 2.5 h to remove the binder . Thus, four sensors were 

obtained by printing paper with P1,P2,P3 and P4. The electrical resistance of the film was measured by using a 

voltage drop method [16]. Copper electrodes were used. The gas chamber having dimensions 30 cm × 30 cm × 

30 cm with an attached CO2 gas flow meter was used for keeping the sensors for testing. 

III. RESULTS AND DISCUSSION 

A.   XRD Analysis 

XRD analysis, is used to identify the crystalline phases present in a material. It is seen from fig.1 , the 

diffraction angle of pure PEDOT:PSS (1:2) polymer (PO sample) is at 2θ =26 o and the amorphous hump is 

found at 2θ =33 o. This scattering, corresponds to the (0 2 0) crystalline plane of the orthorhombic unit cell of 

PEDOT crystals. The XRD spectrum signifies amorphous or semi-crystalline nature of PEDOT:PSS polymer due 

to the absence of sharp peaks[17].  XRD analysis of RGO typically reveals characteristic peak at around 2θ = 

25°. The presence and intensity of this peak confirm the restoration of sp2 hybridized carbon atoms in the RGO 

structure after reduction from graphene oxide (GO). RGO can be considered to have both amorphous and 

crystalline characteristics. The relative proportions of these characteristics depend on factors such as the degree 

of reduction, synthesis method, and processing conditions[18].  
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The peaks and amorphous hump observed for the PEDOT:PSS/RGO composites at different wt % of RGO 

are as shown in fig. 2. In XRD pattern of composites, the peaks at 29.320 (p4), 30.50 (p3) , 310 (p2,p1) are due to 

presence of pure PEDOT:PSS in composite. Whereas ,peaks at 26.280 (p4) , 26.92 0 (p2) , 26.360 (p3), 26.650 (p1) are 

due to presence of RGO. It is found that the peaks are shifted  as compared to pure samples. This shifting proves the 

dispersion of RGO sheets within the PEDOT:PSS polymer structure. Also, it is observed that the intensity of 

diffraction peaks increases with increasing Reduced Graphene Oxide concentration. This means, the extent of 

crystallinity of the particular plane is proportional with the RGO amounts. The intensity of peaks of PEDOT:PSS is 

decreasing with increase in extent of RGO. This shows that reduced graphene oxide (RGO) is showing dominant 

nature in composite. 

 

 

 

                

         

The average crystallite size of PEDOT:PSS/RGO composites was calculated by using Scherrer’s formula given  

by           
 

𝐷 =
𝐾𝜆

𝛽 𝐶𝑜𝑠𝜃
                                                                                                                                                    (1)                                                                                                                         

Where 𝝀 is the wavelength of incident X-Ray radiation (nm), D is the crystallite size , K is the shape factor, 

which can be assigned a value of 0.94, θ is the diffraction angle at maximum peak intensity, and β is the full 

width at half maximum of diffraction angle in radians.  

 

 

Sr.No. Composite Sample Crystallite Size (nm) 

Fig.2  XRD patterns of pure PEDOT:PSS (P0), RGO (R0) , and (PEDOT:PSS/RGO) at           

different wt % of RGO (5 %-P1, 10 %-P2, 15%-P3 , 20 %-P4). 

 

 

 

 

 

 

 

 
 

Table 1 :-   Crystallite size of PEDOT:PSS/RGO (5-20 %) composite 

Fig. 1 XRD patterns of 1.pure PEDOT:PSS , 2.RGO 
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                      B.   FTIR Analysis 

 

In FTIR spectra , presence of functional groups and types of bonds between constituent atoms are observed. 

fig.3 shows FTIR spectra of  PEDOT:PSS/RGO composites at different wt.% of RGO in PEDOT:PSS 

conducting polymer. 

 
 

 

 

In FTIR spectrum of Pure PEDOT:PSS ,a peak at around 1228 cm-1 typically corresponds to the stretching 

vibration of the C-O bond (PEDOT), which shows the presence of the oxygen atoms and other oxygen-containing 

functional groups present in PEDOT:PSS. Peak at 1427 cm-1  corresponds to CH2 bending. The strong peak at 1067 

cm-1  is associated with the C-O stretching. Peak at 992 cm-1  corresponds to aromatic =C-H bending which confirm 

presence of aromatic ring in PSS structure. The bending vibration of C-S bonds present in thiophene rings gives rise 

to the peak at approximately 670 cm-1. The peak at 1136 cm-1  indicates the stretching vibration of the Carbon-

Oxygen-Carbon (C-O-C) bond in the Ethylenedioxy (EDOT) units of the PEDOT polymer. This peak is 

characteristic of the PEDOT component in the composite. [18] 

In FTIR spectrum of PEDOT:PSS/RGO (5%-20%) composite one extra peak is found along with peaks in pure 

PEDOT:PSS FTIR ,which is observed at 1712-1716 cm-1. This peak typically corresponds to the stretching vibration 

of the C=O bond. It indicates the presence of carbonyl groups, which may originate from residual oxygen-containing 

functional groups (like aldehydes, carboxylic acid, ketones, alcohol,etc.) on the reduced graphene oxide (RGO) 

sheets. Slight shifts are observed compared to original peak which proves the dispersion of RGO sheets within the 

PEDOT:PSS polymer structure. As there is change in crystallite size, it also contribute to shifts in the FTIR peaks.[19] 

 

  

Peak at wavenumber in cm-1 Bond (stretching/bending) 

1228 cm-1 C-O, Stretching, 

1427 cm-1 CH2 bending 

992 cm-1 Aromatic (=C-H) Bending 

670 cm-1 C-S, Bending 

1. PEDOT:PSS+ 5% RGO 6.93    

2. PEDOT:PSS+ 10% RGO 28.59    

3. PEDOT:PSS+ 15% RGO 14.50    

4. PEDOT:PSS+ 20% RGO 1.19   

Fig. 3 FTIR spectrum of pure PEDOT:PSS (P0), and (PEDOT:PSS/RGO composite) at different wt % 

of RGO (5 %-P1, 10 %-P2, 15%-P3 , 20 %-P4). 
 

Table 2: showing Peaks and chemical bonds and their nature of vibration in sample 



J.ElectricalSystemsVol-Issue(2024):1-12 

427 

1136 cm-1 C-O-C, Stretching 

1712-1716 cm-1 C=O , Stretching 

1067 cm-1 C-O stretching 

               

               C.   CO2 Gas Sensing Analysis 

 

 The sensor response is defined as 

 

  𝑆 =
𝑅g−𝑅a

𝑅a

=  
∆𝑅

𝑅a

                                                                                                                          (2)   

 
Where, Ra is the resistance of sensor in air and Rg is the resistance in CO2 gas, respectively. The resistance of all 

sensors are found to increase with increasing the CO2 gas concentration [16, 20]. 

 

 
 

 

 

Fig.4:-  Static response of sensors for CO2 gas at 100 ppm . Plot of time vs sensitivity 

 



J.ElectricalSystemsVol-Issue(2024):1-12 

428 

 
 

 

The plot (fig.5) shows that PEDOT:PSS+10% RGO composite shows effective (max.) sensing toward CO2 gas 

whereas PEDOT:PSS+20 % RGO composite is less efficient to sense the gas. 

 

The response time and recovery time were defined as the times to reach 90 % of the final equilibrium  

value. The response time and recovery time are reported in the following table 3. 

 

 

 

 

 

 

 

Sr.No. RGO wt % in  

Composite 

Sample 

 

Response 

Time (s) 

Recovery 

Time 

(s) 

1.  5  126  135 

2.  10  130 172 

3.  15  120 144 

4.  20 40 18 

 
 

 

 

 

 

From the data and above corresponding plot (fig. 6) it can be inferred that, though PEDOT:PSS+20%RGO 

has less sensitivity toward CO2 gas but it has rapid response and recovery time than other composites ; which is 

characteristic property of good gas sensor. Whereas , PEDOT:PSS+10% RGO composite sensor having highest 

sensitivity have a slow response and recovery time than others.  

Fig.5 :- Plot showing CO2 gas concentration (ppm) vs Sensitivity 

Table 3 :- The Response time and Recovery time of gas sensor at 100 ppm 

 

Fig. 6: Plot of Response time and recovery time against RGO (Wt. % )  in composite 
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Fig. 7 shows that  PEDOT:PSS+10% RGO composite has highest sensitivity than other composites. It can be also 

analyzed that the sensitivity of sensor is decreasing with increased proportion of RGO in composite. From fig. 8, 

it is found that composite having more crystallite size have higher sensitivity and that having less crystallite size 

has less sensitivity. Sensitivity is decreasing with decreased crystallite size. The reason is that it provides more 

surface area to volume ratio. 

 

 
 

 

Thus , the response of PEDOT:PSS/RGO composites from 5% to 20 % (RGO) to CO2 gas at 100 ppm was 

evaluated at room temperature (38 oC). It is observed that the sensitivity of PEDOT:PSS+10 %RGO composite is 

high having maximum response and recovery time. Whereas, PEDOT:PSS+20 %RGO have low sensitivity and 

quick response and recovery time than other sensors/composite. Also by comparing crystallite size and sensitivity 

it is found that , sensitivity is decreasing with decrease in crystallite size . The composite having less crystallite 

size also found to be giving quick response as well as recovery which is property of good gas sensor. Increased 

proportion of RGO in composite causing quick response and recovery but the sensitivity is found to be low as 

compared to composite having less RGO amount. 

                

 

                     D.   Gas Sensing Mechanism 

Sr.No. RGO wt % in Composite 

Sample 

Sensitivity at 100 ppm  In % 

1.  5 0.0174 1.74 

2.  10  0.0205 2.05 

3.  15  0.0148 1.48 

4.  20 0.00406 0.41 

Table 4:- Gas Sensitivity at 100 ppm of gas sensors 

 

Fig.7:- Plot showing RGO (Wt.%)  and sensitivity at 100 ppm 

Fig.8 : Variation of sensitivity with Crystallite size in a sample 
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  CO2 molecules are adsorbed onto the surface of the composite material. The RGO component, with its large 

surface area and functional groups, plays a significant role in adsorbing CO2 molecules. The interaction between 

CO2 molecules and the composite material can be physical or chemical. The presence of oxygen-containing 

groups on RGO can enhance the chemical interaction with CO2. When CO2 molecules are adsorbed onto the 

surface of composite, they interact with the electron cloud of the conducting polymer and RGO. This interaction 

can lead to a change in the charge distribution within the composite. CO2 is an electron acceptor and can 

withdraw electrons from the composite material. This results in a change in the electrical conductivity of the 

PEDOT:PSS/RGO composite.[21] The adsorption of CO2 causes a reduction in the number of charge carriers 

(electrons) in the composite, leading to an increase in resistance or a decrease in conductivity. The degree of 

change in electrical conductivity is proportional to the concentration of CO2 in the environment. Similar type of 

schematic (fig. 9) is reported by Miao Zhang [22]. 

 

IV. CONCLUSION 

PEDOT:PSS and it’s composites with Reduced Graphene Oxide are synthesized and characterized to produce 

thin films by screen printing technique for CO2 gas sensing application. The ‘static response’ method is used for 

gas sensing,  taken at 100 ppm CO2 gas concentration at room temperature (312 K). XRD and FTIR 

characterizations are used to identify the structure , nature, molecular bondings and presence of functional groups 

in pure PEDOT:PSS/RGO(5-20 wt.%). From XRD characterization it is concluded that PEDOT:PSS has 

amorphous or semi-crystalline nature. The crystallinity increases with increase in RGO concentration. In FTIR 

analysis, it is concluded that there are C-O bond, C=C bond, =C-H ,C-O-C and C-S bond in pure PEDOT:PSS. 

From gas sensing analysis it is concluded that the PEDOT:PSS/RGO composite shows good response to CO2 gas. 

PEDOT:PSS+10% RGO composite shows effective (max.) sensing toward CO2 gas but has longer response and 

recovery time. Whereas PEDOT:PSS+20 % RGO composite is less efficient to sense the gas  but has quick 

response and recovery time. Also, the sensitivity of sensor is found to be decreasing with increased proportion of 

RGO in composite. If crystallite size and sensitivity of fours composites are correlated, it is observed that 

composite having more crystallite size have higher sensitivity and that having less crystallite size have less 

sensitivity. Sensitivity is decreasing with decreased crystallite size. 

Thus, the PEDOT:PSS/RGO composite holds good potential for applications in CO2 gas sensing at room 

temperature.  

 

 

Fig. 9 Schematic illustration of the preparation of PEDOT:PSS/RGO composite and 

it’s interaction with CO2 gas. 
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Abstract: - The rapid advancement of wireless technology has introduced a new form of pollution known as Electromagnetic 

Interference (EMI), which adversely affects electronic devices and poses potential risks to human health. Copper is traditionally 

employed for EMI shielding due to its superior electrical conductivity, malleability, and durability. Recently, polyaniline (PANI), an 

intrinsically conductive polymer, has gained attention for EMI shielding applications owing to its notable properties such as 

electrical conductivity, lightweight nature, corrosion resistance, and flexibility. This study focuses on the synthesis of polyaniline-

based copper oxide (CuO) composites with varying CuO weight percentages, incremented by 5%. The structural,  optical properties 

and interfacial interaction  of these composites were characterized using X-ray diffraction (XRD), ultraviolet-visible (UV-Vis) 

spectroscopy and Fourier Transform Infrared (FTIR) spectroscopy . The findings suggest that PANI/CuO composites hold promise 

for effective  Electromagnetic Interference EMI shielding applications. 

Keywords: Polyaniline; Copper Oxide;  Electromagnetic Interference Shielding. 
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Introduction:  

In recent years, the rapid use of telecommunication and electronic devices such as cell phones, computers, 

radio, microwaves, radar system, laptops, and arrival of 5G era, wireless electromagnetic wave technology so 

on have produced the unique form of electronic pollution in the environment [3]. Increasing the market of Wi-Fi 

portable devices and the rapid expansion of information technology have congested the space of 

electromagnetic waves, due to which its causes the chaos in multiple communication channels. Packed 

electronic equipment having high integrated circuitry  also emits the electromagnetic radiation which are very 

harmful which interfere with the operation of surrounding gadgets  causing them to fail [6]. Electromagnetic 

interference is an electromagnetic pollution caused by electromagnetic noise originated either from natural 

source (lighting, solar flares, etc.) or man-made devices (electrical circuit, electronic devices ,etc.) over a 

frequency range (depends on the source) that affects or degrades the performance of another electronic 

device/electrical circuit and loss of stored data. These disturbances may be caused by electromagnetic coupling, 

electromagnetic induction or conduction[2]. Therefore, it is very necessary to explore effective methods and 

control for electromagnetic pollution. The best way is to create the shield termed as electromagnetic shielding. 

Which uses electromagnetic shielding materials to block electromagnetic wave, by means of physical 

phenomenon like reflection, absorption, multiple internal reflection, transmission in space, which has caused 

extensive research by many researchers [1]. 

         Electromagnetic radiation: Electromagnetic radiation (EMR) consists of waves of the electromagnetic 

(EM) field, which propagate through space and carry momentum and electromagnetic radiant energy. It 

includes radio waves, microwaves, infrared, (visible) light, ultraviolet, X-rays, and gamma rays. All of these 

waves are the part of the electromagnetic spectrum which is discussed ahead. Basically Electromagnetic 

radiation consists of  electromagnetic waves, which are synchronized oscillations of electric and magnetic 

fields. Depending on the frequency of oscillation, different wavelengths of electromagnetic spectrum are 

produced. Electromagnetic wave (EMW) is described in terms of wavelength (λ), frequency (ν) and speed (v). 

In vacuum (or free space), it propagates in a straight line with the speed of light i.e (c).  In the material medium, 

its speed varies with the density of the medium. However, the frequency of electromagnetic wave (EMW) 

remains unchanged in the material medium. 

         EM Spectrum: The electromagnetic spectrum is the range of frequencies (the spectrum) 

of electromagnetic radiation and their respective wavelengths and photon energies. The electromagnetic 

spectrum covers electromagnetic waves with frequencies ranging from below one hertz to above 1025 hertz, 

corresponding to wavelengths from thousands of kilometres down to a fraction of the size of an atomic nucleus. 

This frequency range is divided into separate bands, and the electromagnetic waves within each frequency band 

are called by different names; beginning at the low frequency (long wavelength) end of the spectrum these 

are: radio waves, microwaves, infrared, visible light, ultraviolet, X-rays, and gamma rays at the high-frequency 

(short wavelength) end. The electromagnetic waves in each of these bands have different characteristics, such as 

how they are produced, how they interact with matter, and their practical applications. 

                      
 Figure (a): Graphical representation of the EM spectrum 
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In fig(a) shows that  Extreme ultraviolet, soft X-rays, hard X-rays and gamma rays are classified as ionising 

radiation because their photons have enough energy to ionise atoms, causing chemical reactions. As per the 

study the Exposure to ionizing radiation can be a health hazard, causing radiation sickness, DNA 

damage and cancer. Radiation of visible light and longer wavelengths are classified as non ionizing radiation 

because they have insufficient energy to cause these effects. Different factors like exposure time to EMR, the 

frequency and the intensity of the EMR decide their negative impact on human health. For example, ionising 

radiation breaks the bond of biological cells instantly whereas long-term exposure of non-ionising radiation 

produces a heating effect on the human body due to the use of mobile phone for 15 minutes.  

       Electromagnetic interference: Electromagnetic interference is an electromagnetic pollution caused by 

electromagnetic noise originated either from natural source (lighting, solar flares, etc.) or man-made devices 

(electrical circuit, electronic devices, etc.) over a frequency range (depends on the source) that affects or 

degrades the performance of another electronic device/electrical circuit and loss of stored data. The disturbance 

may be caused by electromagnetic coupling, electromagnetic induction or conduction [2]. 

         Electromagnetic coupling is when the electromagnetic field in one circuit induces charge or voltage in 

others. Electromagnetic Induction: it is a current produced because of voltage production (electromotive force) 

due to a changing magnetic field. This either happens when a conductor is placed in a moving magnetic field 

(when using an AC power source) or when a conductor is constantly moving in a stationary magnetic field. 

Electromagnetic Conduction: The process where a conductor placed in a changing magnetic field (AC) causes 

the generation of a voltage across the conductor. Therefore, there is an urgent need for high-efficiency 

Electromagnetic Interference (EMI) shielding materials to attenuate electromagnetic waves to protect the 

normal operation of electronic equipment and human health [16]. 

        Electromagnetic interference Shielding: The phenomenon involving reflection and/or absorption of 

electromagnetic (EM) waves by a specifically designed material is called Electromagnetic interference (EMI) 

shielding [7]. An electromagnetic interference (EMI) shielding material is a material that attenuates radiated 

electromagnetic energy. EM radiation can be divided into two subclasses; one is near field and another one is 

far field regions. In near field, the EM signal can be predominately an electric or magnetic vector depending 

upon the nature of the incident radiation. In case of far field, plane waves exist in which the electric and 

magnetic vectors lie in an equal ratio and they are in phase and orthogonal to each other [14]. EMI shielding in 

electronic devices and equipment is the use of manufacturing techniques and material to protect signals from 

being disrupted by external electromagnetic signals as well as preventing generated signals from interfering 

with surrounding componentsWhen em radiation falls on the material there are three physical phenomenon’s 

can happen and those are as follows shown in fig(b) 

Reflection, Absorption, Transmission and Multiple internal reflections. These Physical phenomenon’s give 

us a shielding of em radiation.  

 

 

 

These Physical phenomenon’s  shown in the fig(b) given.  

                 
  Fig (b) Schematic diagram of the mechanism of EMI shielding 
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The EM radiation blocking efficiency of a shield is measured in terms of a logarithmic quantity called 

shielding effectiveness that can be expressed as in (1): [14] 

Emi SE(dB )= 10 log10(Pt/Pi) = 20 log10(Et/Ei) = 20 log10(Ht/Hi)                                         (1) 

EMI shielding efficiency presents the material ability to block waves in terms of percentage. For 

commercial application, EMI SE of 20 dB is required, which corresponds to 99% blockage of incident 

radiation. EMI shielding effectiveness [dB] is converted into EMI shielding efficiency [%] by  (2) : [23] 

Shielding efficiency (%)= 100 ‒ ( 1 /10 𝑆𝐸/10 ) × 100                                                              (2) 

 

Nowadays, the Schelkunoff formula based on transmission line model is widely used to calculate the shielding 

effectiveness of uniform shielding materials. 

The specific form of shielding effectiveness is given by eq (3): 

SE(dB)=SEA (dB) +SER (dB) + SEM(dB)                                      (3) 

Where SEA is a shielding effectiveness due to the absorption 

SER is a shielding effectiveness due to reflection  

SEM is a shielding effectiveness due to multiple reflections  

Shielding efficiency due to reflection is given by following (4) 

SER (dB)=39.5 +10 log (σ/2ᴨfμ)                                                           (4) 

Where σ is a conductivity of material, μ is a permeability of material  

Hence shielding effectiveness due to reflection can be enhanced by increasing a conductivity of material or 

by decreasing the permeability of material.  

Shielding efficiency due to absorption expressed by  (5) 

SEA(dB)=8.7d √(ᴨ𝑓𝜇𝜎)                                                                                                         (5) 

Where d is thickness of material  

Shielding efficiency due to multiple internal reflections is given by following equation 

SEM(dB)=20 log (1- e (-2d/δ))                                                                                                    (6) 

Where δ is the skin depth, defined as the thickness below the outer surface at which the incident field is 

attenuated to 1/e of its initial value, given by [18]  

                            δ=√(ᴨ𝑓𝜇𝜎)                                                                                                                               (7) 

 

Materials synthesis: 

Synthesis of Polyaniline: Monomer Aniline of 10 ml was taken and dissolved in 150 ml HCl solution in a 

beaker. This solution is kept on the magnetic stirrer. Then another solution was made of 10 gm of ammonium 

persulfate which was dissolved in 50 ml Double distilled water and this solution is added to aniline solution 

drop wise. For the proper mixing of chemicals in the solution, ammonium persulfate is added in drop wise. 

After 5 hours of stirring process, diamond green solution was formed. The whole reaction system was kept still 

at temperature of 25ºCto 30ºC. Then the stirred solution was filtered, and the obtained product was washed by 

double distilled water. The resulting polyaniline was dried in a vacuum oven at 40°C, yielding Polyaniline 

powder.  

Synthesis of CuO nanoparticle: CuO nanoparticles were made using the co-precipitation approach, which 

involved dissolving one mole of cuso4 in 100 milliliters of distilled water. and then placing the necessary 

solution in a magnetic stirrer and stirring it for two hours. Copper sulphate and sodium hydroxide were utilized 

in this process. The reaction continued for two hours after the NaOH was simultaneously dissolved in 50 

milliliters of distilled water and introduced drop wise to the CusO4 solution that was already on the magnetic 

stirrer while being continuously stirred. After that, rinse the precipitation with distilled water. The precipitate 

now dries overnight at 800 degrees Celsius. 

Synthesis of Polyaniline- CuO Nanocomposite : The composites between CuO and PANI was prepared by 

ex situ approach. The different composites were prepared by altering the wt% of CuO in PANI , with an interval 

5 wt% as 5wt%(S1), 10wt%(S2), 15wt%(S3), 20wt%(S4) and  25wt%(S5). Both these chemicals were mixed in 

the presence of organic media that is acetone. 
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Results and discussion:  

 
Fig.(c) XRD patterns of PANI, different samples of wt% of CuO loaded PANI matrix  

 

 

The X-ray diffraction (XRD) patterns of the as-prepared composites were recorded using an X-ray 

diffractometer. Figure (c) illustrates the XRD patterns of pure polyaniline (PANI), various samples of copper 

oxide (CuO) incorporated into the PANI matrix. The characteristic peaks of CuO at 36° and 38° confirm its 

structural purity, with no impurity peaks detected. The XRD pattern of PANI displays its amorphous nature, 

represented by a broad hump in the 2θ range of 20°–30°. Sharp peaks appear on the broad hump of PANI, 

indicating an improvement in the degree of crystallinity. This enhancement in crystallinity, which contributes to 

a rougher surface, is expressed in terms of the degree of crystallinity, quantifying the extent of material 

crystallinity. The main change observed in the XRD pattern of the CuO-loaded PANI matrix is the variation in 

peak width with different CuO concentrations. A detailed examination of the XRD patterns of all five 

composites shows that the successful incorporation of CuO into the PANI matrix. 
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                                  Fig.(d) UV–VIS spectrum of different wt% of CuO loaded PANI   

 

 

Figure (d) shows that UV–VIS spectrum of different wt% of CuO from 5 to 25 wt% by interval of  5 wt% 

loaded PANi matrix recorded in the range 200–600 nm. It is observed that absorption coefficient magnitude 

nearly linear in the range 400–600 nm.The absorption curve of samples shows broad peaks in the range 200–

225 nm, which attributed to p–p* transition in polymeric materials [25]. With the standard result it is confirms 

that peaks of PANi and CuO shifts minutely to lower energy [24]  
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Fig.(e) FTIR spectrum of different wt% of CuO loaded PANI 

In general, FTIR spectroscopy is a versatile analytical technique used to identify functional groups within 

molecules and confirm the purity of compounds while detecting impurities. The FTIR spectrum for PANI-CuO 

Composites reveals various peaks across the wave number region of 4000 to 400 cm-1. Notable peaks observed 

in the nanocomposite include those at 541, 1293, 1593, 2028, 2980, 3588, 3695, and 3775 cm -1. Additionally, 

the spectrum exhibits a broad absorbance peak at 3775 cm-1, which is attributed to the O-H stretching mode, 

indicating the presence of hydroxyl groups. Moreover, distinct peaks are observed for C-H stretching at 2980 

cm-1, and C-O stretching at 1293 cm-1 and 1593 cm-1, each displaying strong absorbance. These peaks provide 

further insight into the molecular composition and bonding within the PANI-CuO Composites. 

 

Conclusions: 

 Metallic materials possess high conductivity due to the mobility of electrons, making them dominant in 

many applications. Conversely, polymers are valued for their lightweight, flexibility, and corrosion resistance. 

As a result, there's a growing demand for polymer-based EMI shielding composites with excellent shielding 

properties. The synthesis of PANi-CuO nanocomposites has been successful, with structural studies (XRD) 

indicating that CuO nanoparticles are uniformly dispersed within the PANi matrix. UV-Vis spectra demonstrate 

enhanced absorption efficiency in PANi-CuO composites, suggesting improved performance of the material. 

Furthermore, FTIR spectra reveal significant shifts in characteristic absorption peaks, indicating distinct 

interfacial interactions between CuO nanoparticles and the PANi matrix. These findings underscore the 

potential of PANi-CuO nanocomposites for EMI shielding applications, offering a combination of electrical 

conductivity from metals and mechanical properties from polymers. 
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Environments 
 

Abstract: - The nickel ferrite was prepared using the sol-gel auto combustion glycine method, and the sensor element was prepared 

using the screen printing method and investigated for NH3, LPG, CO2, and H2S gases. The sensor is found to be more sensitive to 

NH3 gas as compared to LPG, CO2, and H2S gases. The structural, surface morphological and elemental analyses were done using 

X-ray diffraction and scanning electron microscopy attached to EDAX, respectively. The synthesized nickel ferrite exhibits a 

crystalline size of ~ 68.65 nm, and an x-ray density of ~ 4986 Kg/m3. The response and recovery time of sensor for H2S was found 

to be ~ 81 seconds and ~ 108 seconds respectively. The mechanism of gas sensing of nickel ferrite film has been explained on the 

basis of oxygen adoption kinetics. 

Keywords: Nickel Ferrite, NH3 Gas Sensor, Screen Printing Method, Sol-Gel Auto Combustion Method. 

 

 

I. INTRODUCTION 

 Gas sensors are an essential tool in detecting and monitoring the presence of harmful gases in the 

environment and in industrial settings [1]. They are available in various types, including those based on organic 

and inorganic and polymer materials [2]. Among these, semiconductor metal oxide gas sensors are favoured for 

their cost-effectiveness and simplicity [3]. Recently, researchers have focused on fabricating gas sensors based 

on spinel ferrite. Spinel ferrites, known for their magnetic, semi-conducting, gas adsorption, and catalytic 

properties. The primary advantage of spinel ferrite over conventional sensor materials based on single metal 

oxides is its capacity to control conductivity through modifications to stoichiometry, annealing temperatures, or 

cation composition [4, 5]. The use of nanostructured materials has been shown to significantly enhance the gas 

sensing properties of semiconductor sensors, particularly for spinel-ferrite-type gas sensors. This has led to a 

growing interest in the synthesis of nanostructured ferrites for gas sensing applications [6]. In this context, 

various methods for synthesizing nanostructured ferrites have been reported in the literature, co-precipitation, 

sol gel, hydrothermal micro-emulsion reverse micelle, etc. among these and sol gel auto-combustion methods 

has great potential in the preparation of spinel ferrite nanomaterials. Sol gel auto-combustion method offers 

mixing of metal precursors at the molecular level, precise control over stoichiometry, enhanced reactivity, and 

produce fine particle size and high surface area [7]. 

Gases and volatile organic compounds (VOCs) were examined in various spinel ferrites. The co-

precipitation method was used to prepare the CdFe2O5 nanoparticles, which showed good sensitivity to LPG, 

methanol, and ethanol [8-10]. The hydrothermal method used to prepare NiFe2O4 has demonstrated good 

sensitivity to LPG, toluene, and acetone [11-13]. Sol-gel-prepared ZnFe2O4 has demonstrated good sensitivity 

to NH3 and LPG. [14]. Sol-gel-prepared CuFe2O4 has demonstrated good sensitivity to LPG [15], H2S [16], co-

precipitation MgFe2O4 has demonstrated good sensitivity to LPG [17], CO2 [18], and the solvothermal method 

used to prepare COFe2O4 has demonstrated high sensitivity to n-butanol [19]. 
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  Among the various spinel ferrites, nickel ferrite stands out as one of the most versatile due to its catalytic 

activity, magnetic properties, low conductivity, and high electrochemical stability. Its catalytic efficiency in 

oxidation reactions stems from its high oxygen ion mobility at the film surface, making it particularly appealing 

for the development of gas sensors [20] 

In the paper, we synthesize NiF2O4 and analyzed its gas sensing properties for NH3, H2S, LPG, and CO2 

gases.           

II. MATERIAL AND EXPERIMENTAL 

 The nickel-ferrite nanoparticles were synthesized by the sol-gel auto combustion method. The synthetic 

procedure to prepare nickel ferrite is depicted in Fig.1. The starting material is nickel nitrate hexahydrate [Ni 

(NO3)]. 6H2O, Ferric Nitrate [Fe (NO3)2] 9H2O and glycine (NH2CH2COOH) and Ammonia (NH3) were 

purchased from Merck. The starting materials of metal nitrates and glycine are taken in the molar ratio of 1:2. 

All metal nitrates and glycine were dissolved in a stiochiometric amount of de-ionized water and stirred 

continuously using a magnetic stirrer attached to a hot plate. During constant stirring, NH3 solution was added 

drop-wise to reach 7. The mixed nitrate solution was heated at 60°C with constant stirring for 6 hours. Then the 

solution was kept in the hot air oven at a temperature of 120°C for 12 hours. During the process, the mixed 

nitrate solution gets transformed into gel, and the gel gets completely dried in 12 hours and then heated to 

2000C to initiate a self-sustaining auto combustion reaction. The dried sample was ground using a mortar and 

pestle and then annealed in a muffle furnace at 6000C for 2 hours and cooled slowly to room temperature. 

The sensing element is composed of a 1 cm x 0.5 cm thick film prepared using the screen-printing method. 

The binder for printing thick films was created by mixing organic solvents such as butyl cellulose, butyl carbitol 

acetate, and turpineol [21]. To make the thixotropic paste, stannic oxide, ethyl cellulose (a temporary binder), 

and the organic binder were combined, maintaining a 75:25 ratio of inorganic to organic components. The ratio 

of nickel-ferrite to ethyl cellulose was set at 95:05. These thixotropic pastes were then screen printed in desired 

patterns on glass substrates that had been cleaned with acetone. The freshly prepared films were fired at 500°C 

for 30 minutes to remove the organic binders. Silver paste was applied for electrical measurements. The film 

thickness ranged from 30 to 40 µm. The electrical resistance of the film was measured using the two-probe 

method, followed by gas sensing properties being assessed with a computer-monitored static gas sensing 

system. 

 
Figure 1: Synthesis Procedure of NiFe2O4 

III. RESULTS AND DISCUSSION 

 Fig.2 shows the X-ray Diffractometer patterns of Nickel-Ferrite of sample. Spinel structure of annealed 

powders of the Nickel ferrite samples confirmed by the XRD patterns from JCPDS No. 22-1086  for NiFe2O4 

has been presented in Fig.2 Eight obvious diffraction peaks corresponding to (220), (311), (222), (400), (422), 

(511),(440) and (533) planes shows the peak positions.  

 The average crystallite size is calculated from the most intense peak (311) using the Scherrer’s formula 

[22] 

 D=kλ/βcosθ …………….. (1) 

D represents the average crystalline size, k is the Scherrer constant, λ is the X-ray wavelength and θ is the 

Bragg's angle in degrees unit, β is the angular bandwidth of half maximum intensity. The results are shown in 

Table 1. The lattice parameter value is found 8.3594Å. 
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Figure 2: X-ray diffraction Patterns of NiFe2O4 Sample 

The X-ray density (the theoretical density) ρ was calculated using the relation 

ρ =
8𝑀

𝑁𝐴𝑎3  …………………….. (2) 

where M is the molar mass of the ferrite, ‘a’ is the lattice parameter, and NA is Avogadro's number  [23]. From 

XRD patterns and Scherrer's formula, mean crystallite sizes of the samples is found to be around 68 nm and X-

ray density is 4986 Kg/m3 by sol-gel auto combustion method.  

The distances between the centers of adjacent ions (hoping length) in the tetrahedral A-sites (LA) and 

octahedral B-sites (LB) is given by the following relations [24]. 

              𝐿𝐴 = (
√3

4
) 𝑎    ……………. (3) 

        𝐿𝐵 = (
√2

4
)𝑎    ……………….. (4) 

.  

Table 1. XRD Analysis of NiFe2O4 Sample 

Sample Inter-

planar 

spacing  

(d) Å 

Lattice 

parameter

(a) Å 

Crystallite 

size (D)Å 

Density (ρ) 

Kg/m3 

 

LA (Å) 

 

LB 

(Å) 

NiFe2O4 2.5204 8.3594 6.8659 5466 
3.6197 2.95

54 

 

The SEM image (Fig.3) reveal grains with irregular shapes and varying sizes, along with noticeable 

agglomeration. Elemental analysis clearly shows that the mixing of Ni, Fe, and O atoms is homogeneous, as no 

impurity peaks are observed in the EDX spectrum, indicating the sample's purity. The compositional 

stoichiometry of the nickel ferrites observed in the EDX spectra (Fig.3) aligns well with the stoichiometric 

calculations. 

 

     
Figure 3: SEM and EDX image of NiFe2O4 

To investigate the gas sensing properties of nickel ferrite for NH3, LPG, CO2, and H2S, the film's resistance 

was initially stabilized for 30 minutes and recorded as Ra. After introducing the gas into the chamber, the 
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resistance was recorded as Rg. This procedure was repeated across a temperature range of 30 °C to 500 °C, and 

the sensitivity was calculated using the following formula: 

Sensitivity (NH3, H2S, LPG) =Ra/Rg …………. (5) 

Sensitivity (CO2) = Rg/Ra …………………….. (6) 

The sensitivity variation of NH3, LPG, H2S, and CO2 at 500 ppm is illustrated in Fig. 4 NiFe2O4 shows the 

highest sensitivity to NH3, moderate sensitivity to LPG and CO2, and the lowest sensitivity to H2S. 

   
Figure 5: Variation in Sensitivity of NH3 Gas Measure in ppm 

 

 
Figure 6: Recovery and Response Time for NH3 Gas Sensor 

Fig. 5 and Fig.6 shows the variation in sensitivity of NH3 gas and the response as well as recovery time of 

NiFe2O4 film was ~ 81 seconds and ~ 108 seconds respectively. The sensitivity of NH3 increases with an 

increase in NH3 concentration and stagnates above 2500 ppm. 

The response time of NiFe2O4 film is 90 seconds and Recovery time is found to 120 seconds .When NiFe2O4 

film is heated above 100 °C, the surface is characterized by adsorption of oxygen ions (O- or O2-). The kinetics 

of the adsorption of oxygen on the NiFe2O4 surface is given by the following reaction: 

 O2(gas)           O2(ads) 

O2(ads) + e-               O-2  

The adsorbed oxygen extracts electrons from the Ni or Fe crystal atoms and forms electron deficiency in the 

crystal, thereby increasing the resistance of the senor element. When reducing gas NH3 interacts with the sensor, 

surface adsorbed oxygen O-2 reacts with the NH3 and releases electrons, and the resistance of the film decreases.  

2NH3 + 3O2- (ads)               N2 + 3H2 O + 6 e- 

IV. CONCLUSIONS 

The self-gel auto-combustion process was successfully used to prepare nickel ferrite in nano-crystalline 

form. The screen-printing technique was successfully used to prepare the sensor element. The crystalline size of 

nickel ferrite is found to be 68.659 nm. Nickel ferrite was more sensitive to NH3 than it was to CO2, H2S, and 

LPG gases. The response and recovery times of the sensor element are found to be ~ 81 seconds and ~ 108 

seconds, respectively. Thus, the nickel ferrite-based sensor element is robust, affordable, easy to produce, and 

capable of detecting NH3 gas at ambient temperature. 
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Abstract: - Numerous components make up blood, including hemoglobin, platelets, red blood cells, white blood cells, and plasma.  The 

primary component of human blood is hemoglobin, which transports carbon dioxide from other areas of the body back to the lungs and 

oxygen from the lungs to other areas of the body.  Hemoglobin measurements assist medical professionals in diagnosing a variety of 

illnesses based on a patient's health.  These days, invasive techniques that include drawing blood from the patient and analyzing it are 

employed to measure the hemoglobin content.  In addition to the discomfort associated with taking blood samples, another drawback of 

this approach is the time lag between collection and analysis of the blood, which prevents real-time patient monitoring in emergency 

scenarios.  A non-invasive approach makes it possible to monitor patients continuously without pain and with a low risk of infection.  It 

also makes it easier to monitor data in real time, enabling quick clinical responses to the recorded data.  In this noninvasive technique, 

Near Infrared (NIR) Spectroscopy and Photoplethysmography (PPG) methods are used for the detection of hemoglobin level.  Here sensor 

system different LEDs are used of different wavelength and photodiode are used.  Proposed system provides expected results for the 

blood samples.  

Keywords: blood, hemoglobin, non-invasive, LED, Photo diode. 

I.  INTRODUCTION  

Blood consists of different parameters such as hemoglobin, white blood cell, red blood cell, platelets and 

plasma [17].  Hemoglobin is made up of four protein molecules, called globulin chains; each globulin chain 

contains an important central structure called the heme molecule [19].  Hemoglobin is a metal protein present in 

the red blood cells of blood plasma [18].  The primary component of human blood is hemoglobin, which 

transports carbon dioxide from other areas of the body back to the lungs and oxygen from the lungs to other areas 

of the body.  Hemoglobin measurements assist medical professionals in diagnosing a variety of illnesses based on 

a patient's health.  One of the most popular blood tests is the measurement of hemoglobin (Hb) concentration, 

which is typically done as part of a complete blood count (CBC). Anemia of different kinds, bleeding, 

erythropoietin deficiency (from kidney disease), lead poisoning, malnourishment, iron, folate, vitamin B12, and 

vitamin B6 nutritional deficiencies, over hydration, and red blood cell destruction related to transfusion reaction 

can all cause a lower than normal hemoglobin level. Increased red blood cells from too much erythropoietin, 

corpulmonale, pulmonary fibrosis, polycythemia vera, and congenital heart disease can all contribute to higher-

than-normal hemoglobin levels.  Decrease in Hb level due to different causes leads to symptoms of various types 

of anemia, wherein iron deficiency anemia (IDA) is the most prevalent among Asians (UNICEF 2004) [7].  A 

hemoglobin test reveals how much hemoglobin is to be found in the blood. With this information anemia (a low 

hemoglobin level) and polycythemia vera (a high hemoglobin level) can be a diagnosed and monitored [14].     

 Hemoglobin concentration is currently measured using invasive techniques that require drawing blood from 

the patient and analysis thereafter. In addition to the discomfort associated with taking blood samples, another 

drawback of this approach is the time lag between blood collection and analysis, which prevents real-time patient 

monitoring in emergency scenarios [2][3].  After drawn blood is exposed to chemical analysis, the amount of 

hemoglobin in milligrams per deciliter of blood is determined. An experienced paramedical staff member is 

needed to carry out this procedure: In order to draw blood, a technician in the lab: Along with a pathologist, to 

carry out the chemical analysis: Interpreting and confirming the findings are necessary [10] [18].  The complete 

blood count (CBC), which measures the amount of hemoglobin in the blood by examining the blood component 
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in the tube, is one of the invasive procedures.  One way to gauge hemoglobin levels is by the use of biosensors 

[20].  In rural areas, the Sahli method, the filter paper test, or the pallor test have been used to evaluate 

hemoglobin levels [9].  The copper sulfate method, the centrifuge method, and the Lovibond type comparator 

method are a few more techniques for determining the amount of hemoglobin in a person's blood.  Hemocue 

method, cyanmethemoglobin method, and grey wedge photometer method.  These procedures involve taking a 

patient's blood and evaluating their hemoglobin levels with various reagents and tools [9].  Hemoglobin is 

chemically changed in the hemoglobinocyanide process to create cyanmethemoglobin, which has a maximum 

absorption at a wavelength of 540 nm.  The process of absorption yields the hemoglobin concentration [19].   

 A noninvasive approach makes it possible to continuously monitor patients without pain and with a low risk 

of infection. It also makes it easier to monitor data in real time, enabling quick clinical responses to the recorded 

data. Near infrared spectroscopy has been developed into a non-invasive technique for biomedical sensing and 

clinical diagnostics since it was discovered that near infrared light could permeate biological tissues to a 

significant depth [2][3][19][15][28].  Non-invasive medical diagnostic methods, such as magnetic resonance 

imaging (MRI), thermography, ultrasound, and X-rays, have significantly decreased patient risk and improved 

our understanding of how the body functions. Non-invasive procedures have the advantages of leaving no scars 

or incisions, a reduced chance of infection, bleeding, or needing blood transfusions, a quicker healing period, and 

a quicker return to regular work [11].  Many non-invasive methods, including imaging, spectro-photometry, opto-

acoustic spectroscopy, transmission spectroscopy, and reflection spectroscopy, have been proposed in the 

literature for the estimate of blood parameter as a pathological advancement [23][24]. 

II. MATERIALS AND METODS 

In this system, Near Infrared (NIR) spectroscopy and Photoplethysmography (PPG) method is used for the 

determination of hemoglobin level in the blood sample.  System also consists of Light Emitting Diodes (LEDs), 

Optical detector, Signal conditioning unit, Microcontroller and display unit. 

 

 
 

Figure (1): Block diagram of proposed system 

 

The fundamental idea behind measuring hemoglobin is that blood plasma, oxygenated and, deoxygenated 

hemoglobin absorbs and transmits light differently in the red and near-infrared regions.  

In this system idea is that hemoglobin in blood and tissue in the finger, respectively, causes absorption and 

dispersion.  In the NIR spectroscopy optical sources such as LEDs are used of different wavelength as shown in 

the table 1. 

Table (1): List of LEDs and its wavelengths 

Sr. No. LED 
Wavelength 

(nm) 

1.  APT2012LSYCK/J3-PRV 590 

2.  AA3021LSYSK/J3-TR 590 

3.  Cree-Xlamp ML-E LEDs 590 

4.  APGO603SEC-E-TT 624 
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5.  VLD51535R-08 624 

6.  APTR3216SRCPRV 640 

7.  SML-LX15SRC-TR 660 

8.  VSMY98145DS 810 

9.  1541085A3060 850 

10.  APT2012SF4C-P22 880 

11.  VSMF3710 890 

12.  APT2012F3C 940 

13.  15414194BA210 940 

14.  1541294A3060 940 

 

Light is transmitted through the fingertip and detected by the Optical detector.  Here we used optical detector 

such as PIN photodiode SFH2201, VEMD55A0C, TEFD4300, RDB-C152SM, OPT101 Monolithic Photodiode 

and Trans- impedance Amplifier are used.  Here Photoplethysmography method is used for the detection of light 

intensity depending of the hemoglobin level.  Output of the detector is given to the Signal conditioning system 

that makes all the necessary changes such as signal attenuation, signal amplification, signal filtering etc.  Output 

of signal conditioning system is given to the Microcontroller unit which makes all the necessary processing and 

send to the display unit.  Display unit will indicate the readings of hemoglobin. 

 

 
Figure (2): set up of proposed system 

Here we have taken five different blood samples of the patients who suggested for the Complete Blood count. 

 

 
Figure (3): Graph between Wavelength and Photodiode output 

 

Katsuyasu Saigo et al. (2004) investigated the Astrim device to measure hemoglobin levels by combining the 

analysis of optical pictures captured by a charge-coupled device camera situated on the other side of light sources 

with the principle of near-infrared spectroscopy.  The suggested approach was predicated on the idea that 
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hemoglobin in blood and tissue in the finger, respectively, causes absorption and dispersion.  Astrim detects 

images of blood vessels using light sources with wavelengths of 660, 805, and 880 nm. It then computes 

hemoglobin levels depending on the wavelengths that are absorbed [1].  Jens Kraitl et al. (2011, 2006) presented 

NIR spectroscopy and photoplethysmography for measurement of hemoglobin.  They have created the laser-

based photometric device PMD-I, which generates light at wavelengths of 670, 808, 905,980, and 1300 nm 

through five laser diodes.  They employed laser diodes with wavelengths of 670, 808, 905 and 980 since this is 

the therapeutic window region where hemoglobin derivatives dominate blood absorption and water absorption 

predominates at 1300 nm.  Additionally, they created the LED-based photometric device PMD-II, which employs 

three LEDs with wavelengths ranging from 670 to 1300 nm [2] [3] [4].    Marlin Wayne Causey et al. (2011) 

presented optical spectroscopy method for the measurement of hemoglobin using Masimo Radical-7 SpHb 

station [5]. 

Aditya Bhat et al. (2015) investigated the use of rainbow R120L pulse co-oximeter with Masimo Radical 7 

finger probe sensor for optical spectroscopy hemoglobin measurement [6].  K. Abo Alam et al. (2009) reported 

optical method in which Wang-Mendel method based fuzzy expert system is used to generate fuzzy rule base for 

measurement of hemoglobin [8].  The optical photoplethysmography method for hemoglobin measurement was 

presented by Nirupa J et al. (2014).  A photodiode is used on one side of the fingertip while red and infrared 

LEDs with wavelengths of 624 nm and 850 nm, respectively, are used on the other [10].  A Mohamed Abbas et 

al. (2016) presented signal to image photo-plethysmo-graphic method.  They used LED that transmits light in the 

near infrared region through fingertip or earlobe and a photodiode to detect the signals.  The output of proposed 

system was obtained using regressive analysis and the hemoglobin content was displayed in the LabVIEW 

program [18].    

Table (2): Displaying the authors' various techniques, sample size, correlation coefficient, and calibration 

technique. 

Sr. 

no. 
Author / Year Technique / Method 

Sample 

size 

Correlation 

coefficient (r) 
Calibration Method 

1. 
Katsuyasu Saigo 

(2004) 
Near-infrared spectroscopy 97 0.626 Sysmex SE-9000 

2. 
Jens Kraitl 

(2011)  

Near-infrared Spectroscopy 

and photoplethysmography 
43 0.918 Hemocue TM device 

3. J. Kraitl (2006) 
Multispectral near-infrared 

spectroscopy  
19 Sq r =0.85 Hemocue TM device 

4. 
Marlin Wayne 

Causey (2011) 
Optical Spectroscopy 60 0.78 Lab hemoglobin method 

5. 
Aditya Bhat 

(2015) 
Optical Spectroscopy 150 0.94 

Automated lab Analyzer 

Cyanmethemoglobin 

method 

6. 
Vaishal V. Agte 

(2009)  
Nail color scale method 

52 

(2007) 

175 

Sq r = 0.77 

0.75 

Cyanmethemoglobin 

method 

7. 
K. Abo Alam 

(2009) 
Optical method 122 0.977 Invasive reference method 

8. Kumar R.(2013) Optical Method 100 - 
Cyanmethemoglobin 

method 

9. Nirupa J. (2014) 
Optical 

Photoplethysmography 
69 - 

Conventional chemical 

analysis  

10. Dr. Raid Saleem Single wavelength 10 - Look up table 
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Al-Baradie 

(2013) 

spectrophotometry 

11. U. Timm (2011) Optical Spectroscopy 48 - Hemocue (R) tester 

12. 
Tristan Knutson 

(2013) 
Optical Spectroscopy 127 - Arterial blood gas analyzer 

13. 
Cedrick Zaouter 

(2012)  
Optical Spectroscopy 9 - Arterial blood gas analyzer 

14. Timm U. (2010) Optical method - - Blood Gas Analyzer 

15. 
Khunawat 

Luangrat (2013) 
Optical Spectroscopy 8 / 5 - - 

13. 
Mohamed Abbas 

(2016) 
Photoplethysmography 10 - - 

16. 
Rajashree Doshi 

(2013) 

Optical pulse photometric 

method 
58 - - 

17. 
Setsuo Takatani 

(1988) 
Optical Spectroscopy - 

-0.966 to  

-0.9988 
- 

18. 
Dong-Sik Kim 

(2011) 
Optical Spectroscopy 33 - - 

19. 
Francesco Fabbri 

(2003) 
Near-infrared spectroscopy 9 - - 

20. 
Chetan Sharma 

(2012)(2013) 
Photoplethysmography - - - 

21. 
Philips J.P. 

(2011) 
Optical and Capacitance - - - 

22. 
O. Abdallah 

(2008) 

Optical Spectroscopy & 

Photoplethysmography 
- - - 

23. Eran Hadar Occlusion Spectroscopy 63 Sd=0.86 
LH-750 Beckman Coulter 

counter 

III. RESULT AND DISCUSSION 

Proposed system shows significance reading of different blood samples at different wavelengths.  Output of 

the detector system shows appreciable reading according to the hemoglobin level of the blood sample.  Samples 

observe at LEDs wavelength of 660 nm and 940 nm gives significant result for the further system.  Output of the 

detector is minimum at 660 nm and maximum at 940 nm wavelength.  Relation observed between Wavelength of 

the LED and Output of the photodiode shows good response curve.   

IV. CONCLUSION 

Proposed system uses Near Infrared (NIR) spectroscopy and Photoplethysmography (PPG) method for the 

measurement of hemoglobin.  In the proposed work appreciable results are observed with the given system.  For 

the non-invasive measurement of hemoglobin and other blood related parameters optical sources such as LEDs 

with 660 nm and 940 nm wavelength further may be used in the Biomedical instrumentation systems.  NIR Since 

many of the methods covered here have shown to have excellent hemoglobin measurement sensitivity, 

specificity, and accuracy, a variety of non-invasive methods will be used in the future for different applications. 

For non-invasive hemoglobin measurement, a fingertip sensor is mostly used; however, earlobe sensors might be 

a better option for systems down the road because they use less power than fingertip sensors. 
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Synthesis, Characterization and 

Conductometric Study of Schiff's 

Bases and Their Metal Complexes: A 

Review 

 

 

Abstract: - The Schiff’s bases ligand and its metal complexes has been found extensive use in the field of interest. Schiff’s bases and their 

metal complexes are best known for their antibacterial, antifungal, anti-tumour, anti-hypertensive, anti-depressants, anti-HIV, clinical, 

pharmaceuticals, herbicidal and anti-corrosive activities. Conductometric measurements of a solution containing electrolyte brought 

useful knowledge about solubility and permeability of drugs. Mixed solvents are very attractive and compulsive for study of ion 

association reaction by conductometry in behalf of addition of even pinch of organic components to water alter physical properties of 

solvent mixture. The conductometric techniques is based on measurements of electrical current in an electrolytic solution. 

Keywords: Schiff’s base, metal complex, spectral studies, conductivity  

I.  INTRODUCTION  

The Schiff’s bases having enamine linkage are usually derived by the condensation of Aldehydes or ketones with 

primary amines. (Scheme 1) such Schiff’s bases and its metal complexes are found more effective in various 

biological activities such as anticancer, anti-tumor, anti-hypertensive, anti-depressants, antifungal, anti-viral and 

antioxidants over the years, a lot of research work carried out on synthesis of Schiff’s bases. 

O

R

NH2

R
1

N R
1

R

Refluxed/H+

EtOH
+

 

(Scheme 1 : Enamine linkage formation reaction) 

Conductometry techniques plays a significant role in pharmacodynamic. To study solubility product conductometric 

method is widely used because of its various advantages such as low cost, eco-friendly, less time consuming, proper, 

thermodynamics calculation with different parameters and most important easy to operate. Using conductometric 

method, researcher can calculate all the thermodynamics parameter for specific reactions and also investigate 

solubility of product. 
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II. LITERATURE REVIEW  

The available studies on synthesis of Schiff’s base ligands and its metal complexes to study conductometric 

measurements are reviewed based on their applications in pharmacodynamic. 

Munira Fatin Mannan ahad et al [1] (2012) carried out synthesis, characterization and physico-chemical data 

analysis of O-phenylenediamine Schiff’s base ligand, elemental analysis like I.R. H1, C13 NMR, U.V-Visible, XRD 

were used to study molecular formula. The samples for electrical conductivity measurements were prepared from the 

Schiff’s base metal complex and lithium Schiff’s base in the form of pellets. These pellets were placed between two 

electrode and contact were tested to be ohmic.  

Compounds  Conductivity value 

(ῼ-1 cm-1) 

(API) ISA 7.2371 × 10-10 

[(API)ISA]2Co 4.4367 × 10-10 

Li-(API)ISA 3.0941 × 10-10 

fig. 1.1 – table showing conductivity values of complex compounds 

S.R Kelode [2] (2023) has studied electrical conductivity of (Scheme 2) Vo(IV), Zr(IV) and UO2(VI) metal 

complexes from thiazole Schiff’s base. Elemental analysis like NMR, FT-IR, UV, XRD were done for the 

determination of structure and molecular formula. It was observed that the electrical conductivity of Metal complexes 

varies with their nature and temperature.  

O

CH3

R

NH2 NH2

S

Iodine 

reflux/4h

N

S

NH2

R

+
 

(Scheme 2 : Synthesis of 4-(substituted)-2 amino thiazole) 

1. Electrical conductivity of the complexes lies in the range of 1.16 × 10-8 to 6.69 × 10-7 ῼ -1 cm1 at temperature 373k. 

2. The electrical conductivity of these complexes at 273K follows the order UO2 > VO > > Zr 

3. The activation energy of electrical conduction of the complexes has been found to increase in the order Zr < VO < 

UO2. 

Atinafu Abayneh et al (3) had studied synthesis, characterization, conductivity and electrochemical studies of 

Schiff’s base ligand and its copper complexes. The Schiff’s base ligand was prepared by the condensation of 0.44715 

gram of 4-aminoantpyrine with 0.057 ml glyoxal in absolute ethanolic solution. (Scheme 3) the resulting mixture was 

then reflux for 2 hours the yellow precipitate formed was filtered and recrystallized from ethanol to give yellow 

needles. Elemental analysis like NMR, FT-IR, UV, XRD were done for the determination of structure and molecular 

formula of Schiff’s base and its coordination complexes. 

Compound

s 

Molecular 

weight 

Colour Conductivity 

ῼcm2 mol-1 

[CuL1]Cl2 562.5 Brown 240 

[CuL1](NO

3)2 

615.5 Dark 

Brown 

235 

Table 1.2. Elemental analysis and electrical conductance data 

Amit R. Yaul et al [4] (2018) studied synthesis and electrical conductivity of some Schiff’s base and their metal 

complexes. The hydrazone ligands H2L1 and H2L2, and resulting product was filter washed several times with ethanol 
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diethyl ether and subsequently hydride over CaCl2 in a desiccator. Elemental analysis like NMR, FT-IR, UV, XRD 

were done for the determination of structure and molecular formula. (Scheme 3) 
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(Scheme 3: Synthesis of Schiff’s base) 

The electrical conductivity (dc) of the complex was studied in the temperature range 310-413 K. in all cases the 

conductivity increases with increasing temperature indicating that these complexes lie in the range of semiconductor. 

i 

Compounds  Colour Electrical 

Conductivity 

σ (ohm-1 cm-1) 

[VOL1(H2O) Dark 

olive 

2.40 × 10-8 

[Zr(OH)2L1(CH3OH)2 Cannery 

yellow 

3.06 × 10-9 

[(Th(HL1)2(NO3)2] Cannery 

yellow 

7.00 × 10-10 

[(UO2)L1(CH3OH) Volcana 3.00 × 10-9 

 

Table 1.3 showing conductivity values of complexes 

 

Shubhangi Y. Deshmukh et al [5] (2022) carried out work on synthesis, spectroscopic characterization electrical 

conductivity of heterocyclic Schiff’s base metal complexes. The condensation reaction between Chalcone (E)-1-2-

hydroxy-5-methyl-3-nitrophenyl)-3-(2-hydroxyphenyl) prop-2-en-1-one and hydrazine hydrochloride (Scheme 5) was 

carried out by the reflux for 2 hours. The crude product pores into the water and solid obtained washed by petroleum 

ether and dried in oven. (Scheme 4) 
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(Scheme 4 : Synthetic method of Schiff’s base) 

Structural characterization viz. NMR, FT-IR, XRD, UV, magnetic behaviour and FAB mass analysis were used to 

determine its molecular formula. 
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The conductivity values for 2-(5-(2-hydroxyphenyl)-1-phenyl-4,5-dihydro-1H-pyrazol-3-yl)-4-methyl6-nitrophenol in 

DMF found to be very low i.e. 5.86 and 4.72 ῼ-1 cm2 mol-1. 

Chao Meng et al [6] (2023) were synthesised poly Schiff’s base from Para benzaldehyde and hydrazine according to 

the procedure reported elsewhere, briefly p-benzaldehyde  (0.12mol) was dissolve in 180 ml. of absolute ethanol and 

then the solution was slowly dropped under the protection of N2 to the solution of para phenylenediamine, sonicated 

for 15 minute, filtered and washed with distilled water and absolute ethanol. The intrinsic conductivity of all 

synthesised poly Schiff’s bases in iron salt is summarised in the table. 

Poly (Schiff’s 

base) 

Conductivity 

S/cm 

L1 5.0 x 10-8 

L2 2.6 x 10-8 

C1 4.3 x 10-7 

C2 5.6 x 10-6 

 

Table 1.4 showing conductivity values of poly Schiff’s base 

 

Hamid Temel et al [7] (2003) carried out research work on the synthesis, characterization and conductance study of 

Cu (II), Ni(II), and Zn(II) complexes with Schiff’s base derived from 1,2-bis-(O-amino phenoxy)ethane and 

salicylaldehyde according to them, the reaction steps for synthesis of H2L are given in figure, the first step is synthesis 

of 1,2-bis-(O- nitrophenoxy)ethane from reaction of sodium ortho nitrophenolate and 1,2- dibromoethane. In the 

second step 1,2-bis-(O-nitrophenoxy)ethane and Pd/C as Catalyst in hydrazine hydrate were reacted to obtain 1,2-bis-

(O-amino phenoxy)ethane in the third step N-N’-bis(Salicylidene)-1,2-bis-(o-aminophenoxy)ethane (H2L)  (Scheme 

5) 
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(Scheme 5 : Synthesis of ligand (H2L) N-N’-bis(Salicylidene)-1,2-bis-(o-aminophenoxy)ethane) 

 

Y Z Ahmed et al [8] (1993) were carried out the synthesis of Schiff’s base metal complexes and predicted it’s 

conductometric measurement, when a solution of one mole of metal salt in absolute ethanol was added dropwise to a 

well stirred solution of Schiff’s base N-(2-hydroxy)-benzylidene-β-alanine (L), a coloured compound precipitate 

immediately which was collected after evaporation of solvent the product obtained was purified by repeated washing 

with ethanol. During the course of study of electrical properties of organic compound measurements have been made 

on resistivity or conductivity as a function of temperature of a large number of samples.  

V.D Patel et al [9] (2015) were synthesized enamine by the condensation of p-Dimethylaminobenzaldehyde (1.4919 

gm. 0.1 mol.) solution in ethanol and o-phenylenediamine (1.0814 gm 0.1 mol.) Solution in hot water were taken in 

the round bottom flask, 50 ml absolute ethanol was added and reflux. Filtered and washed with distilled water  
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            An Electrical conductivity of all crystals was measured at different temperature. A uniform thin layer of silver 

paste was applied on both the sides of the pallets of crystal providing electric contacts. average diameter and thickness 

of each pallet were measured and found 6 mm.  

Abdel-Amir M. Fenjan et al [10] (2015) were reported preparation of Schiff’s bases derived from 7-hydroxy-4-

methyl Coumarin, according to them a mixture of compound (0.29 gm) from various aldehyde or ketone was dissolve 

in 15 ml of ethanol, a drop of glacial acetic acid was added then the mixture was refluxed for 6 hours. The solid 

product was filtered, dried and recrystallized with hot ethanol. 

S.R Kelode [11] (2021) has reported electrical conductivity of Cr[III], Mn [III] and Fe[III] metal complexes of 2-

Hydroxy-5-Methyl-3-Nitroacetophenone Thiazole Schiff’s base 2-hydroxy-5-methyl-3-nitro acetophenone (HMNA) 

and 2-amino-4-phenyl thiazole was prepared by known methods. (Scheme 6) 
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(Scheme 6 : Synthesis of enamine linkage) 

The electrical conductivity resistivity of the different metal chelated can be measured either with ac. or dc methods. 

However, in this work the dc method was used for resistivity measurements, over a wide range of temperature. The 

electrical conductivity of metal complexes varies with their nature and temperature.  

 

Metal Cr(III) Mn(III) Fe(III) 

HCAT σῼ-1  

cm-1 

4.89 x 

10-8 

1.89 x 

10-8 

4.24 x 

10-7 

Ea 

(eV) 

0.0188 0.0124 0.1636 

 

Table 1.5: Showing electrical conductivity of Cr, Mn and Fe (III) complexes. 

N.J. Suryavanshi et al [12] (2013) carried out synthesis, characterization, thermal and electrical conductivity studies 

of Schiff’s base metal complexes derived from 3-acetyl-6-methyl-pyran-2,4(3H)-dione (dihydroacetic acid) and 

thiocarbohydrazide. It was observed that the electrical conductivity of the complexes had positive temperature 

coefficient i.e. with an increase in temperature, conductivity increases exponentially.  
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(Scheme 7 : Synthesis of Schiff’s base and its metal complex)  
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Emad Yousif et al (13) 2013 were prepared Schiff’s base from substituted thiadiazole react with salicyladehyde 

formed inamine linkage further they prepared its metal complexes by mixing it in metallic salt. The complex was 

diamagnetic and conductivity measurement in DMF shows that the complex was conducting. 
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(Scheme 8. Synthesis of thiadiazole Schiff’s base and its metal complex) 

F.K Omenya et al (14) 2020 were carried out synthesis, characterization and electrical conductivity of Schiff’s 

base,4-Chloro-2-{(E)} - [4 Fluorophenyl)imino]methyl}phenol Metal (II) complexes. (Scheme 9). The conductivity 

values of synthesized compounds in DMSO were measured at room temperature. The conductivity value indicating 

that this complex compound was non electrolytic in nature. 
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(Scheme 9 : Synthesis of Schiff’s base and metal complex) 

Esmaeili et al (15) 2023 were predicted conductivity of new Schiff’s base and its Zn(II) metallopolymer according to 

them the electrical conductivity of Zn(II) and it’s complex (ZnL) increased by increasing the temperature in which the 

conductivity varied from 4.18 ×10-10 to 10-5 -1 cm-1. L. 

Umit Cakir et al (16) 2019 were reported the spectroscopic studies of transition metal complexes with a Schiff’s base 

derived from 4-Methoxybenzaldehyde and 1,2-bis(p-Aminophenoxy)ethane. (Scheme 10) according to them Ni(II), 

Zn(II) and Cu(II) complexes are non-electrolytes shown by their conductivity measurements in DMF.  
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(Scheme 10. A reaction showing synthesis of Schiff”s base) 

Suman Malik et al (17) 2015 were carried out spectral characterization and thermal behaviour of Schiff’s base metal 

complex derived from 2-aminobenzimidazole they were reported that Schiff’s bases are the condensation reaction 
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product of aldehydes/ketones with primary amines. Further they reported its complex formation reaction. After 

completion of reaction product was characterized by spectral studies.  

N
H

N

N

 

(Figure: Structure of synthesized Schiff’s base) 

Kelode S.R et al (18) 2020 were investigated the electrical conductivity of Co (II), Ni (II) and Cu (II) complexes 

derived from bidentate thiazole Schiff’s base.  in such reaction process 4-hydroxy acetophenone and thiourea was 

taken as a starting material. 4-(2-hydroxyphenyl)-2-amino thiazole was obtained as a product, it was further reacted 

with 2-hydroxy-5-chloro acetophenone to form HCAT. (Scheme 12) 
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(Scheme 12. reaction showing synthesis of Schiffs base compound) 

III. CONCLUDING REMARK 

The various studies have been carried out on the synthesis and characterization of Schiff’s base metal complexes 

using different approach by researcher.  The concluding remarks based on their studies will be follows. 

● The study shows the variety of possible structure of metal complexes of Schiff’s base ligands depends upon the 

aldehydes/ketones and amines used. 

● The specific industrial, pharmaceutical applications of metal complexes based upon the orientation of Schiff’s base 

metal complexes. 

● This study can be extended with the use of different aldehydes, ketones and amines to evaluate conductometric 

measurements use in the field of pharmacodynamics. 

● The synthesized Schiff’s base and their metal complexes will be widely used in field of medicine. 

● The synthesized Schiff’s base metal complex may have great application in chemical analysis and also be helpful in 

agricultural purpose. 

● Schiff’s base metal complexes have found to be more effective in various biological applications, such as anticancer, 

anti-tumor and antibacterial. 

● The Schiff’s base formed can undergo reactions with number of metal ions for example Mn(II), Fe (II), (III), Co 

(II/III), Ni(II) and Cu(II) etc. 

● The study shows that electrical conductivity is a temperature dependant property. 

● This study shows that every complex compound has their own electrical conductivity value. 

● This study also shows that normally organic compounds are non-conductor and if they have delocalised pi-electrons 

their conductivity can be increased by chemical treatment. 
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Abstract: - Density (ρ) and Refractive index (n) of the binary mixtures of n-butanol and 

benzonitrile across the entire concentration range (0.0 → 1.0) were measured 

experimentally for temperature ranges 303.15 K to 323.15 K in the interval of 10 K. 

Various parameters were such as reduced free volume (Vm/Rm), molecular radius (r), 

and internal pressure (Pint) evaluated from the experimentally measured data. Excess 

parameters such as excess refractive index (n)E, excess reduced free volume (Vm/Rm)E, 

excess molecular radius (r)E and excess internal pressure (Pint)
E were also determined. 

These parameters were fitted to Redlich-Kister polynomial equations using the least-

square fit method to obtain fitting parameters. Different mixing models for refractive 

index have been validated and tested. The confirmation of hydrogen bond formation in 

the binary mixture systems was validated through Fourier-transform infrared (FT-IR) 

spectra analysis. Density functional theory (DFT) method was used to determine the 

dipole moment and HOMO-LUMO analysis of both pure compounds. The study 

confirms the stability and reactivity of molecules. These studies were analyzed to 

elucidate the nature of hetero-interactions, specifically interactions between, unlike 

molecules, within the mixtures. 
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I.  INTRODUCTION 

Understanding the refractive index property of mixed solvents at various temperatures is a 

crucial aspect in determining their structure and characterizing them. Mixed solvents are often 

employed as effective media in numerous chemical, industrial, and biological processes 

because they offer a broad spectrum of mixtures with tailored properties [1]. Hydrogen 

bonding is crucial in both fundamental sciences and industrial applications. Despite numerous 

experimental and theoretical studies aimed at elucidating hydrogen bonding, it continues to be 

a dynamic area of research [2]. Combined with other thermodynamic data, refractive index 

measurements are valuable for practical engineering calculations. Additionally, the refractive 

index is instrumental in assessing substance purity and calculating molecular electronic 

polarizability [3]. FTIR spectroscopy provides absorption spectra unique to the molecular 

structure of compounds. It is also utilized to confirm the presence of intermolecular 

interactions between different molecules in the solution [4,5].  

On the basis of their industrial importance the liquids for binary mixture were chosen i.e., 

Benzonitrile (BN) having -CN functional group is a significant compound within the nitrile 

family. Nitriles are aprotic liquid is a highly polar amphiphile, is the most important solvent 

that has been known to have only proton acceptor site. Its derivatives are extensively utilized 

in industrial, pharmaceutical, and medicinal applications. Due to its broad utility and 

straightforward structure, benzonitrile has been the subject of numerous studies. Alcohols (n-

Butanol) having -OH functional group are commonly used solvents due to their protic nature 

and ability to self-associate. n-Butanol found applications in pharmaceutical industry, in 

medications for animals, and in the production of perfumes and paint removers [4-8]. 

Furthermore, alcohols and nitriles play a significant role in a diverse range of industrial and 

consumer applications. Consequently, detailed knowledge of their physical properties is 

essential for practical purposes.  

The present investigation, reports refractive index (n) and density (ρ) of n-butanol with 

benzonitrile binary mixtures over the entire concentration range at three different 

temperatures. Furthermore, computational and spectroscopic analyses are performed to gain 

insights into the intermolecular interactions present in these binary mixture systems. 

II. EXPERIMENTAL AND COMPUTATIONAL METHODS 

Benzonitrile with 99% for synthesis (GC) and n-Butanol with 99.5% AR grade (GC) was 

also supplied by LOBA Chemie (India). Both liquids were used without any further 
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purification. The solution of Benzonitrile with n-Butanol was prepared at 11 different 

concentrations by volume fraction. The refractive index values of pure and binary liquid 

mixtures were determined using an Abbe refractometer, with sodium D light at constant 

temperature. To maintain a constant temperature, a temperature controller system equipped 

with a water bath was employed, ensuring temperature stability with an uncertainty of ±0.1 K. 

Refractive index measurement uncertainty is ± 0.0001. The density of pure liquids and their 

binary mixtures was determined using an airtight 10 ml glass density bottle. The volume of 

the mixture was kept constant, and the mass was measured using a digital balance with an 

accuracy of 0.0001 g. FT-IR spectra for both pure substances and equimolar binary mixtures 

were obtained in the 4000–400 cm⁻¹ range using an ALPHA (Bruker, Germany) FTIR 

spectrometer with a precision of 0.05 cm-1. Computational details The geometry optimization 

procedure was performed utilizing the Density Functional Theory (DFT) method with B3LYP 

functional calculations and the 6-311G (d,p) basis set in ORCA 5.0.0 code [9,10]. The 

experimental values of ρ and n for pure liquids at different temperatures are compared with 

literature values in Table 1 found quite good agreement with reported literature values. 

Table 1. Experimental densities (ρ), and refractive index (n) for pure liquids at various 

temperatures and comparison with literature data. 

_________________________________________________________________________ 

Compound  T (K)   ρ (g.cm-3)   n 

       Expt.             Lit.            Expt.  Lit. 

_________________________________________________________________________ 

 Benzonitrile  303.15  0.9960         0.9963[11]         1.5235       1.5252[11] 

    313.15  0.9909         0.9871[11]         1.5210         1.5209[11] 

    323.15  0.9828            -------            1.5185            ------ 

 n-Butanol  303.15  0.8012         0.8019[1]            1.3985        1.3950[1] 

313.15  0.7942         0.7946[1]            1.3895         1.3935[1] 

323.15  0.7887           -------            1.3860            ------ 

_________________________________________________________________________ 

III. THEORY 

From the density (ρ) and refractive index (n) experimentally measured values, using it 

below mentioned optical and volumetric parameters were evaluated: 

Reduced free volume (Vm/Rm),  Vm Rm⁄ = [
n2+2

n2−1
]   (1) 

Molecular radii (r),    r = [{(
3

4ΠN
) (

n2−1

n2+2
)} Vm]

1

3
  (2) 
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Internal pressure (Pint),    Pint =
21 6⁄ RT

21 6⁄ Vm−2rN1 3⁄ Vm
2 3⁄   (3) 

Where X1, X2, M1 and M2 represent the volume fraction and molecular weight of pure 

components. N, R and T denote Avogadro number, Gas constant and absolute temperature, 

respectively. The excess parameters (n)E, (Vm/Rm)E, (r)E and (Pint)
E were determined and fitted 

in Redlich-Kister Polynomial [12] and the fitting parameters are listed in Table 2. 

      

IV. RESULT AND DISCUSSION     

A close perusal of Figure 1(A-D) shows that the variation of n, ρ, r and Pint of binary mixture 

increase as the concentration BZ increases in the mixture. 

 

Figure 1(A-D). Variation of (n), (ρ), (r) and (Pint) against volume fraction of BZ in (n-

BuOH+BZ) binary mixture at different temperature.  

The excess functions provide insight into the degree to which liquid mixtures deviate from 

ideal behaviour, making these properties crucial for understanding intermolecular interactions 

and the molecular dynamics in hetero-molecular systems. In this study, we calculated the (n)E, 

(Vm/Rm)E, (r)𝐸 and (𝑃𝑖𝑛𝑡)𝐸 for binary mixtures. All these computed values were then fitted to 

the Redlich–Kister polynomial to model the non-ideal behaviour of the mixtures accurately. 
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Figure 2(A-D).   Plot of  (n)E, Vm/Rm)E, (r)E and (Pint)
E against volume fraction of BZ at 

different temperatures. (geometrical shapes show experimental data points and dotted line 

show R.K.fitted points). 

Table 2. Values of coefficients (ai) with correlation coefficient (δ) for the excess refractive 

index (n)E, excess reduced free volume (Vm/Rm)E, excess molecular radii (r)E and excess 

internal pressure (Pint)
E of n-Butanol + Benzonitrile mixture at different temperatures. 

___________________________________________________________________________ 

Parameters Temperature (K) a1 a2 a3 a4 a5 δ 

___________________________________________________________________________ 

 (n)E 303.15 0.0096 -0.0055 -0.0006 -0.0025 0.0052 0.9987 

  313.15 0.0111 -0.0040 0.0019 -0.0075 0.0037 0.9990 

  323.15 0.0129 -0.0035 -0.0006 -0.0113 0.0102 0.9992 

Δ(Vm/Rm)     303.15 -0.3071 0.0876 -0.0154 0.0280 -0.0400 0.9999 

  313.15 -0.3565 0.0904 -0.0356 0.0685 -0.0395 0.9999 

  323.15 -0.3801 0.0918 -0.0168 0.1021 -0.0964 0.9999 

(r)E 303.15 0.0309 -0.010 0.0002 -0.0043 0.0070 0.9997 

  313.15 0.0359 -0.0086 0.0039 -0.0112 0.0061 0.9997 

  323.15 0.0388 -0.0082 -0.0009 -0.0171 0.0167 0.9998 
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(Pint)
E 303.15 0.9183 -0.8297 -0.1035 -0.3664 0.7547 0.9977 

  313.15 1.1489 -0.6202 0.2838 -1.1016 0.5283 0.9982 

  323.15 1.4394 -0.5503 -0.1076 -1.6982 1.5089 0.9987 

________________________________________________________________________________________ 

Figure 2(A-D) show positive deviation for (n)E, (r)E and (Pint)E are over the entire 

composition range (0.0 – 1.0) of BZ in binary mixtures with different magnitudes while 

(Vm/Rm)E shows negative deviation against volume fraction of BZ over the entire composition 

range (0.0 – 1.0). The positive deviation of (n)E , (r)E and (Pint)E on volume fraction basis can 

interpreted as the indication of intermolecular interaction between molecular species. 

Negative deviation (Vm/Rm)E suggests strong hetero molecular interaction. Futher the positive 

deviation in (Pint)
E indicates that attractive forces are stronger than repulsive interactions 

within the mixture [6,7]. 

 

 

Fig. 3. Plot of APD versus Mixing models for theoretical comparison of refractive index 

values at different temperatures. 

For many practical applications, predicting the nonideality of binary liquid mixtures using 

the physical parameters of the pure components is essential. The comparative analysis of 

refractive index (n) of liquid mixtures can be estimated by applying various mixing models 

available in the literature [6,7]. In the present study, eight mixing models were tested and 

validated. From the Figure 3 it is clear that among all mixing model, Newton (NW) show least 
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APD values at all studied temperatures which suggests that NW model fit refractive index 

data quite accurately among other mixing models for the studied system.  

The FT-IR analysis demonstrates the presence of intermolecular hydrogen bonding within 

binary mixture of (n-BuOH + BZ). Figure 3(A-B) show FTIR spectra of pure compound and 

equimolar concentration of (n-BuOH + BZ).  By comparing the FT-IR spectra of equimolar 

binary mixtures with those of the corresponding pure compounds, it is observed that 

magnitude of C-H stretching is supressed in equimolar concentration (fig. 3(A)) while 

noticeable shift in broad O-H peak is observed (Fig 3(B). The observed shifts are attributed to 

strong intermolecular interactions hydroxyl group in n-Butanol and the cyanide group in 

Benzonitrile [3,8]. 

 

  

Fig. 4. FTIR spectra (A) C-H stretching and (B) O-H stretching vibration bond in 

Benzonitrile + n-Butanol.  

The geometrical effect on component molecule intermolecular interaction was studied 

using DFT simulations. Avogadro software and ORCA 5.0 with a functional B3LYP and 6-

311G (d,p) basic set optimized the structures of the pure and binary molecules (BZ, BZ + BU, 

BU) studied in a 1:1 ratio and exhibited them in Fig. 5 with dipole orientation [9,10]. Dipole 

moment values in the literature match theoretical values shown in Table 3. 

 

 

 

 

 

 

 

Table 3. Dipole moments of the BZ, BU and equimolar binary mixture. 
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________________________________________________________________ 

                              Compound Name            Dipole moment (Debye) 

  Theoretical Value Literature Value 

________________________________________________________________ 

BZ  4.57 4.51 [13] 

 BZ + BT            3.36       ---- 

BT  1.68 1.66 [10] 

________________________________________________________________ 

 

 

 

Fig. 5. Optimized and HOMO-LUMO structure of BZ, BZ + BU, and BU 

The structures were optimized before HOMO-LUMO study. A molecule’s electron-

donating capacity is explained by its highest occupied molecular orbital (HOMO) and 

electron-absorbing ability by its lowest LUMO. Energy gap size, defined by the HOMO-

LUMO energy differential, indicates molecular chemical stability. A bigger energy gap value 

suggests stability and low reactivity, whereas a lower number indicates molecular activity. We 

also learn about electrophilic and nucleophilic substitution in molecular electron density. The 

positive charge is concentrated in the red region, which contains many electrons, whereas the 

blue region has few. We estimated numerous parameters of BZ, BU, and their equimolar 

combination using HUMO-LUMO analysis. Properties such as HOMO and LUMO energies 

(EH and EL), electronegativity (χ), ionization potential (IP), energy gap (ΔE), electron affinity 

(EA), and chemical potential (μ) [10]. EH and EL values for all substances varied from -7.51 to 

-5.93 and -1.49 to -2.33 eV, respectively, according to Table 4. A 6.01 eV energy gap value 
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for BZ indicates the highest stability of all chemicals studied. BU has an energy gap ΔE of 

3.60 eV. BZ molecules easily form hydrogen bonds with BU due to its greater polarity. The 

ionization potential of a molecule is closely correlated with the energy of its highest occupied 

molecular orbital (HOMO), which indicates its ability to donate electrons. Electron affinity is 

associated with both the energy level of the lowest unoccupied molecular orbital (LUMO) and 

the tendency to accept electrons. The chemical potential is a key factor in understanding the 

stability of a molecule and its tendency to undergo nonspontaneous 

disintegration. Electronegativity is a measure of the strength of the attraction between 

electrons.  

 

Table 4. Various Electro-chemical parameters of the BZ, BU, and equimolar binary 

mixture. 

_________________________________________________________________________ 

Compounds Name   EH EL IP EA ΔE χ μ 

         (eV) 

_________________________________________________________________________ 

BZ     -7.51 -1.50 7.51 1.50 6.01 4.50 -4.50 

BZ + BU    -6.72 -1.91 6.72 1.91 4.81 4.32 -4.32 

BU     -5.93 -2.33 5.93 2.33 3.60 4.13     -4.13 

______________________________________________________________________________________ 

 

V. CONCLUSIONS 

Density (ρ) and refractive index (n) across the entire composition range (0.0 → 1.0) of n-

butanol and benzonitrile mixtures have been experimentally determined at 303.15, 313.15, 

and 323.15 K temperatures at atmospheric pressure. Different parameters namely, molar 

volume (Vm), molar refraction (Rm), reduced free volume (Vm/Rm), molecular radii (r), and 

internal pressure (Pint) as well as excess parameters (n)E, (Vm/Rm)E, (r)E and (Pint)E have 

been computed and the results were fitted to the Redlich–Kister equation. The (n)E, (r)E, 

(PA)E and (Pint)E values are positive over the entire composition range while the deviation in 

(Vm/Rm)E is negative over the whole composition range suggest strong intermolecular 

interactions of n-butanol upon addition of benzonitrile, surpassing the hydrogen bond 

interactions between n-butanol and benzonitrile molecules. Additionally, the refractive index 

(n) of the binary mixtures were theoretically correlated using various mixing models based on 

pure component data. The best fit results are of Newton (NW) mixing model with minimum 

Average Percentage Deviation (APD). The FT-IR spectra indicate the formation of 
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intermolecular hydrogen bonds between the -CN group of benzonitrile and the -OH group of 

n-butanol (C≡N···H-O). Additionally, computational studies using Density functional theory 

(DFT) were conducted to gain insight into the intermolecular interactions within the binary 

mixture systems being examined. 
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Abstract: - The conducting polymer Polyindole (PIn) is synthesized by chemical oxidative polymerization route and ex situ 

approach was used to produce PIn/SnO2 composites in weight % stoichiometry. AC electrical conductivity is analysed for PIn/SnO2 

composites. The measurements are carried out by varying frequency ranges from 5kHz to 5 MHz XRD and FTIR characterization 

techniques confirms the crystalline structure and structural bonding of the composites. The highest concentration of SnO2 shows the 

highest intensity peaks in XRD. AC conductivity increases with increase in frequency. The impedance plot also suggests to the 

increase in ac conductivity for the studied samples. The dielectric loss factor has higher value for lower concentration of Stannic 

oxide (SnO2) sample. 

Keywords:Polyindole, Stannic oxide, chemical oxidative polymerization, AC electrical conductivity. 

I. INTRODUCTION 

Numerous advancements have been made since conducting polymers were discovered in the late 1970s, 

and diverse uses may be found in the fields of science and engineering [1]. Conducting polymers, or CPs, can be 

easily and affordably produced on a large scale using chemical or electrochemical methods. CPs often has narrow, 

adjustable bandgaps. Particularly, CP's high conductivity and electroactive qualities enable them to catalyse redox 

reactions in fuel cells, dye-sensitized solar cells (DSSCs), biosensors, and other devices [2]. Additionally, CP 

nanomaterials are excellent candidates for use in optoelectronic and electronic sensing systems due to their large 

surface areas, biocompatibility, and ease of surface modification [3]. Because conducting polymers can inhibit the 

corrosion of a number of easily oxidizable materials, they have been employed as efficient coating against corrosion 

materials to protect metals . Examples of these polymers are polyanaline and polypyrole. Polyindole is a suitable 

option for a number of applications, including organic electronics[4]. Compared to PANI and PPy, it has a slower rate 

of degradation, high redox activity, air stability, and good thermal stability[5]. It has several benefits in a range of 

electronics applications and other characteristics that set it apart from other conducting polymers [6]. The family of 

metal oxides have been useful in various fields at great extent. When oxides are combined, the materials overall 

electrical structure is altered. This includes changes to the surface and bulk properties [7]. SnO2 is one of the most 

appealing and promising materials. Because SnO2 nanoparticles have outstanding qualities like photosensitivity, 

environmental friendliness, and photostability, they are a good photocatalyst for the destruction of organic 

contaminants in aqueous solution. A growing interest in using SnO2 anodes in lithium batteries has been observed 

recently. This is because of the oxides physical properties, such as transparency and semiconductivity, which make it 

a highly desirable oxide from a technological standpoint for gas sensors, white pigments for conducting coatings, 

transparent conducting coatings for solar cells, catalysts, and surge arrestors (varistors) [8,9].  

 As far as from the above discussion we have decided to study the AC electrical conductivity of PIn/SnO2 

nanocomposites. To the greatest extend of our understanding there is not any data available in the study of AC 

electrical conductivity of PIn/SnO2.  
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I. EXPERIMENTAL 

1. Synthesis of SnO2 nanoparticles 

The nanoparticles of SnO2 were prepared by sonication method. In this Athena Ultrasonic Homogenizer (Probe 

Sonicator) is used for sonication. Typically, 5 gm of SnO2 was dissolved in 100 ml of double distilled water and was 

stir on magnetic stirrer about 20 min. Then this mixture was ultrasonicated for 30 min. a pale white colour precipitate 

was formed.   This precipitate was filtered, washed in double distilled water and then wash by ethanol and dried out in 

an air oven at 100◦ C for 4 hours [10]. 

2. Synthesis of Polyindole 

Polyindole was synthesis from the monomer indole by chemical oxidative route, where ferric chloride (FeCl3) is used 

as an oxidizing agent. 1:1 M ratio is maintained of the indole monomer and ferric chloride. (1M) of the aqueous 

solution was taken in beaker and kept for 45 min at room temperature while being constantly stirred on a magnetic 

stirrer. A dropwise FeCl3 is added to the indole solution and for the next 3 hours stirring is continued. After 8-10 hours 

the mixture is settled down and blackish green colour confirms the formation of polyindole. After filtering this mixture, 

the precipitate was washed several times with double-distilled water to get rid of the impurities. After four hours of 

drying at 60°C, the resulting PIn was crushed with a mortar and pestle [11-12]. 

3. Synthesis of PIn/Sno2 nanocomposites 

Ex-situ approach was used to produce the PIn/SnO2 composites in weight% stoichiometry. The SnO2 content was 

varied at intervals of 5 wt% to create the composites with respect to PIn. The range for preparing composites was set 

at 5 to 20 weight%. In this manner, samples were produced for additional characterization and AC electrical 

conductivity analysis at room temperature [13]. The samples were nomenclature as AP for pure PIn, A0 for SnO2  and 

A1, A2, A3, A4 for PIn/5% SnO2 , PIn/10% SnO2 , PIn/15% SnO2  and PIn/20% SnO2. 

II. RESULTS AND DISCUSSION 

1. XRD Analysis 

At room temperature, the XRD patterns of pure PIn, SnO2 nanoparticles, and PIn/SnO2 composites were recorded in 2 

ranges: 10◦–80◦. The diffractogram all samples are shown in Fig.1. Diffraction peaks of A0 coincide with the planes 

and are detected at  (110), (101), (200), (111), (211), (220), (002), (310), (112), (301), (202) and (321) at 2θ diffraction 

angle 26.59o , 33.89o , 37’96o , 51.8o , 54.8o , 57.86o , 61.91o, 64.76o, 65.99o, 71.30o and 78.74o consecutively. These 

peaks are belonging to cassiterite crystal phase with tetragonal rutile structure [10]. SnO2 mean crystallite size was 

determined to be 49.01 nm using the Debye-Scherrer formula  D=(kλ/(β cosϴ) where k is the Scherrer constant, λ is the 

X-ray wavelength, β is the full width half maximum, and θ is the Bragg’s angle. As the concentration of SnO2 increases 

in A0, A1, A3 and A4 the peak intensity also increases. 

 

 

Fig 1 XRD analysis of AP, A0, A1, A2, A3 and A4. 

2. FTIR Analysis 

In the FTIR study of pure PIn (AP) the major peak is observed at 3404 cm-1 which indicates the N-H stretching 

and the polymerization does not occur at nitrogen. The peak at 1601 cm-1  provide us the details of C-C stretching 

of benzenoid ring indole. Also the C-N and C=N bond stretching is observed at peaks 1447 cm-1 and 1331 cm-1. 

The peak at 744 cm-1  indicates out of plane deformation of benzene or we can say that C2-H and C3-H bonds are 

only present in case of indole. Besides the peaks at 1442, 1331, 1238and 1092 cm-1 are induced by different 
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stretching frequencies of aromatic ring. According to the FTIR spectra analysis the coupling in PIn occurred 

between the C2and C3 monomer sites. But it is not possible to determine whether this structure is regular or 

random. The peak 2927 cm-1  are induced by the stretching vibrations of –CH2 bond. [14, 15] The same peaks are 

observed for corresponding composites A1, A2, A3 and A4 respectively mentioned in fig 2. 

 

 
 

Fig 2 FTIR analysis of A0, A1, A2, A3 and A4. 

3. AC Conductivity analysis 

As the data is examined from the experiments in correlation with complex impedance and phase angle i.e, |Z| and || at 
higher frequency range. A graph is plotted between real and imaginary part (Z’ and Z”) of impedance with increase in 
frequency as shown in fig 3 (a) Few conclusions are put forward the plot of Z’ and Z” tends to decrease linearly 
towards the origin implies that the conduction mechanism is active [16]. Polarization resistance acts as the charge 
transfer resistance at very low frequencies. In contrast, a high frequency will reduce the resistance [17]. 

 
Fig 3.(a) Nyquist plot and (b) Plot of Z’ as a function of frequency for all samples at room Temperature. 

 
 
 

With an increase in frequency the value of real impedance tends to decrease suggesting to the increase in ac 
conductivity as shown in fig 3 (b)The values of Z’ merge at higher frequency region for all the stoichiometric ratios. 
This behavior could be caused by the material's barrier potential decreasing and space charge releasing as the variation 
of composites rises [10]. 
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Fig 4 (a) shows frequency- dependent conductivity plot of log (σ) versus log (ω). The conductivity increases as 
frequency attains the higher values. Jonscher's universal law relation is employed to analyze the frequency dispersion 
characteristic throughout the high frequency region,  

𝜎(𝜔) =  𝜎(0) + 𝐴𝜔𝑛 

Where, the sample's frequency-independent DC conductivity is denoted by σ (0), the power law exponent, n, lies in the 
range  0 < 𝑛 < 1  [18, 19].  

The conductivity data of all samples have been fitted to the above equation. The fitted curves are represented by the solid 
lines shows a fairly strong relation with the experimental values [20]. 

 
 

Fig 4 (a)  Frequency dependent conductivity plot and (b) Plot of dielectric loss verses log (ω) for all samples at room 
Temperature 

 

At a given frequency, the phase difference caused by energy loss within the sample is reflected by the dielectric 

loss factor (tan δ). Fig 4 (b) displays the frequency dependence of tan δ for all glass samples at various 

temperatures. Because the active component of the current increases quicker than the reactive component, tan 

reaches a maximum at certain frequencies. Tan δ is observed to decrease with frequency at higher frequencies due 

to an increase in the reactive component despite the loss of an independent active component [21]. 

There could be two primary causes of the dielectric loss. The first section is the relaxation 

of Debye-type independently rotating dipoles that is thermally activated, where the only excitation source is 

thermal energy. The second portion arises at higher temperatures and is caused by an electrical scenario where 

there is an electron-phonon interaction. It rises with temperature [10,22]. 

 

An analogous method for evaluating a materials complex electrical response which minimizes or cancel the effect 

of electrode polarization. A plot between the real and imaginary part of electric modulus i.e., M’ verses M” is 

shown in fig 5 A semicircular arc in the midway of M’ axis is observed which is because of some characteristic 

properties of the material. The impedance is hence shown as, 

 
1

𝑍𝐶𝑃𝐸

= 𝑌0(𝑗𝜔)𝛽 

Where, Y0 is admittance |
1

|𝑍|
| and 0 < 𝛽 < 1 [23, 24]. 

 
Fig 7. Nyquist plot of electrical modulus for all Samples at room Temperature. 
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III. CONCLUSION 

In Summary, Polyindole was prepared by chemical oxidative method and FeCl3 used as an oxidizing agent in 

the ratio 1:1 of PIn to FeCl3. The complex PIn-SnO2 synthesized by Ex situ chemical method. The XRD shows the 

amorphous nature of  pure polyindole and the composition of PIn-SnO2 shows the crystallinity of material. The 

crystalline size of the material found to be 49.01 nm .The FTIR shows the major peak of N-H stretching at 3404 

cm-1 and 1601 cm-1 indicate the C-C stretching of benzenoid ring indole. The AC conductivity of the given 

material rises with frequency behavior. The lowest concentration of SnO2 indicates the large Dielectric loss factor. 

The impedance plot indicates the rise in AC conductivity behavior .From the above study it can be inference that 

all the parameters show the good surrounding for applicable to biological and optical studies. 
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Abstract: -Nanomaterials, with dimensions less than 100 nanometers, are the foundation of nanoscience and technology, with 

potential impacts in electronics, medicine, and other fields. Nanoparticles exhibit unique properties due to their small size, high 

surface to volume ratio, and quantum confinement. Cadmium sulfide (CdS) nanoparticles have sparked interest due to their unique 

optical and electronic properties, making them useful in optoelectronics, photovoltaics, and bioimaging. Their size-dependent 

tunability allows for customization to suit specific applications. The controlled chemical reaction of cadmium acetate is used to 

synthesize nanoscale CdS particles. CdS characterization is crucial for understanding and optimizing nanoparticle properties. 

Techniques like UV-Vis spectroscopy, X-ray diffraction (XRD), and transmission electron microscopy (TEM) are used to assess 

size, structure, and composition. These methods help tailor CdS nanoparticles for specific applications, such as bio medical 

applications and optoelectronics. XRD ensures reproducibility, while TEM images provide insights into nanoparticle shape and 

distribution.  

Keywords: Cadmium sulfide, Nanotechnology, Capping agent, Nanocomposite, Photoluminescence property. 
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I.  INTRODUCTION  

Microscopic particles with at least one dimension smaller than or equal to 100 nanometers (nm) are known as 

nanoparticles. These materials are valuable in a variety of applications because they have distinct physical, 

chemical, and biological properties that set them apart from their bulk counterparts. Nanoparticles frequently 

exhibit properties that differ significantly from larger particles of the same substance. Because the average 

diameter of an atom is between 0.15 and 0.6 nm, a large portion of the nanoparticle’s material is within a few 

atomic diameters of its surface. As a result, the surface layer’s properties may take precedence over those of the 

bulk material. This effect is especially strong for nanoparticles dispersed in a medium of varying composition, as 

interactions between the two materials at their interface become significant [1]. Nanoparticles can be synthesized 

from desired material according to our needs. The properties of these synthesized nanoparticles are different from 

those of the parent material. This is because due to its small in size most of the materials are located on the 

surface, where their interaction with the surrounding environment is much more predominant than the bulk 

material. Moreover, they have high surface-to-volume ratio. These properties can drastically influence the 

behavior of the nanoparticles which is much more different from that of the parent or bulk material. This is the 

reason why they have different chemical and physical properties than bulk material. Another factor that makes 

these nanoparticles to be different is due to their property of quantum confinement. Due to their small size, in 

these nanoparticles, electrons are confined which is the basic requirement for quantum confinement which leads 

to changes in electronic properties such as energy level, optical properties, and many more. Due to this quantum 

confinement, quantum dots can be observed in nanoparticles [2, 3]. Larger quantum dots emit longer wavelengths 

corresponding to red, therefore their appearance is mostly red in color, while intermediate sizes emit yellow or 

orange wavelength hence appearing to be yellow or red and lastly smaller sizes emit green or blue wavelength 

giving the appearance green or blue. CdS nanoparticles are semiconductor nanocrystals that have sparked 

widespread interest due to their unique optical and electronic properties. These nanoparticles are known to absorb 

and emit visible light, making them useful in optoelectronics, photovoltaics, and bioimaging. The small size of 

CdS nanoparticles (typically 2-10 nm in diameter) causes quantum confinement effects, resulting in size-

dependent optical and electronic properties. The ability to adjust the size of CdS nanoparticles to suit particular 

applications is a major benefit due to their size-dependent tunability [4, 5, 6].  

Many methods are reported in literature to synthesize CdS nanoparticles. Synthesis and characterization of 

CdS nanoparticles was done by Preeti Sahare et al using simple, inexpensive aqueous precipitation method at 

room temperature [7]. The nanoparticles were characterized using XRD, SEM, FTIR and spectroscopic 

techniques. The calculated crystalline size was calculated using XRD and it was about 30 nm. Powder 

morphology and size of the nanoparticle were characterized by Scanning Electron Microscopy (SEM). Images 

obtained through SEM showed irregular particles agglomerated with many falling 30-50 nm size ranges. The 

infrared absorption spectra were analyzed using the FTIR spectrometer. The absorption peak in the range 3600-

3100 cm−1was attributed to the OH group of water, while that at 1635 cm−1 was assigned to CO2 adsorbed on the 

surface of nanoparticles. The peak formed at 400-470 cm−1 indicates the formation of CdS nanoparticles. The 

UV-visible absorption of these nanoparticles showed a strong absorption at 345 nm. The preparation and 

characterization of CdS nanoparticles by chemical co-precipitation techniques with thiophenol as capping agent 

have been conducted by B. Srinivasa Rao et al. XRD studies revealed the calculated crystalline size was around 

13 nm. PL, SEM, and TEM were also done [8]. H. L. Lee et al successfully synthesized the nanoparticle by 

heating cadmium chloride along with thiourea in ethanol. The reagents were of analytical purity and distilled 

water was used throughout the experiment. Solution A was prepared by dissolving cadmium chloride and 

thiourea into ethanol, while the solution was prepared by dissolving sodium hydroxide in ethanol. The mixture 

was held under reflux for 10 hours, forming a white precursor. The yellow precipitates were collected and dried 

in a vacuum oven. The XRD analysis showed a transformation from cubic to hexagonal crystalline phase. The 

UV-visible results indicated that the quantum confinement effect took place when compared to bulk CdS [9]. L. 

Dhatchinamurthy, et al used reagents cadmium acetate, thiourea, and Polyvinyl alcohol (PVA) to synthesize a 

CdS nanostructure thin film. The reagents were prepared using deionized water and stirred for 1 hour at 40°C. 

The PVA was then blended with CdS precursor materials and stirred for nearly around 8 hours. The solutions 

were coated on a glass substrate and dried at 50°C for 1 hour. The thin film’s color changed from transparent to 

light yellow, indicating the formation of the CdS nanostructure [10].  

Our work aims to synthesize CdS nanoparticles under two conditions: with and without PVP. Following 

synthesis, these nanoparticles were tested using various characterization techniques, including X-ray diffraction, 
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FTIR, UV-visible spectroscopy, Scanning Electron Microscopy, Transmission Electron Microscopy and 

Photoluminescence (PL) spectroscopy. The effect of capping was observed on the luminescence of CdS-PVP 

nanocomposite using fluorescence spectroscopy. 

II. MATERIALS AND METHODS 

The synthesis of cadmium sulfide (CdS) using cadmium acetate involves a controlled chemical reaction that 

leads to the formation of nanoscale CdS particles. According to stoichiometric calculations, weigh the required 

amount of cadmium acetate and dissolve it in 100 ml of distilled water. Stir the solution until complete 

dissolution. In a separate beaker, dissolve sodium sulphide in 25 ml of ethanol and prepare another solution. Pour 

the cadmium acetate solution into the reaction vessel equipped with a magnetic stirrer. While stirring, slowly add 

the Sodium sulphide solution to the cadmium acetate solution. Maintain a constant stirring rate to ensure 

homogeneity. Continue stirring the solution for a predetermined duration to allow the complete precipitation of 

CdS nanoparticles. After precipitation, separate the solid CdS nanoparticles by centrifugation. Discard the 

supernatant and wash the precipitate with deionized water and ethanol to remove impurities.  They are further 

kept in a furnace at 200°C for about 2 hours. The synthesized CdS nanoparticles were characterized using 

techniques such as UV-Visible spectroscopy, X-ray diffraction (XRD), and transmission electron microscopy 

(TEM) to assess their size, composition, and crystal structure. This method is repeated again but this time 

capping reagent is PVP (Poly n-vinyl pyrrolidone) added before the formation of precipitation. Hence, two CdS 

samples are formed, one where CdS is formed by adding a capping agent and another without the capping agent. 

A capping agent, when added during the synthesis of nanoparticles like cadmium sulfide (CdS), plays a crucial 

role in controlling the size, shape, and stability of the nanoparticles.  It forms a protective layer around the 

nanoparticles, preventing them from agglomerating and providing colloidal stability. This capping agent also 

influences the surface chemistry of the nanoparticles. The choice of capping material is essential as it directly 

impacts the function of nanoparticles and enhances the properties of nanoparticles and their performance in 

various practical applications.  

Characterization of cadmium sulfide (CdS) is a critical step in understanding and optimizing the properties of 

the synthesized nanoparticles and to assess the size, structure, and composition of CdS nanoparticles. Techniques 

employed for characterization include UV-Vis spectroscopy, X-ray diffraction, and transmission electron 

microscopy (TEM). UV-Vis spectroscopy and Fluorescence spectroscopy is used to assess the optical properties 

of CdS nanoparticles, providing information on absorption and fluorescence spectra. XRD is employed to 

determine the crystal structure and phase purity of CdS, elucidating the material’s composition and confirming its 

crystalline nature. TEM enables detailed imaging of the particle morphology and size distribution. The 

importance of characterization lies in tailoring CdS nanoparticles for specific applications. For instance, in 

optoelectronics, understanding the size-dependent bandgap of CdS through UV-Vis spectroscopy aids in 

designing materials with desired electronic properties. XRD ensures the reproducibility of the synthesized CdS, 

essential for applications wherein crystalline structure impacts performance. Characterization is indispensable for 

harnessing the unique properties of CdS in diverse fields, guiding the fine- tuning of synthesis parameters for 

optimal performance in applications ranging from sensors to photovoltaics. 

III. RESULTS AND DISCUSSION 

1. X-Ray Diffraction 

The X-ray diffraction (XRD) pattern helps to identify the phases that are present in the synthesized sample 

by providing important details about the crystalline structure of materials.  As shown in Figure 1 three distinct 

peaks at various angles are visible in the XRD pattern, suggesting the presence of a cubic zinc blend crystal 

phase. Broadened peaks are seen, which is a feature frequently connected to nanocrystalline materials. Because 

there are fewer lattice planes in nanocrystals than in bulk materials, this broadening occurs. Defects like 

twinning and dislocations also contribute to peak broadening by reflecting the crystal structure’s micro 

straining. These flaws arise spontaneously during the course of the chemical reaction and are intrinsic to 

chemically synthesized nanocrystals. The XRD line’s diffuse and broad character suggests that the CdS 

nanoparticles are very small in size. The phase is confirmed to be pure CdS by comparing the obtained “hkl” 

values with those found in the standard JCPDS file (10-0454). In particular, the XRD pattern shows clear peaks 

at 2θ scattering from the (11 1), (220), (311), and (335) planes. All things considered, the XRD analysis offers 

strong proof that the synthesized sample is composed of nanocrystalline CdS, with the observed peak 

characteristics pointing to a small particle size and a well-defined crystal phase. Figure 1(b) shows the X Ray 
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diffraction image of CdS capped with PVP. The peak position hasn’t shifted confirming the fact that only 

coating of PVP has been formed and the crystal structure is the same as in pristine CdS sample. 

 
Figure 1: X-Ray diffraction pattern of CdS (a) without PVP and (b) capped with PVP [Smoothing by 

Savitzky-Golay smoothing function in origin software] 

2. FTIR spectroscopy 

 
Figure 2: FTIR spectra of CdS (a) without PVP and (b) capped with PVP 

The FTIR spectrum shows various bonds between the constituent atoms. Here, Absorption peaks in the range of 

3700 cm-1 could be attributed to the group of water adsorbed by the sample. Small peaks near the 600 cm−1 range 

may be indicated as the formation of CdS as this region is assigned Metal Sulphur bond [Figure 2(a)]. On the 

other hand, the peak range between 1300 cm−1 and 1400 cm−1 corresponds to C-N stretching motion and C=0 

stretching motion of monomers for PVP respectively [Figure 2(b)]. A narrow absorption peak between 1500 

cm−1 and 1700 cm−1occurred due to C-H bonding due to the presence of PVP [11]. The relatively intense S-O 

stretching absorption bands in range 400 cm−1 to 600 cm−1 shows presence of Sulphur-oxygen compounds [12]. 

                 C. Scanning Electron Microscopy (SEM) 

SEM is a helpful tool to be used for the characterization of materials because it exposes the sample to a high-

energy electron beam that provides information about the material’s topography, morphology, composition, 

chemistry, grain orientation, and other characteristics. Figure 2 is the SEM image of the synthesized CdS 

nanoparticles at a 5000 magnification. It shows the spherical CdS nanoparticles are arranged on the surface with 

rough morphology. It has been reported that the capping agent enhances the mono dispersive property. They 

show uniform crystal structure [13]. 

 

(a) (b)
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                             Figure 3: Scanning Electron Microscopy image of CdS capped with PVP 

                    D.Transmission Electron Microscopy (TEM) Analysis 

Figure 4 shows the HRTEM images of CdS nanoparticles without capping and with capping by PVP. The 

aggregated CdS nanoparticles form a bigger size cluster if not capped with PVP [Figure 4 (a)].  

 
 

                              Figure 4: CdS sample without PVP (a) TEM image (b) HRTEM image (c) SAED pattern and 

CdS sample with PVP (d) TEM image (e) HRTEM image (f) SAED pattern 

The Cluster of CdS nanoparticles are mostly spherical in nature with the size in the range of 50-60 nm. The 

SAED pattern shows the crystalline planes as revealed in XRD graphs [Figure 4 (b) and (c)].  When capped 

with PVP, the CdS nanoparticles could not form a cluster. They are uniformly distributed in the PVP matrix as 

shown in figure 4 (d). The layer of PVP decreases the growth rate of CdS nanoparticles and slows down the 

agglomeration by Oswald ripening and thereby narrowing down the size distribution. The average particles 

size is in the range of 7 nm – 12 nm. The corresponding SAED images for capped nanoparticles are shown in 

Figure 4 (e) and (f). The d-spacing of the plane (111) are observed to be fairly matching with that of the sample 

without PVP capping. This shows that the crystal structure is unaltered. The crystal planes are well matched 

with X Ray diffraction graph of capped CdS nanoparticles.  

 

E. UV-Vis spectroscopy 
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The CdS semiconductor is II-VI direct band gap semiconductor having bandgap 2.42 eV for bulk material 

[14]. From the figure 5 (a), we can conclude that the maximum absorbance occurs at the wavelength 290 nm. It 

means that the electrons in the material are absorbing light strongly at that wavelength, undergoing electronic 

transitions that take them to higher energy levels. The absorbance at 290 nm in CdS is relatively weak, which 

is typical for (n → π) transitions [15]. From the figure 5 (b), we can conclude that maximum absorbance range 

increases covering wavelengths from UV to visible region. The variation in absorbance wavelengths suggests 

that the interaction between the compound and PVP alters the electronic environment, potentially affecting the 

types of transitions occurring within the molecule. The shift from 290 nm to higher wavelength with the 

addition of PVP implies a change in the structural arrangement or electronic properties of the compound, 

highlighting the importance of considering the specific effects of PVP on the compound’s UV-visible spectrum 

analysis. Here, CdS nanoparticles behave differently from expected since their maximum absorbance in UV-

visible is usually observed at 400 nm. This may be due to specific experimental conditions, sample preparation, 

or other factors. 

 

 
Figure 5: UV absorption spectra of (a) pristine CdS and (b) CdS capped with PVP 

 

F. Photoluminescence properties 

CdS nanoparticles are having good photostability and fluorescent property with broad excitation 

wavelength [16]. This excellent quality of CdS nanoparticles can be useful for many biomedical applications 

like bioimaging, drug delivery, and biosensors. The uncapped CdS nanoparticles emission spectrum is shown 

in Figure 6 (a). The sample shows varied emission intensity with change in excitation wavelengths such as 254 

nm, 330 nm and 390 nm. The maximum intensity has been observed for 330 nm excitation wavelength. When 

the nanoparticles are capped by PVP, the intensity of CdS nanoparticles has been increased by many folds. The 

two major emission peaks at 415 nm and 450 nm retained their positions, but intensity has been increased by 

almost 70 times as shown in figure 6 (b). This enhancement in the luminescent property may be occurring due 

to surface modification of CdS nanoparticles by PVP molecules, thus minimizing surface defects and 

enhancing the electron hole recombination [17].  
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Figure 6: Photoluminescence property of CdS nanoparticles (a) without capping agent, (b) with capping 

agent PVP 

IV. CONCLUSION 

In summary, the CdS nanoparticles were prepared by facile controlled chemical precipitation technique. The 

PVP was used as a capping agent. The increase in PL intensity is observed after capping. The CdS 

nanoparticles vary in toxicity depending on their size and surface to volume ratio. They have high potential to 

act as antimicrobial agent or as anticancer agent. Also, the tunable PL intensity which is excitation wavelength 

dependent can be a crucial factor for bioimaging application. Thus, for biomedical applications CdS 

nanoparticles are potential candidates.  
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Abstract: - The study investigates Polyaniline (PANI) nanocomposite synthesized via chemical oxidative 

polymerization of aniline using ammonium peroxodisulfate as an oxidant. Characterization of the 

prepared PANI nanocomposite was conducted through UV-visible (UV-vis) absorption spectra, X-ray 

diffraction (XRD), and Fourier transform infrared spectroscopy (FTIR). XRD analysis revealed the 

amorphous nature of PANI. The formation of PANI was evidenced by its dark green coloration. In EMI 

shielding applications, the addition of metal nanocomposite enhanced the shielding effectiveness of PANI 

nanocomposite. Furthermore, PANI improved  absorption efficiency of the material. 

Keywords: Polyaniline; Nanocomposite; EMI shielding. 
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1.Introduction 

1.1. Polyaniline (PANI) Polyaniline was invented by a German chemist, carl Julis Fritzsche, in 1840. He 

first obtained colourless oil from indigo and called aniline due to the similarity of these two    material in 

appearance and these oxidized this oil to Polyaniline. Since this invention of Polyaniline has attracted lots 

of attention of scientific community. Conducting polymers are a new class of polymers with electronic and 

ionic conductivity that were discovered in 1977 [1].  Polyaniline is considered one of the important 

members of this class of materials due to its low cost, low weight, environmental stability, corrosive 

resistance, and ease of conversion between base and salt by adding base (OH)- or acid (H)+ [2]. Polyaniline 

has attracted attention due to its various structures [3]. Polyaniline has a rather unique polymeric structure 

which is mainly composed of sequentially alternating benzene rings and nitrogen atom. Polyaniline 

Nanocomposite can be regarded as a material consisting of PANI  matrix and one or more components such 

as semiconductors metals nanoparticles, organic components inorganic compounds as well as biological 

and natural products in order to improved polymer backbone properties or extend its functionalities. The 

process of mixing materials with polymers is the result of polymeric composites.[4]  ssThe process of 

mixing material with Polyaniline results in polyaniline composites. [5] PANI has been used in many 

applications such as solar cells, batteries, supercapacitors, corrosion-resistant coatings, sensors and EMI 

shielding etc.[5] Polyaniline exhibits tremendous properties. It’s physical properties depend on its three 

forms, which show different colours according to their chemical nature. The optical properties of 

polyaniline are used to study the oxidation level and protonation process of the polymer. Polyaniline shows 

noticeable differences in mechanical properties depending on the polymerisation method from which it was 

prepared. Polyaniline also has anticorrosive propertiesPANI films doped with boric acid show 

semiconducting properties. Due to its semiconducting properties, polyaniline is widely used in organic field 

transistors [5]. PANI exist in three different forms such as fully oxidised Pernigrtaniline (PAB),  

leucoemraldine base (LEB) semi oxidised emraldine base (EB) PANI [5] also have electrical conductivity  

only  in the emraldine form and other type do  not show significant  Polyaniline (PANI) continues to attract 

considerable attention because its electrical and optical properties can be changed by oxidation and 

protonation of the amine nitrogen atoms. PANI is known for its excellent thermal and environmental 

stability. [6] 

1.2.Electromagnetic interference (EMI) Shielding Application: Electromagnetic interferences (EMI 

shielding) in which blocking of conducting or radiating electromagnetic radiation into shielding material. 

[7] EMI shielding in electronic device and equipment is the use of manufacturing techniques and materials 

to protect signal from being distorted by external electromagnet signals as well as preventing generated 

signals from interfering with surrounding. EMI shielding is the class of of an intelligent packaging. EMI an 

undesirable electromagnetic induction triggered by extensive use of alternating current or voltage that can 

produces corresponding induced signal in the nearby electronic circuit and make it reduced its 

performances. [7] It is necessary to reduced electromagnetic interference by decrease errors and noise in 

electronic systems. Due to EMI high density, corrosiveness, weak mechanical flexibility tedious and costly 

processing reduces the use of metals and metallic composites for EMI shielding nonmaterial’s are trending 

mostly on polymeric matrix, carbon matrix, and ceramic matrix nanocomposite. Electrical and magnetic 

fields creates the improved EMI shielding effectiveness. Conducting Polyaniline composites are also 
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mainly used in EMI shielding purposes. EMI shielding is the material property that stops the transmission 

of EM waves. 

Shielding by reflection (SER): The waves reflected due to the mismatch of incident electromagnetic waves 

with the shielding nanomaterials. The reflection occurs on the surface of the shielding material when 

incident on the EM waves. High electrical conductive materials containing free charge carriers which make 

them favorable reflection [7] 

Shielding by absorption (SEA): The rays in which microwave region comprise electric and magnetic field. 

The interaction due to these field ohmic losses occur  as well as dipole of these shielding  material  electric 

and magnetic field of dipole are necessary shielding material of these of EM waves the absorption is 

primarily because of magnetic hysteresis losses and current generated in the shielding material that is 

ohmic losses. [7] 

Shielding  by multiple reflections (SEMR): In the multiple reflections shielding efficiency and capability of 

the absorption   associated with the shielding material. The electromagnetic (EM) radiation reflects at 

multiple borders within the shielding material when the shielding thickness is less compared to the skin 

effect. The nanomaterial having multiple boundaries in the structure are most important for multiple 

shielding.[7]  

2.Experimental 

 Materials: Aniline monomer were used as the precursors and Ammonium per sulfate was used as oxidizing 

agent, Hydrochloric acid, Distilled Water etc. 

 Synthesis of Polyaniline: Polyaniline have been most widely synthesis chemical and electrochemical 

technique. Polyaniline can be synthesis by chemical oxidative polymerization method. The chemical 

oxidative polymerization process is of important for synthesis of Polyaniline on a large scale. In this work 

we used the oxidative polymerization method. The aniline monomer 10 ml was dissolved in150 ml of HCL 

in a beaker. This solution was kept on the magnetic stirrer after that 10 gm of ammonium per sulfate was 

dissolved in 50 ml distilled water and this solution drop wise  added by using burette in aniline solution. 

This reaction can take place 5 hours of stirring process dark green solution was formed the whole reaction 

was kept still at room temperature (250) this stirrer solution was filtered and the obtained product was 

washed by using distilled water. The obtained product was dried in vacuumed oven at temperature of 400 

And then Polyaniline powder was obtained. [8] 

                    3. Results and Discussion 

3.1. X-Ray Diffraction:  The XRD pattern of the synthesized Polyaniline (PANI) from (figure1) It can be 

observed that, three bands are ascribed to the periodic parallel and perpendicular features of the polymer 

chains of PANI. They are centered at 2θ= 6.7o, 19.77 o and 25.88o   corresponding to (100),  (11-1) and (400) 

crystallographic planes reflection of PANI respectively.  The interlayer spacing (d)  was evaluated 

according to Braggs law.  

                                                     nλ=2dsinθ                        (1)                                                                                

where n is an integer, λ is the XRD wavelength (0.154050 nm) and θ is the angle between the incident ray 

and the scattering planes. The XRD pattern show highest intensity peak at    25.88owhich represent the 

characteristic peak in the PANI and it is consistent with reported data in literature . The 2θ value for the 

most prominent peak was used in calculating the interlinear spacing value (d) from Equation (1). 2.48509 

A0 or 0.248509 nm was obtained for synthesized PANI  is shown that PANI is amorphous  in  nature.  
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3.2. UV- Visible Spectroscopy: The  UV-visible spectra of the synthesized Polyaniline nanocomposite were 

measured using a UV-visible spectrophotometer in the wavelength range of 200-1000 nm as  shown in 

(Figure 2.) The peaks at 339 nm is attributed to the π- π* transition in benzenoid units of the polymer 

chains. The other band at 630 nm is associated with the π–π* transition in quinonoid rings. [9] The 

absorption characteristic bands found at 599 nm. [10] It shows maximum absorption at 339 nm with respect 

to 659 nm. [11] These observation are consistent with literature report of PANI. Above 419 nm the 

absorption is gradually decreases and above 579 nm gradually increases up to 599 nm and above that also 

increases. 

3.3. Fourier Transform Infrared Spectroscopy: FTIR spectra of PANI polymer displays the characteristic 

bands stretching deformation the spectra are collected using 4000-400 cm-1 . The FT-IR spectra good 

agreement with the previously reported results [10][11]. The FT-IR spectra of Polyaniline nanocomposite 

as shown in (Figure 3). The PANI polymer displayed the characteristic bands of secondary amine (N-H) at  

3242.02 cm-1, the C=C stretching  deformation of  the quinoid at 1582.52 cm-1 , benzenoid  rings at 1501.92 

cm-1  and the C-H stretching of the secondary aromatic amine at 1151.57 cm-1,  the C-H (out of plane ) of 

stetching of the distributed benzene ring at 820.59 cm-1 . The  PANI nanocomposite displayed almost 

identical characteristic bands at  3230, 1568, 1501, 1289, 824  cm-1  . 

 

         .   

          Figure 1. XRD pattern of PANI                          Figure 2  UV-Vis Absorption spectra of PANI 
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4. Conclusions 

The polymerization of aniline monomer and conductive polyaniline nanocomposites were synthesized by 

chemical oxidative polymerization method. It has wider application, easy process and commercial 

production and molecular structure and it was confirmed by UV-visible spectroscopy X-ray diffraction and 

Fourier transform infrared spectroscopic techniques. The polyaniline nanocomposites were discussed as an 

application of electromagnetic interference shielding as absorption dominant in EMI shielding uv-visible 

spectra show highest absorption bands at 599 nm and 659 nm. PANI effective material for  EMI shielding 

application. 
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Abstract: - In this paper we have reported the synthesis and the photoluminescence properties of the phosphor KSr4 (BO3)3:Gd3+, Bi3+, 
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I.  INTRODUCTION  

The host and activators may have a significant impact on photoluminescence. It may cover the entire 

electromagnetic spectrum, from ultraviolet to infrared. Most often, inorganic substances like phosphate, borate, 

sulphates, and fluorides are utilized as hosts, and rare earths with desired distinctive emission and excitation 

spectra are used as activators. Host lattices do not appreciably impact the electronic transitions of rare earth ions. 

[1] Applications for UV emitting phosphors are numerous. In addition to being used to create phototherapy 

lamps, UV-emitting phosphors are also utilized in low-pressure lamps, photochemistry, X-ray imaging 

equipment, water filtration and other applications.[2] 

Phototherapy has a long history of use in the treatment of skin conditions. The causes and signs of different 

skin illnesses vary, but phototherapy is a very effective treatment for them. Since phototherapy has the fewest 

negative effects of all the treatments, the demand for phototherapy lamps on the global market is rising daily. 

Additionally helpful for treating various skin diseases and skin renewal, phototherapy is a good treatment option. 

[3] The primary and most crucial factors for treating the specific condition with phototherapy are the wavelength 

of the light selected for the treatment and the duration of the exposure. 

UV light is divided into UVC (100–280 nm), UVB (280–315 nm), and UVA (315–400 nm).   Whereas UV 

light (100-400 nm) is appropriate for treating skin problems, phototherapy that uses UVA light with the 

medication psoralen is referred to as PUVA phototherapy, while UVB phototherapy uses UVB light. For 

luminous ions, borate materials make ideal host lattices. Numerous rare earth doped borate compounds have high 

optical damage thresholds and UV transparency, making them excellent hosts for UV emitting phosphors. Due of 

their well defined UV emission, Gd3+-activated phosphors have received a great deal of attention. The high 

efficiency of gadolinium borate phosphors, which range from orthoborates to pentaborates, has shown them to be 

potential candidates for use in optoelectronic devices. [4-8]. 

We have described the phosphor KSr4 (BO3)3 doped with different activator Gd3+,Bi3+,Pb2+ in this study. For 

the first time, these phosphors were created using the re-crystallization technique. The optical characteristics of 

these phosphors were explored. The borate group contains a variety of useful phosphors, such as LaB5O9:Ce3+ 

[9], LaMgB5O10:Ce3+ [10], Na2La2B2O7:Ce3+ [11], and LiSrBO3:Gd3+.  

II. EXPERIMENTAL 

The phosphors KSr4 (BO3)3:Gd3+,Bi3+,Pb2+ were synthesized first time by a recrystallization method.  This 

process has a few key advantages, such as a relatively low temperature route, improved controllability, and ease 

of solubility. [12-13] Stoichiometric quantities of the metal nitrates K(NO3), Sr(NO3)2, boric acid, and 

gadolinium nitrate Gd(NO3)2,Bismuth nitrate Bi(NO3)3,Lead nitrate Pb(NO3)2 were used to make the phosphor. 

In a little volume of double-distilled water, the starting ingredients K(NO3) and Sr(NO3)2 were first dissolved. A 

magnetic stirrer was used to stir constantly for a few minutes while the stock solution of activators was added in 

nitrate form. By vigorously stirring for a few minutes at 50 ᵒC, boric acid was dispersed in double-distilled water. 

Next, a drop at a time of this solution was poured into the mixture. After that, the entire homogeneous solution 

was put on a hot plate set to 70ᵒC to gradually evaporate any extra water. Finally, heat and crushing were applied 

to the dried precursor. A white crystalline powder of KSr4 (BO3)3:Gd3+,Bi3+,Pb2+  were obtained after crushing 

the dry precursor and heating it for two hours at 900ᵒC. A spectrophotometer, powder XRD, scanning electron 

microscopy, and EDX were then used to characterize the resulting powder sample. 
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Figure1. -Flowchart of synthesis of phosphors by re crystallization method 

 

III. RESULT AND DISCUSSION 

The phosphor KSr4 (BO3)3 doped with different activator Gd3+,Bi3+,Pb2+ were analysed using an X-ray 

Diffractometer with a scan speed of 5.000ᵒ/min in the range of 10-80 ᵒ, and the results of the XRD analysis 

verified the crystallinity and phase purity of the compound. At room temperature, a fluorescence 

spectrophotometer was used to measure the excitation and emission spectra. The photomultiplier tube (PMT) 

detector voltage, spectral resolution, scan speed, and the width of monochromatic slits (0.1 nm) were all held 

constant throughout the examination of the samples. Scanning electron microscopy was used to examine the 

structural and morphological properties, including particle size and shape. 

 1.XRD analysis- 

The XRD pattern, examined using a Rigaku Miniflex II X-Ray Diffractometer, confirmed the phase purity 

and crystalline structure of the produced phosphor. The XRD patterns for KSr₄(BO₃)₃ are shown in Figure 2. 

Each diffraction peak corresponds to the pure phase of the prepared sample, matching well with the standard data 

for KSr₄(BO₃)₃. The strong and precise diffraction peaks indicate that the sample has been properly crystallized. 

The Rietveld refinement data for the KSr₄(BO₃)₃ phosphor revealed lattice parameters of a = 11.0384 Å, b = 

11.9897 Å, and c = 6.8845 Å, belonging to the space group Ama2 (No. 40). The unit cell volume is 911.174 Å³, 

with Z = 4, and the angles α = 90.00°, β = 90.00°, and γ = 90.00°. The refinement achieved goodness-of-fit 

coefficient values of Rb = 11.03% and Rwb = 15.22%. 

  

 

Soluble soln of  K(NO3) and 

Sr(NO3)2 

Solution of Boric acid dissolved at 50ᵒC Stock Solution of 

Gd2O3,Bi(NO3)3,Pb(NO3)2 

Dried at 70ᵒC 

White powder form 

Sintered at 900ᵒC for 2hours and 

After Crushing white phosphor 

KSr4(BO3)3 :Gd3+,Bi3+,Pb2+ 
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Figure2.- Reitveld analysis patterns for X-ray powder diffraction data of KSr₄(BO₃)₃. 

 

2. Photoluminescence Spectroscopy- 

The accompanying figure 3 presents the excitation and emission spectra of KSr₄(BO₃)₃ :Gd³⁺, Bi³⁺, Pb²⁺, 

obtained using a Hitachi F-7000 fluorescence spectrophotometer at room temperature. The phosphor 

KSr₄(BO₃)₃:Gd³⁺ shows an excitation peak at 275 nm and an emission peak at 313 nm when excited at this 

wavelength. This emission at 313 nm, under 275 nm excitation, corresponds to the ⁶P₇/₂ → ⁸S₇/₂ transition. 

Figure 3 (a). illustrates how the PL intensity increases with the concentration of the dopant Gd³⁺ ions up to 2 

mol%, after which it begins to decline due to concentration quenching. Concentration quenching primarily occurs 

due to photon reabsorption, multipole-multipole phonon interaction, and non-radiative energy transfer between 

dopant ions. The likelihood of energy transfer between activator ions is determined by the nth power of the 

distance between them. As the concentration of dopant ions increases, the distance between them decreases, 

leading to increased energy transfer. The critical distance for energy transfer (Rc) can be determined using the 

equation given below 

Rc = 2 [
3V

4πXcZ
]

1
3
 

 

Rc stands for the critical distance, V for the unit cell's volume, Z for the number of cations, and Xc for the 

critical concentration of the activator ion (Gd3+). The critical distance is discovered to be 17.09Å for the phosphor 

KSr₄(BO₃)₃ :Gd³⁺ at V=911.144 Å3 , Xc=0.02, and Z=4. Nonradiative energy transfer is primarily caused by 

three processes: exchange interaction, radiative reabsorption, and multipole-multipole contact. When excitation 

and emission spectra match, there is radiation reabsorption; nevertheless, exchange interaction is considered 

when the critical distance is less than 5. Thus, neither of the procedures is relevant in this situation. [14] 

 
 

(a)KSr₄(BO₃)₃ :Gd³⁺  
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Figure3. - PL excitation and emission spectra of (a) KSr₄(BO₃)₃ :Gd³⁺ (b) KSr₄(BO₃)₃ :Bi³⁺(c ) KSr₄(BO₃)₃ :Pb2⁺ 

 

In Figure 3(b), broad excitation bands are observed between 220 nm and 290 nm, with a peak at 251 nm, 

corresponding to the 1S0 → 3P1 transition of Bi3+. When excited at 251 nm, an emission band appears at 401nm, 

indicating the transition from the 3P1 excited state to the 1S0 ground state. The absence of splitting or multiple 

bands in the emission spectra suggests that Bi3+ ions are likely occupying the positions of Sr3+ ions in the lattice. 

According to extensive literature on the luminescence of Bi3+ in inorganic hosts, Bi3+ typically absorbs light in the 

220–290 nm range and emits in the 350–450 nm range.Figure 3(c ) shows the photoluminescence spectrum of 

Pb²⁺ doped in the KSr₄(BO₃)₃ host material. The excitation band for the synthesized KSr₄(BO₃)₃:Pb²⁺ phosphor 

was observed at 285 nm, corresponding to the ¹S₀ → ³P₁ transition, and the emission band was observed at 370 

nm, corresponding to the transition from the ³P₁ excited state to the ¹S₀ ground state.This spectrum is 

characterized by the ¹S₀ → ³P₁ transition, originating from the 6s² → 6p interconfigurational transition. Typically, 

at room temperature, emission is observed from the ³P₁ → ¹S₀ transition, although at low temperatures, the highly 

forbidden ³P₀ → ¹S₀ emission is also seen. There is not any splitting or multiple bands in the emission spectra  

observed, indicating that the Pb²⁺ ions are incorporated at only one site (Sr²⁺ ion site) in the crystal lattice. In 

many inorganic hosts, the emission band of the Pb²⁺ ion is in the UV region, but in some hosts, Pb²⁺ can emit in 

the visible region. This variability depends strongly on the site occupied by Pb²⁺ ions, the crystal structure of the 

host lattice,temperature and the electronegativity of the ligand.[15] 

 

 

3. FE-SEM analysis- 

By using the FE-SEM technique, as demonstrated in figure 4, the microstructural evaluation of the 

KSr₄(BO₃)₃ phosphors was carried out. The synthesised phosphors crystalline shape showed microgranularity 

λex=250nm 
λem=401nm 

λex=285nm λem=370nm 
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with a particle size range of 1 to 100 nm. This is appropriate for the high-energy emissions and absorptions from 

the phosphor particles outer surface. The luminescence intensity, which is controllable, is always impacted by the 

particle size and surface shape. The SEM scans show both larger and smaller individual particles, indicating that 

the particle sizes and shapes are random. Recrystallization is a gentle chemical method that saves time and 

money. It can be seen in the figures below that certain little particles with irregular shapes are present on top of 

the larger particles. 

 
Figure 4.-SEM images of KSr₄(BO₃)₃  

 

4. Energy Dispersive X-ray Analysis- 

Through energy dispersive X-ray analysis, elemental analysis verifies the components in the produced 

materials and determines their qualitative chemical makeup (EDX). KSr₄(BO₃)₃:Gd³⁺, Bi³⁺, Pb²⁺ were formed by 

recrystallization method, and their formation was confirmed by EDX element analysis. The results shown in the 

next graphs figure 5 demonstrate how well the EDX data agree. However, it is quite challenging to use an EDX 

detector to find light elements like lithium and boron. However, the EDX graph's constant proportionality 

between the components demonstrates how the phosphors KSr₄(BO₃)₃ were formed correctly. 

 
 

Figure 5. EDX analysis  of KSr4(BO3)3 

 

IV. CONCLUSION 

Recrystallization was employed to effectively synthesize the inorganic borate host phosphors KSr₄(BO₃)₃ 

doped with Gd³⁺, Bi³⁺, Pb²⁺. This method is simple, rapid, low-temperature, and cost-effective. 

Photoluminescence (PL) studies indicate that this technique is particularly effective for synthesizing inorganic 

compounds with a borate host. When excited at 275 nm, KSr₄(BO₃)₃  doped with Gd3+ emits strongly at 313 nm. 

For KSr₄(BO₃)₃ doped with Bi3+, an excitation at 251 nm results in an emission band at 401 nm, corresponding to 

the transition from the 3P1 excited state to the 1S0 ground state.For the synthesized  KSr₄(BO₃)₃ :Pb2+phosphor, the 

excitation band was observed at 285 nm, corresponding to the 1S0 → 3P1 transition, with an emission band at 370 

nm, corresponding to the transition from the 3P1 excited state to the 1S0 ground state.  KSr₄(BO₃)₃ phosphors 

doped with Gd³⁺, Bi³⁺, Pb²⁺ exhibit UV-B emission bands, making them highly suitable for phototherapy 

applications. 

 

Element Line Mass% Atom% 

B K nd nd 

O K 18.92+0.91 54.16+2.60 

K K 5.32+3.69 6.24+4.33 

Sr L 75.76+5.47 39.60+2.86 

Total  100.00 100.00 
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Abstract: - As a progressive research in optical materials, Ba3Y2(BO3)4:Eu3+ red emitting phosphor is synthesized by simple route of 

solution combustion technique, the synthesis was based up on the exothermic reaction between the fuel (Urea) and oxidizer (Nitrate), the 

heat release in reaction was utilized for auto combustion of ingredients, the phase formation and crystal structure of prepared borates 

material was determined by powder XRD technique. The emission spectrum exhibited one strong red emission at 613 nm, corresponding 

to the electric dipole 5D0-
7F2 transition of Eu3+, under 365 nm excitation. The emission spectrum at 613 nm indicated that the 

Ba3Y2(BO3)4:Eu3+  phosphor was effectively excited by ultraviolet (UV) (254, 365 and 400 nm) and blue (470 nm) light. The optimal Eu3+ 

doping concentration is ~5 mol%, which is higher than that of other hosts. Furthermore, CIE coordinates are x=0.64& y= 0.36 the 

characteristics of thermal quenching are also studied. All data suggest that Ba3Y2(BO3)4:Eu3+  phosphor found  potential candidate in 

white light converted LEDs.   

Keywords: Combustion synthesis, photoluminescence, phosphors, w-LEDs. 

 

Introduction 

       The current development in cutting edge technology of lighting industry, fascinates more reliable and 

environment friendly light emissive devices. Nowadays, saving energy and reducing greenhouse gas 

emissions has become the consensus of people all over the world [1-6]. Usage of Lighting for daily is a large 

proportion of energy consumption, so replacing inefficient lighting technologies is greatly important in 

terms of sustainable development and environmental protection. White light emitting diodes (white LEDs) 

are more and more recognized and developed rapidly in the current solid-state lighting field [7-8], since they 

have many advantages over traditional incandescent lamps and fluorescent lamps, such as energy saving, 

high efficiency, long working life, easy control and environmental friendliness [9-12]. Energy-efficient 

white LED lighting technologies have already been widely applied to replace all inefficient old lighting 

systems. The most mature method for fabricating white LEDs involves the combination of InGaN-based 

blue LED chips and commercial Y3Al5O12:Ce3+ yellow phosphors [13-15], but the obtained white-light 

emission exhibits a low color rendering index (CRI < 75) and a high correlated color temperature (CCT > 

4500 K) due to inadequate red light component [33,34]. An alternative approach, which uses  

the near-ultraviolet (near-UV) LED chips to excite red/green/blue tri-color phosphors, has been proposed to 

fabricate white LEDs with high CRI and low CCT values [16-18]  

 
1 Department of Physics, Luminescence & Optical Material Research Laboratory, Govt.Vidarbha Institute of Science and Humanities, Amravati 
2 Department of Physics, Vidnyan Mahavidyalaya , Malkapur ,Dist-Buldhana 
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       Therefore, In search of efficient red phosphor, we undertake  borate host Ba3Y2(BO3)4 which emit red light at 613 nm by using 

the Eu3+ ion as color center, which can efficiently excited by UV and blue light because of its excellent luminous properties and 

low cost.  

Experimental 

Combustion synthesis of Ba3Y2(BO3)4:Eu3+   

Ba3Y2(BO3)4:Eu3+ powders samples with optimized concentration o Eu3+ are prepared by modified 

route of solution combustion technique. Ba(NO3)2 (LOBA CHEMIE, 98%), Y2(NO3)3 (Star Chem Fine 

Chemicals 98%), and Eu2O3 (IRE Ltd.) are chosen as the starting materials. The preparation process is as 

follows. Firstly, stoichiometric amounts of starting ingredients were calculated as per the balance inorganic 

reaction indicated in table no.1 and weighted precisely. Secondly, all starting ingredients like Y2O3,Eu2O3 

were converted into Y(NO3)3 and Eu(NO3)3 by mixing Y2O3 and Eu2O3 into few ml of dil. HNO3, then 

these starting ingredients were weighed on High Precision Balance (WENSAR ISO 0001 CERTIFIED), 

then weighed quantities of each metal nitrate and urea were mixed together by adding little D.D. water and 

place on heating mantle for about 30 minute to obtain homogeneous, clear and thick solution, it then 

transferred in to a preheated muffle furnace maintained at 550ºC.  

The mixture boils,froaths,ignites and undergoes dehydration and then decomposition with liberation 

of NH3 and NO2 gasses. The heat generated in reaction between fuel (urea) and oxidiser (ammonium 

nitrate) used for the auto-combustion of precursors. The process being highly exothermic, continues to 

liberate gases swell, the mixture glows into large voluminous foamy substrate, the entire process complete 

within 5 minutes.  

The prepared material is then taken out of the furnace and the foamy product is crushed into a fine 

powder and heated at 8000C for about 1 hour, some of the phosphors reported by this technique [19-23]. 

 

Table 1.The molar ratios of ingredients used in the synthesis and corresponding                  

               balanced chemical reactions.  

S.N. Phosphors. Balanced chemical reaction with molar ratios of ingredients. 

1. Ba3Y(2-x)(BO3)4: 

xEu3+   (x= 5 mol%)  

Ba(NO3)2+ (2-x)Y(NO3)3 +4H3BO3 + 3 NH4NO3 +11 CO(NH2)2+ 

xEu(NO3)3 
ℎ𝑒𝑎𝑡

  550 0𝐶
→ Ba3Y2(BO3)4:Eu3+ + Gaseous Products (H2O, 

NH3 and NOx) 

Characterizations 

Phase formation and structural properties of all samples are measured using powder X-ray diffraction 

analysis (XRD), which performed on Rigaku Miniflex × 600 X-ray Diffractometer using Cu Kα radiation 

with 0.15405 Å wavelengths. The XRD data were obtained at the scanning angle ranging from 10° to 80° 

with the step of 0.2°per sec at room temperature. Rietveld refinement analysis and the structural model of 
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the sample are put into effect by the general structure analysis system (GSAS) software. The 

photoluminescence spectra (excitation and emission) were recorded on Hitachi F-7000 fluorescence 

spectrophotometer. 

Structure analysis and phase purity 

             The crystal structure of Ba3Y2(BO3)4 is of an orthorhombic phase with pc21n space group, and 

the lattice parameter is a=0.7686 nm, b=1.6498 nm, and c=0.89559 nm (JCPDS No. 48- 0307). The XRD 

pattern of Ba3Y2(BO3)4:Eu3+ with 15 mol% Eu3+ is present. Most peaks are indexed to the Ba3Y2(BO3)4 

phase, which agrees well with JCPDS No, 48-0307. It indicates that the doping of Eu3+ ions does not form 

new phases in the synthesis process. 

The structure of Ba3Y2(BO3)4 is formed with isolated BO3 triangles, barium-oxygen polyhedra, and 

yttrium-oxygen polyhedra. The trivalent yttrium ions occupy two different crystallographic sites (Y1 and 

Y2), and every Y3+ has an eight-fold coordination to form YO8 polyhedra. The bond valence of Y1 is 

stronger than that of Y2, therefore, Eu3+ prefers to occupy the Y2 site. Y2O8 polyhedral columns are built 

by sharing edges along the c-axis. The distance between Y1 and Y2 is equal to the value of the c-constant, 

and the environment around Y3+ is not centrosymmetric. The structure of Ba3Y2(BO3)4 indicates that the 

long distance between the rare-earth ions results in a higher doping concentration, and the imperfect 

symmetry of Eu3+ leads to the pure red emission. 

 

 

 

 

 

 

 

 

 

Fig .1 XRD pattern of Ba3Y2(NO3)4:Eu3+ 

Photoluminescence properties 

            Fig.2 shows the emission spectrum of Ba3Y2(NO3)4:Eu3+ phosphor under 254 nm excitation with 

15mol % Eu3+. Several narrow bands are observed between 580 and 700 nm. The main peak at 613 nm is 

assigned to the electric dipole transition of 5D0-
7F2, of Eu3+, which is because Eu3+ occupies the 

noncentrosymmetric position in the crystal structure of Ba3Y2(NO3)4. Other peaks corresponds to the 
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transitions of 5D0-
7Fj (j=1, 2, 3), such as, the peaks at 599, 632 and 654 nm, assigned to 5D0-

7F1, 
5D0-

7F2 

and 5D0-
7F3 transitions of Eu3+ respectively. 

 

 

 

 

 

 

 

 

Fig.2 Emission spectrum of Ba3Y2(NO3)4:Eu3+ at 365 nm. 

Fig. 3 shows the broadband at 254 nm is assigned to the charge transition band of O2-Eu3+. The bands 

between 200 and 375 nm are observed, which means that the Ba3Y2(NO3)4:Eu3+ phosphor exhibits a 

satisfactory red performance under UV-vis excitation. One band centred at 390 nm is observed in the 

excitation spectrum, which means that the phosphor has sufficient absorption at the emission wavelength 

of the blue diode. It is suitable for a red light source, which is combined with InGaN based yellow 

phosphor materials. 

 

 

 

 

 

 

 

 

 

Fig .3 Excitation spectrum of Ba3Y2(NO3)4:Eu3+ at emission 613 nm. 
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            The excitation and emission spectra, it is noted that Ba3Y2(NO3)4:Eu3+ is a promising red 

phosphor for white LED. The effect of Eu3+ concentration on the emission intensity of 5D0- 
7F2 (613 nm) 

transition. The Eu3+ concentration varies from 5 mol % to 25mol %. The emission intensities increase 

with increasing Eu3+ concentration, and reach the maximum at x=15mol %. However the emission 

intensity of the Ba3Y2(NO3)4:Eu3+ phosphor is higher under the 365 nm excitation than under the 254 nm 

excitation at the same Eu3+ doped concentration. 

Conclusion 

               The Ba3Y2(NO3)4:Eu3+ red phosphor was synthesized and the luminescent characteristics were 

investigated. The phosphor was effectively excited by UV and blue light, and the intense pure emission, 

on account of the 5D0-
7F2 transition of Eu3+, was observed in Ba3Y2(NO3)4:Eu3+ under 254 nm excitation. 

The CIE chromaticity (x,y) of Ba3Y2(NO3)4:Eu3+ was x=0.641, y=0.359. The results indicated that 

Ba3Y2(NO3)4:Eu3+ was a promising red emission phosphor converting  for white LED. 
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Nickel ferrite Nanolayer thin film: 

A Review Study 

 

Abstract: - Nickel ferrite is a pretty fascinating material in the research community because of their broad range of applications in 

many areas like magnetic recording, gas sensor, supercapacitor microwave devices, transformers, transducers and inductors and 

even in biomedical fields as magnetic nanoparticles. It is a type of soft magnetic materials composed of nickel and iron atoms 

arranged in a specific structure that have fabulous electrical, magnetic, optical properties. Resistivity, magnetoresistivity, engineered 

band gap, frequency-dependent behavior, high saturation magnetization, less coercivity, and permeability is the interesting 

properties of nickel ferrites. This review aims to explore simple, cost-effective and ecofriendly synthesis routes, unique properties 

and assorted applications of nickel ferrite. 
Keywords: Nickel ferrite, Electrical property, magnetic property, chemical bath deposition method (CBD) 
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1. INTRODUCTION 

Ferrite are the remolded structure of iron without carbon and these are a combination of two or more sets of different transition 

metals. On the bases of magnetic material there are of two types that is soft ferrite and hard ferrite. On the other hand, on the bases 

of structure it classified in spinel, garnet, ortho, and hexagonal ferrite. Spinel ferrite material is the type of magnetic material that 

belong to the spinel group of material. They are classified as normal, inverse, and mixed ferrite. The structure of this material is 

unique known as spinel structure. Their chemical formula is AFe2O4 where A can be a divalent metal cation such as Cu, Cd, Ni, 

Zn, Mg etc.  all types of ferrites have their own properties among them is nickel ferrite (NiFe2O4) is one of the promising ferrite 

materials for many applications in various field because it shows the superior electrical, magnetic and optical properties. Because 

of low coercivity, low hysteresis losses, moderate saturation magnetization it belongs to soft ferrite. By doping of other material, 

size of particles, different synthesis methods, cationic distribution are affected the properties of material. Number of synthesis 

methods are suitable for prepare the nickel ferrite i.e., sol-gel method [1-3], co-precipitation method [4-6], spray pyrolysis method 

[7,8], successive ionic layer adoption and rection method [9], chemical bath deposition method [10,11], spin coating method [12], 

pulsed laser deposition [13].  What this material will used for which application it depends on its properties. Nickel ferrite mostly 

used as a adsorbents and catalysts in many industrial applications. Due to dielectric constant, dielectric loss and heating coefficient 

of the nanoparticles they are used in Microwave applications [14]. nickel ferrite applicable gas sensor can detect hydrogen, 

ethanol [15] ammonia [16], petroleum gas [17] carbon monoxide, and more gases. It is applicable in memory device application. 

bismuth [18], cerium [19] doped nickel ferrite is good composite for memory device application, high capacity, excellent cycling 

stability make this material capable for energy storage [7-9,11,20-26] ascribed to magnetic properties of nickel ferrite. Nickel 

ferrite nanoparticles are useful for various biomedical applications including antifogging [27], detergent free self-cleaning, drug 

delivery systems, magnetic hyperthermia treatment for cancer [28], and magnetic resonance imaging (MRI) contrast agents.  

 

2.  WHY CHOOSE NICKEL FERRITES? 

Nickel ferrite is a fascinating material that has attracted significant research interest for several reasons. One of the key reasons is 

its unique magnetic properties. Nickel ferrite is a type of ferrite material which adduce exhibits high magnetic permeability and 

low electrical conductivity, making it ideal for various applications in electronics and telecommunications as well as it shows their 

applicability in potential applications i.e.  microwave devices, sensors, magnetic recording media, and catalysts. Its magnetic 

properties make it useful in data storage technologies like hard drives, magnetic tapes and even biomedical applications such as 

targeted drug delivery and hyperthermia treatment for cancer. Moreover, nickel ferrite is relatively inexpensive and easy to 

synthesize, which succeed it a cost-effective material for various industrial applications. Understanding the synthesis methods, 

structure-property relationships, and potential uses of nickel ferrite can lead to advancements in materials science, 

nanotechnology, and other fields. Overall, the unique magnetic properties, diverse applications, cost-effectiveness, and ease of 

synthesis make nickel ferrite an exciting research topic for researcher looking to explore new materials with promising properties 

and applications. 

 

3.   METHODS OF SYNTHESIS TO PREPARE NIKEL FERRITES 

Various synthesis techniques are available to synthesis Nickel ferrite nanolayer thin film. The most common method of synthesis 

nickel ferrite is chemical bath deposition method (CBD), successive ionic layer adsorption and reaction (SILAR) method, Spray 

pyrolysis method, co-precipitation method, Spin coating technique, sol-gel method. The application base structural, electrical and 

magnetic properties of thin films depend on preparation method. Therefore, it is important to choose the method carefully. 

3.1 CHEMICAL BATH DEPOSITION METHOD (CBD): 

Chemical bath deposition method [10,11,21,22,29-31]is a handy and traditional method to synthesize nanomaterials. Normally It 

is need to inorganic salt (nitrate, chloride, sulphate, etc.) Dissolve the salts separately in distilled water [10] or ethanol [11] to 

make individual stock solutions. mix them together in the desired ratios to achieve the desired composition for the nickel ferrite 

thin film. Add a complexing agent to stabilize the metal ions in the solution, add a complexing agent such as ammonia or citric 

acid [32]. The complexing agent helps to prevent the precipitation of metal hydroxides. sodium hydroxide or sulfuric acid is use as 

an adjuster to adjust the pH of the solution at desired level. The pH value is crucial for controlling the deposition process. 

Thoroughly clean the substrate doubled distilled water [32] Ensure that it is free from any contaminants or impurities that could 

affect the quality of the coating Immerse the cleaned substrate into the chemical bath, ensuring that it is fully submerged and in 

contact with the solution. Control the deposition parameters such as Control the temperature, immersion time, and stirring rate 

according to the specific requirements of the deposition process [21]. These parameters can influence the thickness, morphology, 

and quality of the nickel ferrite thin film. After the desired deposition time, remove the substrate from the bath and rinse it 

thoroughly with distilled water to remove any residual chemicals. Then, carefully dry the substrate using a gentle stream of 

nitrogen or by air-drying. S.M. Chavan et.al. prepared the nickel zinc ferrite thin film using chemical bath deposition method 

successfully by varying concentration of nickel (II) chloride, zinc (II) chloride [10]. Xiaoyan Yan et al.  successfully synthesis 

nickel sulfide nanoflake arrays are and investigate their electrical properties for supercapacitor [11]. Yedluri Anil Kumar et al. 
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prepared NiCo2O4 @NiCo2O4 composite as an electrode material [21]. Anil Kumar Yedluri et al. synthesis binary metal oxides 

NiCo2O4 nanostructure by chemical bath deposition method it shows and good electrical properties for lightweight, flexible 

supercapacitor [22]. Fenglin Zhao et al.  successfully synthesis hierarchical nickel cobalt oxides (NiCoxOy) and flaky nickel cobalt 

sulfides (NiCoxSy) with chemical composition 1.164 g Ni(NO3)2·6H2O, 2.328 g  Co(NO3)2·6H2O and 2.414 g by using chemical 

bath deposition method and investigate their electrical properties for application of supercapacitor [30]. Kanaka Durga Ikkurthi et 

al. prepared NiS@ZnS nanostructure with varying chemical composition by using chemical bath deposition method on nickel 

foam substrate and demonstrated their applicability as electrode material for supercapacitor [31].  

3.2  SUCCESSIVE IONIC LAYER ADSORPTION AND DEPOSITION METHOD (SILAR): 

 

SILAR method is simple cost-effective technique. using this technique deposited thin film or coating the nanoparticle onto solid 

substrate.  For deposition Nikel ferrite nano particle on suitable substate prepare a precursor solution of nickel and ion (nitrate, 

chloride, sulphate, etc.) dissolve in distilled water. Use the stabilizer solution to control the nucleation and growth of the 

nanoparticles such as polyvinyl alcohol (PVA) or polyethylene glycol (PEG). Combine the nickel and iron precursor solutions in 

the desired molar ratio to achieve the desired composition for the nickel ferrite nanoparticles. Use a pH adjuster, such as sodium 

hydroxide or ammonia [9], to adjust the pH of the precursor solution to the desired level. The pH value is crucial for controlling 

the nanoparticle formation and stability. Gradually add the stabilizer solution to the precursor solution while stirring continuously. 

The stabilizer helps to prevent agglomeration and control the size and dispersion of the nanoparticles. After adding the stabilizer, 

it is important to sonicate the solution for a few minutes to ensure proper mixing and dispersion of the nanoparticles. Then take 

clean glass substrate and immerse it into the prepared solution and withdraw the substrate slowly to allow the nanoparticles to 

deposit onto its surface. Repeat this process multiple times to achieve the desired thickness and coverage and allow it to air-dry at 

room temperature anneal at specific temperature as per requirement. 

3.3 SPRAY PYROLYSIS METHOD: 

 

spray pyrolysis technique [7,8,15,33] is simple and cost-effective technique use to deposited nanostructure thin film. In this 

technique dissolve suitable nickel and iron salts in a solvent like water or ethanol. The concentration of the salts may vary as per 

required properties. For deposition, droplets of solution sprayed on heating substate such as glass [8,12], stainless-steel silicon 

wafer. As the precursor droplets come into contact with the heated substrate, the solvent evaporates, leaving behind a thin film of 

the precursor material. The heat also initiates the decomposition and reaction of the precursors, leading to the formation of nickel 

ferrite nanoparticles. After the spray deposition, the film can be subjected to annealing at a high temperature. Annealing helps in 

the crystallization and growth of the nickel ferrite nanoparticles, improving their properties. S. S. Kumbhar et al. prepared the thin 

film using spray pyrolysis technique by varying the concentration. they are using the nickel nitrate, zinc acetate precursor. [8]. 

Rao et al. successfully prepare Cu:NiFe2O4 by using spray pyrolysis deposition technique by varying concentration and sintering 

temperature. [15]. R. Chavan, et al. synthesis NiFe2-xAlxO4 nanostructure film by using spray pyrolysis technique. They are using 

the nickel nitrate hexahydrate, aluminum nitrate nonahydrate as an analytical reagent grade chemicals [33]. There are several 

advantages of spray pyrolysis technique such as easy of scalability, uniform particle size distribution, and versability in synthesis a 

wide range of nanoparticle including metal oxide, semiconductor, magnetic material. 

3.4 CO-PRECIPITATION METHOD: 

Co-precipitation is an easy, inexpensive and low temperature synthesis method. This method often yields nanoparticles with 

high purity.  By carefully controlling the reaction conditions, such as pH and temperature, as a result nanoparticles with a 

high degree of chemical homogeneity form. It controls of particle size and composition by adjusting the concentration of the 

precursor salts and the reaction parameters. Normally in this method inorganic Nickel andiron salts (nitrate, chloride, 

sulphate, etc.) are used. To adjust the pH of the precursor solutions, Sodium hydroxide (NaOH) or ammonia (NH3) can be 

used as pH adjusters. During the co-precipitation method, the nickel and iron precursor solutions are mixed together while 

maintaining a controlled pH. This causes the precipitation of nickel and iron hydroxides, which eventually form nickel ferrite 

when subjected to further processing steps like drying and annealing. S. Sagadevan et al. synthesis NiFe2O4 prepare by Co-

precipitation method with annealing temperature 80°C and nanoparticles of size 28 nm obtain by this method. Seema Joshi 

et.al. synthesis NiFe2O4 nanoparticles with the help of as starting materials sodium hydroxide, Nickel and ferric nitrate using 

co-precipitation method and investigated temperature dependent properties.   Temperature varying between the 250–550°C. 

the size of particle obtains in range of 8nm –20 nm [4]. T. Vigneswari et al. using co-precipitation method calcium doped 

nickel ferrite (Ni1-xCaxFe2O4) nanoparticle was obtain in range 22-34 nm and display their applicability in memory device 

application [5]. S.M. Patange et al. synthesis NiAlxFe2-xO4 nanoparticle using co-precipitation by varying the concentration of 

chemical composition [6]. Ali A. Ati et al. synthesis Ni(1-x)CoxFe2-xAlxO4 with different composition using co-precipitation 

method. The nanocrystal size in between range 15-19 nm to get the appropriated signal-to-noise ratio appropriate in 

application of high-density recording media [34]. 

3.4 SOL-GEL METHOD: 
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Spin coating technique is a valuable technique for producing high-quality materials with tailored properties, offering control, 

versatility, and homogeneity in the synthesis of thin films, coatings, and other nanostructured materials. In solid particles of 

ions, molecular suspension or colloidal suspension is called sol.and when the solvent in sol evaporated, the particles forsaken 

start to assemble into a continues network that’s class gel. Sol-gel solution prepared by dissolving nickel and iron precursor. 

Nag S et al. reported zinc acetate, nickel nitrate, ferric nitrate and erbium nitrate as a starting precursor and heated on 110°C 

for 60 min for prepare the nanoparticle [1]. Most commonly ammonium solution is use to controlled the pH of the solution. 

Prepare sol-gel solution may apply using techniques like spin coating, dip coating, spray coating. Sonia et.al. synthesis 

Gadolinium doped nickel ferrite using Nickel and ferrite nitrate hexahydrate precursor [2]. P.S.J. Bharadwaj et al using sol-

gel route, NCFO-AC composite synthesis with different mole ratio and invested their electrical properties for supercapacitor 

application [3]. H. Arabi et al. investigated the structural as well as magnetic properties of NiCoMn ferrite on calcination 

temperatures using sol- gel technique. This technique is very simple and cost-effective also. 

 

COMPARISON OF SYNTHESIS METHODS 

Recently since some years researchers are taking great interested in nickel ferrite material and their synthesis methods. The 

synthesis method and other parameters influences its properties of material. Therefore, choosing the appropriate method of 

synthesis is important. Several synthesis methods have been used in many reviews of literature, including Chemical bath 

deposition method, Successive ionic layer adsorption and deposition method, Spray pyrolysis method, co-precipitation 

method, Spin coating technique, sol-gel method. Overall, from review chemical bath deposition method is most suitable 

method for synthesis of nickel ferrite as compared to other methods. Chemical bath deposition method is more consistent and 

precise for film deposition because it provides the better control over the film thickness and uniformity due to control 

chemical reaction that take place in the solution bath. This method can be used for wide range of material and substate. Also, 

this method is comparatively cost-effective choice for thin film deposition because it does not require expensive equipment or 

high temperature. As well as chemical bath deposition method is relatively simple and does not involve complex procedures, 

making it easier to implement and control compared to other techniques. 

4 CHARACTERIZATION OF NICKEL FERRITES: 

Nickel ferrites characterized by using various instruments and extensively study the relation between particle size, area and 

surface, composition, and shape of ferrites to find their structural, electrical, magnetic and optical properties. These are as 

follows: 

 

4.1.  X RAY DIFFRACTION STUDY:  

 

XRD is the predominant technique used to analyses the crystal structure of material.it also providing the valuable information 

about its composition and phase identification. To understand the properties and behavior of different materials at the atomic 

level. This technique, which relies on penetrating radiation interacting with a crystal's ordered scattering centers to produce 

interference effects, is extensively utilized in various fields to investigate the crystal's internal structure. X-rays have the 

essential penetrating power and show interference effects. many researchers have studied the consequence of calcination 

temperature on the structure of the crystal and found that if increasing calcination temperature crystallite size, intensity of 

XRD peaks, agglomeration of particles is also increase and decrease the impurity. Sanchayita Nag et al. investigated the XRD 

patterns of samples which exhibited the important pattern of NZE0, NZE25, NZE35 and NZE50. Without giving addition 

heating treatment it shows the cubic spinel structure [1]. A.R. Chavan et al. reported that NiFe2-x AlxO4 exhibits single phase 

cubic spinel structure and observe the systematic variation in values of peak intensity [10]. Xiaoyan Yan et al. reported 

polycrystalline spinel cubic structure of nickel zinc ferrite thin films. The nature of thin film is uniform and smooth. nickel 

content is affected the intensity of diffracted plane. It is increase and shifted slightly [11] G. Dixit et al. observes to increase 

the crystallite size and lattice parameter with annealing temperature up to 800 ◦ C and above 1000°C. it was decreases [13]. 

Manohar K et al. synthesis NixMn1-xFe2O4 thin films by spray pyrolysis method. Using Scherrer formula calculated the 

average grain size        33.38 nm [20]. Yedluri, A. K. et al. successfully prepared NiCo2O4@NiCo2O4 nanocomposite, XRD 

show the crystal structure. During observation show the strong diffraction peak at 44.5° and 52° [21]. Anil Kumar Yedluri et 

al. prepare nickel cobaltite nanostructure thin film by CBD method and identified interconnected honeycomb nanostructure 

[22]. D. Y. Kim et al. fabricated NiCo2S4 by chemical bath deposition method and investigate the strong peak at 43.93° and 

44.77° and at 74.90° high intense peak was show. [29] Pawar D. K.et al. calculated crystallite size 29.80 nm using Scherrer’s 

formula. And observe their cubic spinel crystal structures [32]. P.B. Belavi et al. observe that by increase Cd2+ content in the 

ferrite systems then X-ray density and porosity is also increase [35].  A.A. Kadam et al. synthesis dysprosium doped Ni 

0.8Co0.2Fe2-xDyxO4 ferrite show the spinel structure. if dysprosium content is increase then peak of intensity is decrease [36]. 

K. Kamala Bharathi et al. reported lattice parameter which vary from 8.335 to 8.348 Å. And observe the rhombohedral 

distortion in NiFe1.925 -Sm0.075O4 and NiFe1.925-Sm 0.075O4 from splitting of the (440) peak [37] 
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4.2 FOURIER TRANSFORM INFRARED STUDY: 

 

FTIR allow to analyze the chemical composition and molecular structure of material, identify functional groups present in a 

compound, determine the presence of specific bonds, and provide information about the molecular vibrations within a sample. 

P.B. Belavi et al. observe nickel–copper ferrites spectra using FTIR and recorded their range from 400 to 800 cm−1 and two 

observation band in rang of 600 cm−1 improve to vibrations of tetrahedral and octahedral complexes respectively [35]. D.K. 

Pawar et al. noticed in their study that the FTIR spectra displayed prominent absorption peaks at approximately 600 cm-1, 

which are characteristic of the cubic spinel crystal structure. The absorption bands observed at 573, 1020, and 163 cm -1 were 

linked to the stretching vibrations of the tetrahedral group, indicating the formation of lepidocrocite in the annealed 

Ni0.8Zn0.2Fe2O4 thin films. [32]. Suresh Sagadevan et al. Recorded NiFe2O4 nanoparticles spectra with the help of Bruker IFS 

66W Spectrometer.  They observe frequency range of 4000-5000 cm-1 and also observe, generally IR bands of solids are 

responsible for to the vibration of ions in the crystal lattice. tetrahedral and octahedral modes of nickel ferrite showing this 

bands at 552 cm-1 and 464 cm-1 [38]. A.A. Al-Ghamdi et al. used mechanochemical technique to fabricate Ni1-xCuxFe2O4 nano 

ferrites and recorded strong absorption peak in the range of 552.8 to 596.1 cm-1. This peak is constituted to the dilating of 

metal-oxygen bonds in tetrahedral sites. As well as cantered peak is assigned to the vibration of metal oxygen (M-O) bonds in 

octahedral sites [39]. M. Maria Lumina Soni et al. analyze gadolinium doped nickel ferrite by FTIR and recorded the Infra-

Red spectra of ferrites which show the two major (υ1) wave in range of 600-550 cm-1 by the dilating vibrations of the metal- 

oxygen bonds existing in the tetrahedral sub-lattice (A) sites. Because of relative changes in bond length (Fe–O) at tetrahedral 

(A) sites and octahedral (B) sites create the difference in their value [2]. Swapnil A. Jadhav et al. successfully synthesis 

NiFe2O4 nanoparticles and recorded higher frequency band ν1 in between the range of 600 cm-1 to 500 cm-1 [40]. T. 

Vigneswari et al. recorded cubic spinel structure with single phase of nanoparticles and found that due to increasing the Ca 2þ 

substitution, are increase the crystallite size and lattice constant also [5]. 

4.3 MORPHOLOGY STUDY:  

 

The study of morphology of nickel ferrite material is important for elucidate the properties of material. The surface 

morphology of material and size of the particle is depended on use of preparation technique and sintering temperature. For 

complete studying the morphology of nickel ferrite many characterization techniques are use such as scanning electron 

microscopy (SEM), atomic force microscopy (AFM), transition electron microscope (TEM).  FESEM provide the high-

resolution image than SEM. Because its superior imaging capability. Ali A. A et al.  reported FESEM study in which 

agglomerated particles are found due to the interactions of magnetic nanoparticles having grain size is 20nm [41]. Xiaoyan 

Yan et al. reported that FESEM showed uniform nanoflakes with a shape 10nm [11] Kumbhar S. S et al. reported that prepared 

thin film is smooth and uniform in nature and having spinel cubic structure [7]. Manohar K. et al. reported SEM study in which 

crystal shape found like rice. But increasing concentration of nickel the grain length was decreased and we have got desired 

spherical structure at x = 0.8 [8]. Rao P. et al. studied with the help of SEM in which comparing the pure nickel ferrite and 

copper doped nickel ferrite with different concentration and recorded micrographs show remarkable change in the 

microstructure and porosity. pure nickel ferrite having a petal like structure but copper doping nickel ferrite having a grain like 

structure because of increase in number of voids [15]. Peishuang Miao et al. fabricate 3D NF/G by one-step hydrothermal 

approach, The thickness of graphene nanosheets NF having thickness 10nm which is recorded by SEM and it is propose for 

large surface area. as well as XPS used to analyze the chemical structure of NF/G. [20] T. Chtouki et al. recorded surface 

morphologies of Ni doped CdS thin film with different nickel content. the shape and size of crystal is spherical and hexagonal 

with an average of 35 nm. it observes that morphology of this film totally depends on doping concentration of nickel. AFM 

clear that the incorporation of the doping is affected film roughness [12]. R.B. Waghmode et al. by using SEM recorded the 

hierarchical nanostructures of NiCo2O4 which is capable to provide a more active surface area for effective intercalation of 

electrolyte ions. TEM show the disoriented nanorods of nickel ferrite. lattice fringe structure recorded by HRTEM [23]. 

Souvik Ghosh et al. recorded the study of HR-TEM which shows rough needle-like structure of NCG. FFT calculate the higher 

magnification lattice fringes of NCG composite SEAD pattern with HR-TEM image was found some bright spots and rings 

which suggest the polycrystallinity or poor crystallinity of NCG composite [24]. 

 

4.4 MAGNETIZATION STUDY: 

To study the magnetic properties like saturation magnetization, remenant magnetization and coercivity used the vibrating 

sample magnetometer (VSM), magnetization hysteresis (M − H) loops and electron spin resonance (ESR) hysteresis loop 

measurements. G. Dixit et al. recorded high resistivity and phase and stoichiometry of a film affected by annealing 

temperature. This parameter controlled the structural and magnetic properties of the film [13]. Bharathi et al successfully 

demonstrated little amount Fe with Sm and Ho doped in Nikel ferrite and enhancing the dielectric constant, 

magnetocapacitance, and electrical resistivity [37]. P.B. Belavi et al. using double sintering ceramic technique to prepare 

Polycrystalline ferrites with composition Ni0.95−xCdxCu0.05Fe2O and recorded Saturation magnetization, magnetic moment and 

Y–K angles are increase with cadmium content [35]. A.A. Kadam et al. complex impedance analysis at room temperature 

exhibited semicircles accredited to the high resistance values at lower frequencies. if Dy doping concentration is increase then 
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increase the x-ray density in range from 5.34 to 5.59 g/cc and porosity also increase from 28.23 to 31.22% [36]. Sanchayita 

Nag et al. recorded magnetization, coercity, and remnant magnetization value i.e.  Mg=24, Mr = 4.40 and Hc=127.46. according 

Mössbauer spectra at room temperature all the samples undergo superparamagnetic relaxation cause finite size effect along 

with some anomalous magnetic interactions for NZE25 and NZE35 [1]. P.S.J. Bharadwaj et al. synthesized NCFO-AC) 

composite and recorded magnetic properties. they observe when the size of crystal is increase then the magnetization saturation 

is also increasing no matter the crystal structure and shape of the particles [3]. Samaila Bawa Waje et al. prepare     Co0.2Ni0.3 

Zn0.5Fe2O4 composite and observe Ms = 0.61 emu/g and Hc = 5.92 Oe [42]. Swapnil A. Jadhav et al. prepared NiFe2O4 

nanoparticles successfully by using sol-gel method. And recorded superparamagnetic nature, that is, the value of saturation 

magnetization is 46.20 emu/gm, coercivity value is 383.2 Oe, and rest magnetization values are 25.27 emu/gm respectively. 

Against degradation of dye this nanoparticle showing the good photocatalytic activity and reusability [40]. T. Prabhakaran et 

al. recorded saturation magnetization of 42.5 emu/g and coercivity of 112. if the nickel ferrite is increase then saturation of 

PVDF/NiFe2O4 composites is also increased. PNF20 compositions indicated higher value of saturation magnetization of 1.05 

emu/g [43]. Ali A. At et al. synthesis   Ni1-xCoxFe2xAlxO4 with varying concentration using co-precipitation method. The size 

of nanocrystal in between 15 and 19 nm. and they observe if the dopant concentration is increased then improved the magnetic 

properties which is useful for the application in microwave and memory devices [34]. 

4.5 ELECTROCHEMICAL STUDY:   

     Electrochemical properties can measure using cyclic voltammetry (CV), galvanostatic charge–discharge (GCD) and 

electrochemical impedance spectroscopy [21] which perform electrochemical workstation. through this study we investigate 

how material interact with electricity and chemical reaction.it can help to understand the properties like conductivity, 

reactivity, and stability.  study of electrochemical properties plays very crucial role in various fields like energy storage 

technology (battery and supercapacitor), corrosion prevention, and sensor development. Xiaoyan Yan et al. observe nickel 

ferrite nanoflake arrays thin film is preferable than pure nickel oxide because it exhibited outstanding retention of specific 

capacitance up to 593 F g-1 after 3000 cycles.as well as recorded good energy density of about 14.1 Wh kg-1 at 40 Ag-1 and 

show their applicability in supercapacitor [11]. S. S. Kumbhar et al. they use spray pyrolysis method for synthesis NixZn1-

xFe2O with different concentration and recorded by increasing temperature, resistivity (ρ) of thin films decreases due to 

samples showing semiconducting nature [7]. Manohar K. Zate et al. is exploring the nickel manganese ferrite as an electrical 

material and   recorded maximum specific capacitance up to 47.27 Fg-1 along with energy density of this material is 19.5 Wh 

kg [8]. Peishuang Miao et al. 3D NF/G synthesis by using ne-step hydrothermal approach and observe that due to its precise 

hierarchical porous structure it provides the large surface are for fast redox reaction and increase the capacity of charge storage 

[20]. Apparao R. Chavan et al.  prepare the aluminum doped nickel ferrite and observe that if the aluminum doping is increase 

then band gap is decrease but increase the resistivity up to 278×106 Ω-cm to 4.612×107 Ω-cm. because of increasing resistivity 

dielectric loses is decrease it show their applicability in energy storage devices and transformer core [33].  Souvik Ghosh et al. 

synthesis NiCo2Se4/RGO composite material and recorded highest specific capacitance 1776 Fg-1 at 2 Ag-1 it shows the 

maximum energy density of 66.2 W h Kg-1 and power densities 1500 W kg-1 the specific capacitance after 5000 GCD cycles 

is near ~93.5% [24] Kaliaraj et al. successfully deposited thin film of Ni-ZnS on stainless steel substate using RF magnetron 

co-sputtering method and observe that, Ni doped ZnS remarkable change the surface morphology and also increase the 

porosity of the material for enhanced electrochemical performance [25]. Muhammad Faisal Iqbal et at. conform that, GO–

NSNP thin film suitable for pseudocapacitor supercapacitor application because of their excellent electrical conductivity, 

specific capacitance and specific energy value i.e., 1745.50 Fg-1 and 87.30 WhKg-1 at 5 mAcm2 [26]. Based on the cyclic 

voltammogram, it is evident that the composite NCFO-AC exhibits superior capacitive behavior when compared to the plain 

carbon substrate SDAC800. It achieves a current density of 2 A/g and maintains 98.34% capacity after 10,000 cycles. [3]. 

5. APPLICATIONS OF NICKEL FERRITES: 

 

Today era is the era of electronics. In every field we get to see electronic equipment. It is essential part of our life that’s why 

researcher have a great interest to find the new materials and enhance the properties of existing material for electronics interest. 

Nickel ferrite is the most promising material. we can see the usefulness of nickel ferrite in many fields because of their 

outstanding electronics, magnetic and optical properties. Because of their outstanding properties it used in many applications 

like Microwave devices [13,14,44,45], Gas sensors [15,48-51], Memory devices [6,19,47], Energy storage applications 

[3,7,8,11,20-26], Memory devices [6,19], Biomedical applications [27,28,52-54]. 

 

 

         5.1.    MICROWAVE DEVICES: 

 

Nickel ferrite is commonly used in microwave devices owing to its high electrical resistivity, low electrical conductivity, low 

dielectric losses and excellent magnetic properties. Its ability to maintain stable magnetic characteristics at high frequencies 

makes it ideal for applications in microwave components. G. Dixit et al. observe different annealing temperature affected the 

behavior of magnetic property, phase and stoichiometry of the film. Due to increasing the annealing temperature defect 

concentration decreases that the result coercivities also decreases. That’s why it can be used for microwave application [13]. 
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Kiran Naz et al. synthesis the NixCu1-xFe2O4 nanoparticles that react to electromagnetic radiation. Therefore, these 

nanoparticles can be effectively utilized in microwave devices. [14]. V.K. Sankaranarayanan et al. developed single phase 

nickel nitrate at low temperature using self-ignition reaction from citrate precursor. And it shows their high frequency 

applications [44]. John jaco et al. observes the   three different grain sizes and two sintered samples and investigated dielectric 

properties. And all parameters are size dependent [45]. Overall, nickel ferrite is very good candidate for microwave devices. 

 

 

5.2. GAS SENSORS:  

 

Because of high sensitivity to various gases stability and relatively low coat compare to other material make the nickel ferrite 

good candidate for gas sensor devices. Rao et al. synthesis Cu: NiFe2O4 by spray pyrolysis deposition technique at different 

temperature and found that copper doped nickel ferrite responds well to ethanol gas [15]. Seema Joshi et al. pure cobalt good 

response to the carbon monoxide and ethanol gases but lacks selectivity. so, when in that adding the Ni2+ ions into cobalt 

ferrite enhancing the sensing properties [48]. S. Kotresh et al. has developed the polyaniline–nickel ferrite composite 

successfully to sense liquefied petroleum gas (LPG) at room temperature [49]. Rajesh Kashyap et. al. investigated at 

temperature 250°C observe ammonium gas as well as Nickel ferrite provide the excellence repeatability and stability to gas 

sensor [50]. A. Sutka et al. found that substituting nickel ions with zinc ions in nickel ferrite is completely unfavorable for gas 

sensing purposes because in Ni-Zn ferrite, quantity of zinc in composition is increase then sensing response is decreases [51]. 

this review indicates that, nickel ferrite-based gas sensor can detect hydrogen, ammonia, carbon monoxide, and more gases. 

 

5.3. MEMORY DEVICES: 

 

Due to magnetic properties of nickel ferrite, it is applicable for memory device application. M. Banerjee et al, developed the 

bismuth doping nickel ferrite nanoparticle and observe that doping of bismuth is increase than decrease the ferroelectric 

polarization. as well as increase the resistivity and decrease the dielectric loss that’s why it is promising material at room 

temperature for memory devices application [47]. Aize Hao et al. developed cerium doped nickel ferrite thin film on various 

types of substate and observe that doping of cerium in nickel ferrite improve the electrical properties for resistance switching 

memory devices [19]. S.M. Patange et al. synthesis Ni(1-x)CoxFe2-xAlxO4 by  co-precipitation technique in temperature 600°C  

and investigate there magnetic properties for application of memory device[6].  Overall nickel ferrite has the superior 

properties that make them suitable for use in magnetic memory devices. he unique magnetic characteristics of nickel ferrite, 

such as high magnetic anisotropy and stability, make it a promising material for storing and retrieving data in memory devices. 

 

5.4. ENERGY STORAGE APPLICATIONS: 

 

Nickel ferrites have been coming up as electrode materials in the last few decades because they have a high capacity, great 

cycling stability, and are cost-effective. Electrodes based on nickel ferrite have been found to show good electrochemical 

behavior, like having a high specific capacity and a long life. We can make nickel ferrite properties better by controlling the 

size, shape, and composition of nickel ferrite nanoparticles. Transition metal-doped nickel ferrites are used in many energy 

storage devices because of their good electrical properties like high electrical conductivity, which is important for efficient 

charging and discharging rates, providing a high surface area for electrochemical reactions, and ensuring good stability. 

Muhammad Faisal Iqbal et al. synthesize GO–NSNP and found the specific capacitance 1745.50 Fg-1. it can show their 

applicability in both symmetric and asymmetric supercapacitor [26]. P.S.J. Bharadwaj et al. successfully prepared NCFO-AC 

by sol-gel method it provides the specific capacitance of 1790.9 F/g and show the high stability its capacitance retention is 

98.34% after 10,000 cycles [3]. S. S. Kumbhar et al. Nickel-zinc ferrite thin film deposited by spray pyrolysis technique with 

annealing temperature at 600°C for 2 hrs. and studied the AC conductivity to understand the conduction mechanism [7]. 

Manohar K. Zate et al. prepared Nickel-manganese ferrite with different concentration and exhibited the maximum specific 

capacitance that is 47.2 Fg-1 [8]. Xiaoyan Yan et al. prepare NiS nanoflake arrays by using chemical bath deposition method. 

The electrode material indicates a maximum specific capacitance of 718 Fg-1 Its outstanding electrochemical stability is shown 

by the electrode material maintaining a high capacitance over 3000 continuous charge-discharge cycles. [11]. Peishuang Miao 

et al. synthesis the three-dimensional graphene nickel ferrite by one-step hydrothermal method. due to three-dimensional 

graphene obtain the large specific surface area and short ion channel lengths [20]. Yedluri Anil Kumar et al. fabricate the 

NiCo2O4@NiCo2O4 nanoplates and investigated the electrochemical properties. Its properties are much better than NiCo2O4 

electrode. Their specific capacitance is 800 F g-1[21]. Yedluri A. et al. prepared the nickel cobalt ferrite nanoparticle by CBD 

method obtaining outstanding specific capacitance and remarkable stability with 94.2% for 5000 cycles [23]. Souvik Ghosh et 

al. reported that NiCo2Se4 /RGO are synthesized by two-step hydrothermal technique. and these nanoparticles are suitable for 

supercapacitor application [24]. Gobi Saravanan Kaliaraj et al. fabricated Ni–ZnS thin film with the help of RF magnetron co-

sputtering method. It reported excellent cycling stability after 3500 cycles and show their applicability for hybrid 

supercapacitors as an electrode material [25]. 
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5.5. BIOMEDICAL APPLICATIONS: 

Nickel ferrite nanoparticles are useful for various biomedical uses including drug delivery systems, magnetic hyperthermia 

treatment for cancer, and magnetic resonance imaging (MRI) contrast agents. H. J. Kardile et al. prepared nickel ferrite thin 

film and investigate surface wettability properties by using contact angle method. This film shows their applicability in 

antifogging, detergent free self-cleaning, anti-fouling, water-oil separation etc. [27]. Shazia Bano et al. fabricated NiFe2O4 with 

different three biopolymers. It shows the good biocompatibility and higher T2 relaxivity, due to nontoxicity, hydrophilicity, 

and cancer-specific capability it can us for cancer treatment [28]. Marwa H. Sabbar et al use co-precipitation approach to 

synthesis Co1-xNixFe2O4 ferrites nanoparticles. Which show good antibacterial potential, especially against gram-positive strain 

bacteria [52]. Maxwell Fazeli et al. developed the miniaturized implantable ferrite antenna. Due to dip-coated ferrite film 

decreases the resonant frequency and improve the bandwidth as well as non- toxic nature that why it shows their applicability 

in RF biomedical applications [53]. Noppakun Sanpo et al. investigated that microstructure; crystal structure and antibacterial 

property of the cobalt ferrite nanoparticles are affected due to substitution of transition metals in cobalt ferrite. They are 

showing antibacterial properties against the bacteria’s [54]. 

CONCLUSION 

The synthesis of nickel ferrite nanoparticle has increase in past few years. This is because nickel ferrites have impressive 

qualities compared to other soft ferrites, like high electrical resistivity, magnetic permeability, and Curie temperature. 

Researchers are keen on making these ferrites, and they find the chemical bath deposition method ideal for creating thin films 

because it's straightforward, affordable, and eco-friendly. This paper has discussed the various applications of Nickel ferrites, 

including biomedical, microwave device, memory device and energy storage applications. Additional study in this area may 

result in the production of new materials with enhanced properties and novel applications, which could have a significant 

impact on various industries. 
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Supercapacitors: Opportunities 

and Challenges 
 

 

Abstract: - In the realm of energy storage devices, for the upcoming generations, supercapacitors and ultracapacitors are considered 

as most potential options. Supercapacitors have become the most popular and significant energy conversion and storage system in 

current renewable and sustainable nanotechnology. Supercapacitors are one of the advanced breakthroughs in energy applications 

due to their large energy capacity and supply with relatively short time and longer lifetime. These devices have earned their 

significance in frequent applications, viz., to power hybrid electric/electric vehicles and other power and electronic systems that 

require electrical energy for their operation. Supercapacitors are considered multipurpose devices, used to transfer electrical energy 

in a short time in a long shelf life. Therefore, supercapacitors are always in larger market demands, hence they need long-term 

progress for advancement and their commercialization. Meanwhile, there are some potential technical challenges regarding 

supercapacitors including, establishing electrical parameter models, consistency testing, and establishing industrial standards. This 

article pinpoints the challenges and future opportunities of supercapacitors. The current perspective also provides deeper insight into 

corresponding guidance and directions for the development of supercapacitors. 

Keywords: supercapacitor, challenges and opportunities, energy storage 

 

 

I.  INTRODUCTION  

Energy harvesting from renewable energy sources has been the prime goal of the research community in 

recent times of energy scarcity. Researchers involved in this area are engaged in devise methods to store 

electrical energy. Supercapacitors are one of the most efficient energy storage devices as they possess high 

specific capacity, high power density, long cycle life, economic efficiency, environmental friendliness, high 

safety, and fast charge/discharge rates. Hence, Supercapacitors form a bridge between conventional capacitors 

and secondary ion batteries [1–7]. Supercapacitors are low cost, easy maintenance, and no pollution to the 

environment.  

The nanostructured materials have better chemical kinetics, chemical activity, shorter ionic diffusion path 

lengths, high surface area, and a surplus of active sites for electrochemical reactions. It became one of the 

hotspots of interdisciplinary research [8, 9] as it involves materials, energy, chemistry, electronic devices, and 

other disciplines. As a new type of energy storage device with excellent performance, great application values, 

and market potential, it can be excavated in many fields such as industrial control, power, transportation, 

intelligent instruments, consumer electronic products, national defence, communications, medical equipment like 

defibrillators, pulsed lasers, new energy vehicles, and so on [5,9–13].  

Supercapacitors are being researched extensively in smart electronics applications like flexible, 

biodegradable, transparent, wearable, flexible, on-chip, and portable energy storage. In comparison with 

capacitors, supercapacitors use materials with a high specific surface area as electrodes [14, 15] in 

supercapacitors, higher vicinity and thinner dielectrics bring about extra precise capacitance and power density. 

In comparison with traditional capacitors that have a capacitance of micro or mili farad, the capacitance of a 

supercapacitor unit can reach thousands of Farads [16]. The supercapacitor faces enormous challenges even 

though it has unlimited potential and opportunities [17-21]. 

II. DEVELOPMENT OF SUPERCAPACITORS: 

A supercapacitor was developed in the 1970s and 1980s and is an electrochemical device to stores energy by 

polarized electrolytes. It is unlike the traditional chemical power supply. It is a kind of device with performance 

between traditional capacitors and batteries [22].   

Supercapacitors are classified into two groups based on their charge storage mechanism i.e., Electrostatic 

double layer capacitor (EDLC) includes electrostatically ion adsorption/ desorption at the interface of electrode 

and electrolyte, in a pseudocapacitor, a reversible faradaic redox reaction takes place between electrolyte ion and 
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electroactive material. And the combination of both is hybrid supercapacitor, in which an electrical double layer 

capacitance and faradaic or battery capacitance both reactions take place [23–26]. Research and 

commercialization on supercapacitors began out early in Japan, Russia, Switzerland, South Korea, the United 

States, France, and different European and American countries. Helmholtz discovered the properties of double-

layer capacitance and proposed the concept of double-layer, but it is only in recent decades that double-layer was 

used for energy storage in early 1879 [22]. In 1957, according to Bcker, smaller capacitors could be used as 

energy storage devices, which had a specific energy close to that of batteries. A patent for making double-layer 

capacitors from carbon materials with high specific surface area was proposed by Standard Oil Company Sohio 

in 1968. After that, the patent era changed into transferred to NEC, and in 1979, they commenced to supply 

supercapacitors for beginning structures of electrical vehicles. Simultaneously, Panasonic studied supercapacitors 

with activated carbon as the electrode material and organic solution as the electrolyte. Later, supercapacitors have 

begun to be industrialized on a large scale, and various kinds of supercapacitors have been introduced. 

Supercapacitor’s industrialization began in the 1980’s-Generation-1980 NEC/Tokin and 1987 Panasonic and 

Mitsubishi Products. In the 1990s, Econd and ELIT mixed released the electrochemical capacitors for high-

energy start-up energy applications. Currently, companies such as Panasonic, NEC, EPCOS, Maxwell, and NESS 

are very active in the research of supercapacitors.  

Supercapacitors have shown many unique advantages over the past few years. 

III. CHALLENGES FOR SUPERCAPACITORS: 

Supercapacitors play a vital role in energy storage due to their distinctive properties since they possess high 

specific capacity, high power density, long cycle life, economic efficiency, environmental friendliness, high 

safety, and fast charge/discharge rates. Because of the excellent characteristics of supercapacitors, they are 

widely used in transportation, industry, military, consumer electronics, and other fields. Though, these devices 

have some shortcomings. Some of the challenges faced by the supercapacitors are as follows. 

1. Industrial standard 

Supercapacitors possess short development time and a fast speed. Enterprises involved in the supercapacitor 

industry have different levels. The healthful improvement of supercapacitors can't be separated from enterprise 

and marketplace supervision, which pursuits to formulate sensible enterprise standards, country wide standards, 

or even worldwide standards. A set of technical standard systems includes the classification model naming 

method, the electrical performance test method, safety technical requirements, general specification, electrode 

material specification, electrolyte specification, charger specification series, production technical requirements, 

transportation requirements, recovery, and destruction requirements should be established for supercapacitors. 

For example, general requirements and storage and management requirements of supercapacitor monomers and 

modules in the disposal of scrap, including the dismantling of scrap monomer and supercapacitor modules and 

handle recycling, plate processing, the processing of the diaphragm and other aspects, electrolyte capacitor shell 

processing, aims to guide and standardize the supercapacitor industry achieve the goal of low cost, green 

recycling disposal. Hence it is an essential means to promote the healthy development of the industry. 

2. Technical problems of supercapacitors  

It is observed that the energy densities of supercapacitors are not very high, there is still a certain gap between 

supercapacitors (<20 Wh kg−1) and batteries (30–200 Wh kg−1) in terms of energy densities and how to 

improve the energy density is still the research focus and difficulty in the field of supercapacitors [5, 27, 28]. An 

effective way to improve the storage capacity of supercapacitors is to improve the manufacturing process and 

technology, but in the long run, it is essential and difficult to find new electrolyte and electrode active materials 

with higher corresponding electrochemical performance. Because of the low energy density of the 

supercapacitor, a bulkier device is produced and is not compact. By increasing the effective surface area of 

electrode materials in double-layer capacitors or increasing the operation voltage window or both, the energy 

densities of supercapacitors increase. It is observed that research is going on to develop novel materials with high 

surface area and using suitable organic electrolytes that can endure a larger voltage window. If these expanses are 

properly addressed energy densities of supercapacitors can become equivalent to batteries. 

3. Establishment of electrical parameter model 

The supercapacitor model can be equivalent to the ideal model in some areas but in military applications, 

especially in power supply applications of satellites and spacecraft, some non-ideal parameters may bring 

potential risks, which cannot be unheeded. Resonance caused by ordinary signal, filter, and energy storage 

capacitors has a mature solution since it has limited energy. Supercapacitors have the capability of 
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instantaneous throughput and huge energy because of their high energy. Consequently, it is very vital to have a 

reliable design to study the impact on load nature, load fluctuation or external environment, and accidental 

disturbance on the system stability [29]. 

4. Consistency detection 

The rated voltage of a supercapacitor is very low i.e. less than 2.7 V, which requires a lot of series 

connections for practical applications. Since the need for high current charging and discharging in applications, 

and overcharging has a serious impact on the life of capacitors, it is very significant whether the voltages on 

individual capacitors in series are consistent or not. 

IV. FUTURE OPPORTUNITIES OF SUPERCAPACITORS: 

Technical aspect 

1. Intelligentization and transparency 

Due to the speedy development of intelligent electronic devices, people are in urgent need of intelligent and 

controllable multifunctional electrochemical energy storage devices. The intelligence of electronic devices 

permits manufacturers and users to program them to perform different functions for different requirements in real 

life. The development of new materials and design of new structures combined with supercomputer simulation 

and artificial intelligence, an expectation to develop customizable devices to create user-friendly and 

personalized future interactions between wearable and bio-integrated electronics [30]. 

2. Hybridization 

The problem of low energy density of supercapacitors can be solved by constructing hybrid battery-

supercapacitors. Hybrid battery supercapacitor systems contain one electrode that stores charge by a battery-type 

Faradaic process while the other stores charge based on a capacitive mechanism. Devices such as 

lithium/sodium/potassium/magnesium ion hybrid battery-supercapacitors inherit the high power (∼0.1–30 kW 

kg−1) of supercapacitors and the high energy density (∼5–200 Wh kg−1) of secondary batteries. These gadgets 

have the benefits of strong long-cycle overall performance and occasional cost [5, 9, 31]. 

3. Flexible device 

With fast development in portable electronic products and the concept of wearable electronics, flexible 

energy storage devices have become popular with researchers. It is of great inference to develop energy storage 

devices that are flexible and small but endowed with high electrochemical properties [32–34]. The traditional 

supercapacitors, due to the unbending nature of the electrode, are greatly limited to the shape of the device, and 

in the preparation of the electrode, the metal collector, and the bonding agent, which also reduces the 

electrochemical performance of the supercapacitor [35]. Thus a flexible supercapacitor matched with a portable 

electronic product will be the development direction of the next generation of flexible storage devices. 

V. APPLICATION ASPECT 

1. Requirement of the society 

The application aspects of supercapacitors are of major importance since to meet social needs and promote 

industrial development. Due to the rapid development of the electronic industry, the demand for high-capacity 

portable power supply has become more and more decisive.  People all over the globe are paying more and 

more attention to energy consumption and environmental protection and they are eager for more and more clean 

energy to be used. Hence mankind is actively seeking solutions. Development of the electronics industry leads 

to an urgent need to provide high-capacity, portable backup power for all kinds of electronic devices, which 

drives the development of supercapacitors.  These social demands encourage the rapid development of the 

supercapacitor industry to a certain extent, and the market prospect is very broad. 

2. Improvement of the cost performance 

The most significant criterion to be considered for any industry to endure is to improve product performance 

and reduce production costs. To improve the technology of the supercapacitor itself, in addition to improving 

the manufacturing process and technology, to find stable and effective electrode and electrolyte materials to 

Performance, and on the identical time to lessen the fee is likewise the studies attention on this field. Full Power 

Technologies is an American firm that developed low-cost ultracapacitors. From the manner of value discount 

analysis, one has to find new low-cost raw materials like natural mineral resources. 

VI. CONCLUSION 

Supercapacitor is an excellent energy storage device. It possesses high specific capacity, high power density, 

long cycle life, economic efficiency, environmental friendliness, high safety, and fast charge/discharge rates. 

However, there are various challenges faced by the supercapacitors like industrial standard, technical problems of 
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supercapacitors, establishment of electrical parameter model and consistency detection. This paper also covers 

the opportunities of supercapacitors in terms of technical and application aspects.  
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Abstract: - The synthesis of bis(8-hydroxyquinoline) (Strontium) – Srq2 (where Sr = Strontium, q = 8-hydroxy-quinoline) at 

various pH (4 – 9: insteps of 0.5) were carried out at room temperature. Structural, morphological, thermal, optical and 

photometric investigations were carried out to evaluate the aptness of the synthesized complex for solid state lighting applications. 

The crystalline character of the complex was implied by the strong and sharp diffraction peaks registered in the XRD pattern. 

The outcome of FTIR verifies the formation and structure of the Srq2. Surface morphology of the pigment reveals sheet like 

morphology with crystalline size estimated to be in the range of 20 µm. TGA curve infers that the complex has higher stability 

upto 3950C. Excitation spectra of Srq2 phosphor show broad peak ranging from 250 nm to 400 nm, centred in between 340-350 

nm, depending on the pH of the precipitate. Emission spectra shows broad peak that ranges from 400 nm to 550 nm, centred at 

455-465 nm in accordance with pH. The emission falls in visible spectrum that peaks in greenish-blue region.  Photoluminescence 

and photometric analysis indicate the sensitivity of pH towards emission intensity of organic phosphor. This infers that pH of the 

precipitate play a vital role in tuning the emission wavelength, which in this case, registered in blue/greenish blue region(456 to 

462 nm) of the visible spectrum. Such phosphors have wide applications in solid state lighting through  Organic Light Emitting 

Diodes(OLEDs) and flat panel displays. 
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I.  INTRODUCTION  

 Since a few decades, lighting technology has advanced beyond its limitations, and because it 

greatly enhances the quality and productivity of human existence, it now has the potential to 

replace the current lighting power consumption for domestic illumination. Although our primate 

predecessors used fire 2–6 million years ago, it is still regarded as a prime example of a human 

invention[1,2]. The so-called developed technologies still have a way to go before offering solid 

state lighting (SSL) that is both energy-saving and environmentally compatible. Millions of people 

still use climate-hazardous fuel-based lighting worldwide. As a result, there is a growing focus on 

employing technology to improve lighting practises with the intention of using green lighting called 

Solid state lighting (SSL), which has the potential to have a higher power efficiency than 

conventional lighting sources. Organic light emitting devices (OLEDs) have recently received a 

great deal of interest from producers, product designers, and end users due to its favorable 

technology for the developing display and lighting markets[3-5]. 

 8-hydroxyquinoline organo-metallic complexes have gained consideration owing to their 

gorgeous applications for OLEDs [6] and glow in dark cotton fabric, coated by luminescent 

phosphor[7]. However, these complexes can also be used as pigment in the formulation of 

luminous paints. Centre of attention has been mainly on quinoline based metallic complexes 

particularly on Alq3, Znq2 and Mgq2 [Al: Aluminium, Zn: Zinc, Mg: Magnesium and q is 8-hydroxy 

quinoline] [8-11] as emissive layer electron transport layer in OLEDs. Almost negligible work has 

been carried out on Mqn complexes: 8-hydroxyquinoline amalgamated with rare earth, some group 

II and group III elements that includes Pbq2, Tbq3. Srq2, Caq2, Cdq2, Euq3, Rhq3, Irq3, Biq3[Pb: 

Lead, Tb: Terbium, Sr: Strontium, Ca: Calcium, Cd: Cadmium, Eu: Europium, Ir: Iridium, Bi: 

Bismuth], to name a few. As widely reported in the literature, the nature of an attached metal ion 

influences the emission, colour, efficiency, stability, and evaporability of metal quinoline 

derivatives. These organometallic complexes are widely used as fluorescent phosphor in opto-

electronic devices due to their good luminescence properties, contrast level with high intensity. 

Particularly, the metal quinolate (Mq2), possess good anticorrosive property with higher stability as 

coating material [12]. Hence, the present study propose the synthesis of quinoline  organometallic 

complex with strontium as metal ligand by simple cost-effective precipitation method, formulation 

of fluorescent paint and its evaluation. 

II. EXPERIMENTAL 

1. Materials 

8-Hydroxyquinoline (8-HQ) (C9H7NO, M.wt.  - 145.16 g/mol), acetic acid (CH3COOH, M.wt - 

60.052), strontium nitrate (Sr(NO3)2, M.wt - 211.63 g/mol), ammonia (NH3OH, M.wt -

35.04g/mol) and Potassium hydroxide (KOH, M.wt - 56.10 g/mol)  of Loba with AR grade were 

used as precursors. The recorded literature [13-14] states that by varying the pH from 4 to 9, blue 

light emitting Srq2 organo-metallic complexes were synthesized by low cost precipitation method 
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at room temperature. We exclusively used analytical (AR) grade reagents and solvents during the 

synthesis of Srq2 complex. All reactions were carried out with afresh distilled solvents, in an inert 

and anhydrous atmosphere.  

2.  Synthesis 

According to a method described in the literature, Srq2 has been made using a low-cost acid-base 

co-precipitation method at room temperature [14]. Fig. 1 and 2 reflects the synthesis scheme and 

the structure of the synthesised complex, respectively.  

 

Fig.1: Synthesis scheme of Srq2 organo-metallic complex 

 

Fig.2: Chemical structure of Srq2 

 

 

 

III. CHARACTERIZATION 

Suitability of the synthesized Srq2 tunable light emitting phosphor which has potential application 

as emissive layer for an OLED, display devices that proffer SSL was assessed by various 

Step 1

Add 25ml of acetic acid to 25 ml of
double distilled water. Then,
dissolve 6.4 g of 8-HQ to the above
mixture and stir well to obtain
transparent orange solution.

Step 2

Dissolve 4.67 g of Strontium
nitrate in double distilled water and
stir it to obtain transparent
homogeneous solution.

Step 4

Filter and wash the precipitate with
double distilled water for 8-10 times
and dry the precipitate in a oven at
40oC for 45min.

Step 3

Mix the solutions obtained from
step 1 and 2 for 10-15 min by
adding ammonia solution drop by
drop till greenish yellow precipitate
is formed.

.      

Srq2
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characterization techniques. Crystal structure was confirmed through X-ray diffraction technique 

using Rigaku’s Miniflex 600 (Cu-Kα radiation). The bonding and chemical structure was 

analyzed through FTIR spectroscopy using Bruker Alpha FTIR Spectrometer (ATR Mode). The 

Photoluminescence spectra were recorded using the PL spectrometer Shimadzu RF5301PC to 

assess the emission wavelength and it’s intensity. 1931CIE colour calculator program radiant 

imaging was used to assess CIE coordinates of Srq2. Shimadzu DTG-60 simultaneous DTATG 

apparatus is used for TGA –DTA analysis of the complex.  

1. X-ray Diffraction (XRD) Analysis 

X-ray Diffraction patterns of Srq2 complex (pH 8.0, 8.5, 9.0) are shown in Fig.3. XRD profiles 

are in good agreement with ICDD PDF File No. 00-039-1857 of 8-hydroxyquinoline belong to 

orthorhombic crystal system. The sharp diffraction peaks of Srq2 reveal good crystalline nature of 

synthesized complex. The XRD pattern has 5 noticeable major peaks at 14.15o, 23.354o, 

23.504o,25.622o and 28.046o for (400), (460), (111), (311) and (151) h k l planes respectively. The 

100% relative intensity of synthesized Srq2 organo-complex was observed to be 1901 a.u. at 

different pH with the value of 2θ  of 14.4800 [15]. 

 

 
Fig. 3: X-ray diffraction pattern of Srq2 complex  
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2. Fourier transform infrared spectroscopy (FTIR) analysis 

Before you begin to format your paper, first write and save the content as a separate text file. 

Keep your text and graphic files separate until after the text has been formatted and styled. Do not 

use hard tabs, and limit use of hard returns to only one return at the end of a paragraph. Do not 

add any kind of pagination anywhere in the paper. Do not number text heads-the template will do 

that for you. Structure formation and the absorption peaks of the synthesized complexes in 

infrared region were explored by FTIR technique at different pH ranging from 8 to 9[20]. As 

shown in Fig. 4, the relationship between wave number (cm-1) and transmittance (%) is plotted 

along the X and Y axes, respectively, and was recorded spanning the range of 4000 to 500 cm-1. 

 

Fig. 4: FTIR spectra of  Srq2 complex 

Srq2 shows prominent peaks in its FT-IR spectra. The nature of these spectra was found to be 

same even at different pH values. Metal stretching vibrations were found at 2330.12 with C=O=O 

bonding of carbon dioxide, 1707.06 with C=O stretching of conjugated aldehyde, at 1615.15 with 

C=C bonding of alpha- Beta unsaturated ketone, at 1441.97 with O-H bending of carboxylic acid, 

1451.65 with C-H bonding of alkane group, at 1319.19 with O-H bonding of phenol group, at 

770.28 with C-H bonding of 1, 2, 3-trisubstituented group[21]. The result thus validates the Srq2 

complex's structural integrity.  
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3. SEM Analysis 

Fig.5. shows the SEM images of the synthesized Srq2 organo-complex, observed at different 

magnifications at scale of about 20 µm. The surface of Srq2 complex portrays the formation of 

agglomerated particles with sheet like morphology [22]. Crystal size was found to be 27.535μm. 

 

Fig.5:Morphology of Srq2 organo-complex at the range of 20 µm. 

4. Thermogravimetric and Differential Thermal Analysis  

Thermogravimetric analysis (TGA) is a technique that assesses how a substance changes in 

weight in a controlled environment as a function of temperature or time. It also explains how 

temperature and time affect the relation between weight and heat changes. Thermal analysis 

provides details on how material properties change with temperature. The thermo-gravimetric 

analysis of Srq2 complexes were carried out in the range of 0- 5500C. As shown in Fig. 6, there is 

continuous loss in weight from 60 to 5000C in slow manner. But rapid decrease in weight starts 

from 800 C which is due to loss of water.  The degradation temperature of Srq2 is nearly 3950C.  
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Fig.6: TGA/DTA Graph of Srq2 Complex  

The complex exhibits a nearly 8% to 9% weight loss up to 200°C, represented by the curved 

position in the graph. Chemical processes that occur during heating, the release of adsorbed 

species, and (iii) the breakdown process may be the cause of this mass loss [23,24]. DTA curve of 

Srq2 complex exhibits endothermic and exothermic peaks. The endothermic peak, around 100°C 

and 175°C, is caused by the deformation of water and the evaporation of any moisture that may 

still be present on the surface of the synthesized complex. The decomposition of leftover organic 

material is indicated by an exothermic peak with a Centre temperature of around 210°C. 

Performance of OLEDs is ultimately determined by the thermal stability and melting point of the 

synthesized complex, which prevent morphological change, distortion, and material degradation 

during operation of the electroluminescent devices.  

5. Photoluminescence Spectra 

Photoluminescence (PL) property of the synthesized Srq2 complex at different pH was carried out on 

Spectro fluorophotometer.  PL spectra portrays different excitation wavelengths peaked at a 

wavelength of 456 nm as shown in Fig.7(a). When stimulated at 349 nm, bright emission wavelengths 

at 462 nm, 461 nm, 460 nm, and 456 nm were seen, as illustrated in Fig.7(b). It is evident that when 

pH increased from 4 to 5, a red shift of 1 nm was observed  and a blue shift of 5 nm was witnessed in 

the pH range between 5.5 and 7.6. On the other hand, 8 to 9 pH range, red shift of 6 nm was attained. 

This suggests that the pH of the precipitate is crucial in adjusting the wavelength. It's interesting to 

note that intensity was found to be greatest at and near neutral pH [16]. 
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  Fig. 7. (a)  PL Excitation Spectra of Srq2 Organometallic-complex at 

emission       wavelength 456nm. 
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                 Fig.7(b) PL Emission Spectra of Srq2 organo-complex at excitation wavelength 

349 nm 

 

 This may be due to the fact that Sr2+ is planarly coordinated to the quinoline ligand and hence the 

electronic states responsible for fluorescence are very specific to the state of ionization of the 

molecule, and thus the energy transfer(ET) from the ligand to the metal ion is more effective [17]. 

Also, change in pH leads to molecular bonding or dissociation of H+ ion that changes the 

electronic wavefunction and hence intensity.  

6. Photometric Analysis  

CIE colour coordinates of Srq2 organo-metallic complex [18] were evaluated from PL emission 

spectra. With chromaticity coordinates of (0.1379, 0.1314), (0.1379,0.1336), and (0.1371,0.1371) 

for pH values of 8, 8.5, and 9, respectively, the synthesized organo-complex Srq2 exhibited 

greenish-blue emission with varying shades as depicted in Fig.8. 

 

 

Fig. 8: CIE chromaticity diagram of Srq2 at various pH 
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Table 1: Comparison of optical and Photometric properties of Srq2 
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IV. CONCLUSION  

 

The present investigation reports the synthesis and characterization of Srq2 (Strontium 8-hydroxyqunoline) 

organo-complex at different pH ranging from 4 to 9. XRD analysis confirms that the synthesized organo-

metallic complex is crystalline in nature. FTIR analysis confirmed that the synthesized organo-complex have 

some vibrational stretching, bending and bonding of Srq2(Strontium 8-hydroxyquinoline) organo-complex , 

which confirmed the functional group of organo-complex. SEM image reveals agglomerated fine particles that 

are in micrometer range. TGA curve infers the thermal stability of Srq2 up to 150oC. According to DTA, the 

endothermic peak that lie between temperatures of less than 100 °C and around 175 °C corresponds to the 

deformation of water and the evaporation of any moisture that may still be present on the surface of the 

synthesised complex. An exothermic peak with at roughly 210°C shows the decomposition of leftover organic 

material. When stimulated at 349 nm, bright emission wavelengths at 462 nm, 461 nm, 460 nm, and 456 nm 

were demonstrated.  CIE colour coordinates of Srq2 organo-metallic complex were found to be (0.1379, 

0.1314), (0.1379,0.1336), and (0.1371,0.1371) for pH values of 8, 8.5, and 9, respectively, thus revealing that 

the synthesized Organo-complex Srq2 exhibited blue light emission with lighter to darker shade. These results 

prove that the synthesized srq2 organo-complex have the ability to harvest blue component solid state lightning, 

which is likely utilized for energy-efficient lighting applications. 
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Abstract: - In this study, a highly sensitive and efficient sensor for detecting Hydrogen sulfide (H2S) has been developed using 

Cerium Oxide (CeO2) nanoparticles synthesized via the co-precipitation method. The structural and morphological characteristics of 

the CeO2 nanoparticles were meticulously analysed using X-ray diffraction (XRD) and Scanning Electron Microscopy (SEM). The 

results indicate that the CeO2-based sensor demonstrates remarkable sensing performance, characterized by high sensitivity, 

excellent stability, and rapid response and recovery times. These findings underscore the potential of CeO2 nanoparticles as an 

efficient material for resistive gas sensors, advancing the field of gas detection technology. 
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I.  INTRODUCTION 

Cerium oxide (CeO2) has emerged as a critical material in the field of gas sensing due to its unique chemical 

and physical properties. Its high oxygen storage capacity and excellent redox behavior make CeO2 an ideal 

candidate for detecting various gases, particularly those with significant environmental and industrial relevance. 

The material's ability to operate effectively at room temperature and its sensitivity to changes in the surrounding 

atmosphere enable the development of highly responsive and selective sensors. CeO2 nanostructured forms, such 

as nanoparticles, nanorods, and hollow spheres, further enhance its surface area and catalytic activity, leading to 

improved gas sensing performance. The versatility and effectiveness of CeO2 in gas sensing applications 

underscore its importance in advancing sensor technology, providing crucial solutions for environmental 

monitoring, industrial safety, and public health. 

The development of gas sensors based on Cerium Oxide (CeO2) nanoparticles has garnered significant 

interest due to their potential for high sensitivity and selectivity.  

Various studies have explored the synthesis, characterization, and gas sensing performance of CeO2-based 

sensors. Oosthuizen et al. (2020) synthesized CeO2 nanoparticles using a chemical precipitation method with 

varying ethanol concentrations to evaluate their gas sensing characteristics towards H2S and NO2. The study 

found that CeO2 nanoparticles with different ethanol concentrations exhibited different gas responses depending 

on their crystallite sizes and defect concentrations. CeO2 nanoparticles showed a higher response to H2S at room 

temperature, while higher operating temperatures favored NO2 sensing. The study highlighted the dependence of 

gas selectivity and sensitivity on morphology and crystallite size [1]. Renganathan et al. (2022) investigated the 

gas sensing potential of Gadolinium-doped CeO2 in a fiber optic sensor for volatile organic compounds such as 

ammonia, methanol, and ethanol. The results showed that Gadolinium-doped CeO2 exhibited superior sensitivity 

and recovery rates towards ammonia compared to methanol and ethanol, attributed to the increased number of 

oxygen species on the surface after adsorption [2]. Li et al. (2021) developed CeO2 nanorods and nanospheres via 

a solvothermal method to enhance hydrogen gas sensing performance. The CeO2 nanorods demonstrated a 

significantly improved response to hydrogen at reduced operating temperatures compared to the nanospheres. 

This enhancement was linked to the larger specific surface area and smaller crystallite size of the nanorods [3]. 

Xu et al. (2013) explored ZnO/Al2O3/CeO2 composites for gas sensing, revealing that Ce-doped composites 

exhibited higher responses to ethanol and faster response/recovery times compared to ZnO/Al2O3 composites. 

The improved performance was attributed to the structural and chemical properties, including increased oxygen 

vacancies and active surface area [4]. Nimbalkar et al. (2024) synthesized Zn mixed CeO2 nanoparticles through 

a simple chemical route and demonstrated their high sensitivity and selectivity towards NO2 gas. The sensor 

showed a remarkable response at low concentrations of NO2 and maintained excellent stability and 

reproducibility. The enhanced performance was due to the unique porous structure and the synergistic effect of 

Zn and CeO2, providing a substantial specific surface area and oxygen vacancies [5]. Li et al. (2020) reported the 

synthesis of CeO2 nanoparticles for NH3 gas sensing using a hydrothermal method. The CeO2-based sensor 

exhibited a rapid response and high selectivity towards NH3 at room temperature. This performance was 

attributed to the narrow band gap and increased oxygen vacancies [6]. Hu et al. (2018) fabricated H2 sensors 

based on CeO2-loaded In2O3 hollow spheres. The study found that the sensors with 2 at% CeO2 loading showed 

the highest response and fastest response/recovery times towards H2, attributed to the heterostructures and 

transition of Ce ions within the In2O3 matrix [7]. These studies collectively highlight the versatility and 

effectiveness of CeO2-based gas sensors for detecting various gases, emphasizing the importance of nanoparticle 

morphology, doping, and composite formation in optimizing sensor performance. 

The present study aims to investigate gas sensing phenomena by developing a sensor for detecting Hydrogen 

sulfide (H2S) using CeO2 nanoparticles synthesized via co-precipitation. The CeO2-based sensor is expected to 

demonstrate outstanding performance, including high sensitivity, stability, and rapid response times, thus 

showcasing the potential of CeO2 nanoparticles for gas sensor applications and contributing to advancements in 

gas detection technology. 

 

II. EXPERIMENTAL DEAILS 

All chemicals used in this work, including cerium nitrate, sodium hydroxide, and silver paint, were purchased 

from SD Fine India with a purity of 99% and were used without further purification. CeO2 nanoparticles were 

synthesized via the co-precipitation method using cerium nitrate (Ce(NO3)3) as the precursor.  Cerium nitrate was 

dissolved in distilled water to prepare a clear solution. A sodium hydroxide (NaOH) solution was slowly added 
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dropwise to the cerium nitrate solution under constant stirring. The resultant mixture was stirred vigorously for a 

1 h to promote complete precipitation. The precipitate was then washed several times with distilled water to 

remove any impurities. Finally, the washed precipitate was dried at a 80°C to obtain CeO2 nanoparticles. 

The synthesized CeO2 nanoparticles were characterized using X-ray diffraction (XRD) and Scanning Electron 

Microscopy (SEM). XRD analysis was performed using a Rigaku MiniFlex-II X-ray diffractometer, while SEM 

analysis was conducted using a JSM-210 scanning electron microscope. 

The resistive sensor of CeO2 nanoparticles was prepared using the spin-coating technique. The CeO2 

nanoparticle suspension was deposited onto a glass substrate using a spin coater. Subsequently, silver paint was 

used to deposite electrodes on the coated substrate. 

The gas sensing performance of CeO2 nanoparticles towards H2S gas was evaluated at room temperature and 

at different elevated temperatures (60°C, 70°C, and 80°C). The resistive sensor was exposed to H2S gas, and the 

changes in resistance were recorded. 

 

III. RESULTS AND DISCUSSION 

Figure 1 shows the XRD pattern of CeO2 Nanoparticles. The XRD pattern confirms the presence of a single-

phase cubic fluorite structure of CeO2. This is characterized by the well-defined and sharp diffraction peaks. The 

primary diffraction peaks in the XRD pattern are indexed according to the Miller indices (hkl) and correspond to 

the cubic phase of CeO2. The prominent peaks include: (111) at 28.5°; (200) at 33.0°; (220) at 47.5°; (311) at 

56.3°; (222) at 59.0°; (400) at 69.3°; (331) at 76.7° and (420) at 79.1°. The average crystallite size of the 

CeO2 nanoparticles is determined to be approximately 29 nm. This size estimation is based on the Debye-

Scherrer formula, which was found to be 29 nm. The lattice parameter of the CeO2 cubic structure estimated from 

the positions of the diffraction peaks, and it typically aligns well with the standard value for bulk CeO2, around 

5.411 Å. The intensity of the peaks follows the expected pattern for CeO2, with the (111) peak being the most 

intense, indicating a preferential orientation along this plane in the nanoparticle sample [8]. 

 
Figure 1. XRD pattern of CeO2 Nanoparticles. 

 

Figure 2 shows the SEM image of CeO2 Nanoparticles. The SEM analysis of CeO2 nanoparticles, with an 

average size of 29 nm as determined by XRD using the Debye-Scherrer formula, reveals spherical particles with 

a narrow size distribution and minor agglomeration. The nanoparticles, predominantly 29 nm in size, display a 

high degree of crystallinity and smooth surface texture. Despite slight clustering, individual particles remain 

distinguishable, indicating good dispersion [9]. 
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Figure 2. SEM image of CeO2 Nanoparticles. 

 

The enhanced gas sensing response of CeO2 nanoparticles towards H2S at 70°C, as illustrated in Figure 3. At 

70°C, the surface of CeO2 nanoparticles exhibits optimal adsorption kinetics for H2S molecules. The temperature is 

sufficiently high to facilitate the activation of the CeO2 surface sites, enhancing the adsorption of H2S molecules, yet 

not so high as to cause excessive desorption or thermal degradation of the surface-active sites. CeO2 nanoparticles are 

known for their oxygen storage capacity and the presence of oxygen vacancies. At 70°C, these oxygen vacancies are 

highly active, providing sites for the adsorption of H2S molecules. The interaction between H2S and the oxygen 

vacancies leads to the formation of intermediate species, which significantly alter the electrical conductivity of the 

CeO2 nanoparticles. The adsorption of H2S at 70°C enhances the generation of charge carriers (electrons) due to the 

reduction of Ce4+ to Ce3+ by H2S. This reduction process increases the concentration of free electrons in the 

conduction band, thereby enhancing the overall conductivity of the sensor. The optimal temperature of 70°C ensures 

a balance where this charge carrier generation is maximized without significant recombination or loss. CeO2 

nanoparticles possess intrinsic catalytic activity, which is temperature-dependent. At 70°C, the catalytic activity 

towards the oxidation of H2S is maximized, leading to the formation of products that further modulate the sensor's 

electrical properties. The catalytic conversion of H2S to SO2 or other sulfur compounds is facilitated at this 

temperature, enhancing the sensor response. In summary, the highest sensing response of CeO2 nanoparticles towards 

H2S at 70°C is due to the optimal conditions for surface adsorption and reaction kinetics, active oxygen vacancies, 

enhanced charge carrier modulation, intrinsic catalytic activity, and balanced adsorption-desorption dynamics. These 

factors collectively contribute to the superior sensing performance observed at this temperature [10, 11]. 

 

 
Figure 3.  Gas sensing response of CeO2 Nanoparticles towards the H2S at room temperature, 70 oC, 70 oC and 80 oC. 

 

Figure 4 illustrates the transient response of CeO2 nanoparticles to 50 ppm H2S at 70°C, highlighting both the 

response and recovery times of the sensor. When exposed to H2S, the sensor's resistance changes, reaching its peak 

response within 38 seconds. This rapid response time indicates the efficient adsorption and interaction of H2S 

molecules with the CeO2 surface at this temperature, leading to a swift change in the electrical properties of the 

nanoparticles. Following the removal of H2S and the reintroduction of air, the sensor returns to its original resistance 

value within 32 seconds. This quick recovery time demonstrates the sensor's ability to desorb H2S molecules and 

restore its baseline resistance effectively. The balance between response and recovery times at 70°C suggests that 
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CeO2 nanoparticles possess excellent dynamic performance for H2S detection, making them highly suitable for 

practical gas sensing applications. 

 
Figure 4.  Transient response of CeO2 nanoparticle to 50 ppm H2S at 70oC. 

 

 

Figure 5 depicts the stability response of CeO2 nanoparticles when exposed to 50 ppm H2S over a period of six days. 

Throughout this duration, the sensor consistently maintains its sensing performance with no significant deviations 

observed. By the end of the six-day period, the sensing response remains at 99.1% of its original value, demonstrating 

the remarkable stability and reliability of the CeO2 nanoparticles. This minimal reduction in response indicates that 

the sensor maintains its structural and functional integrity, ensuring consistent and accurate H2S detection over 

extended periods. Such stability is crucial for practical applications, affirming the potential of CeO2 nanoparticles for 

long-term gas sensing deployments. 

 
Figure 5. Stability response of CeO2 nanoparticle to 50 ppm H2S. 

 

IV. CONCLUSIONS 

In conclusion, the study demonstrates the exceptional gas sensing capabilities of CeO2 nanoparticles, particularly 

for detecting H2S. The XRD analysis confirmed the high crystallinity and uniform particle size of approximately 29 

nm, while SEM images corroborated these findings and revealed minor agglomeration. The gas sensing performance 

was notably optimal at 70°C, where the CeO2 nanoparticles exhibited the highest response due to efficient surface 

adsorption, active oxygen vacancies, and effective charge carrier modulation. The transient response at 70°C showed 

rapid response and recovery times of 38 seconds and 32 seconds, respectively, underscoring the sensor's quick 

dynamic behavior. Furthermore, the long-term stability test over six days indicated that the sensor retained 99.1% of 

its original response, highlighting its durability and reliability for continuous monitoring applications. These findings 

collectively establish CeO2 nanoparticles as a highly effective material for H2S sensing, with promising implications 

for environmental monitoring and industrial safety. 
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Abstract: - The present work is focused on Li2SO4 salt and its high temperature phase. The enhancement in the conductivity with 

addition of different electrolytes in it has been observed by many researchers. The high-temperature plastic phase (a-phase) of 

lithium sulphate with FCC structure has been stabilized at ambient by programmed quenching of the melt, added by a few per cent 

of Zirconium, B2O3 which arrests the cubic to monoclinic phase transformation. The Metastable phase thus obtained has been 

characterized by X-ray diffraction and A.C. electrical conductivity.   
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I. INTRODUCTION 

Lithium sulphate (LS) is uniquely interesting among alkali-metal sulphates from the point of view of structure and physical 

properties. It belongs to the monoclinic crystal class (fl-phase) at ambient (a = 8.239; b = 4.954; c = 8.474; fl = 107°98') but 

undergoes a first-order reconstructive phase transition to an FCC (a-phase; a = 7.07 A) at 575°C. Cubic LS has very high ionic 

conductivity - 3 S cm ' close to its melting point 860°C with an activation energy (Ea) of 0.41 eV ascribable to the high mobility of 

lithium ions [1,7], whereas the monoclinic phase has a much lower conductivity (T -j 10-10 S cm-' at 100°C, with E8 = 1.4 eV 

[2,8]. While the Li ions are highly mobile in the FCC phase, the sulphate ions form a translationally fixed lattice. Both the volume 

change (4.5%) [3, 9] and the latent heat are much larger at the phase transition than at the melting point. [4, 10] signaling 

considerable orientational disorder of sulphate groups in the cubic phase. The heat capacity measurements around the temperature 

of fusion of Li2SO4 [5,11] suggested the existence of premelting phenomena [6,12], which evidenced the plastic phase is elastic, 

insulating and crystallographicaIly ordered, the high-temperature FCC phase is plastic, superionic and disordered with respect to Li' 

positions and S04- motions implying that the sulphate tetrahedral in the a-phase are matrix isolated, unlike the cases where the 

framework is an interconnected, three-dimensional polymer, for, e.g. germanate in Li4_3x Als Fe04 solid solutions [7,12]. 

 

II.  CHARACTERIZATION  

2.1. X-Ray diffraction of Series Li2SO4_ZrO2_B203 

The room temperature x-ray pattern of samples prepared in this series is shown in figures. 4.13, 4.15, 4.17, 4.19.4.21 and 

respective h k l planes are shown in fig 1-4. 

 

Fig.1: (LS_Zr_B0): (89_1_10) 
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Fig 2:   LS_Zr_B0 :( 85_05_10) 

 

 

Fig 3:  LS_Zr_B0: (83_07_10) 

 

 

Fig 4: LS_Zr_B0 :( 80_10_10) 

SERIES : (Li2SO4_ZrO2_B203) 

Composition d values from XRD with intensity dvalues ICCD Components 

Li2SO4_ZrO2_B203 

(80%_10%_10) 

4.01225       100.00 

3.16836        30.00 

2.47594        16.57 

3.47308        15.67 

4.01 

3.16 

2.47 

3.47 

Li2(SO4)2- (0) 

ZrO2(M) 

Li(C) 

ZrO 27(H) 

Li2SO4_ZrO2_B203 

(83%_07%_10%) 

3.99073       100.00 

3.14423        28.22 

3.46656        17.91 

2.46530        18.07 

3.99 

3.14 

3.46 

2.46 

Li2SO4(M) 

Li2B2O4(X) 

Li2B2O4(X) 

Zr(H) 

Li2SO4_ZrO2_B203 

(85%_05%_10%) 

3.97244       100.00 

3.15410        39.77 

4.18432        10.81 

3.97` 

3.15 

4.18 

Li(HSO4)2-(O) 

Li2B407(X) 

LiB2O3(X) 

Li2SO4_ZrO2_B203 

(89%_01%_10%) 

3.99652        100.0 

3.14848        31.76 

2.47284        12.85 

3.99 

3.14 

2.47 

Li2SO4(M) 

Li2B2O4(X) 

Li(C) 

Table 1 
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2.2. Electrical conductivity measurements:  
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III. CONCLUSION 

1. The one of the important result observed in the X-ray pattern Fig 1-4 is the intensity of the components of the samples remain 

same irrespective of its contain. The Li2SO4 monoclinic phase may accommodate the Boron oxide in its matrix. The remaining 

components of Boron oxide of sample thus seen in the X-ray pattern.  The comparison of a, b, c lattice values of lithium sulphate 

with Boron oxide gives the justification that how open the structure of L2SO4 to occupy the component salts. 

2. The electrical conductivity plots for series Li2SO4_ZrO2_B203 are depicted in fig 5. The conductivity variation for all samples 

shows Arrhenius plot. The careful increase in the temperature up to the transition temperature shows sudden rise in the 

conductivity with large change in slope. The table 2 gives the activation energy and transition temperatures. The conductivity plot 

shows the maximum for 10 mol% added (Both) ZrO2 and B2O3 sample. Whereas the activation energy do not show much 

variation as compared to activation energy of lithium sulphate. The increase in the conductivity by four fold as compared to 

lithium sulphate may be due to enhance mobility of Li+ ion cause by matrix expansion. The ZrO2 which increases the viscosity of 

the melt as seen during the synthesis of sample helps in stabilizing the a-phase of lithium sulphate at lower temperature. This 

further supports lithium ion conduction. In support the boron oxide with its triangular and tetrahedral structure also provides the 

path way to lithium ions. 

              Composition Eg Transition Temp. 

 Pure LS 0.634eV 574 0C 

 

LS_Zr_BO 

 

80%_10%_10% 

83%_7%_10% 

85%_5%_10% 

89%_1%_10% 

0.617eV 

0.566eV 

0.44eV 

0.40eV 

441 0C 

490 0C 

4950C 

5100C 
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Abstract: - The synthesis of biogenic nanoparticles has garnered significant attention due to their eco-friendly and cost-effective production 

methods. This study focuses on the preparation and comprehensive characterization of iron and zinc nanoparticles synthesized from Spirulina 

extract. The green synthesis approach leverages the rich biochemical composition of Spirulina, facilitating the reduction of metal ions to 

nanoparticles. The synthesized nanoparticles were characterized using a suite of advanced techniques to elucidate their structural, 

morphological and functional properties. UV-Visible spectroscopy confirmed the formation of nanoparticles by exhibiting characteristic 

surface plasmon resonance peaks. Fourier Transform Infrared Spectroscopy (FTIR) analysis identified the functional groups in Spirulina 

extract responsible for the bio-reduction and stabilization of the nanoparticles. Scanning Electron Microscopy (SEM) and Transmission 

Electron Microscopy (TEM) provided detailed insights into the morphology and size distribution, revealing uniformly shaped nanoparticles 

with average sizes in the nanometer range. Dynamic Light Scattering (DLS) measurements further corroborated the size distribution data, 

indicating a narrow size range and good dispersion stability. X-ray Diffraction (XRD) patterns confirmed the crystalline nature of the 

synthesized nanoparticles, with distinct peaks corresponding to iron and zinc phases.The findings demonstrate that Spirulina extract is an 

effective bioreducing and capping agent for the synthesis of iron and zinc nanoparticles. This study not only underscores the potential of using 

microalgal extracts in nanoparticle synthesis but also provides a comprehensive characterization framework for future applications in various 

fields such as biomedicine, environmental remediation and nanotechnology. 

 

Keywords: Green synthesis, nanoparticles, Spirulina extracts, characterization, eco-friendly approach, applications 
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I.  INTRODUCTION  

The utilization of natural resources and eco-friendly methodologies in nanoparticle synthesis has garnered 

significant attention due to their sustainable and environmentally conscious approach. In this study, we explore 

the green synthesis of iron and zinc nanoparticles using Spirulina extracts, a widely available and renewable 

source. Spirulina, a blue-green algae known for its rich nutrient content, presents a promising alternative for 

nanoparticle synthesis, aligning with the principles of green chemistry. Through a comprehensive investigation, 

we aim to characterize the nanoparticles synthesized through this sustainable approach using various analytical 

techniques such as SEM, TEM, UV-Vis spectroscopy, XRD and FTIR. This study not only highlights the 

effectiveness of Spirulina extracts in mediating nanoparticle synthesis but also sheds light on their potential 

applications in diverse fields including biomedicine, catalysis, and environmental remediation1-5. 

II. THE EXPERIMENTAL ROADMAP 

The experimental roadmap for manufacturing iron and zinc nanoparticles from Spirulina involved a stepwise 

procedure. Initially, 3 ml of Spirulina extract was slowly added to separate solutions containing iron or zinc nitrate. 

This gradual addition led to a noticeable change in solution color, transitioning from its original appearance to 

various hues, indicative of nanoparticle formation. The resulting iron and zinc nanoparticles exhibited an average 

diameter ranging from 500 to 520 nm and demonstrated in-vitro stability, as confirmed through FE-SEM 

investigations. 

The synthesis mechanism, meticulously outlined, delineates the steps involved in formulating iron and zinc 

nanoparticles utilizing Spirulina extract. It was observed that the active components present in Spirulina extract 

played a crucial role in the synthesis process, facilitating the formation of nanoparticles. This approach highlights the 

potential of harnessing Spirulina extract as an eco-friendly alternative for green nanoparticle synthesis, offering 

promising properties for diverse applications in various fields6-10. 

 

III. UV-VISIBLE ABSORPTION SPECTROSCOPY 

UV-visible absorption spectroscopy is a powerful technique used to characterize the optical properties of 

materials, especially nanomaterials. By measuring the absorption of light in the UV-visible range, this method 

provides information about electronic transitions within the material. Specifically, it can reveal details about bandgap 

energy, particle size, concentration, and the presence of impurities. This characterization technique is widely 

employed in various fields such as materials science, chemistry, and nanotechnology to understand and optimize the 

properties of nanoscale materials.  

The UV-Visible absorption spectrum of the Zinc Oxide nanoparticles is recorded in the wavelength range of 200 to 

1100 nm. ZnO NPs exhibits strong UV absorption spectra with the absorption peak ranging from 270 to 375 nm.  

From figure, The maximum absorption peak it was obtained at 299 nm having absorbance 2.741. 

UV-Visible absorption study showed that the addition of ferric chloride solution to the spirulina microalgal 

supernatant resulted in light green color of supernatant solution abruptly changing to deep brown color due to 

production of SP-IONS nanoparticles.  

The absorption peak of iron oxide nanoparticles is between 230-290 nm, this signifying the synthesis of iron oxide 

nanoparticles. A similar kind of peak was observed in our spectrum shows 3.353 absorption range at 232nm 

wavelength11-12. 
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Fig. 1 UV of Zinc nanoparticle form Spirulina  

  

Fig. 2 UV of Iron nanoparticle form Spirulina  

 

 

IV. FTIR ANALYSIS 

FTIR analysis of iron nanoparticles (FeNPs) synthesized using Spirulina extract revealed distinct peaks 

indicating the chemical transformations during their synthesis process. Notably, peaks observed at specific 

wavenumbers, such as 3404 cm⁻¹, suggested the involvement of OH stretching in polyphenols present in the 

Spirulina extract. Additionally, shifts observed in bands associated with aldehydic C-H stretching at 2928 cm⁻¹ 

implied the participation of other functional groups from the extract in reducing iron nitrate to form FeNPs. 

Moreover, shifts in bands corresponding to amino acids and phenolic groups underscored the crucial role of specific 

functional groups in the synthesis of iron nanoparticles from Spirulina extract13-14. 

The FTIR analysis of zinc nanoparticles (ZnNPs) synthesized utilizing Spirulina extract displayed characteristic 

peaks indicative of the chemical changes during their synthesis. Peaks observed at various wavenumbers, such as 

3400 cm⁻¹, suggested the involvement of OH stretching in polyphenols present in the extract. Moreover, shifts in 

bands associated with aldehydic C-H stretching at 2930 cm⁻¹ implied the participation of other functional groups 

from the extract in reducing zinc nitrate to form ZnNPs. Additionally, shifts in bands corresponding to amino acids 

and phenolic groups emphasized the significant role of specific functional groups in the synthesis of zinc 

nanoparticles from Spirulina extract15-16. 
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Fig. 3 FTIR of Zinc nanoparticle form Spirulina  

 

Fig. 4 FTIR of Iron nanoparticle form Spirulina      

 

V. X-RAY DIFFRACTION (XRD) 

X-ray diffraction (XRD) analysis provides valuable insights into the crystalline structure and phase composition 

of nanoparticles synthesized using Spirulina extract. In XRD patterns obtained for Spirulina extract, distinct 

diffraction peaks corresponding to crystalline phases are observed, indicating the presence of well-defined 

nanoparticles. For iron nanoparticles (FeNPs) and zinc nanoparticles (ZnNPs) synthesized using this extract, XRD 

analysis reveals characteristic diffraction peaks corresponding to the crystalline phases of iron and zinc, respectively. 

The positions and intensities of these peaks provide information about the crystallographic orientation and size of the 

nanoparticles. Additionally, the presence of any impurities or secondary phases can be identified through XRD 

analysis, ensuring the purity and quality of the synthesized nanoparticles. Overall, XRD analysis complements other 

characterization techniques, offering valuable insights into the structural properties of nanoparticles synthesized 

using natural Spirulina extract, thereby facilitating their potential applications in various fields including catalysis, 

sensing and biomedical applications17-19. 
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Fig. 5 XRD of Zinc nanoparticle form Spirulina  

 

 

Fig. 6 XRD of Iron nanoparticle form Spirulina  

 

VI. SEM 

In the SEM images obtained for Spirulina extract, distinct morphological features of the synthesized iron 

nanoparticles (FeNPs) and zinc nanoparticles (ZnNPs) are revealed. The SEM micrographs exhibit well-defined and 

uniform nanoparticles dispersed throughout the matrix, indicating successful synthesis processes for both types of 

nanoparticles. FeNPs and ZnNPs derived from Spirulina extract display varied shapes such as spherical, rod-like, 

and irregular structures. These images underscore the efficacy of Spirulina extract as a reducing and stabilizing agent 

in mediating the formation of nanoparticles with diverse morphologies and sizes, suggesting its potential for various 

applications in nanotechnology20-21. 

 

 

 

Fig 7 and 8 SEM image of  Iron and Zinc nanoparticle form Spirulina 
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VII. TEM 

In the TEM images obtained for Spirulina extract, the nanoparticle size distribution and morphology are clearly 

depicted. Analysis of the TEM micrographs reveals nanoparticles with well-defined shapes and sizes. The average 

nanoparticle size, as determined from TEM measurements, shows consistency with narrow size distributions for iron 

nanoparticles (FeNPs) and zinc nanoparticles (ZnNPs) synthesized using Spirulina extract. FeNPs and ZnNPs 

exhibit a variety of shapes including spherical, rod-like and irregular structures, with average sizes ranging from 20 

to 100 nanometers. These TEM observations underscore the effectiveness of Spirulina extract in mediating the 

synthesis of nanoparticles with controlled sizes and shapes, showcasing its potential for applications in various 

fields22-25. 

 

Fig 9 and 10 TEM image of  Iron and Zinc nanoparticle form Spirulina 

 

VIII. CONCLUSION: 

 

This study elucidates the efficient green synthesis of Iron nanoparticles (FeNPs) and zinc nanoparticles (ZnNPs) 

utilizing Spirulina extract. Employing SEM, TEM and XRD techniques, we observed well-defined nanoparticles 

with controlled sizes and varied morphologies. The FTIR analysis provided insights into the involvement of specific 

biomolecules from Spirulina extract in the synthesis process. The synthesized FeNPs and ZnNPs exhibited 

promising characteristics, including uniform morphology, narrow size distributions, and crystalline structures, 

indicating their potential for applications in catalysis, biomedicine, and environmental remediation. 
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Abstract: The medical examination and treatment of patients, particularly in rural areas is suffering due to a lack of medical infrastructure, 

facilities of biomedical instruments and a low doctor -to-patient ratio. The presented work aims at developing a suitable doctor assistant 

system for detecting real time health parameters such as height, weight, body mass index, temperature, blood pressure, ECG, SpO2 and 

heart rate of a patient, required by the doctor prior to the diagnosis. This monitoring system assists the doctor in carrying out medical tests 

in a synchronised manner thereby providing quick results and generating a pre-diagnostic report. A variety of sensors including 

temperature, pressure, oxygen level, ECG, heart rate, height and weight have been incorporated in the system to generate an excel report. 

The sensors are integrated using LabVIEW through microcontroller to provide a GUI based environment and monitoring parameters are 

displayed on the LabVIEW front panel. An early diagnosis report of every patient consisting of name, age, height, weight, temperature, 

blood pressure, SpO2, ECG and heart rate will be generated and stored for future use. This system can assist doctors to directly jump to 

the main diagnosis with the pre diagnostic report readily available. 

Keywords: Health parameters, height, weight, body mass index temperature, blood pressure, ECG, SpO2, heart rate, 
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I.  INTRODUCTION  

Lack of appropriate medical facilities has been a serious issue in a growing country like India, particularly in 

villages or remote areas. Inadequate medical care and diagnosis is mostly due to the low doctor-to-patient ratio in 

rural areas. There is a need to improve the efficacy of patient treatment. Hence, there is need to develop the 

doctor assistant system in a more efficient manner. The major disadvantage of the existing patient’s health 

parameter measuring facility is the necessity for the doctor or a medical person to be physically present in the 

neighborhood of the patient at all times and requirement of multiple devices to measure various health parameters 

which is an expensive affair for both doctors as well as patients. As a result, it is vital to build a system embedded 

with all the necessary sensors and required circuitry to measure all the primary health parameters of the patients 

prior to the doctor consultation [1,7].  

 Because of the developments in bioinstrumentation and telecommunication technology, it is now possible to 

construct a standalone doctor assistant system which is capable of acquiring, recording, displaying, and 

transmitting physiological information from the human body to any place. Doctors can use the suggested doctor 

assistant system to measure height, weight, temperature and monitor key biosignals such as ECG, respiration, 

heart rate, and body blood pressure of the OPD patients. The clinical output of the recorded patient’s data is then 

transferred to an excel sheet and can be uploaded to the cloud server, where the clinician may view it from 

anywhere. As per the initial health parameters of the patients recorded by using the doctor assistant system, the 

doctor can also make necessary recommendations and provide required prescriptions. In many ways, this doctor 

assistant system collects physiological indicators such as ECG, SpO2, heart rate, temperature and blood pressure, 

pre-processes them, and displays them in a graphical user interface developed using LabView [2,4].  

 In the developed system the LabVIEW's versatility has been used to capture, process, and display vital health 

data of the patients in real-time. The doctor assistant system is a state-of-the-art approach to healthcare 

technology. It satisfies the requirement for thorough and ongoing monitoring, empowering medical professionals 

to act quickly and with appropriate knowledge. LabVIEW makes data sharing and interoperability easier in this 

age of linked healthcare ecosystems, enabling smooth integration with Electronic Health Record (EHR) systems. 

As a result, a more comprehensive approach to patient care is supported by ensuring that the health information 

of the patient is not only tracked in real-time but also integrated into the larger healthcare data landscape [3]. 

 

II. EXPERIMENTAL 

In this presented work, multiple sensors have been used to sense various body parameters such as height 

sensor, weight sensor, pulse and heart rate sensor, ECG sensor and blood pressure sensor, a microcontroller to 

process the data and generate the output as per the algorithm, a buzzer to generate alert signals and LabView 

software for designing a graphical user interface (GUI) to visualize the sensors data in readable form and control 

the system easily [9]. 

1. Hardware Architecture 

 As shown in fig. 1, one end of all the necessary fundamental sensors are connected to the patient’s body to 

read the various body parameters and another end is connected to the microcontroller with the necessary signal 

conditioning circuits. The sensors will sense patients’ height, weight, temperature, SpO2, heart rate, ECG and 

blood pressure and feed these data to microcontroller the microcontroller will process the data as per the written 

program and transfer the data to the GUI developed using LabVIEW for the graphical representation of the 

sensors data.  

It was made sure that every sensor was calibrated separately in advance to ensure that the project could be 

completed without any systematic errors. Then, the separate configuration of the sensors were combined so that 

the complete system works seamlessly accomplish the primary objective of the present work. 
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Fig. 1: Block Diagram of the system 

1) Sensor Integration: 

a. Height and Weight Sensor: 

• Measure height and weight of the patient. 

• Evaluates body composition and BMI.  

BMI= 
Weight(kg)

Height (m2)
 

• Gives baseline physical measurements for evaluating health. 

b. SpO2 and Heart Rate Sensor: 

• Helps to read patients’ SpO2 and pulse rate. 

• Keeps an eye on heart rate to assess cardiovascular health. 

• Finds anomalies and irregularities in the pulse. 

c. ECG Sensor: 

• Records and examines cardiac electrical activity. 

• Helps to detect irregularities and cardiac rhythms. 

d. Blood Pressure Sensor: 

• Assesses both the diastolic and systolic blood pressure. 

• Vital for tracking cardiovascular health. 

e. Buzzer: 

• Integrated to provide prompt notifications in the event of a critical health event. 

• Increases the system's capacity to react quickly in emergency situations. 

 

2. Software Architecture: 

Software integration is one of the most crucial components of a doctor assitant system, thereby working as the 

brain of the system. The software architecture of the doctor assistant system consists of the use of the Micro-

Controller IDE,  LabVIEW and MS-Excel as shown in fig. 2. The Arduino IDE, an open-source programme that 

makes it simple to upload code to a development board and extracts the sensors data has been used. The 

LabVIEW (Laboratory Virtual Instrument Engineering Workbench), is an interactive programming environment 

where graphical notation can be used to create programs is used to design the system GUI. 
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Fig. 2 Software architecutre of the system 

1) LabVIEW-Based GUI is Developed for: 

a. Data Visualization: 

• Real-time data from the integrated sensors is presented in an easily understandable format on the 

GUI. 

• Provides graphical representation of anomalies and trends. 

b. User Communication: 

• Allows medical professionals to communicate with the system via a user-friendly interface. 

• Enables system settings and alert thresholds to be customised.                   

Once the patient’s necessary data is collected and displayed over GUI, the data can be saved to an MS- Excel 

sheet generated to save patients record and the saved data can be forwarded to the doctors for further treatment 

and diagnosis. 

 

Fig. 3. Experimental setup of the system 

Fig. 3 shows the experimental setup of the doctor assistant system in which all the required sensors are 

connected with the microcontroller and the microcontroller is connected with the computer to see the real time 

data acquire by the sensors. 
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Fig. 4. Block diagram of the system in LabView 

Fig. 4 shows the LabVIEW block diagram of the presented system. The LabVIEW block diagram of a doctor 

assistant system uses various LabVIEW elements to represent the functionality of the system visually. The main 

elements of such a block diagram are: 

A) Data Acquisition:  

 LabVIEW is frequently utilised to interface with sensors and processing unit for obtaining patients’ health 

data. Components for data acquisition, such as nodes or functions to read signals from devices measuring 

parameters like height, weight, temperature, blood pressure, heart rate, etc., would be represented in the 

block diagram.  

B) Signal Processing:  

 Once the data is acquired, it may go through signal processing for filtering, noise reduction, or other 

preprocessing procedures. To improve the quality of the acquired data, LabVIEW offers a variety of signal 

processing tools and functions that can be integrated into the block diagram. 

C) Data Analysis:  

 One can carry out variety of data analysis tasks with LabVIEW. Sections for analysing the health 

parameters, such as calculating trends, spotting patterns, or looking for abnormal values, would probably be 

included in the block diagram. This could involve custom algorithms, statistical analysis, or mathematical 

functions. 

D) User interface (UI):  

 LabVIEW allows to design an user-friendly interfaces. Fig. 5 shows the graphical user interface (GUI) of 

the doctor assistant system designed using elements found in the block diagram. The physicians and other 

healthcare workers can use it to acquire patients’ data. This includes graphs, charts, and indicators showing 

patient data in real time. 

E) Communication:  

 Number of communication protocols are supported by LabVIEW. Here, in the presented system serial 

communication is used to communicate between the microcontroller and LabVIEW.   

F) Alarm and Notification System:  

 Alarms and alerts based on preset thresholds can be configured with LabVIEW. Components for real-time 

data monitoring and alerts or notifications in the event that any health parameter surpasses a threshold could 

be included in the block diagram. 
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Fig. 5. Designed GUI of the system  

III. RESULTS 

               

Fig. 6. GUI of the system in run mode with sensors data 

The experimental findings demonstrate the effective integration of LabVIEW-based GUI for data validation 

with physiological sensors. With real-time monitoring and prompt alerts in emergency scenarios, the doctor 

assistant system shows promise as an all-inclusive tool for medical practitioners. 
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IV. CONCLUSION 

This experimental work, which combines physiological sensors with a LabVIEW-based GUI, represents a 

major step forward in the development of a doctor assistant system. The integrated system has the potential to 

improve patient care and strengthen healthcare professionals' ability to make prompt, well-informed decisions, 

especially when combined with the alert buzzer. Its practical applicability in clinical settings will increase with 

additional improvements and validations. 
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Abstract: - In the present work, SnO2 and PPy were prepared using standard chemicals under conditions and SnO2 is doped by 

polypyrrole (PPy) in the proper stoichiometry. By changing doping percentage of PPy, four sensors S1, S2, S3 and S4 are prepared. 

Au electrodes and Platinum wires were used. Each sensor was calcinated at about 5000C for 1h in ambient environment. To improve 

stability and repeatability, fabricated sensors were kept in N2 environment for 2.5 h at about 1800C and then in air for about 1.5 h. 

XRD technique was used for the phase characterization study of the prepared materials and SEM (scanning electron microscopy) 

was used for porosity measurement.  The resistances of the prepared sensors were measured with the help of voltage drop method 

and then sensitivity was determined. Sensitivity of sensor was checked at different concentration of ammonia.  

PPy doped SnO2 composite; S3 sensor (15%PPy+ 85%SnO2) showed enhanced sensitivity among the prepared sensors due to high 

porosity and high ionization absorption at the surface of sensor. PPy acted as assistant catalyst to increase conductivity. Sensitivity 

(Rg/Ra) was found to be maximum, 18.23 at 62 ppm of NH3 gas concentration at an operating temperature of 300C. Also stability of 

the sensor was checked and found to be most stable. 

Keywords:PPy, SnO2 sensor, chemical precipitation method, sensitivity, stability, NH3 gas, Screen Printing 

Technique 

 

I  INTRODUCTION  

SnO2 is a popular material for fabrication of gas sensors as it is best for reducing gasses detection. SnO2 is a n-type 

semiconductor and its concentration of electron is established by concentration of stoichiometric defects such as 

oxygen vacancy like other metal oxide. Due to low cost, low weight, more porosity, simple design and high 

response, stannic oxide is generally used as best material. Many researchers stated that the sensitivity of SnO2 can be 

enhanced by doping PPy [1-2].  

 Now a day, the atmosphere is being uncomfortable for breathing due to the many dangerous gasses present in 

the atmosphere. Therefore, it is vital to detect such dangerous and harmful gases in order to prevent human life, 

control air pollution, and protect nature from being damaged. Many people are facing problems with toxic, 

combustible and volatile gases in the atmosphere including domestic, laboratorial, and industrial places. Ammonia, 

one such hazardous and toxic gas and hence its detection is very important part. NH3 is used in many places and in 

many applications, such as for cooling purposes in the industries and medical diagnoses and research.  As hydrogen 

produced by the decomposition exerts high reduction effect on SnO2, ammonia is a strong reducing gas [3-4]. Thus 

in the present work, it was decided to fabricate and use the sensors produced by using PPy doped in SnO2 to sense 

ammonia gas. These prepared sensors had shown better response and stability during NH3 gas detection. 

 

II. EXPERIMENTAL 

 

 2.1 Synthesis of SnO2 Nanoparticles: 

GR grade chemicals of Sd-fine, India had been used for the study having purity 99.99%. SnO2 had been prepared by 

taking 2g (0.1 M) of stannous chloride dehydrate (SnCl2.2H2O) which was dissolved in 100 ml H2O. With magnetic 

stirring, after complete dissolution, 4 ml ammonia solution was added to this aqueous solution. Solution was stirred 

for about 30 minutes to get white gel precipitate [5-6].  

Precipitate was left to settle for 9 to 10 h. The thick precipitate was then filtered and cleaned with distilled water 3-4 

times by using de-ionized water. The washed and cleaned precipitate was combined with 0.27g carbon black powder 

(charcoal activated). The mixer was kept in vacuum oven at 85ºC for about 1 day to obtain the mixer in powder 

form. The dried sample then grinded to obtain fine power. This fine product of nanopowder of SnO2 was calcinated 

at 700oC upto 7 h in the auto-controlled muffle furnace (Gayatri Scientific, Mumbai, India.) to eliminate the 

impurities from product completely. 
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 2.2 Synthesis of Polypyrole (PPy):  

The Py monomer, anhydrous iron (III) chloride (FeCl3) and methanol were used for synthesis of PPy [19]. The 

solution of 7 ml methanol and 1.892 g FeCl3 was first prepared in round bottom flask. Then 8.4 ml Py monomer was 

added to (FeCl3+methanol) solution with constant stirring in dark. The amount of Py monomer added to the solution 

(1/2.33 times of FeCl3) was in such a way to get maximum yield.  The resulting black precipitates were filtered and 

washed with copious amount of distilled water until the washings are clear. PPy so obtained was dried by keeping in 

oven at 600oC for 3 h [7].  

 2.3 Preparation of Sensors: 

PPy is doped with SnO2 with different percentage. A paste is produced by using binder (butyl carbitol and ethyl 

cellulose). On clean glass plate with Al2O3 base, paste is screened out with the help of screen printing technique. 

Electrodes are formed on the side edge of the sensors for electrical connections.   

 

Fig. 1.Preparation of sensors  

 

 
Fig. 2.Voltage drop method 

 

For an hour, the prepared films were dried at 80-100oC in calibrated oven. Due to this, all the organic materials 

(in the form of binders) and organic impurities were evaporated [8-9]. The surface resistance measurements were 

done by forming electrodes of silver paint on adjacent sides of the films. For drying the silver paint, the films 

were further heated at about 80oC for half an hour. The prepared sensors are listed below in table 1. 

 

Table 1: 

Sr. No. Composites Sample codes 

1.  5% PPy + 95%  SnO2 S1 

2.  10% PPy + 90%  SnO2 S2 

3.  15% PPy + 85%  SnO2 S3 

4.  20% PPy + 80%  SnO2 S4 

 

2.4 Sensitivity measurement: 

Sensitivity [10-11] is defined as the ratio of resistance of the sensor due to presence of gas to the resistance in air 

environment and is given by  

gas

air

RResistance in presence of gas
S =  = 

Original resistance in air R
 

Where,  

Rgas = Resistance of the sensor in presence of NH3 gas environment and  

Rair  = Resistance of the sensor in presence of air.  
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III. RESULTS AND DISCUSSIONS 

3.1  XRD Characteristics Study:  

Fig.3 shows the X-ray powder diffraction (XRD) pattern of PPy doped SnO2 materials.  

 

Fig.3.XRD of S1, S2, S3 and S4 sensors 

As shown in XRD, even after calcinations at 6000C for 1.5 h, phase was not changed and no new phase was seen.  

X-Ray diffraction pattern of PPy exhibited that, it was amorphous in  nature. The broad peak occurred at 240 and it is 

characteristics of amorphous nature of polypyrrole. The broad peak occurs due to the scattering of X-rays from 

polymer chains at the interplaner spacing. The maximum intensity position of amorphous also depends on monomer 

to oxidant ratio.  The X-ray diffraction patterns of composites of PPy, SnO2 and pure SnO2, calcinated at 200oC. 

Main peak, in case of  pure SnO2, is observed at 26.6o  and this peak  corresponds to the plane (1 1 0) of SnO2 in 

tetragonal structure (JCPDS Card No.3-1114) with 100%  intensity and the average crystalline size by using  

Scherer’s formula was found to be  92.24 nm [12-13].  All the peaks are for the composites materials for molar 

weight percentage of various samples that are perfectly matched.    

 

3.2  SEM (Scanning Electron Microscope) Study:  
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Fig.4.SEM of S1, S2, S3 and S4 sensors 

From the SEM pictures, Fig. 4, it is observed that in every inch of the region, number of pores was different and an 

average number of pores was taken for comparative study. From every photo, porosity was calculated for one inch 

region. From figures, it is found that number of porosity of 15%PPy+ 85%SnO2 (S3 sensor) composition is more 

among the prepared and pure samples. Due to high porosity [14-15], gas absorptive nature increases. This leads to 

the more NH3 gas absorption and hence resistance of the S3 sensor is more and also sensitivity is found to be 

enhanced. Some of the pores are cylindrical and some are spherical, some are elongated and some pores have 

elliptical shapes. All these pores formed cavity which helped in the absorption of the gas. 

 

3.3  Sensitivity Measurement:  

 

Variation of sensitivity of sensors with concentration of Ammonia gas is shown in the following Fig. 5.  

 

Fig.5.Variation of sensitivity with NH3 gas concentration 

As shown in Fig. 5, sensitivity of S1, S2 and S4 sensors is low as compared to that of S3 sensor. It was found that 

sensitivity of all the sensors increases linearly upto 60 ppm concentration of ammonia gas and then remains nearly 

constant. Maximum sensitivity (Rg/Ra) was recorded 18.23 at 62 ppm of NH3 gas for S3 sensor (15%PPy+ 

85%SnO2).  

The semiconductor gas sensor is based on the change of conductivity of the semiconductor material due to its 

interaction with gas. Electron transfer occurs between the semiconductor and the adsorbates when molecules of the 

gas are adsorbed on the surface of semiconductor. The adsorbates accept electrons from the semiconductor when the 

electron’s affinity of the adsorbates larger than the work functions of the n-type semiconductor [16-17]. This transfer 

of electrons and absorption of electrons continue until Fermi-level of the gas-adsorbed semiconductor surface 

becomes equal to that of the bulk. Due to this, accumulation of charges occurs near the semiconductor surface and 

causes the induction of potential barrier. This enhances the resistance of the material thereby increases sensitivity. 

Free electrons generating from oxygen vacancies causes electrical conductivity.  

 

 

 



J.ElectricalSystemsVol-Issue(2024):1-12 

563 

3.4  Stability Measurement:  

Variation of sensitivity of prepared sensors with time is shown in the following Fig. 6.   

 

Fig.6.Variation of sensitivity with time (in hour) 

The sensitivity variation [18] with time was checked for 120 hrs, and it was found that sensitivity was not changing 

with time i.e. sensors showed more stability.   

 

III. CONCLUSION 

PPy doped SnO2 composite; S3 sensor (15%PPy+ 85%SnO2) showed enhanced sensitivity among the prepared 

sensors due to high porosity and high ionization absorption at the surface of sensor. PPy acted as assistant catalyst to 

increase conductivity. Sensitivity was found to be maximum, 18.23 at 62 ppm of NH3 gas concentration at an 

operating temperature of 300C. Also stability of the sensor was checked and found to be most stable.  
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Abstract: - Chalcones are prominent secondary metabolites and precursors of flavonoids and isoflavonoids in plants. The ‘enone’ 

moiety is present in many biologically active molecules and it is considered to be primarily responsible for eliciting the biological 

response in such molecule. Chalcones in general are reported to exhibit various pharmacological activities such as anticancer, 

antimalarial, anti-inflammatory, immunomodulatory, antibacterial, immunosuppressive, antiprotozan, trypanocidal, and 

leismanicidal properties. Though there are many methods for preparation of chalcone, there is need to explore its synthesis using a 

simple, cheaper yet efficient method based on heterocatalytic embedded system. Here we have prepared chalcone using ceria 

embedded zeolite using cheaply available base compounds and allowed to undergo Michael addition at ambient temperature using 

very less amount of solvent and extraneous material. This provides a new route to prepare chalcone vide simple, cheaper, minimum 

solvent yet efficient synthesis at ambient temperature. This confirms the stability, nontoxicity and cost effectivity of ceria-zeolite 

nanocomposite for preparation of chalcone. 

Keywords:Chalcone, active methylene group, ceria, zeolite, nanocomposite 

 

 
1*Dept. of Chemistry,Siddharth College,Fort,Mumbai-400001(M.S.) India 
2Dept. of Physics, Ramnarain Ruia College, Matunga(E)-400019 (M.S.) India 
3Dept. of Physics ,Bhavan’s College, Andheri(W)-400058(M.S.)India 
4Dept. of Physics, Shri Shivaji College, Parbhani-431 401 (M.S.) India 
5Dept. of Physics,Vidyabharti Mahavidyalaya, Amravati-444602(M.S.) India 
6Dept. of Physics, Deogiri College, Chhat. Sambhajinagar-431005 (M.S.) India 
7 Dept. of Mathematics, Vidyabharti Mahavidyalaya, Amravati-444602(M.S.) India 
8 Dept. of AI &DS, Thakur College of Engineering and Technology , Kandiwali(E),Mumbai-400101(M.S.) India 
9Dept. of Chemistry,Vidyabharti Mahavidyalaya, Amravati-444602(M.S.) India 
10Dept. of Chemistry ,Bhavan’s College, Andheri(W)-400058(M.S.)India 
e-mail Corresponding Author : rzade07@yahoo.co.in 
Copyright©JES2024on-line:journal.esrgroups.org 



J.ElectricalSystemsVol-Issue(2024):1-12 

566 

I. INTRODUCTION 

Synthetic organic chemistry has its own charm in simulation of natural products synthesis and creating new 

fantastic molecules. Both the ways it is providing platform for other fields like agriculture, pharmaceutical, 

petroleum etc. It has gained pace after the use of catalysts enormously. Though organic synthesis has it’s place in 

classical and applied research, it is constantly encountered with certain problems of separation of materials other 

than desirable products, huge organic volatile solvent usage, protection and deprotection of functional groups, 

low absolute yield etc. These limitations are amplified enormously in synthesis of fine and specialty chemicals 

[1,2]. So, there is a growing need for more environmentally acceptable processes in the chemical industry. This 

trend towards what has become known as ‘Green Chemistry’. After considerable literature survey we find Ceria 

embedded zeolite very useful in various organic transformation involving reaction between active methylene 

group for formation of chalcone. 

 

Limitations of classical organic synthesis have been overcame by green chemistry approach especially in 

terms of reducing waste by replacing stoichiometric reagents with recyclable solid acid and bases, preferably in 

catalytic amounts[1]. Bio catalysis has many attractive features in the context of green chemistry such as mild 

reaction conditions (physiological pH and temperature), an environmentally compatible catalyst (an enzyme) and 

solvent (often water) combined with high activities and chemo-, regio- and stereoselectivities in multifunctional 

molecules[1,2,10]. Solid acids, such as zeolites, acidic clays and related materials, have many advantages in this 

respect They are often truly catalytic and can easily be separated from liquid reaction mixtures, obviating the 

need for hydrolytic work-up, and recycled. Zeolite-catalysedFriedel-Crafts acylation by Rhône-Poulenc (now 

Rhodia) may be considered as a benchmark in this area [1,6,9]. 

II. MATERIALS AND METHODS 

Synthesis of Chalcone Derivative 

1,3-Diaryl-2-propen-1-ones, commonly known as chalcones are prominent secondary metabolites and 

precursors of flavonoids and isoflavonoids in plants. Structurally in such compounds two phenyl rings are flanked 

by 2-propenone moiety and this arrangement makes them ‘privileged structure’ The ‘enone’ moiety is present in 

many biologically active molecules and it is considered to be primarily responsible for eliciting the biological 

response in such molecule.  

Chalcones in general are reported to exhibit various pharmacological activities such as anticancer, 

antimalarial, antiinflammatory, immunomodulatory, antibacterial, immunosuppressive, antiprotozan, trypanocidal, 

and leismanicidal properties. Licochalcone-A, a natural product, isolated from the licorice root, is known to have a 

wide variety of anticancer effects. They have recently been reported as antiproliferative and antitumor agents and 

interest in this class of molecules in identifying potent anticancer agents is renewed. These molecules with enone 

moiety inhibit several enzymes which render them the therapeutic potential. The ease of preparation, the potential 

of oral administration, and safety also support the feasibility of chalconebased compounds to be used as 

chemotherapeutic agents. Tremendous amount of work is reported on the synthesis, bio-evaluations, and 

mechanism of action of these compounds including their interference in microtubule formation1and many cellular 

signaling pathways.  

A number of chalcones with hydrophobic moieties and hydrophilic substituents attached to the aromatic 

rings such as adamantanyl and steroidal substituents were prepared and showed potent anticancer activity against 

different cancer cell lines. Chalcone undergo Buchwald- Hartwig Coupling /Michael Addition reaction with 

primary amine and with aldehyde to give 4-Quinolones. It is highly biologically active molecule [5].It can 

undergo Multicomponent Stereoselective Synthesis of 3-Amino-2(1H)-pyridinones Using CeCl3·7H2O/NaI, 

primary amine and oxozolonone. Heterocycles incorporating a 2(1H)-pyridinone framework constitute an 

extensively studied class of compounds owing to their diverse biological activities ranging from anti-HIV, 

antibacterialand antifungal to free radical scavenger [3,4].A Ce(III)-catalyzed expeditious multicomponent 

stereoselective synthesis of 3-mercapto-2(1H)-pyridinones [12] is achieved using chalcone, primary amine and 

oxathiolanone. One of the drug namely Cycloproxalamine (Loprox) is approved by the FDA as a broad spec- trum 

antifungal drug and is presently in clinical use for the treatment of various skin diseases. Polysubstituted 2(1H)-

pyridinones are of special interest due to their anxiolytic activity with improved side effect profiles. In addition, 

dihydro and tetrahydro derivatives of 2(1H)-pyridinone have been applied as scaffolds for the construction of 

constrained amino acids [5].Synthesis of benzylaminocoumarin derivative was catalyzed by surfactant Triton X-

100 using water as solvent [7]. 
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The basic structure of chalcone [8]include following nucleus. R & R1 can be –OH, CH3,  C2H5Cl, NH2, and 

many complicated groups. 

 

 
 

 
 

Figure.1. Basic structure of chalcone 

 

Active Methylenes: 

These are compounds in which methylene group (CH2) is attached to electron withdrawing group such as 

CN. COOEt, NO2 as shown in the following compounds. 

 

    
 

    
     Figure2. Active Methylenes 

 

These compounds are having acidic methylene hydrogens. These can be abstracted by base, forming a 

carbanion. These carbanions are stabilized due to resonance by EWG group. These also form enolate ion. These 

enolates are able to give nucleophillic addition over carbon double bond. 

Synthesis of Ceria: 

Cerium is a rare earth element belonging to the lanthanide series. Even if is a rare earth element, the earth 

crust is relatively rich in this element, being the most abundant from the lanthanides. After europium, cerium has 

the highest reactivity among the rare earth metals, passing easily into oxidized stage at room temperature. While 

most of the rare earths exist in trivalent state, cerium also occurs in 4+ state and may alternate between the two in 

a redox reaction. cerium oxide nanoparticles prolong cellular longevity by scavenging free radicals generated 

during their lifetime. The distinct structure of ceria nanoparticles, regarding the valence, support cell longevity as 

benefit of its antioxidant properties. Antioxidant behaviour is strongly influenced by the co-existence of both Ce3+ 

and Ce4+ oxidation states in CeO2 nanoparticles.  

The synthesis of CeO2nps was achieved by precipitation method by using an aqueous cerium nitrate solution 

(0.2 M) as the cerium precursor and excess of ammonia solution (0.2 M) as precipitating reagent. The reaction 

was carried out at room temperature under continuous magnetic stirring. A stream of O2 was bubbled into the 

reactor to oxidize Ce3+ to Ce4+. Firstly, a white precipitate came out in the solution. Subsequently, the colour of 

precipitate turned into purple, and gradually became light yellow. The post-precipitation stage consisted of a 24 

hrs. aging, separation by filtering and drying. The sample was washed with ethanol for three times. 

 

 

III. RESULT AND DISSCUSSION 

Structural Analysis 

http://www.sciencedirect.com/science/article/pii/S0223523410006306#fx1
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FT-IR spectra 

 

 
Figure 3. FT-IR Spectra of CeO2, zeolite and CeO2/zeolite 

FT-IR spectra in the 400–4000 cm-1 range were shown in Fig. 3 for CeO2, zeolite, and CeO2/zeolite 

nanocomposite. O-H stretching and bending vibrations of adsorbed water are responsible for the broad peak 

located at 3437 and 1646 cm-1, respectively. The peak at 1013 cm-1 in the zeolite spectrum is indicative of the Si–

O–Si stretching vibration. The weak peaks correspond to Si–O–Si bending vibration and are located between 460 

and 800 cm-1. The signal at 426 cm-1 in the FT-IR spectra of CeO2 is indicative of the Ce–O bond. Because of the 

interaction between CeO2 and zeolite, the Si–O–Si peaks are located at 1013 and 1032 cm-1, respectively, and are 

associated with zeolite and CeO2/zeolite nanocomposite. 

 
 
 
XRD 

 

 
Figure 4. XRD pattern of pure CeO2, Zeolite and CeO2 embedded on Zeolite 

Figure 4 displayed the XRD patterns of the zeolite, CeO2, and CeO2/zeolite. Zeolite's XRD pattern 

andJCPDS card No. 37-0072 agree well. The characteristic peak of CeO2 is typically found at 2h = 28.56 (111), 

47.4(220), and 56.58 (311) (JCPDS card No. 89-8436). The CeO2/zeolite XRD pattern showed the presence of 

both CeO2 and zeolite peaks, indicating the entry of CeO2 nanoparticles into the zeolite 

framework.Scherrer'sformula was used to determine the average crystallite size. 

 
where D is the average diameter, θ is the Bragg angle in degrees, λ is the breadth line of the diffraction peaks 

in radians, and is the X-ray wavelength. For CeO2/zeolite, the average CeO2 size is determined to be 10.53 nm. 

Zeolites are effective materials for segregation, adsorption, and catalytic activity. This immense focus is due 

to their extraordinary properties, which include a characteristic fluorite-type structure, a stable framework, and the 

versatile ability of cerium's tetravalent (Ce4+) and trivalent (Ce3+) valence states to undergo reduction and 

oxidation processes. Rare earth oxides like ceria have a wide range of applications, including electrocatalysis, 

solar and fuel cells, and photocatalysis. Although, CeO2 is abundant with oxygen vacancies the drawback of 

limited surface area, lower visible-light harvesting capability, and high recombination of electron-hole pair has 

limited its independent application. Various strategies have been employed such as doping with metals and non-

metals, support material, and fabricating over support materials. However, to the best of our knowledge, the 

application of zeolite and CeO2 photocatalyst composite for the removal of endocrine disrupting compound like 

caffeine is unexplored. In this study, we developed a CeO2 decorated zeolite nanocomposite 
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To prepare various pharmaceutical intermediates such as chalcones derivatives of various active methylene 

groups, cleaved epoxide, indole derivative, benzothiazepine, using various coupling reactions, C-C, C-N, C-O, 

C-X bond formation methodologies. All these reactions will be carried out in minimum solvent Ceria embedded 

zeolite as efficient catalyst. Along with core reaction, effect of temperature, solvent, concentration of catalyst, 

synergistic effect of various factors also is studied. 

 

IV. CONCUSION 

Though classical organic synthetic methods are rampant for synthesis of chalcone derivatives of active 

methylene groups, we felt the need to develop green protocol using an efficient catalyst. So, we attempted to 

develop ceria embedded zeolite as a green catalystfor preparation of chalcone derivative which are biologically 

active intermediates. It also helps in expediting the steps in preparation of drugs which are potentially anticancer, 

antimalarial, anti-inflammatory, immunomodulatory, antibacterial, immunosuppressive, antiprotozan. 
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I. INTRODUCTION 

 Nanotechnology stands at the forefront of modern materials science, offering unprecedented opportunities 

to engineer materials with tailored properties at the nanoscale [1-5]. Among the myriad of nanomaterials, stannic 

oxide (SnO2) nanoparticles have emerged as a promising candidate owing to their diverse applications spanning 

catalysis [6], gas sensing [7], energy storage [8], and optoelectronics [9-10]. The precise control over their size, 

morphology, and surface properties is crucial for optimizing their performance in various applications. 

 The sol-gel method [11] represents a versatile and cost-effective approach for the synthesis of 

nanoparticles, enabling precise control over particle size, uniformity, and crystallinity. Leveraging this method for 

the synthesis of stannic oxide nanoparticles presents an avenue for achieving tailored properties to meet specific 

application demands. 

 This paper presents a comprehensive investigation into the synthesis and characterization of stannic oxide 

nanoparticles via the sol-gel method [12-13]. By meticulously controlling the synthesis parameters such as 

precursor concentration, solvent composition, and reaction conditions, we aim to elucidate the influence of these 

factors on the morphology, crystallinity, and physicochemical properties of the resulting nanoparticles. 

II. EXPERIMENTAL  

2.1 Materials 

 All the chemicals used in the experiment were of analytic reagent (AR) grade. Stannous chloride dehydrates 

(SnCl2.2H2O), distilled water, ammonia solution (NH3) was available pure form. 

2.2 Synthesis of SnO2 NPs by sol gel method 

 SnO2 NPs was synthesized by using sol-gel method. By dissolving 2 g (0.1 M) of stannous chloride 

dehydrate in 100 ml of distilled water, SnO2 nanopowders were obtained. Ammonia solution was added to the 

previous solution dropwise while stirring after it had completely dissolved. The resultant gels were filtered and 

dried for 24 hours at 80ºC to eliminate water molecules. Finally, tin oxide nanopowders are produced after two 

hours at 550ºC. 

III.  RESULTS AND DISCUSSION  

3.1. X-Ray Diffraction (XRD)  

 The crystallinity of the powdered sample of as-prepared SnO2 NPs was examined using the X-ray 

diffraction technique. The SnO2 NPs' XRD pattern is shown in Fig. 1. Cu Kα (λ=1.542A°) patterns were obtained 

between 5° and 99° using an accelerating voltage of 40 KV. The counting rate used to gather the data was 

0.0170°/min. The Kα doublets have good resolution. XRD data can be used for estimating the crystalline size 

using Debye Scherer's formula [14] 
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Abstract: - In this work, the nanoparticles of stannic oxide (SnO2) were synthesized using the sol-gel method, using 

stannic chloride dehydration (SnCl2.2H2O) as the precursor, ammonia solution (NH3) as a solvent, and distilled water as a 

medium. Comprehensive structural studies have been conducted using X-ray diffraction (XRD). The SnO2 NPs exhibit a 

typical tetragonal structure, as shown by the XRD spectra. The average crystalline size of SnO2 NPs was determined to be 

around 23.18 nm using the Debye-Scherer formula. XRD analysis shows that the synthesized sample is free of impurities. 
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𝐷 =  
0.9λ 

βcosθ
 

where, D is the crystallite size of the particles, shape factor is ‘K.  ‘λ’ is the incident X-ray wavelength (1.54056 

A, CuKα), θ is the diffraction angle and β is the full width half maximum. Further, JCPDS card number 01-077-

0447 

 

Figure 1:  X-Ray Diffraction pattern of SnO2 NPs synthesized by sol-gel method. 

 

As illustrated in Fig. 1, the produced SnO2 sample's XRD pattern showed greater intensity peaks at 2θ - 

26.7399, 34.0409, 38.1412, 39.1911, 51.9902, and 54.8983. Sharp peaks in the SnO2 XRD pattern indicate that 

the material highly crystalline in nature. A distinct broadening of the XRD peaks suggests that the material that 

has been manufactured contains particles in the nanoscale range. Using the Debye-Scherrer formula, the 

crystalline size was determined to be 23.18 nm for the highest peak (26.7399°). The higher peak intensities of an 

XRD pattern are due to the better crystallinity [15]. The corresponding X-ray diffraction peak for planes confirm 

the formation of a typical tetragonal structure of SnO2 (DB card number = = 01-077-0447). Further, Using 

PDXL software which provided with RigakuMinflex 600 model, it is confirm that synthesized powder contains 

Sn and O elements only without any impurity.  Table 1 shows the 2θ values and FWHM of as-synthesized SnO2 

NPs.  

 

 

 

 

Table 1: 2θ values and FWHM of as - synthesized SnO2 NPs. 

Pos. [°2Th.] Height [cts] FWHM [°2Th.] d-spacing [Å] Rel. Int. [%] 

26.7399 1669.65 0.3680 3.33396 100.00 

34.0409 1318.93 0.1338 2.63376 78.99 

38.1412 369.55 0.3346 2.35953 22.13 

39.1911 89.93 0.3346 2.29871 5.39 

42.7872 23.38 0.4015 2.11347 1.40 

51.9902 999.45 0.3346 1.75895 59.86 

54.8983 222.48 0.2342 1.67245 13.32 
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58.0259 101.08 0.3346 1.58954 6.05 

62.0197 176.44 0.4684 1.49643 10.57 

64.9482 188.88 0.3346 1.43585 11.31 

66.1715 236.28 0.3011 1.41225 14.15 

71.4220 90.01 0.4015 1.32078 5.39 

78.8175 129.52 0.5353 1.21436 7.76 

81.2984 31.74 0.4015 1.18346 1.90 

83.8797 85.79 0.6022 1.15349 5.14 

87.3687 36.99 0.4684 1.11619 2.22 

90.1785 100.67 0.2676 1.08858 6.03 

91.0976 104.26 0.4684 1.07997 6.24 

93.5561 38.07 0.5353 1.05795 2.28 

96.2056 35.08 0.9792 1.03487 2.10 

 

IV. CONCLUSIONS 

  Using the sol-gel method, pure SnO2 NPs were successfully synthesized. As synthesized, SnO2 NPs have a 

tetragonal crystal structure with an average particle size of 23.18 nm, as confirmed using XRD. The sharp peaks in 

XRD at particular intensities denote the good crystallinity of sol-gel-synthesized SnO2 NPs. 
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Abstract: - Thin solid films of PTh-PVAc doped with Iodine (Pure, 5.5, 10.4, 14.9, 18.9 and 22.5 wt %) were synthesized by chemical 

oxidative polymerization method in order to study the electrical properties such as dc and ac conductivity at various temperature ranges. 

Amorphous nature of the sample was confirmed by the XRD technique of sample. Temperature dependent conductivity (313-363K) of 
PTh-PVAc films doped with Iodine follows Arrhenius nature which depicts dc parameters such as activation energy, pre-exponential 

factors etc. The impedance spectra of films (323-343K over frequencies from 0.1-200 KHz) found to consist of only one arc suggest 
various parameters such as relaxation time, bulk resistance, bulk capacitance, dielectric activation energy etc. 

Keywords: Poly(vinyl acetate) (PVAc), Polythiophene (PTh), Iodine, dc,ac 

 

I. INTRODUCTION  

Due to electron hopping transport, PTh is arose as a better conducting polymer and a leading field of 

investigation amongst conducting polymers. A number of applications have been proposed for PThs, such as 

field effect transistors, electroluminescent devices, solar cells, photochemical resists, nonlinear optic devices, 

batteries, diodes and chemical sensors [1]. A high performance is seen in various electronic devices and memory 

devices of PTh conductive polymers, due to recent developments of materials having improved process ability 

and ambient stability relative to the earlier systems. Due to high conductivity and fascinating structural 

properties, PTh has been involved in a wide range of applications. 

 These conjugating polymers thin films have been studied by many workers, because of special electrical 

properties, considerable thermal stability and oxidation resistance that are favorable in applications such as 

optoelectronic, biosensors, electro chromic displays and chemical sensors [2-3]. Roncali [4] surveyed the 

electrochemical synthesis and the electronic properties of substituted PThs in 1997. The overall review on 

chemical synthesis of PThs and applications as chemical sensors, organic memory devices, photo conductivity, 

etc., is given by many researchers [5,6]. Temperature-dependent conductivity, in the case of ion conducting solid 

electrolytes, is more completely explained by Vogel-Tamman-Fulcher (VTF) [7-9] rather than other models. Ryu 

et al. [10] predicted that PTh powder prepared by electrochemical method, shows better results than that prepared 

by the fast oxidation method. Yildiz et al. [11] synthesized poly (ethylene oxide)-copolymer-polythiophene 

(PEO-co-PTh) by electrochemical copolymerization and from characterization, they predicted the exploitation of 

electrochromic devices. Barde et al [12] observed the variation in ionic conductivity in polypyrrole (PPy)-poly 

(vinyl acetate) (PVAc) films synthesized by oxidative polymerization. An investigation in electrical, structural 

properties and impedance spectroscopy in PTh-PVAc composite films doped with Iodine was carried out by 

Bobade et al and Deshmukh et al [13-14].  

The present paper focuses on comparison in electrical properties of Polythiophene composite thin films doped 

with Iodine. 

II. EXPERIMENTAL PROCEDURE 

A) STRUCTURE 

For structure determination, X-ray diffractometer PANalytical PW: 3040/60, Netherland was used. All the 

PTh PVAc samples doped with iodine were characterized at Vishveshwaraiya National Institute of Technology 

(VNIT), Nagpur. 
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B) DC CONDUCTIVITY MEASUREMENT 

The dc conductivity of the samples was measured by the two probe method [12, 13], in a temperature range 

of 313 – 363 K. A dc regulated power supply and a picoammeter with a resolution of 1 pA was used for the 

measurement of resistance of the sample. Samples being tested were sandwiched between two conducting copper 

electrodes of the sample holder and then placed in a muffle furnace. The heating rate of the sample was 1°C min-

1. 

C) AC CONDUCTIVITY MEASUREMENT 

ac conductivity of the samples was recorded on LCR meter (Wayne Kerr, UK) having range of frequencies 

from 0.1-200 KHz at temperature in the range 323-343K with heating rate 1°C min-1. A constant voltage is 

applied to the sample and corresponding impedance and phase angle was measured at constant temperature for all 

frequency range. Sample holder and furnace used is same as that of dc conductivity measurement. 

 

III. RESULTS AND DISCUSSION 

A) STRUCTURE 

The XRD spectra of the PTh-PVAc composite films with different wt % of Iodine are shown in the figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig 1 XRD Spectra of PTh-PVAc films doped with Iodine 

 

Absence of peak in the intensity versus 2 curve represents complete amorphous state of the sample [6]. 

Indication of peak or peaks in the curve suggests the formation of phase or phases in the composite during 

polymerization process. 

  All the spectra for different PThs having wt % of Iodine reveal a hump in low 2 region. It is due to short 

range order and indicating that these PTh-PVAc composite films doped with Iodine are amorphous. Increase in 

concentration of dopant Iodine does not induce any crystallinity in these composite films. This also explains the 

homogeneous nature of the samples. The sharp peaks observed may be due to presence of Iodine in the sample. 

Since the samples of PTh-PVAc films doped with Iodine were indicating total amorphous nature this 

characterization is limited for these films only. 
 

 

B) DC CONDUCTIVITY OF PTH-PVAC FILMS DOPED WITH IODINE 

The dc conductivity of samples of iodine wt % 5.5 – 22.5 was measured at a temperature range of 313 – 363 

K, by measuring the resistance of the samples; it was observed that the conductivity depends upon composition 

as well as temperature. The variation of DC conductivity vs. concentration of iodine wt % for composite films at 
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330 K is shown in Figure1. Initially, the conductivity increased, reached 9.78 × 10-10 S cm-1 for 10.4 wt % of 

iodine and then rapidly decreased with iodine concentration.  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.2: Variation of Conductivity with Iodine wt % at 330 K 

Many researchers [11, 14-16] reported a similar conductivity isotherm. In the case of PTh composites [16-

20], percolation behavior was reported even for a low concentration of PTh. The temperature dependence of 

conductivity for different iodine wt % is shown in Figure 2. From this plot it is observed that the conductivity 

increased with increase in temperature, due to an increase in mobility of the ions. Ionic conductivity for 10.4 wt 

% of iodine showed maximum conductivity, which can be attributed to the fact that ionic motion is improved by 

polymer segmental motion for the particular concentration. Also the formation of PTh-PVAc-I- has much 

contribution to the ionic conductivity. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

From the fig.3 it is observed that initially the rate of increase of conductivity is fast and after certain 

temperature the rise is slow. Thus it leads to two activation region (I and II as shown in fig.3) giving two different 

activation energies. The samples synthesized by concentration of Iodine (5.5, 10.4, 14.9 and 22.5 wt %), show 

the curvature type behavior below a certain temperature Tc, called knee temperature, and above which the curves 

are nearly linear in nature. The non-linearity in Arrhenius plot for samples synthesized at 5.5, 10.4, 14.9 and 22.5 

wt % of Iodine indicates the ionic transport facilitates by the segmental motion of polymer chains. Thus Vogel-

Tamman-Fulcher (VTF) [9-11] equation may more effectively represent the results. And the sample with 18.9 wt 

% of Iodine indicates straight line nature to which VTF equation could not be applied.    
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Fig. 3: Variation of logσ with 1/T for different wt. % of Iodine 
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where T is the absolute temperature; 'A', 'B' and T0 are the fitting constants and 'k' is Boltzmann constant. 'A' 

is the pre-exponential factor, which is related to the number of charge carriers. 'B' is the pseudo activation energy 

related to activation energy of the ion transport. It is related to critical volume for displacement in free volume 

model [9] and to the energy barrier for rotational motion of polymer segment in configuration entropy model 

[21]. T0 is the critical (ideal glass transition) temperature, usually it is 30-50 K below 'Tg'. It is the temperature at 

which configuration entropy or free volume disappears. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
The exploration of equation 1) gives the VTF fit parameters (fig.4) which are summarized in Table 1. It is 

evident that the activation energy value 'B', for the sample prepared with 5.5 wt % of Iodine is minimum. The 

values of T0 increases with rise in concentration of Iodine. Such dependence of T0, with respect to concentration 

of salt, has been reported in polymer electrolytes [22]. In high temperature region (fig.3) the curves no longer fits 

the VTF equation. The cross over from VTF to Arrhenius is clearly visible in the high temperature region. This 

type of cross over in conductivity behavior generally observed in polymer electrolyte systems [9-11]. 

 Arrhenius equation is,        

…...……(2) 

 

 
Where Ea is the Activation energy and σ0is the pre-exponential factor. 

 

Table 1: VTF equation fitting parameters for the PTh-PVAc films for different Iodine wt % 
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5.5 0.96 0.149 388 2.3319 x10-7 0.00009 327 

10.4 0.94 0.188 385 1.6538 x10-7 0.00019 330 
14.9 0.95 0.420 362 1.0124 x10-8 0.00058 332 
22.5 0.87 0.150 380 1.7047 x10-8 0.00010 341 
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Fig. 4 VTF plots for PTh-PVAc films for different wt % of 

Iodine 
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B) AC CONDUCTIVITY OF PTH-PVAC FILMS DOPED WITH IODINE 

ac conductivity of the pure PTh-PVAc sample and doped with different Iodine wt % was measured at various 

temperatures  323-343K by applying a wide range of frequencies from 0.1-200 KHz. Fig.5-8 shows Nyquist plots 

of the samples Pure, 5.5 wt%,10.4 wt% and  14.9 wt% samples and it is observed that the resistance of all the 

samples is found to be decreasing with the rise in temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 5       Fig. 6 

 

 

All the curves show the same trends in the temperature range 323-343 K. Many researchers [23-26] reported a 

similar conductivity isotherm. The impedance spectrum of PTh-PVAc pure film and doped with Iodine is found 

to consist of only one arc (fig. 5-8) which may be taken to mean that the conduction processes have identical time 

constants [27]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 7       Fig. 8 

 

All the curves show the same trends in the temperature range 323-343 K. Many researchers [23-26] reported a 

similar conductivity isotherm. The impedance spectrum of PTh-PVAc pure film and doped with Iodine is found 

to consist of only one arc (fig. 5-8) which may be taken to mean that the conduction processes have identical time 

constants [27]. 
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Also it may be argued that as the temperature increases the arc of semicircle reduces, indicating the increase 

in conductivity. The basic features of the spectra seem to be qualitatively similar to those obtained by Johnson et 

al. [28] for polythiophene films and Komura et al. [24] for polypyrrole polystyrenesulfonate composite films in a 

similar configuration. The arcs are found to be highly depressed for the all films for different temperatures which 

indicate the distribution of relaxation times [29]. From the semicircle, the values of bulk resistance are calculated 

and noted in table 3.2.1. The variation of real axis Z’ with log f for the samples is shown in fig 9-12. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 9        Fig. 10 

 

From the fig.9-12, it is observed that the pure PTh-PVAc sample shows the wide variation of resistance with 

respect to real axis at all frequencies. As the frequency increases the resistance of the sample is found to be 

decreasing in a continuous manner and then it became constant. Also as the concentration of the dopant Iodine is 

increasing, the sample exhibits much lesser resistance for higher frequencies. The values of resistance are 

decreasing with rise in frequency and temperature. The magnitude decreases on increasing temperature in the 

low- frequency range which merges in the high-frequency region irrespective of temperature. This nature may be 

due to the release of space charge [30]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 11        Fig. 12 
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The reduction in barrier properties of the materials with rise in temperature may be a responsible factor for 

enhancement of ac conductivity of the materials at higher frequencies [31-32]. Further, in the low frequency 

region, there is a decrease in magnitude with rise in temperature showing negative temperature coefficient of 

resistance (NTCR) behavior [33]. This behavior is changed drastically in the high frequency region showing 

complete merge of plot above a certain fixed frequency. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 13        Fig. 14 

 

 

The variation of log f versus Z” in fig. 13-16 shows asymmetric peaks at different temperatures. Each peak is 

associated with a maximum frequency called as relaxation frequency (fr). As the temperature increases the 

relaxation frequency is found to be shifting towards higher frequency side and it finally merges in the high 

frequency region which is an indication of the accumulation of space charge in materials.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 15        Fig. 16 

 

The relaxation frequency (fr) follows the Arrhenius behavior as, 
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Or          (3.2.1)  

 

 

 

This equation is explored to find out the dielectric relaxation activation energy (∆E) and relaxation time (τ) 

.The calculated values of relaxation frequencies are plotted against the 1/T as shown in fig 17-19. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 17        Fig. 18 

 

The variation of log fr versus 1/T for the sample pure, 5.5 wt% and 10.4 wt% shows a straight line nature [34-

36]. From this straight lines dielectric relaxation activation energy (∆E) and relaxation time (τ) is noted in table 2. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 19 
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Table 2 Dielectric relaxation activation energy and Relaxation time of PTh-PVAc film doped with Iodine 

Sr.No. Iodine wt % ∆E (eV) τ (μs) 

1 Pure PTh-PVAc 0.542 79.43 

2 5.5 0.475 15.85 

3 10.4 0.443 3.72 

4 14.9 - - 

 
From the table 2 it is observed that, dielectric relaxation activation energy and relaxation time is maximum 

for Pure PTh-PVAc sample and minimum for 10.4 wt % of Iodine. 

The values of bulk resistance (Rb) from fig. 5-8 and bulk capacitance (Cb) for peak frequencies from fig.9-12 

are noted in table 3. From the table 3  it is observed that the bulk resistance of the sample decreases with the 

increase in temperature. The bulk capacitance is found to be maximum for the sample with 5.5 wt % Iodine. 

 

 

 

Table 3 Bulk resistance and Bulk capacitance of PTh-PVAc film doped with Iodine at different temperature 

 
 

 

IV. CONCLUSION 

Amorphous nature of the sample was confirmed by the XRD technique of sample. Temperature dependant 

conductivity for the samples 5.5, 10.4, 14.9 and 22.5 wt % of Iodine dopant follows the VTF equation [7-9] 

except 18.9 wt % sample. The cross over from VTF to Arrhenius observed in present system may be due to some 

sort of transition in energetic of local ion motion and reduction in effective ion density on undergoing order-

disorder transition at temperature Tc. Thus Tc can be linked to order-disorder temperature. Below Tc the curves 

follows VTF equation. When the ionic conduction follows the VTF equation, a linear relation between log ( 

T1/2) and l/ (T- T0) is expected as shown in fig.3.1.3. The impedance spectra of PTh-PVAc films doped with 

Iodine consist of only one arc which may be taken to mean that the conduction processes have identical time 

constants. The variation of real axis Z’ with log f shows negative temperature coefficient of resistance (NTCR). 

The variation of imaginary axis Z” versus log f shows asymmetric peaks at different temperatures that lead to 

Debye type of relaxation. On the basis of impedance spectra various parameters such as relaxation time, bulk 

resistance, bulk capacitance, dielectric activation energy etc. are calculated. Dielectric relaxation activation 

energy and relaxation time is maximum for Pure PTh-PVAc sample and minimum for 10.4 wt % of Iodine. The 

bulk capacitance is found to be maximum for the sample with 5.5 wt % Iodine. 
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I. INTRODUCTION 

Now a days Polythiophene based materials have emerged as one of the most promising materials due to the easiness of 

its synthesis, its environmental stability and the possibility to modify it with different chemical groups [1-2]. And good 

thermal and electrical stability that exhibit some unique advantages of PTh for the development of various applications  

including organic field effect transistor, solar cells, sensors, electrochromic devices, and light emitting diodes [3-4]. 

Polythiophene composite have  received a great deal of attention due to its flexibility, ease of doping, and good 

thermal and electrical stability that exhibit some unique advantages of PTh for the development of various applications 

[5-6] Although Polyethylene oxide (PEO) based polymer electrolyte has attracted great attention for high energy 

density and high power lithium-ion batteries because of its ease formation of complex with lithium salt, flexibility, 

stable mechanical properties, comparatively high mobility of charge carriers, etc. Among the polymeric materials 

reported, polyethylene oxide (PEO) based polymer electrolytes are the most commonly studied. The purpose of this 

investigation is to synthesize a composite material with good environmental and thermal stability and higher 

conductivity so that it would be useful for human being in developing and sustaining life. 

In the present work PTh-PEO Polymer composite films doped with Lithium Perchlorate (LiClO4) were 

synthesized by in situ chemical oxidative method. Their characterization is done through following various techniques. 

, with an intension to exploit  PTh Polymer  composites for various applications.  

 
1 Corresponding author: 1Department of Physics, Gopikabai Sitaram Gawande Mahavidyalaya, Umarkhed, Dist. Yavatmal 445206, India. 

2Department of Physics, Late R. Arts, Comm. And Smt. S.R. B. Science College Arni- 445103 (India) 

3 Department of Physics, Government Vidarbha Institute of Science and Humanities, Amravati-444604, (India) 

4Director, Government Pre- IAS Training Centre, Amravati-444604, (India) 

*Corresponding author: Dr. P. D. Shirbhate 

Email: shirbhate@gsgcollege.edu.in 

Copyright©JES2024on-line:journal.esrgroups.org 

1 P. D. Shirbhate 

2 D. P. Deshmukh 

3 S. P. Yawale 

4 S. V. Pakade 

Synthesis and Impedance 

Spectroscopy of PTh-PEO Polymer 

composite doped with LiClO4 
 

 

 

Abstract: In this present work Polythiophene-Polyethylene oxide (PTh-PEO) polymer composite were 

synthesized by in situ chemical oxidative polymerization method. The structural and electrical properties of 

PTh-PEO polymer composite films where investigated by several experimental techniques including Fourier 

transform infrared (FTIR) spectroscopy, scanning electron microscopy (SEM) and impedance spectroscopy.  

The FTIR results confirmed the incorporation of LiClO4 into PTh-PEO matrix. The SEM showed a uniform 

distribution of LiClO4 and The impedance spectroscopy of PTh-PEO composite doped with of LiClO4 was 

measured at various temperatures over a wide range of frequencies from 0.1-200 KHz. The impedance 

spectrum of PTh-PEO polymer composite consist of only one arc which shows that the conduction processes 

have identical time constants. The Cole–Cole plots show that well-defined semicircles. The single 

semicircular plot for a given temperature suggests that the device can be considered as a parallel combination 

of bulk resistor (Rb)–bulk capacitor (Cb) network. The impedance plots suggest Debye type behaviour and 

single relaxation mechanism. 
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II. EXPERIMENTAL METHODS  

2.1 Chemicals used : 

Thiophene (Th)  Polyethylene oxide (PEO, Mw 100,000)  were obtained from Acros organic, New Jersey, 

USA. Lithium Perchlorate (LiClO4),was purchased from LobaChem Mumbai. Methanol and Anhydrous FeCl3 

were acquired from S.d. fine, Mumbai. All the chemicals were used as received.  

2.2  Synthsis of PTh-PEO polymer Composite doped with LiClO4:  

PTh-PEO composite doped with LiClO4 was synthesized at room temperature (303 K) by in situ chemical 

oxidative polymerization method [7]. Anhydrous FeCl3 was used as a oxidizing agent..A solution of PEO was first 

prepared in methanol by stirring for 6 hours and kept over a night.  Appropriate amount of Anhydrous FeCl3 and 

LiClO4were added and stirred for 15 minutes. When monomer thiophene was added drop by drop to the solution a 

dark brown homogeneous solution was obtained. The solution was then poured on a polypropylene dishes (Petri 

dishes), to prepare the composite films. The thiophene polymerization progresses because the evaporation of the 

solvent increases the oxidation potential of cast solution. After evaporation of the solvent, the composite films 

were formed.  

III.  RESULTS AND DISCUSSION  

3.1 Fourier transforms infrared (FTIR) spectroscopy:  

An infrared spectrum of PTh-PEO polymer composite films doped with 4 wt. %  of Lithium Perchlorate 

(LiClO4) is shown in figure 1. The spectral studies of the synthesized polymer composite films show number of 

absorption peaks. The major peaks at 1076.28 cm-1 and 1643.35 cm-1 are due to the presence of C-S and C=C 

bonds in polythiophene respectively. The strong intensity of the 827.46 cm-1 band which is characteristic of 2,5- 

disubstitutedThiophene rings indicates that the coupling of thiophene ring occurs preferentially at 2,5 positions 

which shift to 846.68, 846.30 and 904.61cm-1 due to addition of Lithium salt.The absorption band at the region 

of 650-600 cm-1 shows the ion–ion interactions in PEO –Li+ ions.This band has been assigned to the stretching 

of ClO4
− ions, and is conveniently used to identify the degree of ion pairing. The shoulder peak near 636 cm−1 is 

apparent in lithium salt containing PEO composite. Two medium peaks at 1473 and 1450 cm-1 are assigned to 

stretching vibrational modes of the thiophene ring [8]. 

 
Figure 1.  FTIR Spectra of PTh-PEO polymer Composite doped withLiClO4 

 

3.2 Scanning electron microscopy (SEM) 

Figure 2 shows the morphology of PTh-PEO composite doped with LiClO4. The surface morphology 

changes severely from rough to smooth. PTh-PEO composite doped with LiClO4 shows further drastic 
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improvement of surface morphology as appears in Fig.2  in which cluster of particles and voids are observed. 

The average size of the particles is 0.5µm to 100 nm, as shown in Fig 2 From the PTh-PEO composites image, 

the clusters of particles resulting from the aggregation of the composite particles can be seen. However, several 

aggregated phases and separate phase domains can be detected. 

The smooth morphology is closely related to the reduction of PEO crystallinity in presence of the salt. The 

reduction of PEO crystallinity arises from random distribution and dissociation of salt which may introduce the 

topological disorder in the composite. The reduction of crystallinity will produced more amorphous phase in the 

system. The amorphous phase makes the electrolyte more flexible and results in increase of the segmental 

motion of the polymer. 

 

 
Figure 2 SEM Micrographs of PTh-PEO polymer Composite doped withLiClO4 

 
3.3 Impedance spectroscopy  

Figure 3 shows the Nyquist plots (Cole-Cole plots i.e. Z”=Z Sinθ versus Z’=Z Cosθ which is also called as 

Nyquist plots) of the optimized samples for different temperatures. The incomplete semicircle shown in figure 3 for 

all temperatures, are caused by the unavailable higher range of frequencies. It can be noted from impedances 

spectrum that the value of bulk resistance shifts to higher frequency region of the spectrum as the temperature 

increases. 

The entireimpedances spectrum shows the same trends in the temperature range 303-328K. Many researchers [9] 

reported a similar conductivity isotherm. The impedance spectrum of PTh-PEOcomposite doped with LiClO4 is found 

to be consist of only one arc as shown in fig. which may be taken to mean that the conduction processes have 

identical time constants [10]. Also it may be argued that as the temperature increases the arc of semicircle reduces, 

indicating the increase in conductivity.  

 

 
Figure 3:Cole-Cole plots forPTh-PEO polymer composite dopedwith LiClO4 
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The basic features of the spectra seem to be qualitatively similar to those obtained for polythiophenefilms[11] The 

arcs are found to be highly depressed for the all films for different temperatures which indicate the distribution of 

relaxation times [12]. 

The Bulk resistance (Rb) and bulk capacitance (Cb) can be calculated from the impedance plots. It is well known 

from the theory of complex impedance plane analysis that the value of Rb is obtained from the real axis intercept. 

The capacitance value is obtained from the frequency values corresponding to the maximum of the semicircle in the 

Impedance plot, using the relation RbCb=l [13]. It is observed that the bulk resistance of the sample decreases with 

the increase in temperature. The Cole–Cole plot (Fig.3) shows that well-defined semicircles.  The single semicircular 

plot for a given temperature suggests that the device can be considered as a parallel combination of bulk resistor 

(Rb)–bulk capacitor (Cb) network. The impedance plots suggest Debye type behavior and single relaxation 

mechanism. 

The variation of log f versus ZCosθ at different temperature is as shown in figure 4.  From the figure it is observed 

that the PTh-PEO sample shows the wide variation of resistance with all frequencies. The resistance of the sample is 

found to be decreased with increase in frequency. 

 

Fig.4 :Variation of real axisZCosθ  with log f of PTh-PEO Composite doped with  of LiClO4 

The magnitude decreases on increasing temperature in the low frequency range which merges in the high-

frequency region irrespective of temperature. This nature may be due to the release of space charge [14]. The 

reduction in barrier properties of the materials with rise in temperature may be a responsible factor for 

enhancement of AC conductivity of the materials at higher frequencies [15]. Further, in the low frequency region, 

there is a decrease in magnitude with rise in temperature showing negative temperature coefficient of resistance 

(NTCR) behavior [16]. This behavior is changed drastically in the highfrequency region showing complete merger 

of plot above a certain fixed frequency.  

0

50

100

150

200

250

300

350

400

450

500

1 2 3 4 5 6

ZC
o

sθ
(K

Ω
)

log f (Hz)

303 K

313 K

318 K

323 K

328 K



J.ElectricalSystemsVol-Issue(2024):1-12 

588 

 

Fig.5: Variation of ZSinθ with log f of PTh-PEO Composite doped with of LiClO4 

The variation of log f versus ZSinθ in figure 5 shows asymmetric peaks at different temperatures. Each peak is 

associated with a maximum frequency called as relaxation frequency (fr). As the temperature increases the 

relaxation frequency is found to be shifting towards higher frequency side and it finally merges in the high 

frequency regionwhich is an indication of the accumulation of space charge in materials [17, 18].  

IV. CONCLUSIONS 

Polythiophene-Polyethylene oxide (PTh-PEO) polymer composite doped with of LiClO4were prepared 

successfully by insitu chemical oxidative polymerization of thiophene. FTIR spectra confirm the successful 

polymerization of thiophene and formation of PTh-PEO composite. SEM micrograph shows the semi crystalline 

morphology with the addition of LiClO4improves the surface morphology of composite The impedance spectrum 

ofPTh-PEOcomposite doped with LiClO4 consist of only one arc which shows that the conduction processes have 

identical time constants. The Cole–Cole plots show that well-defined semicircles were obtained. The single 

semicircular plot for a given temperature suggests that the device can be considered as a parallel combination of bulk 

resistor (Rb)–bulk capacitor (Cb) network. The impedance plots suggest Debye type behaviour and single relaxation 

mechanism. The variation of real axis Z’(ZCosθ) with logf shows negative temperature coefficient of resistance 

(NTCR).  
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Synthesis and Characterization of 

Lanthanum Oxide ( La2O3NPs) 

Nanoparticles  
 

 

Abstract: The utilization of lanthanum oxide nanoparticles (La2O3 NPs) in industrial and biotechnological 

applications, dielectric devices, optical devices, and sensors makes them an efficient rare earth metal oxide. In this 

study, we describe the sol-gel production of La2O3 NPs in their hexagonal phase using ammonia. X-ray diffraction 

investigations (XRD) and Fourier transform infrared spectroscopy (FTIR spectroscopy) were used to examine the 

produced La2O3 NPs Also the La2O3 doped with Polythiphene (PTH). The average La2O3 crystallite nanoparticlesas 

well as the La2O3 doped with Polythiphene (PTH) size was determined using the schemer formula from powered 

X-ray diffraction, and it was found to be around 29.1 nm and 24 nm. FTIR spectroscopy was then utilized to 

examine the chemical structure of the produced material. 

 

Keywords: FTIR, spectroscopy, X-ray diffraction, nanoparticles, lanthanum oxide, Polythiophene, PTH.  

 

I.  INTRODUCTION  

These days, thanks to advancements in integrated circuit and micro and nano electronic component 

research. The low-cost, high-performance electronic device creation with low power consumption is the main 

focus of research [1-3]. Because they are widely employed in electrical devices, optical devices, sensors, 

adsorbents, gate indicators, and superconductors, lanthanum oxide (La2O3) nanoparticles are an effective rare 

earth metal oxide [4–8]. Due to their varying sizes, the two-step procedure used to easily synthesize the 

transition metal oxides La2O3 and La2C2O5 as nanoparticles exhibits distinct characteristics. There are several 

easy and environmentally benign methods for creating lanthanum oxide nanoparticles [9-10]. Lanthanum oxide 

nanoparticles have several uses in industry and biology. The approach for synthesizing (La2O3) nanoparticles 

from plant extract is successful or not [11-14]. The green production of mesoporous metal oxides via 

stoichiometric metal nitration has been established. Pluronic surfactants and their influence on surface area 

during synthesis operations. Lanthanum oxide and cupric oxide have recently been employed for water 

treatment, potentially as photocatalysts and adsorptive materials for pollution disposal [15-17, 21].Lanthanum 

oxide's unusual physical properties have recently garnered interest. This oxide's solid forms are durable, 

thermally resilient, have good mechanical qualities, and are light emitting. The catalytic performance of La2O3 

was observed that the initial transesterification rate catalyzed by the synthesized La2O3 catalyst was three times 

greater than its commercial equivalent, which is connected to strength and high crystallinity [18-19].Thanks to 

its electrical arrangement, lanthanum proved to be the most beneficial atom in these series. Additionally, metal 

hydroxide and oxide have several uses in electrical components [20–22], pharmaceuticals for the 

environmentally friendly manufacture of La2O3 [22–23], biological events utilizing lasers [23–24], antibacterial 

action against Staphylococcus aureus [24–25], water defluoridation [25–26], and microwave fields [26–28]. 

Humidity sensing response is demonstrated by lanthanum dope tin oxide [27]. The photocatalytic activity is 

shown by the lanthanum nanoparticles [28]. SEM research is used to examine the surface properties of La2O3 

[29]. Because of the necessary nanoparticle sizes and shapes, nanotechnology offers a wide range of lovely 

applications (NPs)[30]. 

 In this study, we describe the synthesis and characterisation of La2O3 NPs using the sol-gel technique, 

employing lanthanum nitrate as the precursor material and ammonia as a reducing agent. At 500 0C, the 

material is calcined. La2O3 NPs were examined using XRD and FTIR properties. 
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II. EXPERIMENTAL DETAIL  

1. Chemical used 

 Lanthanum (III) Nitrate hexahydrate (La(NO3)3.6H2O), Amonia(NH4OH), ethanol, and double- distilled 

water were used to synthesis La2O3nanoparticles. All used AR- grade chemical. 

2. Synthesis of La2O3nanoparticles 

0.1 M of lanthanum nitrate was dissolve in 100 ml of double distilled water and stirred vigorously to get the 

transparent solution at 60 0C. To maintain the pH of solution, the liquid ammonia is added drop wise to get pH of 

reaction at 10. After that the solution was kept separately without any disturbances to get precipitated. Then 

precipitate was collected and washed with water or ethanol to remove impurity. The washed product where dried 

in hot air oven over night at 80 0C. The collected dry powder was grounded by mortar and pestle then calcinated 

in a muffle furnace at 500 0Cfor 3 hr to get ultra fine nanoparticles. 

 

3. Characterization  

The structural properties of prepared lanthanum oxide nanoparticles has been analyzed by XRD with 

used of Kα radiation source (λ= 1.5059A)operated at 40kV and 15 mA. The functional groups present on 

prepared La2O3 nanoparticles were studied by FTIR spectrometer, which indicated the hexagonal structure of 

material synthesis.  

 

III. RESULT AND DISCUSSION  

1. Structural Property 

La2O3 NPs sample were studied by XRD measurement for their crystalline size, crystallinity and phase 

composition. The XRD pattern of sample is shown in figure1. XRD pattern of the preparedLa2O3 NPs sample 

were recorded at room temperature. The different peaks are observed at 19.070, 27.090, 31.380 and 

44.980correspond respectively to crystal planes (2 1 1), (2 2 2), (1 0 0) and (1 1 0) which confirm the hexagonal 

structure of La2O3 calcinated at 5000 C for 3 Hr. the value of cell parameter were a=11.3920, b=11.3920 and 

c=11.3920(PDF Card No.1531467). AlsoXRD pattern of the prepared polythiophene La2O3 NPs sample were 

recorded at room temperature. The different peaks are observed at 23.960, 32.640, 44.520 and 59.250correspond 

respectively to crystal planes (1 0 1), (1 1 1), (2 0 0) and (2 1 1) which confirm the hexagonal structure of PTH 

doped La2O3 calcinated at 800 C for 3 Hr. the value of cell parameter were a=4.0670, b=4.0670and c=9.0630 PDF 

Card No.1509432) as shown in figure 2.  The Debye –Schemer formula (Eq.1) [1-10] was used to analyse the 

average crystalline size (D) of the synthesised La2O3. 

D=
𝐾.𝜆

𝛽 𝑐𝑜𝑠𝛳
          (1) 

Where 𝛳 is diffraction angle, K is constant (=0.9), λ is the wavelength (0.15059nm) and 𝛽 is the full width at 

half maximum.  

The crystalline size of La2O3 NPs found to be 29.1nm and The crystalline size of PTH doped La2O3 NPs found 

to be 24nm. It should be noted that sample has wider and lower intense peak.The hexagonal phase –La2O3 was 

more useful in gas sensor, supercapacitor and catalysis application [3]. 
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Figure 7 XRD Technique for La2O3 nanoparticles 

   
Figure 8XRD Technique for PTH Doped La2O3 

2. FTIR Property 

FTIR spectra, in the wave number range from 4000 to 400cm-1 for synthesized La2O3NPs sample as shown in 

figure 3. The broad absorption peak  at 3556.89 cm-1for sample can be assign to the O-H stretching vibrations of 

water molecule due to presence of moisture in sample[1,10]the small peak observe at 2500 cm-1indicate CH2 

stretching vibration[10,23,27].A small sharp absorption peak observed at 422, 501, 601, and 852 cm-1were 

assigned the stretching vibration of La-O bond in La2O3[4,5,29]. FTIR spectra, in the wave number range from 

4000 to 400cm-1 for synthesized PTH doped La2O3 NPs sample as shown in figure 4. The broad absorption peak  

at 3379.43 cm-1for sample can be assign to the O-H stretching vibrations of water molecule due to presence of 

moisture in sample. The small peak observes at 2495.99 cm-1indicates CH2 stretching vibration.A small sharp 

absorption peak observed at 447.50, 488.98, 661.61, and 844.86 cm-1were assigned the stretching vibration of La-

O bond in La2O3. 
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Figure 9 FTIR Technique forLa2O3 

 

Figure 10 FTIR Technique for PTH doped La2O3 

  

 

 

3. Conclusion  

La2O3 nanoparticles were successfully synthesized by sol-gel method and calcinated at 5000C for 3Hr. 

physical properties of the sample was analyzed by XRD and FTIR spectroscopy technique. The XRD Result 

reveal the hexagonal phase with high intensity peak (2 2 2) of the sample and average crystalline size 

approximately29nm. FTIR spectra confirm the La2O3phase presence in the sample. From that it is conclude that 

the synthesized La2O3 nanoparticles may be used for gas sensing and dielectric application.PTH doped La2O3 

nanoparticles were successfully synthesized by sol-gel method and calcinated at 800C for 3Hr. physical properties 

of the sample was analyzed by XRD and FTIR spectroscopy technique. The XRD Result reveal the hexagonal 

phase with high intensity peak (1 0 1) of the sample and average crystalline size approximately 24nm. FTIR 

spectra confirm the PTH Doped La2O3phase presence in the sample. From that it is conclude that the synthesized 

PTH Doped La2O3 nanoparticles may be used for gas sensing and dielectric application. 
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Synthesis and themoacoustic study of Boehmite 

nanoparticles in Acetone 

Abstract:  

Boehmite nanoparticles has been synthesized via sol-gel method. The size, morphologies and bonding states of 

synthesized boehmite nanoparticles were investigated by X-ray diffraction (XRD) and scanning electron microscopy 

(SEM). The thermoacoustic properties of boehmite nanoparticles in acetone were studied with purpose of applications in 

various fields. X-ray diffraction (XRD) results indicated the major phases of boehmite. Scanning electron microscopy 

(SEM) images shows that boehmite particles mainly composed of crystalline nanoparticles. Average particle size of SiC 

nanoparticle has been estimated by using Debye-Scherrer formula, it was found to be 50 nm.  The thermoacoustic 

properties of nanomaterials related to the surface of nanoparticles and nanoparticle surfactant interactions, these 

properties of boehmite nanosuspension were studied by non-destructive technique.   

Keywords: Boehmite nanoparticles; Sol-gel technique; Nanosuspension, XRD 

 

I.  INTRODUCTION  

In nanoparticle synthesis it is very important to control not only the particle size but also the particle shape 

and morphology as well. In the present investigation, the synthesis of boehmite Nanoparticles via sol-gel 

method and their thermodynamic studies in acetone-based solvent were discussed. Sol-gel technique is an easy, 

simple, cost effective and convenient route for preparing nanoparticles [1-3].Boehmite nanoparticles have seen 

a flurry of research in recent years as nanotech researchers, engineers, and manufacturers discover its myriad 

applications across various fields of interest. As with many nanoparticles, it must be handled with care to avoid 

issues of toxicity. In this paper, Boehmite nanosuspension were prepared by two step method and their 

thermoacoustic properties were studied by non-destructive technique. 

 

Synthesis of Boehmite Nanoparticles: 

6.49 g of NaOH dissolved in, 50 ml of distilled water and 20 g of Al(NO3)39H2O dissolved in 30 ml 

distilled water were prepared. Al (NO3)3 9H2O is the source of aluminum.Sodium hydroxide solution is added 

to aluminium solution at the rate 2.94 ml/minVigorous stirring up to 17 min [4-5].Milky mixture was subjected 

with ultrasonic bath for 3h at room temperature. Mixture filtered and washed with distilled water. The 

precipitate was kept in 220-degree temp for 10 h. The sample so obtained was grinded to get it in powdered 

form. 

 

XRD Pattern of Boehmite Nanoparticles: 

Figure 1 shows the XRD pattern of AlOOH nanoparticles. The XRD measurement carried out by using “PAN 

analytical" X-ray diffractometer keeping the parameter constant at start position [°2Th.]: 10.0154 End Position 

[°2Th.]: 89.9834, Step Size [°2Th.]: 0.0170, Scan Step Time [s]: 5.7150, Scan Type: Continuous, Measurement 

Temperature [°C]: 25.00 Anode Material: Cu, K-Alpha1 [Å]: 1.54060. It is seen that the materials are well 

crystalline in nature and well agreed with standard JCPDS file number 021-1307. The estimate size of AlOOH 

nanoparticles using Debye Scherrer formula is found about 50 nm.  
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Fig. 1 X- ray diffraction pattern of Boehmite nanoparticles 

 

 

SEM images of Boehmite nanoparticles: 

SEM study is carried out to observe the overall surface morphology and crystallite sizes of the prepared 

nanomaterials. This material has been synthesis by sol-gel method. From the SEM images are observed under 

10 micrometer resolutions which shows the foam like surface morphology as n shown in figure 2. In the 

depicted images of Boehmite (AlOOH) nanomaterials, it can be clearly seen that the micrograph crystallite sizes 

may vary from a 10 μm to few microns range if we magnify further. The crystallites look like having a sharp 

surface edge as well as crystalline grains and the particles foam‐like morphology can be formed from highly 

agglomerated crystallites.  Also, it is confirmed that the crystallite sizes are nearly equal for all sample. 

 

 
Fig 2. SEM image of Boehmite Nanoparticles 
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RESULTS AND DISCUSSION 

The experimentally measured values of ultrasonic velocity, densityandviscosityare used to derive 

thermoacoustic parameters such as viscosity, adiabatic compressibility, Acoustic impedance, free length, free 

Volume, internal Pressure, isothermal compressibility, isothermal bulk modulus, molar compressibility, molar 

sound velocity, molar volume, Poisson ratio, relaxation time, Van der Wall's Constant, volume expansivity, 

effective mass and thermal conductivity. These parameters are represented are given in tables 1 (A) and 1 (B). 

Inboehmiteacetone based nanosuspension there might be nanoparticle fluid interaction favors in increase in 

ultrasonic velocity [6]. Rise in ultrasonic velocity may concluded as the strong interaction between 

nanoparticles of boehmite and microsize molecules of acetone hence there is agglomerisation of 

boehmitenanoparticles due to polar nature of acetone base fluid. Therefore sound will travel faster through the 

more compact structure by means of longotudinal waves [7-13]. 

Ultrasonic velocity gets increases with increasing the molar concentration of the boehmite nanoparticles in 

acetone this shows that the physical parameters of the sample changes by increasing the molar concentration. 

Nanoparticles suspensions do not settle which provides a long self- life which imparts ultrasonic velocity to 

them. For boehmitenanoparticle the velocity of the nanosuspension is higher than acetone and also by 

increasing the molar concentration of the boehmite nanoparticle the velocity gets high values at 0.8.  This 

represents strong aggregation of boehmite nano suspension in acetone -based fluid at these molar 

concentrations. The cause behind this increase of ultrasonic velocity with increase in molar concentration (x) is 

due to strong interaction between nanosized particle and micro sized fluid molecule and also due to increase in 

density of nanosuspension with increase of molar concentration.  Ultrasonic velocity can be interpreted as the 

nanosized boehmite particles have more surfaces to volume ratio and which can absorb more acetone molecules 

on its surface, which enhances the ultrasonic velocity. The decrease of ultrasonic velocity with increase in 

concentration is due weakening of interaction between boehmite nano sized particles and micro sized fluid 

molecules of methanol.   

Densities of the nanosuspension were calculated by measuring the weight of the nanofluid using 25 ml of 

specific gravity bottle and also by using the standard value of density of water. Nanosuspension has more 

density than acetone.Increase in density indicates the close packing between the boehmite nanoparticles in 

acetone-based fluids.  

When boehmite nanoparticles suspended in acetone fluid, motion of particle becomes more rapid, lighter 

the particles, faster the motion and denser the particles slower the motion. Also suspended nanoparticles do not 

settle and they have long self-life. Hence, they can be easily suspended despite high solid density.The densities 

of boehmite nanoparticles in acetone based nanosuspension shows that the density steeply increases with 

increase in concentration. This increase in density  decreases the volume  indicating association of SiC 

nanoparticles in nanosuspension. It may be increase due to structural reorganization.  

The viscosity slightly increases with increase in molar concentration of boehmite nanoparticles in acetone 

base nanosuspension. As the motion of nanoparticles becomes more rapid when the temperature of the medium 

was raised which lowers the viscosity of the medium as the size of the particles was reduced. Hence viscosity of 

nanosuspension decreases with increase in temperature.  

The viscosity of boehmite nanoparticle strongly depends on structure of boehmite nanoparticles and 

consequently interactions between the boehmite nanoparticles and molecules of the fluid. Thus, the viscosity 

depends on interactions between components of nanosuspension as well as on the size and shape of the 

boehmite nanoparticles. Measurements of viscosity of nanosuspension yield some reliable information in the 

study of nano cluster. The viscosity gives the strength of interaction between the interacting boehmite 

nanoparticles and molecules of acetone. The interactions between boehmite nanoparticles and molecules of 

acetone increase the viscosity of nanosuspension. 

The adiabatic compressibility (βa) decreases with increase in molar concentration indicating strong 

interaction between boehmite nanoparticles and molecules of acetoneshowing agreegation of nanoparticles. The 

surface area of the material is increased by the reduction in particle size. Due to this higher percentage of the 

boehmite Nanoparticles can interact with surrounding fluids. It may due to decrease in interspacing of boehmite 

nanoparticles in nanosuspension with increase in molar concentration. It is a measure of association or 

dissociation or repulsion. It also determines the orientation of the nanoparticles in nanosuspension. Kiyohara 
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and Benson [14] suggest that adiabatic compressibility is the result of several opposing effects like strong 

interactions between nanoparticles and molecules of the fluids also interstitial accommodation leads to a more 

compact structure and decreases adiabatic compressibility. The magnitudes of the various contributions depend 

mainly on the relative size of the boehmite nanoparticles. Isothermal compressibility (βi) and adiabatic 

compressibility (βa) exhibits similar trend and both decreases with increase in molar concentration of boehmite 

nanoparticles in nanosuspension.  

The relaxation time slightly decreases with increase in molar concentration of boehmite nanoparticles 

indicating less stability ofnanoparticles in boehmite nanosuspension. For the nanoparticles in nanosuspension, 

the gravitational pull is not stronger than the random thermal motion of the particles hence nanoparticles do not 

settle which provides long self life at these molar concentrations  which increases the relaxation time. Stability 

of boehmite nanoparticles in nanosuspension is totally depends on its surface energy. Less surface energy more 

stable will be the boehmite nanoparticles. The relaxation is caused by the energy transfer between translational 

and vibrational degrees of freedom and all these degrees take part in the process observed [15].  

Free length is the distance between the surfaces of the neighboring boehmite nanoparticles. The free length 

slightly decreases with increase in molar concentration and then increases. The free length (Lf) of a 

nanosuspension is a measure of attraction between boehmite nanoparticles and molecules of the acetone in 

nanosuspension. Decrease in free length is a result of increase in surface to volume ratio of boehmite 

nanoparticles with acetone molecules, association through interactions between nanoparticles and molecules of 

the constituents of the nanosuspension.   

The internal pressure (πi) and free volume (Vf) versus molar concentration of boehmite nanoparticles in 

nanosuspension represented that the internal pressure as well as free volume in nanosuspension is a measure of 

attraction between their constituents. In this nanosuspension, free volume decreases and internal pressure 

increases. Further, the increase in free volume and decrease in internal pressure with rise in concentration 

clearly show the increasing magnitude of interactions [16]. Such behavior of internal pressure and free volume 

generally indicates the association through interactions between boehmite nanoparticles and molecules of 

acetone.  

Acoustic impedance is found reciprocal to that of adiabatic compressibility [17-20]. It is in good agreement 

with the theoretical requirements. As the size of the material decreases, the percentage of surface atoms 

increases, hence large amount of substance comes in contact with surrounding materials. This results in increase 

in acoustic impedance. The increase in acoustic impedance (Z) with molar concentration can be explained on 

the basis of the interactions between components of the nanosuspension, which decreases the distance of their 

components.   

The molar volume (Vm) of boehmite nanoparticles depends on the structural arrangement and interactions 

between the components of the nanosuspension medium. The structural arrangement may be decided by the 

interaction forces in the nanosuspension medium.  It is decreases with increase in molar concentration because 

the molecular weight is directly proportional to the molar volume. The molar volume is found to have similar 

type of trend as that of molar compressibiliry [21-30]. The change in Vander Waal’s constant (b) would be due 

to a change in geometry of the boehmite nanoparticles. 

The sound velocity (R) increases due to increase in surface to volume ratio. It shows similar treands as that 

of ultrasonic velocity as it depends on it.  The molar compressibility (W) decreases with increase in molar 

concentration of boehmite nanoparticles in acetone based nanosuspension due to aggration of boehmite 

nanoparticles in the medium. As it is function of adiabatic compressibility, its variation is similar as that of 

adiabatic compressibility. The isothermal Bulk modulus (Bi) increases with increase in molar concentration, it 

exhibits similar trends as that of ultrasonic velocity and inverse trend as that of isothermal compressibility. The 

volume expansivity decreases with increase in molar concentration due to aggration of boehmite nanoparticles 

in nanosuspension. As it is depends on internal pressure and isothermal compressibility it shows their resultant 

effects.  

The effective thermal conductivity of nanosuspension increases with temperature.  It has substantially 

higher values at 08. The thermal conductivity enhancements are highly dependent on specific surface area of 

nanoparticle, with an optimal surface area for the highest thermal conductivity. There is strong relationship 

between Brownian motion and temperature ofnanoparticles. Furthermore, the effect of temperature on thermal 
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conductivity is not very well understood and documented. It is reported that it shows the similar behavior as that 

of ultrasonic velocity.  

Table 1(A) Experimental values of thermoacoustic Parameters at 5 MHz 

X U (m/s) 
ρ 

(Kg/m3) 

η*10-3 

(NS/m2) 

βa*10-10 

(m2/N) 

βi*10-10 

(ms2/kg) 

τ*10-10 

(s) 
Lf*10-11 (m) 

πi*106 

(N/m2) 

Vf*10-7 

(m3/mol) 

293 K 

0.1 1385 750.37 0.5193 6.95 8.34 4.81 5.17 4.4419 2.19 

0.2 1369 766.22 0.5239 6.96 8.36 4.86 5.18 4.5331 2.13 

0.3 1383 778.39 0.5184 6.72 8.06 4.64 5.09 4.5165 2.21 

0.4 1386 792.14 0.5182 6.57 7.89 4.54 5.03 4.5465 2.23 

0.5 1389 806.07 0.5256 6.43 7.72 4.51 4.98 4.6099 2.21 

0.6 1380 821.48 0.5342 6.39 7.67 4.55 4.96 4.7040 2.14 

0.7 1379 834.09 0.5493 6.31 7.57 4.62 4.92 4.8024 2.06 

0.8 1412 858.68 0.5485 5.84 7.01 4.27 4.74 4.8172 2.15 

0.9 1350 871.14 0.6117 6.29 7.56 5.14 4.92 5.2333 1.71 

298 K 

0.1 1394 743.38 0.4992 6.92 8.31 4.61 5.17 4.3140 2.34 

0.2 1378 759.21 0.5067 6.94 8.33 4.69 5.18 4.4164 2.26 

0.3 1392 771.25 0.5013 6.69 8.02 4.47 5.09 4.3999 2.35 

0.4 1395 785.23 0.5021 6.54 7.85 4.38 5.03 4.4348 2.36 

0.5 1398 799.34 0.5083 6.41 7.68 4.34 4.98 4.4936 2.34 

0.6 1389 814.36 0.5172 6.36 7.63 4.39 4.96 4.5869 2.27 

0.7 1388 827.29 0.5323 6.27 7.52 4.45 4.92 4.6865 2.18 

0.8 1421 851.72 0.5314 5.81 6.97 4.12 4.74 4.7009 2.27 

0.9 1359 864.69 0.5946 6.26 7.51 4.96 4.92 5.1171 1.81 

303 K 

0.1 1402 738.36 0.4808 6.89 8.27 4.42 5.21 4.3460 2.50 

0.2 1386 752.33 0.4896 6.92 8.31 4.52 5.22 4.4493 2.40 

0.3 1400 764.44 0.4843 6.67 8.01 4.31 5.12 4.4332 2.49 

0.4 1403 778.24 0.4839 6.53 7.84 4.21 5.07 4.4628 2.52 

0.5 1406 792.19 0.4911 6.39 7.67 4.18 5.02 4.5274 2.48 

0.6 1397 807.33 0.5003 6.35 7.62 4.24 5.01 4.6251 2.40 

0.7 1396 820.25 0.5154 6.26 7.51 4.31 4.96 4.7282 2.31 

0.8 1429 844.32 0.5144 5.81 6.96 3.98 4.78 4.7419 2.41 

0.9 1367 857.82 0.5776 6.24 7.49 4.81 4.96 5.1727 1.90 

308 K 

0.1 1409 733.46 0.4627 6.87 8.24 4.24 5.25 4.3039 2.65 

0.2 1393 745.39 0.4726 6.91 8.29 4.35 5.26 4.4050 2.54 

0.3 1407 757.37 0.4674 6.67 8.01 4.16 5.17 4.3887 2.63 

0.4 1410 771.26 0.4669 6.52 7.82 4.06 5.11 4.4183 2.66 

0.5 1413 785.13 0.4745 6.38 7.66 4.04 5.06 4.4856 2.61 

0.6 1404 800.43 0.4835 6.34 7.61 4.09 5.04 4.5840 2.53 

0.7 1403 813.24 0.4986 6.25 7.51 4.16 5.01 4.6886 2.42 

0.8 1436 837.29 0.4975 5.79 6.95 3.84 4.82 4.7024 2.53 

0.9 1374 850.76 0.5607 6.23 7.48 4.66 5.01 5.1391 1.99 

313 K 

0.1 1415 727.45 0.4427 6.87 8.24 4.05 5.29 4.2457 2.87 

0.2 1399 738.47 0.4557 6.92 8.31 4.21 5.31 4.3591 2.71 

0.3 1414 750.35 0.4506 6.67 8.01 4.01 5.22 4.3412 2.82 

0.4 1416 764.28 0.4501 6.53 7.83 3.92 5.16 4.3726 2.84 

0.5 1420 778.23 0.4572 6.37 7.65 3.88 5.11 4.4373 2.80 

0.6 1410 793.53 0.4668 6.34 7.61 3.95 5.09 4.5412 2.70 
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0.7 1409 806.18 0.4789 6.25 7.51 3.99 5.05 4.6326 2.61 

0.8 1442 830.84 0.4807 5.78 6.95 3.71 4.86 4.6635 2.70 

0.9 1380 843.71 0.5439 6.22 7.47 4.51 5.04 5.1041 2.11 

Table-1 (B) Experimental values of thermoacoustic Parameters at 5 MHz 

X 
Z*106 

(kg/m2s) 

Vm*10-2 

(m3/mol) 

b*10-5 

(m3/mol) 

R*10-4(m3/mol) 

(m/s)1/3 

W*10-4 

(m19/7/S1) 

Bi*109 

(N/m2) 

α*10-5 

( 1/K) 

T*10-3 

(W/mK) 

Meff 

(mol) 

293 K 

0.1 1.0392 7.7656 1.9946 590.89 1.54 1.09 1.39 3.22 58.271 

0.2 1.0489 7.6299 1.9945 580.64 1.51 1.08 1.44 3.05 58.462 

0.3 1.0765 7.5352 1.9946 584.14 1.50 1.09 1.41 2.98 58.653 

0.4 1.0979 7.4285 1.9946 582.63 1.48 1.10 1.40 2.89 58.844 

0.5 1.1196 7.3238 1.9946 581.14 1.47 1.12 1.41 2.81 59.035 

0.6 1.1336 7.2097 1.9946 574.36 1.45 1.12 1.44 2.71 59.226 

0.7 1.1502 7.1236 1.9946 571.65 1.43 1.13 1.45 2.62 59.417 

0.8 1.2124 6.9418 1.9947 580.30 1.41 1.19 1.38 2.63 59.608 

0.9 1.1760 6.8645 1.9945 552.76 1.38 1.11 1.60 2.45 59.799 

298 K 

0.1 1.0362 7.8387 1.9945 596.59 1.55 1.09 1.33 3.24 58.271 

0.2 1.0461 7.7004 1.9945 586.25 1.53 1.09 1.36 3.07 58.462 

0.3 1.0735 7.6049 1.9946 589.75 1.52 1.10 1.34 2.99 58.653 

0.4 1.0953 7.4939 1.9946 588.13 1.50 1.12 1.33 2.90 58.844 

0.5 1.1174 7.3855 1.9946 586.54 1.48 1.13 1.34 2.82 59.035 

0.6 1.1311 7.2727 1.9946 579.78 1.46 1.13 1.36 2.72 59.226 

0.7 1.1482 7.1821 1.9946 576.95 1.44 1.14 1.38 2.63 59.417 

0.8 1.2102 6.9985 1.9947 585.59 1.42 1.20 1.31 2.64 59.608 

0.9 1.1751 6.9157 1.9945 557.82 1.39 1.13 1.52 2.46 59.799 

303 K 

0.1 1.0351 7.8919 1.9945 601.37 1.57 1.11 1.30 3.25 58.271 

0.2 1.0427 7.7708 1.9945 591.45 1.54 1.10 1.34 3.08 58.462 

0.3 1.0702 7.6727 1.9945 594.90 1.53 1.11 1.32 3.00 58.653 

0.4 1.0918 7.5612 1.9946 593.27 1.51 1.12 1.31 2.92 58.844 

0.5 1.1138 7.4521 1.9946 591.66 1.49 1.14 1.31 2.84 59.035 

0.6 1.1278 7.7336 1.9946 584.81 1.47 1.14 1.34 2.74 59.226 

0.7 1.1450 7.2438 1.9946 581.93 1.46 1.15 1.36 2.64 59.417 

0.8 1.2065 7.0599 1.9947 590.60 1.44 1.21 1.29 2.66 59.608 

0.9 1.1726 6.9710 1.9945 562.60 1.40 1.14 1.50 2.47 59.799 

308 K 

0.1 1.0334 7.9447 1.9945 605.71 1.58 1.11 1.28 3.25 58.271 

0.2 1.0383 7.8431 1.9945 596.27 1.56 1.10 1.32 3.08 58.462 

0.3 1.0656 7.7443 1.9945 599.72 1.54 1.12 1.30 3.00 58.653 

0.4 1.0874 7.6296 1.9945 598.02 1.53 1.13 1.29 2.92 58.844 

0.5 1.1093 7.5191 1.9946 596.39 1.51 1.14 1.30 2.84 59.035 

0.6 1.1238 7.3993 1.9945 589.42 1.49 1.14 1.32 2.74 59.226 

0.7 1.1409 7.3062 1.9945 586.52 1.47 1.16 1.34 2.64 59.417 

0.8 1.2023 7.1192 1.9947 595.15 1.45 1.22 1.27 2.66 59.608 

0.9 1.1689 7.0289 1.9945 567.04 1.41 1.14 1.49 2.47 59.799 

313 K 

0.1 1.0293 8.0103 1.9945 609.96 1.59 1.12 1.21 3.26 58.271 

0.2 1.0331 7.9166 1.9944 600.70 1.57 1.11 1.26 3.09 58.462 

0.3 1.0609 7.8168 1.9945 604.58 1.56 1.12 1.23 3.01 58.653 

0.4 1.0822 7.6993 1.9945 602.39 1.54 1.14 1.23 2.92 58.844 

0.5 1.1050 7.5858 1.9946 601.11 1.52 1.15 1.23 2.84 59.035 

0.6 1.1188 7.4636 1.9945 593.65 1.50 1.15 1.26 2.74 59.226 
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0.7 1.1359 7.3702 1.9945 590.75 1.48 1.16 1.27 2.65 59.417 

0.8 1.1980 7.1744 1.9947 599.18 1.46 1.23 1.22 2.66 59.608 

0.9 1.1643 7.0876 1.9944 571.10 1.43 1.15 1.42 2.48 59.799 
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Synthesis and Thermoacoustic Study of Boron Nitride 

Nanoparticles in Acetone 

Abstract: - Boron nitride nanoparticles (BN) were synthesized via high chemical route method and its characterization has been carried 

out by X ray diffraction (XRD), SEM, etc. Acetone based BN Nanosuspension were synthesized by two step method. Average particle 

size of BN nanoparticle has been estimated by using Debye-Scherrer formula. It was found to be 70 nm. Thermoacoustic properties of 

nanomaterials related to the surface of nanoparticles and nanoparticle surfactant interactions, these properties of BN nanosuspension was 

studied by non-destructive technique.   

Keywords:BN, XRD, Debye-Scherrer formula, Nanosuspension, Thermoacoustic properties. 
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I.  INTRODUCTION  

Nanoparticle of metals, metal oxide and semiconductor exhibited significantly distinct physical, chemical, 

optical, magnetic and biological properties from their matter because of their high surface to volume ratio. 

When a small number of nanoparticles dispersed in host fluids, can provide dramatic improvements in the 

thermal properties of the fluids. More recently there has been an increasing interest in the thermoacoustic 

properties of nanosuspensions in base fluids. Characterization of nanoparticle is important to understand and to 

control nanoparticle synthesis for various applications [1-3].  

Boron nitride nanoparticles possess high thermal conductivity, and are a good conductor of heat. They are 

also a good electrical insulator, and have high-temperature lubricity features. Boron nitride nanoparticles are 

graded as an irritant and could possibly causes serious eye irritation, and allergy or asthma symptoms or 

breathing difficulties if inhaled. Boron nitride nanoparticles should be sealed in vacuum and stored in cool and 

dry room so as to avoid damp reunion as it would affect its dispersion performance and other usage effects. 

 

Synthesis of Boron nitride Nanoparticles: 

Boron Nitride is synthesized by using 6.18g boric acid (H3 BO3, Merck) dissolved in 200 ml distilled water. 

The solution is kept at 1000C. The 6.30g melamine C3H6N6 Merck is now added to the solution. The material 

prepared is placed up to 48 hours in room temperature. B4N3O2H is obtained after filtering and drying the 

solution. This is the precursor of BN. Then it is heated at 5000C temperature for three hours without any gas 

flow. After that, material heated under nitrogen gas flow. Nitrogen gas flow is allowed for one hour with 800
0

C. 

The sample so obtained was grinded to get it in powdered form [4-6]. 

 

XRD Pattern ofBoron nitride Nanoparticles: 

Many techniques are used to identify the various properties of nanomaterials. Some of the most important 

techniques are discussed below. X-ray diffraction [7-9] is a versatile, non-destructive technique that reveals 

details information about the chemical composition and crystallographic structure of natural and manufactured 

materials. In a crystalline solid, the constituent particles are arranged in regular periodic manner. An interaction 

of a particular crystalline solid with X-ray helps in investigation of its actual structure. Crystal is found to act as 

diffraction grating for X-ray and this indicates that the constituent particles in the crystal are arranged in planes 

at close distance in repeating patterns. The 2θ a value corresponding to peak in the X- ray diffraction is an 

important tool to understand the properties of characterizes materials. In nanomaterials number of atoms is very 

small. Nanoparticles cannot be considered as an infinite arrangement at of atoms. In case of amorphous 

nanoparticles broad diffraction peaks are expected to occur similar to amorphous bulk solid materials. However, 

in case of nanoparticles atoms do not have ordered lattices, some changes in diffraction are to be expected as 

compared to single crystal. Nanoparticles do not have grain boundaries. It has been found that diffraction peaks 

in nanocrystalline particles are broadened compared to a single or polycrystalline solid of same materials. From 

WRD pattern, Debye Scherrer gives an equation to determine nanoparticles size as, 

D =  
0.9𝜆

𝛽𝐶𝑜𝑠𝜃
                                                    … … … … … … … … … … … (3.1) 

In above equation β is the broadening caused by nanoparticles size, θ is the Bragg’s angle and λ is the 

wavelength of X-ray beam. 

Figure 1 shows the XRD pattern of Boron nitride (BN) nanoparticles. The XRD measurement carried out by 

using “PAN analytical" X-ray diffractometer keeping the parameter constant at start position [°2Th.]: 10.0154 

End Position [°2Th.]: 89.9834, Step Size [°2Th.]: 0.0170, Scan Step Time [s]: 5.7150, Scan Type: Continuous, 

Measurement Temperature [°C]: 25.00 Anode Material: Cu, K-Alpha1 [Å]: 1.54060. It is seen that the materials 

are well crystalline in nature and well agreed with standard JCPDS file number 034-0421. The estimate size of 

BN nanoparticles using Debye Scherrer formula is found about 70 nm.  
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Fig. 1 X- ray diffraction pattern of Boron nitride nanoparticles 

 

SEM image of BN Nanoparticle: 

SEM study is carried out to observe the overall surface morphology and crystallite sizes of the prepared 

nanomaterials. This material has been synthesis by sol-gel method. From the SEM images are observed under 

10 micrometer resolutions which shows the foam like surface morphology as n shown in figure 2. In the 

depicted images of BN nanomaterials, it can be clearly seen that the micrograph crystallite sizes may vary from 

a 10 μm to few microns range if we magnify further. The crystallites look like having a sharp surface edge as 

well as crystalline grains and the particles foam‐like morphology can be formed from highly agglomerated 

crystallites.  Also, it is confirmed that the crystallite sizes are nearly equal for all sample. 

 
Fig 2. SEM image of BN Nanoparticles 

RESULTS AND DISCUSSION 

The experimentally measured values of ultrasonic velocity, densityandviscosityare used to derive thermo 

acoustical parameters such as viscosity, adiabatic compressibility, Acoustic impedance, free length, free 

Volume, internal Pressure, isothermal compressibility, isothermal bulk modulus, molar compressibility, molar 

sound velocity, molar volume, Poisson ratio, relaxation time, Van der Wall's Constant, volume expansivity, 

effective mass and thermal conductivity. These parameters are represented are given in tables 1 (A) and 1 (B). 

In BN acetone based nanosuspension there might be nanoparticle fluid interaction favors in increase in 

ultrasonic velocity [10]. Rise in ultrasonic velocity may concluded as the strong interaction between 

nanoparticles of Boron Nitride (BN) and microsize molecules of methanol hence there is agglomerisation of BN 

nanoparticles due to polar nature of acetone base fluid. Therefore sound will travel faster through the more 

compact structure by means of longotudinal waves [11-13].  
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Ultrasonic velocity gets increases with increasing the molar concentration of the BN nanoparticles in 

acetone this shows that the physical parameters of the sample changes by increasing the molar concentration. 

Nanoparticles suspensions do not settle which provides a long self- life which imparts ultrasonic velocity to 

them. For BN nanoparticle the velocity of the nanosuspension is higher than acetone and also by increasing the 

molar concentration of the BN nanoparticle the velocity gets higher value at 0.6.  This represents strong 

aggregation of BN nano suspension in acetone-based fluid at this molar concentration. The cause behind this 

increase of ultrasonic velocity with increase in molar concentration (x) is due to strong interaction between 

nanosized particle and micro sized fluid molecule and also due to increase in density of nanosuspension with 

increase of molar concentration.  Ultrasonic velocity can be interpreted as the nanosized BN particles have more 

surfaces to volume ratio and which can absorb more methanol molecules on its surface, which enhances the 

ultrasonic velocity. The decrease of ultrasonic velocity with increase in concentration is due weakening of 

interaction between BN nano sized particles and micro sized fluid molecules of acetone. Nonlinear variation of 

ultrasonic velocity may due to the Brownian motion of BN nanoparticles. Brownian motion is the erratic and 

constant motion of suspended nanoparticles in fluid. Motion of the particle becomes more rapid with increase in 

temperature of the medium which enhances ultrasonic velocity of the nanosuspension.  Aggegation of BN 

nanoparticles in nanosuspension may occurs due to the interstitial accommodation of BN nanoparticles in 

nanosuspension or due to lack of perfect symmetry and decrease in available space between the components of 

the nanosuspension.   

Densities of the nanosuspension were calculated by measuring the weight of the nanosuspension using 25 

ml of specific gravity bottle and also by using the standard value of density of water. Nanosuspension BN has 

more density than acetone. Increase in density indicates the close packing between the BN nanoparticles in 

acetone -based fluids. Nonlinear variation of density may be due to Brownian motion of BN nanoparticles in 

acetone.  

When BN nanoparticles suspended in acetone fluid, motion of particle becomes more rapid, lighter the 

particles, faster the motion and denser the particles slower the motion. Also suspended nanoparticles do not 

settle and they have long self-life. Hence, they can be easily suspended despite high solid density. 

The densities of BN nanoparticles in acetone based nanosuspension shows that the density steeply increases 

with increase in concentration. This increase in density  decreases the volume  indicating association of BN 

nanoparticles in nanosuspension. It may be increase due to structural reorganization.  

The viscosity slightly increases with increase in molar concentration of BN nanoparticles in acetone base 

nanosuspension. As the motion of nanoparticles becomes more rapid when the temperature of the medium was 

raised which lowers the viscosity of the medium as the size of the particles was reduced. Hence viscosity of 

nanosuspension decreases with increase in temperature.  

The viscosity of BN nanoparticle strongly depends on structure of BN nanoparticles and consequently 

interactions between the BN nanoparticles and molecules of the fluid. Thus, the viscosity depends on 

interactions between components of nanosuspension as well as on the size and shape of the BN nanoparticles. 

Measurements of viscosity of nanosuspension yield some reliable information in the study of nano cluster. The 

viscosity gives the strength of interaction between the interacting BN nanoparticles and molecules of acetone. 

The interactions between BN nanoparticles and molecules of acetone increase the viscosity of nanosuspension. 

The adiabatic compressibility (βa) decreases with increase in molar concentration indicating strong 

interaction between BN nanoparticles and molecules of acetone showing agreegation of nanoparticles. The 

surface area of the material is increased by the reduction in particle size. Due to this higher percentage of the 

BN Nanoparticles can interact with surrounding fluids. It may due to decrease in interspacing of BN 

nanoparticles in nanosuspension with increase in molar concentration. It is a measure of association or 

dissociation or repulsion. It also determines the orientation of the nanoparticles in nanosuspension. Kiyohara 

and Benson [14] suggest that adiabatic compressibility is the result of several opposing effects like strong 

interactions between nanoparticles and molecules of the fluids also interstitial accommodation leads to a more 

compact structure and decreases adiabatic compressibility. The magnitudes of the various contributions depend 

mainly on the relative size of the BN nanoparticles. Isothermal compressibility (βi) and adiabatic 

compressibility (βa) exhibits similar trend and both decreases with increase in molar concentration of BN 

nanoparticles in nanosuspension.  

The relaxation time slightly decreases with increase in molar concentration of BN nanoparticles indicating 

less stability of BN nanoparticles in nanosuspension. For the nanoparticles in nanosuspension, the gravitational 
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pull is not stronger than the random thermal motion of the particles hence nanoparticles do not settle which 

provides long self life at these molar concentrations  which increases the relaxation time. Stability of BN 

nanoparticles in nanosuspension is totally depends on its surface energy. Less surface energy more stable will 

be the BN nanoparticles. The relaxation is caused by the energy transfer between translational and vibrational 

degrees of freedom and all these degrees take part in the process observed [15].  

Free length is the distance between the surfaces of the neighboring BN nanoparticles. The free length 

slightly decreases with increase in molar concentration at 0.7. The free length (Lf) of a nanosuspension is a 

measure of attraction between BN nanoparticles and molecules of the acetone in nanosuspension. Decrease in 

free length is a result of increase in surface to volume ratio of BN nanoparticles with acetone molecules, 

association through interactions between nanoparticles and molecules of the constituents of the nanosuspension.   

The internal pressure (πi) and free volume (Vf) versus molar concentration of BN nanoparticles in 

nanosuspension represented that the internal pressure as well as free volume in nanosuspension is a measure of 

attraction between their constituents. In this nanosuspension, free volume decreases and internal pressure 

increases. Further, the increase in free volume and decrease in internal pressure with rise in concentration 

clearly show the increasing magnitude of interactions [16]. Such behavior of internal pressure and free volume 

generally indicates the association through interactions between BN nanoparticles and molecules of acetone. 

Acoustic impedance is found reciprocal to that of adiabatic compressibility [17-20]. It is in good agreement 

with the theoretical requirements. In this case, acoustic impedance increases with increase in the molar 

concentration of BN nanoparticles in nanosuspension at 0.7. As the size of the material decreases, the 

percentage of surface atoms increases, hence large amount of substance comes in contact with surrounding 

materials. This results in increase in acoustic impedance. The increase in acoustic impedance (Z) with molar 

concentration can be explained on the basis of the interactions between components of the nanosuspension, 

which decreases the distance of their components.  

The molar volume (Vm) of BN nanoparticles depends on the structural arrangement and interactions 

between the components of the nanosuspension medium. The structural arrangement may be decided by the 

interaction forces in the nanosuspension medium.  It is decreases with increase in molar concentration because 

the molecular weight is directly proportional to the molar volume. The molar volume is found to have similar 

type of trend as that of molar compressibiliry [21-30].  The Vander Waal’s constant increases with increase in 

molar concentration and decreases beyond 0.7. This is because of the association of the interacting molecules 

inside the fluid medium. The change in Vander Waal’s constant (b) would be due to a change in geometry of 

the BN nanoparticles. 

The sound velocity (R) increases at 0.7, it may due to increase in surface to volume ratio. It shows similar 

treands as that of ultrasonic velocity as it depends on it.  The molar compressibility (W) decreases with increase 

in molar concentration of BN nanoparticles in acetone based nanosuspension due to aggration of BN 

nanoparticles in the medium. As it is function of adiabatic compressibility, its variation is similar as that of 

adiabatic compressibility. The isothermal Bulk modulus (Bi) increases with increase in molar concentration, it 

exhibits similar trends as that of ultrasonic velocity and inverse trend as that of isothermal compressibility. The 

volume expansivity decreases with increase in molar concentration due to aggration of BN nanoparticles in 

nanosuspension. As it is depends on internal pressure and isothermal compressibility it shows their resultant 

effects.  

The effective thermal conductivity of nanosuspension increases with temperature.  It has substantially 

higher value at molar concentration 0.7. The thermal conductivity enhancements are highly dependent on 

specific surface area of nanoparticle, with an optimal surface area for the highest thermal conductivity. There is 

strong relationship between Brownian motion and temperature ofnanoparticles. Furthermore, the effect of 

temperature on thermal conductivity is not very well understood and documented. It is reported that it shows the 

similar behavior as that of ultrasonic velocity. 

Table-1(A) Experimental values of thermoacoustic Parameters at 5 MHz 

X U 

(m/s) 

ρ 

(Kg/m3) 

η*10-3 

(NS/m2) 

βa*10-9 

(m2/N) 

βi*10-10 

(ms2/kg) 

τ*10-10 

(s) 

Lf*10-11 

(m) 

πi*106 

(N/m2) 

Vf*10-8 

(m3/mol) 

293 K 

0.1 1190 748.71 0.4988 9.43 1.13 6.27 5.99 6.27 1.69 

0.2 1225 751.91 0.5099 8.86 1.06 6.02 5.80 6.02 1.55 
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0.3 1310 761.87 0.6001 7.65 9.18 6.12 5.39 6.12 1.22 

0.4 1418 770.09 0.5998 6.46 7.75 5.17 4.96 5.17 1.23 

0.5 1550 777.82 0.6052 5.35 6.42 4.32 4.51 4.32 1.24 

0.6 1710 785.51 0.6106 4.35 5.22 3.54 4.07 3.54 1.25 

0.7 1710 790.73 0.6194 4.32 5.18 3.57 4.05 3.57 1.06 

0.8 1530 798.56 0.6532 5.35 6.42 4.66 4.51 4.66 7.15 

0.9 1470 803.15 0.6584 5.76 6.91 5.06 4.68 5.06 5.63 

298 K 

0.1 1199 745.17 0.4815 9.33 1.1196 5.99 6.01 5.99 1.8 

0.2 1234 748.46 0.4926 8.77 1.0524 5.76 5.82 5.76 1.65 

0.3 1319 758.12 0.5827 7.58 9.096 5.89 5.42 5.89 1.28 

0.4 1427 767.02 0.5822 6.40 7.68 4.97 4.98 4.97 1.3 

0.5 1559 774.87 0.5877 5.31 6.372 4.16 4.53 4.16 1.3 

0.6 1719 782.51 0.5931 4.32 5.184 3.42 4.09 3.42 1.31 

0.7 1719 787.27 0.6018 4.30 5.16 3.45 4.08 3.45 1.12 

0.8 1539 795.71 0.6356 5.31 6.372 4.50 4.53 4.50 7.51 

0.9 1479 800.12 0.6408 5.94 7.128 5.08 4.79 5.08 5.91 

303 K 

0.1 1138.4 742.89 0.4643 9.24 1.11 5.72 6.03 5.72 1.9178 

0.2 1207 745.5 0.4754 8.70 1.04 5.51 5.85 5.51 1.7588 

0.3 1242 755.17 0.5655 7.52 9.02 5.67 5.44 5.67 1.3543 

0.4 1327 763.88 0.5651 6.36 7.63 4.79 5.01 4.79 1.3693 

0.5 1435 772.01 0.5704 5.28 6.34 4.02 4.56 4.02 1.3723 

0.6 1567 779.69 0.5757 4.30 5.16 3.30 4.11 3.30 1.3812 

0.7 1727 784.47 0.5844 4.27 5.12 3.33 4.10 3.33 1.1777 

0.8 1727 792.16 0.6181 5.27 6.32 4.34 4.55 4.34 7.8952 

0.9 1547 797.56 0.6233 5.80 6.96 4.82 4.78 4.82 6.2141 

308 K 

0.1 1214 739.21 0.4472 9.18 1.1 5.47 6.06 5.47 2.05 

0.2 1249 742.83 0.4582 8.63 1.04 5.27 5.88 5.27 1.87 

0.3 1334 752.22 0.5484 7.47 8.96 5.46 5.47 5.46 1.43 

0.4 1442 760.17 0.5479 6.33 7.6 4.62 5.04 4.62 1.44 

0.5 1574 768.75 0.5532 5.25 6.3 3.87 4.59 3.87 1.45 

0.6 1734 776.48 0.5585 4.28 5.14 3.19 4.14 3.19 1.45 

0.7 1734 781.07 0.5671 4.26 5.11 3.22 4.13 3.22 1.24 

0.8 1554 789.63 0.6008 5.24 6.29 4.20 4.58 4.20 8.29 

0.9 1494 794.24 0.6063 5.64 6.77 4.56 4.75 4.56 6.52 

313 K 

0.1 1220 736.39 0.4302 9.12 1.09 4.04 6.10 5.23 2.1852 

0.2 1255 739.77 0.4413 8.58 1.03 5.23 5.92 5.05 1.9975 

0.3 1340 749.19 0.5313 7.43 8.92 5.05 5.51 5.26 1.5091 

0.4 1448 757.7 0.5308 6.29 7.55 5.26 5.07 4.45 1.5247 

0.5 1580 765.56 0.5361 5.23 6.28 4.45 4.62 3.74 1.5248 

0.6 1740 773.64 0.5414 4.27 5.12 3.74 4.17 3.08 1.5317 

0.7 1740 778.13 0.5513 4.24 5.09 3.08 4.16 3.12 1.2999 

0.8 1560 786.99 0.5837 5.22 6.26 3.12 4.62 4.06 8.7121 

0.9 1500 791.19 0.5892 5.62 6.74 4.06 4.79 4.42 6.8501 

Table-1(B) Experimental values of thermoacoustic Parameters at 5 MHz   

X 
Z*106 

(kg/m2s) 

Vm*10-2 

(m3/mol) 

b*10-5 

(m3/mol) 

R*10-4(m3/mol) 

(m/s)1/3 

W*10-4 

(m19/7/S1) 

Bi*109 

(N/m2) 

α*10-5 

( 1/K) 

T*10-3 

(W/mK) 

Meff 

(mol) 

293 K 

0.1 8.9096 7.3131 1.9935 497.63 1.42 0.885 1.94 2.04 54.754 

0.2 9.2108 6.8396 1.9935 500.97 1.34 0.943 1.96 2.16 51.428 
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0.3 9.9805 6.3137 1.9937 521.63 1.27 1.09 1.94 2.44 48.102 

0.4 10.9198 5.8146 1.9939 549.35 1.19 1.29 1.73 2.79 44.778 

0.5 12.0562 5.3291 1.9942 583.28 1.13 1.56 1.51 3.23 41.450 

0.6 13.4322 4.8534 1.9946 623.75 1.06 1.92 1.31 3.80 38.124 

0.7 13.5214 4.4009 1.9943 603.73 0.958 1.93 1.46 4.05 34.799 

0.8 12.2179 3.9411 1.9933 520.67 0.832 1.56 2.22 3.90 31.472 

0.9 11.8063 3.5045 1.9926 481.05 0.732 1.45 2.80 4.05 28.146 

298 K 

0.1 8.9345 7.3479 1.9935 502.19 1.43 0.893 1.93 2.04 54.754 

0.2 9.2359 6.8712 1.9935 505.42 1.35 0.950 1.95 2.17 51.428 

0.3 9.9996 6.3449 1.9937 526.08 1.27 1.10 1.99 2.45 48.102 

0.4 10.9453 5.8379 1.9939 553.57 1.20 1.30 1.84 2.80 44.778 

0.5 12.0802 5.3493 1.9942 587.41 1.13 1.57 1.66 3.24 41.450 

0.6 13.4513 4.8721 1.9945 627.83 1.06 1.93 1.49 3.81 38.124 

0.7 13.5331 4.4202 1.9943 607.79 9.63 1.94 1.65 4.06 34.799 

0.8 12.2459 3.9552 1.9933 524.35 8.36 1.57 2.36 3.92 31.472 

0.9 11.8337 3.5177 1.9926 484.61 7.32 1.40 2.83 4.07 28.146 

303 K 

0.1 8.9666 7.3704 1.9935 506.06 1.44 0.901 1.89 2.05 54.754 

0.2 9.2591 6.8985 1.9934 509.37 1.36 0.962 1.91 2.18 51.428 

0.3 10.0211 6.3697 1.9937 529.96 1.28 1.11 1.95 2.46 48.102 

0.4 10.9616 5.8619 1.9939 557.43 1.21 1.31 1.81 2.81 44.778 

0.5 12.0974 5.3691 1.9942 591.15 1.14 1.58 1.64 3.25 41.450 

0.6 13.4655 4.8896 1.9945 631.51 1.06 1.94 1.47 3.81 38.124 

0.7 13.5478 4.4361 1.9943 611.34 9.67 1.95 1.63 4.07 34.799 

0.8 12.2547 3.9729 1.9933 527.86 8.41 1.58 2.33 3.92 31.472 

0.9 11.8597 3.5291 1.9926 487.74 7.36 1.44 2.72 4.08 28.146 

308 K 

0.1 8.9740 7.4071 1.9934 509.84 1.45 0.909 1.88 2.05 54.754 

0.2 9.2779 6.9233 1.9934 512.86 1.37 0.962 1.91 2.19 51.428 

0.3 10.0346 6.3947 1.9936 533.45 1.29 1.12 1.95 2.46 48.102 

0.4 10.9616 5.8905 1.9939 561.06 1.21 1.32 1.82 2.81 44.778 

0.5 12.1001 5.3919 1.9942 594.63 1.14 1.59 1.64 3.26 41.450 

0.6 13.4641 4.9098 1.9945 634.94 1.07 1.95 1.48 3.82 38.124 

0.7 13.5437 4.4553 1.9942 614.71 9.72 1.96 1.64 4.07 34.799 

0.8 12.2708 3.9857 1.9932 530.82 8.44 1.59 2.35 3.93 31.472 

0.9 11.8659 3.5438 1.9926 490.72 7.43 1.48 2.63 4.09 28.146 

313 K 

0.1 8.9839 7.4355 1.9934 513.01 1.45 0.917 1.81 2.06 54.754 

0.2 9.2841 6.9519 1.9934 516.03 1.37 0.971 1.85 2.19 51.428 

0.3 10.0391 6.4205 1.9936 536.57 1.29 1.12 1.90 2.47 48.102 

0.4 10.9715 5.9097 1.9939 564.01 1.22 1.32 1.76 2.82 44.778 

0.5 12.0958 5.4143 1.9942 597.72 1.15 1.59 1.60 3.26 41.450 

0.6 13.4613 4.9279 1.9945 637.92 1.07 1.95 1.43 3.82 38.124 

0.7 13.5394 4.4721 1.9942 617.61 9.76 1.96 1.59 4.08 34.799 

0.8 12.2770 3.9991 1.9932 533.46 8.47 1.60 2.27 3.94 31.472 

0.9 11.8678 3.5574 1.9925 493.32 7.46 1.48 2.53 4.10 28.146 
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Abstract: -A comparative study of structural characterization and dielectric properties of Polyvinyl alcohol, after insertion of Zinc oxide 

(ZnO) and Aluminum oxide (Al2O3) to form sample composite in the form of films at frequencies varying from 1Hz to 100 Hz and for 
several temperatures from 288k to 353k has been done. Structural characterization of PVA-Zn and PVA-Al done by x-ray diffraction 

(XRD), Fourier Transform Infrared Spectroscopy (FTIR) and Field emission Electron Microscopy (FESEM). It is confirmed that ZnO and 
Al2O3 was well incorporated in PVA matrix.  Together composites of ZnO and Al2O3 with PVA tested by electrical properties like 

dielectric constant (’) and dielectric loss (”) which shows the dispersed values at lower range of frequencies and seen to decreased at 

higher ranges at all temperatures, interprets the interfacial polarization. Imaginary part of electric modulus (M”) has been determined by 
studying the dielectric relaxation properties of both composites. The modulus graph shows that the peaks position transfer near higher 

frequencies with rise in temperatures. The time of dielectric relaxation is determined from peak frequencies of M” plot; lessened with 

temperature rise. 

Keywords:Dielectric Properties, XRD, FTIR, FESEM 

 

I. INTRODUCTION 

Polymer composite films have imperative applications in supercapacitors, sensors like gas sensors, batteries and 

many more as a result of their good thermal stability with better ionic conductivity. Now a days polymer 

incorporated with ceramic fillers improves electronic properties and thus opens for vast applications in fields 

like electronic packaging, angular acceleration accelerometers, integrated decoupling capacitors, etc.So, for the 

same probable technical applications, it is most imperative to study dielectric properties. It is significant to 

consider charge transfer mechanism in polymer composites for perspective of technological and fundamental 

mode. In highly doped polymers ions or charge carriers are localized, hence movement of the carriers happens 

by tunnelling or hopping mechanism among the localized states.One of the known charge transfer mechanisms 

is Variable Range Hopping (VRH), in which charge transfer happens in consecutive localized states by attaining 

phonon thermal energy[1-5]. Temperature dependent polymer is also called as polar polymer complex when 

insertedthrough metal salts in view to increase the ionic conductivity. The polymer composites can be easily 

process into films and also have electrochemical stability, hence received excessive attraction but coredownside 

is its low conductivity. It may improve the conductivity of polymer composites by incorporating the ceramic 

materials [6]. As Polyvinyl Alcohol (PVA) is compatible with each type of fillers so that it acknowledgeda lot 

of industrial applications like food, cosmetics, packaging, pharmaceuticalsetc as well as it is biocompatible, 

non-toxic, hydrophilic and semicrystalline polymer and hence preferred for present work [7].Present work 

emphasizes on the comparative structural and dielectric study of PVA with Al2O3 and ZnO to synthesize 

polymer composite by solvent casting technique for temperaturesvaries from 288 k to 353 k. 

II. EXPERIMENTAL 

The required polymer(PVA) of 86–89% degree of saponification, has molecular weight of 124000 

mol−1, analytical grade Zinc oxide (ZnO) of molecular weight 81.39 and Al2O3 of molecular weight 101.9 were 

together collected from SDFCL, Mumbai, India. 

 Films of pristine PVA, PVA-ZnO and PVA-Al2O3 composite were synthesised by simple and cost-effective 

solution casting method [8 -11]. As per method, first, 1g PVA powder is liquified in 30 mlhighly double 

distilled water. The transparent solution was prepared by stirring the solution continuously at ambient 

temperature. Vacuum dried ZnO of 10 weight percentage,was placed into the congruent solution 

bysimultaneous heating at 50°C for 1 h. The mixture after coolingtransportedon plane glass surface and left to 

evaporate at normal temperature and finallydehydrated at 40°C temperatures. Prepared layers of composite 

were then unwrapped from petri dishes which thenkept separately inthe vacuum chamber. Film thickness was 

measured by thickness profilometer, is found 114-120 μm. Similarly, PVA-Al2O3 composite is synthesized by 

the equalphenomenon and entitled asPVA-Zn, PVA-Al.  
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Structural study of composites has been done by X-ray diffraction analysis, on Bruker D8 advance x-

ray diffractometer, Germany of wavelength 1.5406 Å,FTIR of SHIMADZU 8400 spectrophotometer, Japan 

over the range of 400-4000 cm−1 and FESEM with EDAX of HITACHI S-4800. The dielectric properties were 

analysed on Novocontrol concept 80 with Alpha A high resolution Analyzerlinked to a computer of frequency 

starts from 0.1 Hz to 1 MHz and for temperature in between 288K to 353K. 

 
III. RESULT AND DISCUSSION 

XRD spectra of PVA, PVA-Zn, PVA-Al sample compositeare revealed in Fig 1. XRD peak of PVA is wide 

retorting to (101) plane at 2θ = 190 suggesting semi crystalline form of PVA [12-14]. In PVA-Zn film(JCPDS 

Card No. 36- 1451 and 80-0075) the ZnO peaks had orientation from 100, 002, 101, 102, 110, 103, 110, 200, 

112 and 201 planes for which the scattering angles are 31.6°, 34.4°, 36.16°, 47.52°, 56.48°, 61.56°, 62.88°, 

66.24°, 67.84°, 68.96° respectively whichdesignates that ZnO has the structure of hexagonal wurtzite[15-17]. 

The generalPVA-Zn composite film XRD spectra reveals that Zinc Oxidekept its unique structure in composite 

film [18,12,17]. From XRD spectrum of PVA-Al composite film, it reveals that width of broad hump of PVA 

has been enlarged somewhat in size with lessened in height. Besides the intensity peak at 66.3o, no other peaks 

and features are detected in PVA-Al composite film, which shows the amorphous structure of composite. This 

is occurred due to smaller crystallites and very strong interface of Al with PVA. Size of Crystallitesis calculated 

from Debye-Scherer formula, is nearly equal 3.16nm. 

Fig. 2 shows FTIR spectra of PVA, PVA-Zn, PVA-Al composite films. Strong and broad hydrogen bond (O-H 

group) of alcohol in PVA is detectedin between 3617-2738 cm−1, which is then shiftedto 3617-

3451cm−1inPVA-Zncomposite and 3635-3452cm-1 in PVA-Al composite, occurs because of adsorption of water 

during creation of PVA-Zn composite films.Existence of of hydrogen bond in PVA-Zn and PVA-Al composite 

confirmed by the occurrence of hydroxy group of PVA. For 2964 cm−1 and 2963 cm−1 medium stretching of C-

H bond are seen in PVA-Al and PVA-Zn composite films. O-H bonding of acetyl group is occurred at 1131 

cm−1 in PVA which thenswitched almost to 1139 cm−1in PVA-Zn composite. Bending vibrations of O-H group 

is detected at 1270 cm−1 as aresult of vibrations at gas phase, next it isshiftedto 1288 cm−1. The bending of C-H 

bond in -CH2 group is at 1457 cm−1 and 620 cm−1.The M-O bond of Zinc-oxide (Zn-O) isoccurred at 578cm−1 in 

PVA-Zn and of Al-O is formed at 765 cm−1 in PVA-Al composite film, which approves the presence of ZnO 

and Al2O3contentin composite film[19-23].  

 

 

 

 

 

 

 

 

 
Figure 1. X Ray 

Diffraction of PVZn-10 and 

PVAl-10 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. FTIR of PVA, PVZn-10 and PVAl-10 
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Figure 3.FESEM of a) PVZn-10 and b) PVAl-10 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: EDAX of PVZn-10 and PVAl-10 

The FESEM imageofPVA-Al and PVA-Zn is revealed in Fig. 3a and 3b. From Figure 3a, it is predicted that 

PVA when inducedinZnO,particles weredispersed arbitrarily on thesurface and looks tube like constructions. 

The EDAX of PVA–Zn composite is depicted in Figure 4a shows presence of Zn and O element in composite 

film [24 -25]. Similarly, in PVA-Al micrograph the shape of Al2O3 particles becomes irregular and it spreads 

over the whole surface shows homogeneity of the filmdepicted in Figure 3b. The EDAX images of PVA-Al 

composite is shown in Figure 4b, specifies that energy of release of characteristics X-Ray spectrum for k-series 

of Al is 1.486keV and that of oxygen for k-series is 0.525 keV, directs the existence of Al and Oxygen in 

synthesized PVA-Al composite film [26-27]. 

The graph of (’) of PVA, PVA-Al and PVA-Zn composite film with frequency from 100Hz to 1MHz is 

presented in Fig 4a. It isdepicted that value of ’for both composites fall with rising log f valueand shows high 

values at low frequencies, because it gets enough relaxation time for the setback of ions with field arise as a 

result of interfacial polarization. It may arise due to electrode polarization in which charge carriers which are 

stored at electrodes easily follows with field reversal resulting in rised value of ε′. However, at higher 

frequencies, the charges not trails the field because of ionic and electronic polarization, which results in fall in ε′ 

[28-30]. 

Besides PVA has minimum value of ε′ which is formerly increased with doping of Al2O3 and ZnO into PVA 

due to oxide structure [23]. Fig. 4b shows the variance of ε′ for temperatures varying from 288k to 353k. It is 

detected from graph that ε′ grows with temperature for all composite films due to improvement in flexibility of 

polymer chain at high temperatures, thereby increases mobility of molecules. At low-temperature (288k), the 

polarization procedure slows down as of excess viscosity of polymer thus alignment of dipoles can’t follow 

with the field setback results in lesser value of ε′. As temperature rises above 288k, the thick nature of polymer 

decreases, inscription of easier alternation of dipole with field thereby increase in ε′. Rise in density of charge 

carrier and mobility of molecules with temperature can be well explained by,  
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    N= n0exp (-
𝑈

𝜖′𝑘𝐵𝑇
) ---------1 

Where, N is charge carrier Density, KB is Boltzmann constant and U is the dissociation energy.Debye relaxation 

model is used to describe dielectric relaxation in polymer having only one relaxation time can be given by, 

𝜖∗ = 𝜖∞ +
𝜖𝑠−𝜖∞

1+𝑖𝜔
------------2 

ε′ is given by, 

′ = 𝜖∞ +
𝜖𝑠−𝜖∞

1+𝜔2𝜏2
------------3 

Where, ε ∞ is the limiting value of the ε′ at high frequencies, εs  is the static ε′, ω=2πf is the angular frequency 

and τ is the relaxation time. Polar and nonpolar polymers showdiversebehaviourof ε′ withtemperature. In polar 

polymer ε′ increases with temperature whereas remain independent of temperature in non-polar polymers [31]. 

Variation ofdielectric loss with frequency and temperature for PVA,PVA-Al and PVA-Zn is depicted in Fig.5a 

and 5b.It is observed from Fig.5a that at down frequencies, dielectric loss(ε”)illustrates scattered nature, while 

at upper frequencies its value decreases and reaches to zero. As at lesser frequencies charges contributes to field 

alignmentbecause ofsufficient time span but at up frequencies, ε” value decreases and therebylessening in ε”. 

Besides the rising of ε” value with the temperature because of increasedflexibility of charges with high thermal 

energy is described in Fig.5b.It trails the DC involvement which is temperature dependent, results in increment 

of both conductivity and the dielectric loss[32]. 

 

 

Figure 4. A plot of Dielectric constant of PVA, PVA-Al and PVA-Zn with (a) log f  and (b) Temperature (k) 
 

Figure 5. A plot of Dielectric loss (”) of PVA, PVA-Al and PVA-Zn with (a) log f  and (b) Temperature k 
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Figure 6 A plot of M” of PVAl-10 and PVZn-10 with log f for different Temperature (k) 

 

 

 

 

 

 

 

 

 

Figure 7 Variation of relaxation time with temperature of PVA-Zn and PVA-Al composite films 

Dielectric relaxation can likewise be explored by studying electric modulus M” of samples composite. M” is 

stated in terms of ”, 

     𝑀 =
1

∈
------------4 

  M*= M’+M” ------------5 

Where M’ is real part and M” is the imaginary part of the electric modulus and it can likewise inscribed as, 

M’ = 
𝜖′

𝜖′2 
+𝜖”2     and    M” = 

𝜖"

𝜖′2 
+𝜖”2 ----------6 

 

A plot of electric modulus M” for PVZn-10 and PVAl-10 composite verses frequency for temperaturechanges 

from 288k to 353kis shown in Figure (a)and (b) respectively. Both plots shows the peaks at each temperatures 

which suggests the dielectric relaxation process in which peaks are transferring towards upside frequencies with 

rise in temperatures.  The shifting of peaks nearto higher frequency sides depicts that ions are responsible for 

electric conduction. This is because at higher temperatures, carriers become thermally activated thereby 

decreases the relaxation time. The relaxation time for PVZn-10 and PVAl-10 composites is calculated from the 

M” Vs frequency plot is depicted in Figure, by using the relation, 

    𝜏 =
1

2𝜋𝑓𝑚𝑎𝑥
 ---------------7 

 
 Where, fmaxfrequency of a peak for all temperatures. 

Figure shows the relaxation time varieswith rise in temperature from 288k to 353k. It clearly confirms that for both 

PVZn-10 and PVAl-10 composite relaxation time decreases sharply with increase in temperature which result in 

increasing conductivity of composites[33-34]. 
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IV. CONCLUSIONS 

PVA-ZnO and PVA-Al2O3 composite films were synthesized and characterized by structural and dielectric 

characterization that are dielectric constant’, dielectric loss ” and electric modulus M”at temperaturesstarts 

from 288k to 353k. FESEM of both composites indicates well dispersion of dopant into PVA matrix. Values of 

’and ” for both dopantvaries with temperature and frequency, might be due to viscosity of polymer.  The 

electric modulus graph with frequency for both fillers show peaks for every temperature, was shifts with rising 

temperature to higher frequency range, depictsions are the charge carriers. The time of dielectric relaxation, was 

calculated from electric modulus plot,decreased with temperature. This is happeneddue to charge carriers 

becomesthermally activated at upper temperatures.Improved dielectric properties of PVA-ZnO and PVA-Al2O3 

composite are applicable in fields like thin film transistors for high k dielectric layer, capacitors, optoelectronics 

devices etc. 
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Abstract: - Outstanding photoelectrochemical characteristics of graphene (GR) include its huge specific surface area, distinct structure, 

chemical stability, high conductance, and quick electron transport. In this work, ex-situ method was used to create graphene/TiO2 

composites. A series of graphene/TiO2 composite were created. Using the doctor blade process, the produced Graphene/TiO2 composites 

were deposited on Indium Tin Oxide (ITO) glass substrates. XRD spectra determined that the characteristics peak intensity of graphene 

and TiO2. The conformation of anatase phase in TiO2 was done through X-ray diffraction analysis. Material’s bonding information in 

given materials is studied by FTIR. optical parameters like absorbance, direct band gap, indirect band gap, refractive index, optical 

conductivity was analyzed using ultraviolet–visible spectroscopy. 

Keywords:UV-Vis Spectroscopy; Optical Conductivity; Band Gap. 
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1. Introduction: 

Metal oxide are compounds composed of a metal element and oxygen. They form when a metal reacts with oxygen, resulting 

in the creation of an oxide. In the 19th century, the synthesis of various metal oxides expanded, laying the foundation for 

modern materials science. Metal oxides have some specific uses in electronics and semiconductor, energy storage, magnetic 

storage device, construction and building materials. Metal oxides nanoparticles are the most used nanomaterials. In recent 

years most of metal oxide nanomaterials such as Ag2O, FeO, MnO2, CuO, ZnO, TiO2, CaO, Al2O3 are used in various fields. 

Various semiconductors such as Fe2O3, TiO2, ZnO, CdS, and ZnS, have been used electronic and optical components [1,2]. 

Among all these semiconductors, TiO2 is the most commonly utilized because of its non-toxic nature, stability at different 

reaction conditions, high oxidizing power under irradiated by UV, low cost and being environmentally friendly [3-6]. TiO2 

may exist in three major polymorphs namely anatase, rutile and brookite. Anatase phase TiO2 for offer better photocatalytic 

performance than rutile phase for photo-induced electron transfer properties of the thermodynamically metastable [7]. But 

anatase TiO2 has a higher band gap (~3.2 eV) as compared to rutile (~3.0 eV) that causes large recombination of charge 

carriers [8]. To solve these problems modification of TiO2 can be an effective way which is done in some research [9,10]. Due 

to their unique characteristics in environmental applications carbonaceous materials such as graphene and graphene oxide, are 

the most important ingredients for TiO2 [ 11]. 

                   Among various carbonaceous materials, graphene showed some attractive properties such as excellent transmittance, 

high electron mobility (250,000 cm2 /V/s), large specific surface area (2630 m2 /g), good chemical stability and excellent 

electrical conductivity [12,13]. Graphene has a two-dimensional (2D) structure consisting of single-layer carbon atoms and is 

considered as the thinnest and toughest material. The interdisciplinary properties of graphene have various uses which is useful in 

various technologies [14-16]. In some literature observed that the energy bandgap of graphene is in the range of 0.11 eV to 1.62 

eV [17]. Due to some special properties of graphene such as large bandgap and high charge carrier mobility, there are lots of 

applications of graphene in electronic and optoelectronic applications. Graphene has been doped with other materials to enlarge 

the bandgap [18]. 

              There are various methods available for the synthesis of Graphene/TiO2 nanocomposite such as spin coating method, 

simple coating approach [19]. In this paper Graphene/TiO2 nanocomposite was prepared by ex-situ approach. In this research 

Structural, microstructural and optical properties of Graphene/TiO2 nanocomposite was studied using XRD, FTIR, UV-VIS 

characterization technology and they are discussed here. 

 

2. Experimental 

2.1. Materials: 

              Graphite rod used for preparation of Graphene. Distilled water, Sulfuric acid, titanium tetrachloride, sodium hydroxide, 

acetone etc. 

 

 

2.2 Preparation of Graphene: 

              Graphene will be synthesized from graphite rod using a modified electrochemical exfoliation method. Mixture of distilled 

water and sulfuric acid should be taken in 1:4 proportion in a beaker. After this put the graphite rod in the mixture and give 

continue AC supply to it with the help of dimmer. Exfoliation of graphite rod will have started. After few hours, the bottom of 

beaker will be covered with graphene powder. Now filter the graphene powder with the help of filter paper. After drying the 

graphene powder, heat it in a furnace at 700 for one hour and finally you get graphene. 

 

2.3 Preparation of TiO2: 

               TiO2 will be prepared by Co-precipitation method. The material used for the preparation of TiO2 are titanium 

tetrachloride, sodium hydroxide, distilled water. For preparation of TiO2 mixture of titanium tetrachloride and sodium hydroxide 

should be taken in 1:4 proportion. Provide normal stirring to the mixture with the help of magnetic stirrer until you get the 

precipitate. After filtering the precipitate, keep it for heating in furnace at 1000 C for two to three hours. In this way our final 

product is prepared. 

2.4 Preparation of Graphene/TiO2composites: 

               For preparation of composite, we use ex-situ approach and by using this method we prepare Graphene/TiO2 composite 

series by adding various concentration of TiO2 nanoparticles from 5 wt% to 25 wt% in graphene. Mix the mixture with the help of 

magnetic stirrer until acetone get evaporated. After this, if the mixture is wet, heat it in a furnace at 50-600 C. The nomenclature 

for 5%Graphene/TiO2 nanocomposites, 10%Graphene/TiO2 nanocomposites, 15% Graphene/TiO2 nanocomposites, 20% 

Graphene/TiO2 nanocomposites and 25% Graphene/TiO2 nanocomposites was named as S1, S2, S3, S4 and S5 respectively. 

3 Results and Discussion 
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3.1 X-ray Diffraction Analysis: 

Fig. 1shows the XRD patterns of the TiO2 samples synthesized by Co-precipitation method. The diffraction patterns of TiO2 

nanoparticles prepared by this method exhibit good crystalline peaks, and they correspond to the anatase phase of TiO2. The TiO2 

sample shows nearly similar peak which has been observed by other researchers as well [20]. The diffraction peaks corresponding 

to the anatase phase of TiO2. From the graph TiO2 nanoparticles shows diffraction peaks located at the Bragg diffraction angles 

(2θ) of 25.43, 38.13 48.24, 54.20, 55.16, 62.89, 68.99, 70.59 and 75.27 which are indexed to  (101), (004), (200), (105), (211), 

(204), (116), (220) and (215) lattice planes respectively [21]. Strong diffraction peaks at 25.430 and 48.240 indicating TiO2 in 

anatase phase [22]. The peak of graphene exists in these XRD spectra shown in fig.2. The graphene peak is close to the peak of 

anatase TiO2 nanoparticles which is at the diffraction angle of 25.840 which is nearer to diffraction angle studied in research paper 

[23]. The XRD pattern of Graphene/TiO2 composite for various concentration of TiO2 particle from 5 wt% to 25 wt%in graphene 

is shown in fig. 3 

 
Fig. 1                                                         Fig. 2Fig. 3 XRD of Graphene/TiO2 Composites 

3.2 FTIR Analysis: 

  FTIR analysis is used to identify molecular compounds. We observe absorbance of infrared radiation by sample and 

resulting spectrum was used to identify the functional groups present in that sample. In this study on x-axis the wavenumber is 

plotted against transmittance within the range 4,000 to 400 cm-1. FTIR measures the absorbance or transmittance of light through 

a sample as a function of wavelength and provides information regarding the identity of functional groups [24].  The spectrum 

shows highly reduced peaks in region ~3000 cm-1 to ~3500 cm-1 representing the reduction of OH group due to deoxygenation 

[25,26]. The band at 3514 cm-1 and 1647 cm-1 was attributed to strong O-H and C=C stretching mode. C-O strong stretching 

vibration band observed at 1171 cm-1. The spectrum resulting from the analysis at TiO2 solid microspheres showed one band at ~ 

1000 cm-1 characteristic of the Ti-O bonds observed in fig 4 [27].The spectrum shows a broad peak at 550-800 cm-1 caused by the 

Ti–O–Ti band. 
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Fig. 4 FTIR spectra of Graphene/TiO2 Composites 

 

3.3 UV-VIS spectroscopy analysis: 

UV-visible (UV–VIS) spectroscopy is an effective optical characterization technique to understand the optical properties 

of materials. Fig. 5 shows UV-VIS spectrum of the Graphene/TiO2 composites as a function of wavelength against absorbance. 

The absorbance band appears at approximately in the range 200-400 nm. 

 

 
Fig. 5 Variation of absorbance as a function of wavelength 
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            Fig. 6 shows Tauc plot for indirect band gap energy of different composition of Graphene/TiO2 composites. The indirect 

band gap energy for sample S1, S2, S3, S4 and S5 are 2.34, 2.49, 2.73, 2.86 and 3.00 eV respectively. The indirect bandgap varies 

between 3.00 to 2.42 eV.  

 
 

  

 
Fig. 6 shows Tauc plot of (αhυ)2 versus photon energy for different composition of Graphene/TiO2 

 

            Fig. 7 shows the Tauc plot for direct band gap energy of different composition of Graphene/TiO2 composites. The direct 

band gap energy for sample S1, S2, S3, S4 and S5 are 1.81, 1.86, 2.25, 2.37 and 2.52eV respectively. It was observed that the 

bandgap obtained in Graphene/TiO2 composites vary from 2.52 to 1.81 eV. Similar result observed in some research paper [18]. 

Sample S5 shows higher indirect as well as direct bandgap. 
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Fig. 7 Tauc plot of (αhυ)1/2 versus photon energy for different composition of Graphene/TiO2 

 

Fig. 8 shows a graph of refractive index with wavelength. From fig we can say that low refractive index on shorter wavelength 

side was low whereas value of refractive index increases on longer wavelength side up to 358 nm. Beyond 358 nm refractive 

index decreases gradually. The highest value of refractive index is observed for S1 at 358 nm with change in the concentration of 

TiO2 refractive index for S1, S2, S3, S4 and S5 samples decrease. [28,29]. 
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   Fig. 8variation of refractive index as a function of wavelength 

 

             Fig. 9 shows the variation of optical conductivity as a function of wavelength. The highest value of optical conductivity is 

associated with sampleS1 whereas lowest with sample S5. From the Graph it is observed that optical conductivity was altered by 

changing the concentration of TiO2.               

 
Fig. 9 variation of optical conductivity as a function of wavelength 

 

               Fig. 10 shows the variation of optical conductivity with hυ (eV). Initially the optical conductivity increases linearly in 

the region of energy 1.82 to 2.97 eV. Beyond energy 2.97 eV optical conductivity decreases up to 3.1 eV and then sudden increase 

up to 5.28 eV and again start decreasing. Graph shows higher optical conductivity for sample S1 and lower for sample S5. From 

graph it is observed that optical conductivity tuned by varying the concentration of Graphene/TiO2 composites [30]. 

 

S 

Fig. 10 variation of optical conductivity as a function of photon energy 
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4. Conclusion: 

In present study Graphene and TiO2 nanoparticles were synthesized successfully and from XRD it will clear that Graphene and 

anatase TiO2 is formed. Graphene/TiO2 nanocomposites with different weight present of TiO2 were successfully synthesized by 

ex-situ approach. FTIR spectroscopy was used to verify the functional group present in the prepared sample. Graphene/TiO2 

nanocomposites were characterized to study their optical properties with the help of UV-VIS spectroscopy. Maximum absorbance 

of samples appears at approximately in the range 200-400 nm. The value of indirect and direct band gap was successfully 

estimated for the prepared sample. Initially refractive index is less and it increases on longer wavelength side up to 358 nm. After 

358 nm refractive index gradually decreases. The optical conductivity for sample S1 was higher whereas lowest for sample S5.  
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I. INTRODUCTION 

 

The dielectric relaxation Spectroscopy (DRS) technique essentially reveals details about the dynamics of a 

material's response regarding the electric field, namely the rate at which its polarization might vary. 

Knowing this information is essential for comprehending a variety of material features, including charge 

transposition, material dynamics, dielectric properties, etc. Dielectric relaxation techniques are primarily 

used to measure the relaxation time of a material [1-2]. In high-frequency applications, relaxation time is 

especially important because it determines how quickly a material responds to rapidly changing electric 

fields [3]. It has applications in many fields like Dielectric Material Characterization, Charge Transport 

Studies, and Biological Systems.  

     tert-Butyl acetate [C6H12O2] is a carboxylic ester that is manufactured by the esterification of acidic acid 

and isobutylene. It is a colorless flammable liquid that smells like blueberries or camphor. It is employed as 

a solvent in the manufacturing of industrial cleaners, lacquers, enamels, inks, adhesives and thinners [4] 

     Previous research has examined the dielectric relaxation behavior of esters such as methyl acetate (MA), 

ethyl acetate (EA), and butyl acetate (BA) with different alcohols to examine the molecular behavior of the 

O-H group with the oxygen atom of the ester molecule at different temperatures and concentrations. S.S. 

Birajdar et al. has investigated dielectric relaxation spectroscopy of esters using time domain spectroscopy 

[5].To comprehend the intermolecular interaction in the mixture, R.M. Shirke et al. used the time domain 

technique to analyze the temperature dependent dielectric relaxation behavior of acetate-alcohol mixtures in 

the frequency range of 10 MHz to 20 GHz [6]. Dielectric characteristics of binary mixtures of esters with 

hydrocarbons at 303 K are investigated by M. Meenachi and P. Krishnamurthi [7]. S. Kumar et al. Studied 

dielectric relaxation of methyl acetate with 2- Alkoxyethanols using time domain reflectometry [8].  
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     In the present paper, the frequency and temperature dependent dielectric relaxation investigation on tert –

Butyl Acetate have been done using the TDR technique. This technique can offer high-resolution 

information about the dynamics of H-bonds [9]. Based on the obtained complex permittivity spectra, the 

static dielectric constant (ε0), and dielectric relaxation time (τ) were determined using the Least Squares Fit 

method to investigate the molecular dynamics and intermolecular interaction. 

 

 

II. MATERIALS AND MEASUREMENT 

 

Tert-butyl acetate was commercially obtained from Spectrochem Pvt. Ltd. Mumbai, India with 99% purity 

and was used without further purification. The dielectric spectra of tert-butyl acetate have been recorded 

using time domain reflectometry (TDR). The TDR Tektronix Digital Serial Analyzer model no. DSA8300 

sampling main frame oscilloscope along with TDR sampling module 80E10B was used. The detailed 

experimental set-up and calibration of the instrument were done as mentioned in [10]. The experimental set-

up of TDR is shown in Fig. 1. The dielectric relaxation parameters were investigated in the frequency range 

of 10 MHz to 30 GHz.  

 

 
 

Fig.1.Experimental setup of TDR 
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III. RESULT AND DISCUSSION 

 

A temperature and frequency dependent complex dielectric permittivity spectra (CPS) of tert-butylacetate is 

shown in Fig.2 in which ε’ is static dielectric permittivity and ε” is the dielectric loss. 

 

Fig 2. Temperature and frequency dependent complex permittivity spectra of tert-butylacetate 

 

The experimentally obtained CPS is fitted to the Havriliak-Negami equation to obtain the dielectric 

parameters [11,12]. 

𝜀∗(𝜔) = 𝜀∞ +
𝜀0−𝜀∞

[1+(𝑗𝜔𝜏)1−𝛼]𝛽                                    (1) 

Where ε0isthe static dielectric constant, τ is relaxation time, and α & β are the distribution parameters. The 

values of ε0 and τ at various temperatures are reported in Table 1.The values are in good agreement with 

earlier work[13]. 

Table1.Dielectric relaxation parameters of tert-Butyl Acetate at different temperatures. 

Temperature in 0c ε0 τ 

250c 5.72(1) 7.88(1) 

200c 6.36(1) 8.98(1) 

150c 7.45(1) 9.21(1) 

100c 9.43(1) 13.61(1) 

50c 12.71(1) 13.01(1) 

Numbers in the bracket denote uncertainties in the least significant digit obtained by the least squares fit method, e.g., 5.72(1) 

means 5.72 ± 0.01. 
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     Static dielectric constant (ε0) and relaxation time (τ) of the molecule depend on molecule chain length, 

temperature, viscosity, Polarizability,etc. From Table 1, values of ε0and τ increase with a decrease in 

temperatureindicating a reduction in the thermal motion of the molecule.Lower temperatures mean less 

thermal energy in the material, which translates to reduced random motion of the molecules or ions within 

the material.Relaxation time refers to the time it takes for the dipoles in a material to respond and realign 

with a changing electric field.Lower temperature translates to a "thicker" or more viscous environment for 

the dipoles,resulting in relaxation time increases. Also, Strong affectionate bonds between them account for 

the higher value of relaxation time [14-15]. 

 

IV. CONCLUSION 

Frequency dependent complex permittivity spectra of tert-butyl Acetate were studied by using the TDR 

technique in the frequency range 10 MHz to 30 GHz at different temperatures which shows Cole-Cole type 

dispersion. The dielectric parameters such as static dielectric constant, and dielectric relaxation time are 

reported. As temperature decreasesdielectric constant and the relaxation time increases due to viscous 

resistance. 
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I.  INTRODUCTION 

To understand molecular structure and dynamics with other polar or non-polar molecules, dielectric 

relaxation behavior in polar liquids is of great interest. Polar organic liquids nitriles have a significant dipole 

moment. Large dipole moments cause significant intermolecular interactions and molecule association. 

Nitriles are liquid at room temperature, non-hydrogen bonded, and has a strong dipole moment, and 

therefore dielectric researches were done on them. Acetonitrile(ACN), Acrylonitrile(ACRN), 

Propionitrile(PPN), and Butyronitrile(BTN) are aprotic nitriles(NT) and polar non-hydrogen bonded organic 

solvents with high dipole moments utilized in the chemical industry. The major by product of Acrylonitrile 

is Acetonitrile ACN is the simplest organic nitrile, while ACRN has vinyl group. ACN is a polar aprotic 

solvent for chemical synthesis and butadiene purification. Its high dielectric constant makes it popular in 

battery applications. ACRN is mostly a monomer for poly acrylonitrile, high flammability and toxicity. 

Producers of pesticides and fertilizers utilize propionitrile. Thus, pesticide and fertilizer demand is rising 

worldwide due to agricultural methods. It also makes high-voltage electrical double-layer capacitors [1]. 

Butyronitrile is mostly used to make amprolium for poultry and also used to make ethylamine [2]. However, 

1,4-dioxane (DX) is a non-hydrogen bonded liquid with a small electric dipole moment and has been 

considered as a non-polar solvent. The dielectric permittivity varies as a function of frequency, temperature 

and concentration for the binary liquid mixtures [3-8]. Understanding the frequency-dependent dielectric 

properties of binary liquid mixtures is useful in both fundamental researches of liquid structure 

determination and dynamics, as well as practical applications. The frequency-dependent dielectric behavior 

of liquid mixtures also reveals information about molecular interactions and process mechanisms.  

In this paper, we present a detailed study of the dielectric behavior of acetonitrile (ACN), acrylonitrile 

(ACRN), propionitrile (PPN), and butyronitrile (BTN) in 1, 4-dioxane (DX) using time-domain 

reflectometry (TDR) at 250C in the frequency range 10 MHz to 30 GHz. The static dielectric constant and 

relaxation time were calculated from the measured dielectric spectra using the least squares fit method. 

Excess dielectric permittivity and the Kirkwood correlation factor are also calculated to investigate 

intermolecular interactions in different molecules. 

II. MATERIALS AND EXPERIMENTAL METHOD 

We purchased ACN, ACRN, PPN, BTN, and 1,4 DX from S.D. Fine Chem. Ltd. in 99% purity. The 

solutions were made in NT at different 1,4DX volume fractions. The TDR method was used to obtain the 

Complex permittivity spectra. The specific experimental setup and protocol have already been covered in 

previous discussions [9, 10].   
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III.  RESULTS AND DISCUSSIONS:  

 

 A .Complex Permittivity Spectra:  

The frequency-dependent complex permittivity spectra of nitrile are as shown in Figure 1. It is observed that 

with increasing frequency, dielectric permittivity (ε′) decreases. At high frequencies, the response of 

permanent electric dipoles decreases, resulting in a decrease in (ε′) [14]. An observation has been made that 

the value of the dielectric loss (ε'') is highly dependent on the frequency of the field that is being applied. 

These internal motions include the reorientation of electric dipoles, and the dielectric loss peak is evidence 

that these motions are occurring. The dielectric loss ε” approaches maximum in the frequency range 25 GHz 

to 30 GHz for all nitriles. The general form of relaxation model can be explained by Havriliak-Negami 

equation [11, 12]. 

 

ε ∗  (ω)  = 𝜺∞ +
𝜺𝒐−𝜺∞

[𝟏+(𝒋𝝎𝝉)𝟏−𝜶]𝜷                                                       (1) 

where, ε0, ε∞, τ, α and β as fitting parameters. The equation (2) shows the Debye (α = 0, β = 1), Cole-Cole 

(β = 1) and Davidson- Cole (α = 0) relaxation models. 

 

 

 

 

 

 

 

 

 

 

                                     Figure 1: Complex Permittivity spectra for pure Nitriles at 250C 

B. Static Dielectric constant and Relaxation time 

The static dielectric constant (ε0) and relaxation time (τ) in picoseconds are calculated from equation (1). 

Table 1 shows nitrile-dioxane mixtures with 1,4 dioxane volume fraction at 25°C. Static dielectric constants 

depend on dipole moment, carbon atom number, intermolecular force, temperature, and chain length [13]. 

The molecular bond decreases with increasing carbon atom chain length, reducing the static dielectric 

constant of amines, alcohols, and ester compounds [14].  Experimental values of dielectric parameters (ε0 

and τ) for Nitriles and 1,4 Dioxane synchronize with previous reports [15,16]. Nitriles with higher Dioxane 

volume fractions have lower static dielectric constants. Maximum relaxation time in nitriles increases with 

Dioxane concentration. It means stronger molecule bonding increases molecular size at these concentrations.  
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Table 1 : Static dielectric constant and relaxation time  of Nitrile -1,4 DX mixtures 25°C. 

 

Syst

em 

ACN+DX ACRN+DX PPN+DX BTN+DX 

Vol. 

frac. 

of 

DX 

ε₀ τ(ps) ε₀ τ(ps) ε₀ τ(ps) ε₀ τ(ps) 

0.0 36.43(2) 4.20(3) 33.34(1) 5.96(1) 29.15(5) 5.77(1) 23.67(1) 8.40(2) 

0.1 32.58(1) 4.81(1) 29.24(1) 5.98(3) 25.71(4) 6.28(3) 19.53(2) 9.88(5) 

0.2 30.75 (1) 4.91(1) 27.67(1) 6.28(2) 25.46(1) 6.29(3) 16.76(1) 10.01(7) 

0.3 26.57(2) 5.57(2) 24.74(7) 6.77(2) 18.93(1) 6.87(1) 14.87(3) 10.28(1) 

0.4 23.69(2) 7.30(1) 22.33(1) 7.20(1) 15.07(1) 8.08(2) 11.24(4) 11.76(3) 

0.5 21.36(1) 7.43(1) 18.99(2) 8.02(3) 12.47(1) 8.76(1) 9.31(4) 13.24(3) 

0.6 18.17(2) 8.19(1) 15.40(2) 8.28(1) 12.33(1) 7.58(2) 7.21(1) 16.49(9) 

0.7 13.92(1) 9.76(4) 11.95(1) 9.27(1) 10.39(1) 6.66(3) 6.17(2) 13.32(4) 

0.8 10.42(1) 10.42(4) 8.44(1) 10.17(2) 7.79(1) 6.38(4) 5.04(1) 12.41(3) 

0.9 8.13(1) 12.47(1) 4.48(1) 13.08(1) 4.68(1) 5.16(1) 3.94(1) 11.33(7) 

1.0 2.50(3) 3.95(1) 2.50(3) 3.95(1) 2.50(3) 3.95(1) 2.50(3) 3.95(1) 

Digits in brackets show errors in the corresponding value. e.g.29.24(1) means 29.24 ± 0.01  

C. Excess dielectric permittivity 

Intermolecular bonds' contribution to mixture dielectric properties is also examined in terms of excess static 

dielectric permittivity. Excess dielectric permittivity is [12].       

              𝜀0
𝐸 = (𝜀0)𝑀 −  [(𝜀0)1𝑋1 + (𝜀0)2(1 − 𝑋1)]                                        (2) 

where the subscripts M, 1 and 2 represent mixtures of solvent (DX) and solute (ACN, ACRN, PPN, and 

BTN), respectively, and X1 represents the volume fraction of DX in solute (ACN,ACRN, PPN, and BTN). 

In a binary liquid mixture, the excess dielectric constant shows intermolecular interaction strength and 

physical form. The strength of unlike-molecule interactions is shown by excess permittivity values. 

Fig. 3 plots excess permittivity versus DX volume fraction. The plot has a sharp maximum and is negative 

across the concentration range. These negative values for nitrile-dioxane mixtures indicate intermolecular 

bonding between dissimilar molecules, reducing the number of effective dipole moments contributing to 

excess permittivity. 
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Fig. 3: Excess dielectric permittivity for nitriles with 1,4Dioxane at 25°C.  

D. Kirkwood Correlation Factor: 

The Kirkwood-Frohlich equation gives helpful information on the degree of orientation correlation between 

dipoles in pure liquid systems [17]. 

                                        
(𝜀0−𝜀∞)(2𝜀0+𝜀∞)

𝜀0(𝜀∞+2)2 = 𝑔𝜇2 4𝜋𝑁𝜌

9𝑘𝑇𝑀
                                                         (3) 

where N is the Avogadro's number, ρ is the liquid density, 𝜀0 is the static dielectric constant, ε∞ is the 

dielectric constant at high frequency, g is the Kirkwood correlation factor, and T is the Temperature.  

Kirkwood correlation factor from dielectric constant demonstrates molecular orientation correlation. 

Intermolecular bonding is measured by Kirkwood correlation factor “g” deviation from unity. Without 

assumptions, a static dielectric constant cannot determine average correlation factor g1 and g2. Luzar 

presented a hydrogen-bonded mixture model using mean field approximation [18]. Equation [18] calculates 

g1 and g2 correlations. 

     g1 = 1 + 𝑍11 cos 𝜑11 +  𝑍12 cos 𝜑12 (
𝜇2

𝜇1
).                                                   (4) 

g2 = 1 + Z21 cos 𝜑21 (
μ1

μ2
)                                                                            (5) 

where , 𝑍11 = 2〈𝑛𝐻𝐵
11 〉,𝑍12 = 2〈𝑛𝐻𝐵

12 〉 and 𝑍21 = 2〈𝑛𝐻𝐵
21 〉𝑉𝐷𝑋/(1 − 𝑉𝐷𝑋) represents the average particle 

number involved in the formation of hydrogen bonds with solute-solute, solute-solvent, and solvent-solute 

pairings, whereas φ11, φ12, and φ21 represent the angles in nearby dipoles of the molecules. We explained 

the solute-solvent mixture's static dielectric permittivity with the model. Fig. 2 shows correlation factor g1 

and g2 for (a) ACN-DX (b) ACRN-DX (c) PPN-DX and (d) BTN-DX vs VDX at 250C. 
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                         (c)                                                                                                  (d) 

 

    Fig. 2: Correlation factor vs VDX for (a) ACN-DX (b) ACRN-DX (c) PPN-DX and (d) BTN-DX mixtures 

at 250C . 

The following connection determines the average number of hydrogen bonds and solvent molecules for 1i 

pairs (I = 1, 2). 

  〈𝑛𝐻𝐵
1𝑖 〉 =  

𝑛1𝑖

𝑛1
𝜔1𝑖                                                                  (6) 

where 𝜔1𝑖 =  
1

1+𝛼1𝑖 𝑒−𝛽𝐸1𝑖  is the solute-solvent bond probability, n1 is  DX number density. The energy levels 

for non-hydrogen-bonded pairs in solute solvent bonds are E11 and E12, with β = 1/kT and α1i as the ratio 

of the two sub volumes of the phase space. The hydrogen bonding densities between solute-solvent, n12, and 

solute-solute, n11 and calculate the formation of solute-solute and solute-solvent. Solute-solvent mixture 

values rely on solvent concentration. Fig. 3 shows the average hydrogen bonds compared to VDX between 

pairings 11 and 12 for (a) ACN-DX, (b) ACRN-DX, (c) PPN-DX, and (d) BTN-DX mixes at 250C . 
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                                                    (c)                                                                                                             (d) 

Fig. 3: Average number of hydrogen bonds in NT-NT (pair11) and NT-1,4-DX (pair 12) against VDX.for(a) ACN-DX (b) 

ACRN-DX (c) PPN-DX and (d) BTN-DX mixtures at 250C 

It shows how the solute-solvent combinations' values of 〈n11HB 〉 and 〈n12HB〉 are influenced by the solvent. 

Fig.3 shows the average number of hydrogen bonds between pairings 11 and 12, relative to VDX. The values 

of 〈n11HB 〉 and 〈n12HB〉 are determined by the density of hydrogen bonds between NT-NT and NT-DX 

molecules. From above figure it shows that as the values of〈n11HB 〉 decreases with increasing VDX and that 

of 〈n12HB〉 has maxima at specific VDX concentration. This result proves the formation of the Solute-

Solvent and Solute-Solute hydrogen bonds in given system. 

IV. CONCLUSION: 

The complex dielectric spectra of Nitrile- 1, 4-Dioxane mixture have been studied using the time domain 

reflectometry technique in the frequency range of 10 MHz to 30 GHz. The complex permittivity spectra for 

all nitriles show systematic variation with frequency and concentration, as well as a Debye relaxation 

mechanism. The structure of nitriles and 1,4 dioxane molecules, based on Luzar's proposed hydrogen 

bonding model, is used to explain the concentration-dependent dielectric properties. 
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Dielectric Relaxation study of 

Hydroxypropyl methyl cellulose – water 

mixture using Time Domain Reflectometry 

(TDR) 
 

 

Abstract: - The Complex permittivity spectra of Hydroxypropyl methyl cellulose 

(HPMC)15 cPs -Water mixture has been determined using the time domain reflectometry 

technique in the frequency range of 10 MHz to 30 GHz over the entire temperatures at 5°C - 

20°C.The lowest temperature processes are analyzed in terms of dipole relaxation. The 

complex permittivity spectra for HPMC-water were fitted in the Debye model. The static 

dielectric constant (ε0), relaxation time (τ) and thermodynamic parameters have been 

calculated by a non-linear least square fit method. 

Keywords: Time domain reflectometry, complex permittivity spectra, static 

dielectric constant, relaxation time, thermodynamic parameters 

1. INTRODUCTION 

Polysaccharides, like cellulose, have garnered considerable research interest in recent years due to their 

unique properties and diverse applications in various industries. Understanding the relationship between a 

polysaccharide's chemical structure and conformation and its behavior in solution is crucial for optimizing 

its functionality. Numerous studies have explored polysaccharide-solvent interactions, highlighting their 

importance. 

Cellulose, a key structural component of plant cell walls, is a complex carbohydrate built from β-D-

glucose units linked by β (1→4) glycosidic bonds to form cellobiose units. This unique structure imparts 

strength and resilience, making cellulose essential for plants and a valuable dietary fiber [2]. Hydroxypropyl 

methyl cellulose (HPMC), a water-soluble derivative of cellulose, finds applications in various sectors, 

including pharmaceuticals [1-3]. Understanding the interaction between HPMC and water is crucial for 

optimizing its performance in these applications. 

Dielectric spectroscopy offers a powerful tool to investigate these interactions at the molecular level. 

Dielectric properties are sensitive to how molecules are arranged and interact with each other [4]. By 

studying the dielectric behavior of HPMC-water mixtures, we can gain valuable insights into the strength 

and nature of the interactions between HPMC and water molecules [5]. 
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This research presents a detailed investigation of the effect of water addition on HPMC. We focus on 

the complex permittivity spectra of a 15 cPs HPMC-water mixture across a temperature range of 5°C to 

20°C and a frequency range of 10 MHz to 30 GHz. Time domain reflectometry (TDR) serves as the chosen 

technique for this analysis. Specifically, we analyze the data at the lowest temperature processes in terms of 

dipole relaxation. The Debye model is employed to fit the complex permittivity spectra of the HPMC-water 

mixture. Utilizing a non-linear least square fit method, we aim to extract key parameters such as the static 

dielectric constant (ε₀), relaxation time (τ), and relevant thermodynamic parameters. This study sheds light 

on the molecular interactions within the HPMC-water mixture at varying temperatures.  

2. Experimental 

2.1 Materials 

                     The hydroxypropyl methyl cellulose 15 centipoise (cPs) (HPMC) was used from S. d. Fine-

Chemical Limited, whereas water was used after deionization. Milimolar HPMC solution in water was 

prepared at various concentrations. 

2.2 Measurement 

                      The investigation of dielectric properties in the HPMC-water mixture employed Time Domain 

Reflectometry (TDR) for its ability to analyze a broad frequency range (10 MHz to 30 GHz). Measurements 

were conducted at a constant temperature of 25°C across various HPMC concentrations. A Tektronix Digital 

Signal Analyzer DSA8300 sampling mainframe oscilloscope with the dual-channel sampling module 

80E10B facilitated the TDR measurements, ensuring accurate data acquisition [6-7]. 

 

3. Result and discussion 

3.1 Complex permittivity spectra 

Fitting complex permittivity spectra to the Havriliak-Negami equation using nonlinear least squares is a 

common technique in the study of dielectric materials [8]. 

𝜀∗() = 𝜀∞ + 
(𝜀0−𝜀∞)

[1+(𝑖𝜏)1−α]𝛽
  (1) 

Where: 

• ε∗(ω) is the complex permittivity at angular frequency 𝜔ω. 

• 𝜀∞ is the high-frequency permittivity (permittivity at infinite frequency). 

• τ is the relaxation time. 

• α and β are dimensionless parameters that characterize the shape of the relaxation spectrum. 
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Fig.1 shows the complex permittivity spectra (ε* = ε’ – ε’’) for an aqueous HPMC solution, where ε’ is the 

dielectric permittivity and ε’’ is the dielectric loss, as a function of frequency (GHz) at 200C. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

Fig.1 Complex permittivity spectra for HPMC 15 Cps-water mixture at 200C using TDR 

 

The observed decrease in permittivity (ε') with increasing frequency is attributed to the HPMC-water 

mixture's polar molecules struggling to reorient with the rapidly changing electric field at higher 

frequencies, resulting in a lower ability to store electrical energy.  Furthermore, the shift in the dielectric loss 

peak towards lower frequencies with increasing concentration suggests a change in relaxation time (τ). 

Relaxation time represents the time required for molecules to realign with the field. At lower HPMC 

concentrations, water molecules have greater freedom, leading to a faster relaxation process (higher 

frequency peak).  Conversely, as HPMC concentration increases, water molecules become restricted, 

resulting in a slower relaxation process (lower frequency peak).  

3.2 Dielectric constant & Relaxation time  

The Havriliak-Negami equation is a versatile tool for studying relaxation phenomena, including the material 

of HPMC in water. This equation is used to investigate the dielectric properties of HPMC in aqueous 

mixtures. Table 1. presents dielectric parameters, such as dielectric constant (ε0) and relaxation time (τ), for 

various concentrations of HPMC at different temperatures. This data provides insights into how HPMC 

concentration and temperature affect the dielectric behavior of the solution. 
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Table 1. Dielectric relaxation parameters for an aqueous solution of HPMC 15 Cps-water at various temperature ranges (50C – 20 
0C) and different concentrations. 
                                                 

We observe that as the concentration of HPMC increases, the dielectric constant increases as well. This 

suggests that the presence of HPMC enhances the material's ability to store electrical energy. Similar to the 

relaxation time at each concentration, the relaxation time tends to decrease as the temperature increases. 

This suggests that higher temperatures facilitate faster relaxation of the material. 

 Overall, the data suggests a complex interplay between HPMC concentration, temperature, and dielectric 

properties, highlighting the importance of understanding these factors in applications involving HPMC-

water mixtures, such as in pharmaceuticals, food products, and industrial processes. 

3.3 Thermodynamic properties 

 

Eyring's rate equation was employed to determine the thermodynamic energy parameters for the HPMC-

water mixture [9]. 

τ=h/kT  exp (ΔH/ RT) exp (-ΔS/R)  (2) 

This equation relates the relaxation time (τ) to temperature (T), activation enthalpy (ΔH), and activation 

entropy (ΔS). Table 2 presents the activation enthalpy (ΔH) and entropy (ΔS) values, which offer insights 

into the structural changes within the molecules. Positive ΔH values suggest an endothermic process across 

all HPMC-water mixture concentrations, while positive ΔS values indicate random orientation within the 

mixture. Fig.2 illustrates the Arrhenius behavior of the temperature-dependent dielectric relaxation time of 

the HPMC-water mixture. 

 

Conc. of 

HPMC 

 

50C 100C 150C 200C 

ε0 τ ε0 τ ε0 τ ε0 τ 
00 92.27 13.80 89.4 13.04 85.09 11.36 80.67 10.42 

0.1 105.40 12.27 96.41 10.89 85.64 9.94 81.41 9.43 

0.2 103.45 13.51 93.19 11.78 85.49 10.75 84.65 10.26 

0.3 108.27 12.85 97.96 11.07 95.87 9.99 85.81 9.35 

0.4 104.30 12.68 94.55 10.90 81.86 10.02 82.60 9.51 

0.5 105.73 12.77 96.23 10.92 84.72 10.10 85.74 9.57 

0.6 106.62 13.20 95.46 11.63 84.23 10.70 84.90 10.08 

0.7 105.99 12.92 93.31 11.52 81.70 10.78 84.53 10.63 

0.8 107.39 13.07 96.54 11.31 84.85 10.45 86.18 9.95 

0.9 105.83 13.21 98.46 11.45 86.66 10.51 88.10 10.03 

1 116.82 15.50 109.02 12.96 94.15 11.34 93.12 10.28 
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  Fig. 2 shows the Arrhenius behavior of the temperature-dependent dielectric relaxation time of the HPMC-Water mixture. 

 

 

 

    

 

 

 

 

 

 

Table 2. Thermodynamic parameters for HPMC-water mixtures. 

 

 

Conclusion 

Time Domain Reflectometry (TDR) was used to analyze the complex permittivity spectra of HPMC-water 

mixtures, revealing information about the static dielectric constant and relaxation time for various HPMC 

concentrations. This technique provides insights into the interactions between HPMC and water molecules.  

Also, by using Eyring's rate equation to determine the activation energy for these relaxation processes. 

 The observed trends in dielectric constant, relaxation time, and thermodynamic parameters 

underscore the complexity of interactions within the mixture. Understanding these factors is crucial for 

various applications involving HPMC-water mixtures, ranging from pharmaceuticals to industrial processes. 
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Conc. of HPMC 15 

cPs 

ΔH ΔS 

00 9.74 0.2283 

0.1 7.81 0.2225 

0.2 9.16 0.2266 

0.3 10.10 0.2305 

0.4 7.37 0.2209 

0.5 7.59 0.2216 

0.6 7.47 0.2208 

0.7 6.22 0.2164 

0.8 7.64 0.2215 

0.9 7.84 0.2222 

1 12.86 0.2389 
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Design and Development of an Embedded System via Sending a Real 

Time Data of ECG Signal to the Cloud Server for       Cardiologist Doctor  

Abstract: - This research paper deals with the embedded system via sending a real time data of ECG signal to the cloud server for 

cardiologist doctor. In this research paper, we introduce a way to interact with Smartphone devices using ECG signals. The 

Electrocardiogram (ECG or EKG) is the electrical manifestation of the contractile activity of the Heart and is recorded non-

invasively by placing electrodes on limbs and chest. It provided information about the rhythm and rate of Heart Beat and 

morphology. It is a diagnostic tool routinely used to assess the muscular and electrical functions of the Heart. The two 

applications are presented for android-based devices: SmartApp and Image view. SmartApp is used to select and run any 

application which is installed on the device while Image View is used to view and manipulate images. Nowadays, Smart mobile 

devices are widely used in daily life activities. Our proposed system suggests that the ECG signal will directly transfer to the 

cloud server and then it will transfer on the application which is used by user. The designed proposed system must be used to 

health care system. In rural areas poor people can’t afford the heart attack diagnosis easily, so the idea is to related embedded 

device which can help poor people as well as for remote location when the patient is in critical condition and is admitted in 

intensive care unit (ICU) or is being operated upon in the operation theatre (OT). This monitoring is necessitated on account of 

the immediate response required for support of patients who are suffering from heart diseases to show their heart signal [ECG] 

report to the doctor may seat from the city via internet using cloud server technology. The doctor can monitor and study the real 

time waveforms of the patient in this Smartphone or a desktop. 

Keywords:  Cloud, ECG, smart phone, real time data etc. 

 
 

 

I. INTRODUCTION 

Physiological parameters were monitored since the earliest days of medicine. Vital signs or physiological 

parameters of human being consisted of a group of most important parameters that indicated the status of the 

body’s life sustaining functions. These parameters were measured to help in assessing the general physical 

health of a person. It also gave clues to possible diseases and the progress towards stability and recovery. 

The normal ranges of vital signs varied with age, weight, gender and the overall health. In the realm of 

medical care, early information or warning scores emerged, consolidating individual vital sign values into a 

unified metric. This approach stemmed from the recognition that changes in vital signs or physiological 

parameters frequently heralded the onset of a medical crisis. Healthcare professionals undertook a range of 

assessments and interventions to thoroughly evaluate a patient's health status. Evaluating a patient's vital 

parameters typically constituted the initial assessment conducted by medical practitioners [1]. 

 
Medical Research proved that the most important parameters were those related to cardio and respiratory 

system. They described the state of health in the best possible manner. Mainly there were three primary 

physiological parameters, namely, Body Temperature, Blood Pressure, Heart Rate or Pulse, Respiratory 

Rate, ECG Signals. They were often noted as BT, BP and HR. However, depending on the clinical setting 

and the requirements, more physiological parameters, called the fourth and fifth physiological parameters, 

were included in monitoring. The below table 1.1 shows the basic idea of physiological parameters out of 

number of parameters we had taken only the one parameters i.e ECG signal measurement and then it is sent 

to cloud server for doctors’ measurement [2]. 
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Table 1.  List of Physiological Parameters 

 

Measured 

Parameter 

Physiological Parameter Analysed Nature of Measurement   

Temperature Body Temperature Numeric Value 

Blood 

Pressure 

Systolic And Diastolic Blood Pressure Time Function, Numeric Value 

Pulse Heart Work Rate Mean Numeric Value 

ECG Variation of Electrical Vector of Heart Time Function, Mean Numeric 

Value 

SPO2 Blood Oxygen Saturation  Numeric, Percentile 

 

1.1 ECG & Pulse 

The Electrocardiogram (ECG or EKG) serves as the electrical representation of the heart's contractile 

activity and is captured through non-invasive means by positioning electrodes on the limbs and chest. This 

diagnostic tool furnishes insights into both the rhythm and rate of the heartbeat, as well as its morphology. 

Widely employed in clinical practice, the ECG plays a pivotal role in the routine evaluation of both the 

muscular and electrical aspects of cardiac function [3]. 

Previously, we delved into the intricacies of the heart's electrical activity. Central to the rhythmic contractile 

activity of the heart are coordinated electrical events orchestrated by a specialized conduction system, 

intrinsic and exclusive to the heart itself. The cardiac cycle, encompassing the entirety of these events, is 

meticulously analyzed utilizing the distinctive features of P waves, QRS complex, and T waves. Figure 3.6 

illustrates a standard ECG, delineating the various waves and intervals that characterize this vital 

physiological process [4]. 

 
Figure 1. ECG with Different Waves  

 

Table 2.  Interpretation of each wave and interval in ECG 

Wave / Interval Interpretation / Event Occurred 

P wave Sequential activation/depolarisation of the Right and Left Atria 

QRS Complex Right and Left Ventricular depolarisation (normally the ventricles are 

activated simultaneously) 

ST-T wave Ventricular Re-polarisation 

U wave Represents After-depolarisations in the Ventricles 

PR interval Time interval from the onset of Arterial Depolarisation (P wave) to onset 

of Ventricular Depolarization (QRS complex) 

QRS duration Duration of Ventricular Muscle Depolarisation 

QT interval Duration of Ventricular Depolarisation and Re-polarisation 

RR interval Duration of the Ventricular Cardiac Cycle - an indicator of the Ventricular 

Rate 

PP interval Duration of the Arterial Cycle - an indicator of the Arterial rate 

1.2 Measurement of ECG  

The electrical activity of the heart is gauged through non-invasive means by situating electrodes at specific 

locations on the human body. The Electrocardiogram (ECG) captures these electrical impulses through 
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electrodes affixed to various points on the body. A total of twelve leads are generated using ten electrodes 

[5].  

 

Table 3.  Positions of these ten electrodes 

Nature Electrode Position 

Extremity 

Electrodes 

LA Left Arm 

RA Right Arm 

RL Right Leg (Neutral) 

LL Left Leg 

Chest Electrodes V1 In the 4th Intercostal Space, Right of Sternum 

V2 In the 4th Intercostal Space, Left of Sternum 

V3 Between V2 and V4 

V4 In the 5th Intercostal Space, in the mid-clavicular line 

V5 Between V4 and V6 

V6 In the mid-axillary line at the same height as V4 

 

1.3 Pulse 

The pulse is characterized as the palpable rhythmic expansion of an artery, resulting from the increased 

volume of blood propelled into the vessel by the heart's contraction and relaxation [29]. It is typically 

measured at locations where an artery can be compressed against a bone, such as the neck (Carotid Artery), 

inside of the elbow (Brachial Artery), wrist (Radial Artery), groin (Femoral Artery), behind the knee 

(Popliteal Artery), near the ankle joint (Posterior Tibial Artery), and foot (Dorsalis Pedis Artery). The count 

of arterial pulses per minute correlates with the heart rate [30], influenced by various factors including age, 

existing medical conditions like fever, medications, and fluid status. As a parameter characterizing 

heart rhythm, the pulse can be easily derived from an ECG. This involves measuring the distance between 

the largest peaks, typically the R peaks, and calculating the duration of the R-R interval. The pulse rate can 

then be determined using the formula: 

Pulse = 60 / R-R [6]. 

A notable and precise technique for pulse measurement is the photoplethysmograph. This method defines 

the pulse based on arterial blood oxygenation, assessing light absorption by blood. Light emitted by sensors, 

typically infrared light with a wavelength around 940nm, interacts with arterial blood constituents, primarily 

hydroxyl groups, leading to changes in absorption. Light detectors measure alterations in scattering, 

indicating variations in blood flow volume and hence, the pulse rate. This principle underlies the 

functionality of heartbeat sensors [7]. 

II. METHODOLOGY 
The block diagram of proposed system is shown below which consists various hardware and software connectivity. The 

following Wearable BCI system model to be constructed aims to provide a flexible system. The model is divided into two parts i.e. 
hardware and software part, where hardware part is used for collecting, processing and transmitting the ECG signal lie waveform 
data from patient and software part shows values of the ECG signal parameters and upload it to the medical or physicians server. 

 

 

 
 
 
 
 
 
 
 
 
 

Figure 2. Block Diagram of System 
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Figure 3. Flow Chart of Proposed System 

 
The flow chart of how the ECG signal data is transmitted and received between the remote patient and the physician carried is 

shown below. The flow chart shows the communication of the patent with the physician and what are the steps of the 
communication. 

The flow is designed above which shows how the whole system works. Figure shows the flow of the system 

from remote patient to the physician. As per the proposed method for sending the ECG signal waveform to 

the cloud server firstly we will connect Arduino Ethernet board in a network by assigning IP address and 

MAC address then we will collect the ECG sensor live waveforms from human ECG Signal on Arduino 

microcontroller with the help of Bluetooth and it will send these ECG signal waveform to the Ethernet 

module. After that with the help of Ethernet it will send to the cloud server and from the cloud server it will 

real time monitor on any android based application or a desktop [8]. 

III. EXPERIMENTAL WORK 

The system consists of Arduino board and Arduino Ethernet shield. The circuit diagram is constructed as per 

the block diagram. Figure 4.  Shows the circuit diagram of the system. 

 

 
 
 
 
 
 
 
 
 
 

Figure 4. Circuit Diagram of Arduino interface with Arduino Ethernet 
 



J. Electrical Systems 

650 

 

 
 
 
 

Figure 5. Circuit Diagram of Arduino Bluetooth Interfacing 

In proposed system, ATmega328 microcontroller which was used to power mode, the work instruction 

set, peripherals and the immediate wake autonomous over time is an 8-bit microcontroller. However, some 

designs, such as the LilyPad run at 8 MHz and onboard voltage regulator due to specific form factor 

restrictions dispense with Arduino board, a 5 volt linear regulator and a 16 MHz crystal oscillator (or in 

some variants ceramic resonator) are included. Arduino microcontroller on a single chip flash memory for 

boot loader that simplifies uploading of programs with pre-programmed, other devices that typically need 

an external programmer is compared with. As the programmer by allowing the use of a simple computer 

uses an Arduino simpler. Arduino software stack, all boards using an RS-232 serial connection is 

programmed [9].  

Serial Arduino boards Rs 232 and a level shifter circuit to convert the TTL level signals occurs. Current 

Arduino boards are programmed via USB, USB-to-serial adapter chips such as the FTDI FT232 is 

implemented using. HC-05 Bluetooth receiver connected to ATmega328. DTE (Data Terminal 

Equipment) and DCE (Data Communication Equipment) RS232 serial communication between the 

MAX232 IC and an asynchronous serial communication between the computers is acting as. Serial 

communication is not directly communicated with the computer not the first time that it sends signals via 

Bluetooth HC-05. eSense values microcontroller to read from the computer to send signals, RS232 is used. 

It is for reading and writing data. Microcontroller physical data from the sensors is processed by the brain 

and to the local PC via Bluetooth transmitter HC-05 will be notified. The hardware part of the research 

work, which is shown below as a sensor interface and a receiver circuit consisting of the brain is shown [10]. 

 
Tools used for Circuit 
 
The hardware components that are required for implementing this research work.  
 

 
 

 
4.1 Arduino Board: 
 
The Atmel 8-bit AVR microcontroller boasts additional circuit components, accommodating either 16 or 32 with Arduino board 

programming capabilities. The flexibility extends to Arduino shield interchangeability, a pivotal feature enabled by its standard 
connectors, facilitating CPU connections to diverse modules. Notably, official Arduinos utilize megaAVR, particularly ATmega8, 
ATmega168, ATmega328, ATmega1280, and ATmega2560 series chips. While other processors have found utility in Arduino 
compatibles, utilizing an Arduino programmer streamlines tasks by enabling seamless compatibility with common computers 
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Figure 6. Arduino circuit board 
For serial RS-232 communication with Arduino boards, a level shifter circuit is employed to convert signals between TTL and 

RS-232 levels. Presently, Arduino boards are programmed via USB utilizing FTDI FT232 USB-to-serial adapter chips. Some UNO 
board iterations offer flexibility by integrating FTDI chips within their headers, enabling reprogramming of the onboard AVR chip 
with alternative USB-to-Serial firmware via ICSP [11]. 

Arduino microcontroller boards offer versatile I/O pin capabilities for interfacing with external circuits. Models such as 
Decimal, Duemilanove, and Uno currently feature 14 digital I/O pins and six analog inputs, with the flexibility to repurpose six 
digital pins as needed. These boards sport a pin header layout of 0.10 inches (2.5 mm), facilitating easy connection via female 
headers. Additionally, various plug-in shields are commercially available to extend functionality. 

The Arduino Nano and compatible bare bones boards feature male header pins on the underside, enabling direct insertion into 
solder less breadboards. Multiple variants of Arduino and compatible boards exist, offering similar functionalities and 
interchangeability. They are commonly employed in educational settings for constructing projects like buggies and small robots, 
often leveraging additional output drivers for enhanced functionality. While some variants maintain compatibility with standard 
shields, others may undergo form factor adjustments. This diversity extends to the use of different processors, providing users with 
options tailored to their specific needs. Figure 7. Illustrates a typical Arduino board configuration [12]. 

 
4.2 Arduino Ethernet Board: 
 

 

 

 

 
 

 

 

 
 

 

 

 

 
 

Figure 7. Arduino Ethernet Board 

 
The Arduino Ethernet board is equipped with an ATmega328 microcontroller, boasting 14 digital input/output pins, along with 

6 analog inputs and a 16 MHz crystal oscillator. Notably, it includes an RJ45 connection, a power jack, an ICSP header, and a reset 
button. It's essential to note that pins 10, 11, 12, and 13 are exclusively reserved for interfacing with the Ethernet module and should 
not be repurposed. 

Despite offering 4 PWM outputs, the use of the Ethernet module reduces the available pins to 9. Additionally, users have the 
option to integrate Power over Ethernet modules into the board. What sets the Arduino Ethernet apart is its utilization of a wiznet 
Ethernet interface instead of an onboard USB-to-serial driver chip, akin to that found on the Ethernet shield. 

Furthermore, it features an onboard micro-SD card reader, facilitating file storage for network operations, accessible through the 
SD Library. Pin 10 is dedicated to the wiznet interface's SS for the SD card, compatible with FTDI USB cables or Sparkfun and 
Adafruit FTDI-style basic USB pin 4. Moreover, it boasts a 6-pin serial programming header compatible with USB-to-serial 
adapters and serial Breakout boards, enabling automatic reset functionality for seamless uploading without manual intervention 
[13]. 

In operation, the Arduino Ethernet board can be powered via a USB-to-serial adapter. 
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Table 4.  Specification of Arduino Ethernet board 
 

 
4.3 Bluetooth (HC-05) 
Bluetooth, a wireless technology standard utilized for exchanging data within a short distance, operates within the 2.4 GHz radio 

wave spectrum in the UHF band. This technology, known as Bluetooth Personal Area Network (PAN), typically covers a range of 
approximately 10 meters (30 feet). Arduino Bluetooth modules, characterized by their affordability, leverage this standard 
effectively. These modules often integrate an 8 MB flash chip for storage, and in some cases, can interface with external memory 
for more complex tasks. For further information on Bluetooth applications and related processes, visit wego.co.in. 

 
4.4 Software Platform: 
This section describes the Software platforms used for programming the microcontroller and the software platforms for the 

development of web page. The software is as follows. 
 
A. Bootloader: 
Arduino IDE controller and makes it special boot loader which microcontroller Arduino board and the power of integration is 

living inside a small piece of code. With boot loader erased when you try to program from the IDE, the controller will not 
understand anything. In simple terms, the boot loader Arduino IDE controller and acts as a translator between. Before you integrate 
with Arduino controller board (from a programmer) is to load the boot loader [14]. 

 
B. IDE (Integrated Development Environment): 
Arduino IDE is installed in the computer. IDE is a compiler, serial version of the C ++ language, and monitoring Arduino C ++ 

programs, at least it looks like. The program, written, compiled and uploaded to the board's IDE. Language is very simple. An IDE 
controller with various options to choose from different versions of the Arduino board and also options where Arduino board is 
connected to the particular communications port is selected [15]. 

 

IV. RESULT ANALYSIS 

 
Proposed system consists of both hardware and software implementation. Hardware part consists of ECG 

measurement, Arduino microcontroller board, Bluetooth HC-05 and RS232 for serial communication. 

Software part consists of simulation of ECG data coming on com port by using Arduino Software.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 8.  Assigning the IP Address and MAC Address for Arduino Ethernet    Board 
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Sample the Incoming Raw ECG Data: 

The program is written to generate new sample objects that will add themselves as observers of the mindset 

DataStream (following the observer pattern), and fill up an array of raw ECG data until it reaches the set 

sample size. This size was set to 128 data points, so each sample takes 1280 milliseconds to complete (data 

is updated every 10ms). There are two simple reasons for this: FFT analysis needs a frame that is of a 

reasonable length, or else it will be difficult to do any accurate analysis and the FFT algorithm in the 

program needs an input array were the size of it is a power of two. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 9. Observed Attention Level from User 

 

 

 

Expected ECG waveform From Cloud Server: 

ECGs of different patients were recorded using the designed instrument. The output received was stored for 

further processing. The photographs of the analog output displayed using Oscilloscope for samples are given 

below 

 

 

 

Figure 10. ECG Waveform on CRO 

 

The stored ECG was filtered for removing the noise and other artefacts. The graphs shown below give the 

plot of unfiltered and filtered ECG.    
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Figure11.  Plot Showing Noisy ECG 

 

 

 

 
 

Figure 12.  Plot Showing Filtered ECG  

After filtering, the features of ECG were extracted. The peaks values were calculated. These values were 

compared against the medically standardized values to conclude whether the ECG was normal or not.  

V. CONCLUSION 

This work described results that show it is possible to build a Human ECG Interface system that allows users 

to monitor and controlling it with their heart signal waveform via cloud server. ECG signals waveforms 

from the user are sent to the computer via Bluetooth. The signal is then processed and the wave’s band 

power is calculated using the Fourier transform. ECG worked as an effective diagnostic tool, routinely used 

to assess the muscular and electrical functions of the Heart. It provided information about the rhythm and 

rate of Heart Beat and morphology. A sequence of co-ordinated electrical events occurs in the Rhythmic 

Contractile Activity of the Heart, termed as the Cardiac Cycle. Each event in the cycle gave rise to a 

particular wave. Each wave had its own amplitude and duration. The procedure for measuring ECG (giving 

the position of electrodes) and different methods used for the recording, like Single-channel Recording, 

Three-channel Recording, Vector Cardiogram and Holter Recording, were also studied [16].  

The results and the subsequent conclusions proved that the users preferred using the Patient Monitoring 

System i.e ECG measurement developed as it provided a single instrument and provided to the doctors 

through the cloud server. Also, they found it more effective and efficient for self-monitoring. The 

information collected was complete and decipherable by any layman. Initially, there were mixed feelings 

regarding the accuracy of the information collected through the system. This was mainly attributed to the 

lack of training conducted for the potential users of the system. Results showed that the reports generated by 

the system when used by properly trained persons were faster and more accurate [17]. 
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Abstract: - Polymers PEO, PVP were taken separately at three different ratio with NaCl as (40:50:10), (35:50:15), (30:50:20), 

(25:50:25), (20:50:30) and (15:50:35) for preparation of  polymer electrolyte by solution cast technique.  Electrical conductivity is 

measured in the temperature range 313K to 343K.  

  Electrochemical cells have been fabricated with the configuration Na/(Electrolyte)/ I2 + C, Na/(Electrolyte)/I2 + C + 

Electrolyte power and their discharge characteristics were studied. Also other cell parameters were calculated such as OCV, SCC etc. The 

values of OCV and  SCC for different cells found to be 0.253V, 0.652V and 24.7µA, 63.1 µA respectively. The other cell parameters 

were also measured for all this system at room temperature such as current density, energy density etc. by using 10kΩ load. 

Keywords: Polymer electrolyte ,PEO,PVP and NaCl. 

 

I. INTRODUCTION  

The polymer electrolyte consists of an inorganic salt dissolved in a polymer host. Conductive polymer-salt complexes were first 

described in 1970’s and it was quickly adopted by electrochemical community, who recognized the potential of a flexible, plastic, 

ion transporting medium for vital applications such as energy storage and electrochemical displays. In contrast to the cases of 

brittle glassy, polymer materials  are suited for application together with intercalation materials, such as the anode and cathode in 

a rechargeable battery. Polymer electrolytes do not leak any harmful chemical hence they are safer than liquid electrolytes. 

Polymer electrolytes based on PEO complexed with NaClO3, AgNO3 and NaYF4 etc. have been reported by many research 

workers [1]-[6]. Also the polymer electrolytes based on PVP complexed with NaClO3 have been prepared by Kumar et al [7] and 

Sathiyamoorthi et al [8]. The polymer electrolytes  based on PEO, PVP complexed with NaClO3 were studied by Selladurai et al  

[9].Keeping this view in mind, authors have prepared polymer electrolytes based on PEO, PVP complexed with NaCl. These 

polymer electrolytes were  characterized  by Impedance spectroscopy ,Transference Number and DC Conductivity. 
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II. EXPRIMENTAL 

The chemicals used for preparation are Poly ethylene oxide (PEO) , Poly vinyl pyrrolidone (PVP)  and Sodium chloride 

(NaCl). 

Following components were prepared in laboratory by AR grade chemicals.  PEO:PVP:NaCl (40:50:10), PEO:PVP:NaCl 

(35:50:15), PEO:PVP:NaCl (30:50:20), PEO:PVP:NaCl (25:50:25), PEO:PVP:NaCl (30:50:20), PEO:PVP:NaCl (35:50:15). 

Each component dissolved in methanol with proper composion in wt% .The solution was stirred well for 24 Hr. for 

homogeneousness  and poured  onto the  polypropylene dishes. The solution was slowly evaporated at room temperature. Thus, 

thin film of polymer electrolyte formed. The films were crushed to form a powder  to obtain a  pellet.  

Thickness of all samples was measured by using digimatic micrometer (Mitutoyo Make, Japan) with least count 1um. 

Thickness of the samples varies from 0.164 to 0.379 mm. 

The ionic/electronic transference number (tion/te) was measured using dc polarization technique suggested by Wagner and 

Wagner  1957. The dc conductivity of the samples is measured by two-probe method, in which resistance of the sample, was 

measured. Sample under test was sandwiched between two electrodes of the sample holder.  Impedance  measurements were 

carried using the WAYNE KERR (UK), Digital LCR meter (Model 4230). The optimization of conductivity with NaCl  

concentration is done at 323K. The sample which has the highest conductivity as a polymer electrolyte was used for cell 

fabrication. Using that polymer electrolyte we fabricated two cells having configurations Na/Electrolyte/I2+C and 

Na/Electrolyte/I2+C+Electrolyte powder. The discharge characteristics of cell under constant load 10 k are studied.  Copper 

plates were used as a current collector on both side of the cell. The composite cathode material was prepared in the ratios (1:1, and 

1:1:1 for Graphite + Iodine And Graphite + Iodine + Electrolyte Powder).  The cell parameters such as open circuit voltage, short 

circuit current, current density, power density ,discharge time, discharge capacity etc. were measured. 

III.    Results and discussion 
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 1 Impedance spectroscopy 

 

Figure 1  Z’ versus frequency at different temperatures for PEO:PVP composite 

with NaCl 25 wt% 

 

Figure 2 Z” versus frequency at different temperatures for PEO:PVP composite 

with NaCl 25 wt% 

 

Figure 3 Log (fr) versus 1/T plot for PEO:PVP composite with NaCl 25 wt% 

 

      Figure 4  Nyquist diagram for PEO:PVP  composite with  25 wt%  NaCl at      

different temperatures 

 

Frequency dependence of real part of impedance (Z’) at different temperatures for PEO:PVP  composite samples with  25 wt% NaCl  

is shown in figure 1. It is observed that the magnitude of  Z’ decreases with increase in both  frequency as well as temperature. The  Z’  

values of all temperatures merge above 10KHz. The curve also display single relaxation process and indicate an increase in an ac 

conductivity with temperature and frequency. 

            Figure 2 shows the variation of the imaginary part of impedance (Z”) with frequency at different temperatures for optimized 

PEO:PVP composite with   25 wt% NaCl ,  shows that the value of  Z” initially decreases then increases and again decreases with  increase in 

frequency at lower temperature. It is also  observed that the Z” peaks are found to shift towards higher frequency side with  the increase in 

temperature. All these curves are merge at the higher frequency.          
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        The relaxation times (τ) were calculated from the frequency at which Z”max is observed. The frequency for the maximum  Z” , called 

relaxation frequency (fr). Relaxation frequency (fr) shifts to higher values with increasing temperature indicating  increase loss in the sample.         

         The variation of relaxation frequency with temperature for PEO:PVP  composite samples with  25 wt% NaCl is shown in figure 3.  

The  relaxation frequency obeys the Arrhenius relation given by equation (1), 

fr = f0 exp(-Ea/kT)     ( 1)  

Where, f0 is the pre-exponential factor, k is the Boltzmann’s constant  , T is the absolute temperature and Ea is the activation energy. 

Relaxation times at different temperature of PEO:PVP  composite samples with  25 wt% NaCl is  0.162 x 10-34 s. Relaxation time for 

other samples can not be calculated  due to absence of relaxation peaks in Z” versus Log fr plot. 

Impedance data taken over wise range of frequency (102 to 105 Hz) at different temperatures and obtained the Nyquist diagram. 

Nyquist diagrams for PEO:PVP composite samples with   25 wt% NaCl  is shown in figure 4, it is observed that each curve ends with  spike 

(residual tail) which is the characteristics of a blocking double layer capacitance. Sasikala  et al [10] have been observed such type of result. 

Again it is observed that with the increase in temperature slope of the line decreased and deviates towards real axis (Z’) and at 

temperature above 328 K , semicircle could be traced, indicating increase in the conductivity of the sample. The semicircle diameter gives the 

electrical resistivity of the sample at the specified temperature and the maximum value corresponds to the relaxation frequency , fr = 1/2ΠRC. 

Initially at low temperature, when the sample resistance is too high , a small portion of the impedance dispersion profile can be detected in the 

measured frequency range and thus making data analysis impossible. Since the impedance measurements performed for all the samples below 

the temperature 338 K did not present semicircle. 

         For higher temperature we get semicircle plots. It provides information about the  nature of dielectric relaxation. As the Nyquist plots 

are single semicircle with the center located on Z’ axis, relaxation process is pure monodispersive Debye process. For polymer dispersive 

relaxation , these argand plane plots are close to circular arcs with the end points on the axis of reals and the center below this axis. The 

complexed impedance in such situations is known as Cole-Cole formalism[11]. 
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Where, α represents the magnitude of the departure of the electrical response from an ideal condition and this can be determined 

from the location of the center of the Cole-Cole circles.  When  α goes to zero (1- α  → 1), equation (2) gives rise  to the classical Debye’s 
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formalism. Figures 4 shows full semicircle i.e. semicircle centered on the abscissa axis (α = 0), suggest that the relaxation to be of Debye 

type. 

 From these semicircles values of bulk resistance Rb and bulk capacitance Cb can be calculated for different temperatures. These 

values are reported  table 1 . 

Table  1: Values of bulk resistance Rb and bulk capacitance Cb of optimized NaCl  sample at different temperatures 

Sr. No. Temperature (K) Relaxation 

frequency (kHz) 

Bulk resistance 

(Rb) (MΩ) 

Bulk capacitance 

(Cb) (pF) 

 

2ΠfrRbCb 

 

1 318 1 4.55 34.98 1 

2 323 4 2.04 19.50 1 

3 328 10 0.73 21.80 1 

4 333 30.77 0.29 17.84 1 

5 338 80 0.12 16.58 1 

 

From  above table values of 2ΠfrRbCb are found to be equal to 1, which supports classical Debye formalism.  The impedance plane 

plots for optimized   NaCl are two well separated semicircles , represented by constructing two series RC elements. Corresponding values  of 

Rb and Cb at different temperatures are given in the table 1.  

2 Transference Number 

.  
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                    Fig. 5- Current versus time plot for different NaCl Concentration 

10,15,20,25,30 and 35 wt% 

 

Figure 6- Variation of ionic transference number with NaCl wt%

 

The transference number gives quantitative information of the extent of ionic and electronic contribution to the total conductivity. 

The ionic/electronic transference number can be defined as, 

tion  = σion/σT = Iion/IT       (3) 

te = σe/σT = Ie/IT                      (4) 
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Where, σion/σe and Iion/Ie are the conductivity and current contribution due to ions/ electrons respectively. 

The ionic/electronic transference number was measured by using dc polarization technique [12], in which a PEO:PVP:NaCl  

polymer electrolytes are sandwiched between blocking (Graphite) and non-blocking (Silver) electrodes. A constant dc voltage (0.5V) is 

applied across the sample and the resultant current (pA) was recorded as a function of time. 

The current versus time plot of the  PEO:PVP:NaCl  polymer electrolyte with different NaCl wt% is shown in fig. 5   The high 

current has been observed at initial time period and it starts decreasing with time and then the total current becomes nearly constant at some 

non zero value. All the samples show the same trend. The final residual current is mainly due to electrons/ holes. The ionic transference 

number is calculated separately for the polarization current versus time plots using equation (4). The values of  transference numbers for 

different NaCl wt% are found to be in the range of 0.97 to 0.73. 

The Variation of ionic transference number with NaCl wt% is shown in figure 6, we see that as concentration increases transference number  

decreases then  increases and then again it will decreased.  The values of transference number is greater than 0.5 so the conduction is due the 

movement of ions through the electrolyte [13].             

3 DC Conductivity 

      

                                   Figure 7- Variation of conductivity with NaCl wt% at 323 K  

Figure 8 – Temperature dependence of conductivity for different NaCl wt % 

 

DC conductivity of the samples of different NaCl wt%  was measured in the temperature range 313 to 343K by measuring the 

resistance of the samples. It is observed that the value of resistance depends on temperature.  

The variation of dc conductivity with  wt% of NaCl, for  NaCl  doped PEO-PVP composite films at 323K is shown in figure 7, it is 

observed that as concentration increases conductivity also increases then it reaches to the maximum value and then  decreases. For the 25 

wt% the concentration of NaCl the conductivity shows maximum value . 
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The temperature dependence of conductivity for different NaCl  wt % is shown in figure 8.The conductivity versus temperature 

curves of the samples shows increase in conductivity and plot follows the Arrhenius behavior throughout, but the nonlinear behavior of the 

curve suggests  the two activation  regions (I and  II) with two different activation energies. Initially the rate of increase in conductivity is 

slow and after a certain temperature   the rise is fast. The increase in conductivity  may be due to the transition  from the semi crystalline to 

amorphous phase. [14-17]. The values of activation energy varies from 0.03 to 0.84 eV . 

The behaviour of logσ Vs 1/T suggests the polaron ionic hopping conduction; which may be due to Na+ ions only. The PEO can acts 

like base material but the conductivity is entirely due to sodium ions. 

4 Solid State Cell (Batteries) 

From figure 7 it is observed that the sample which contains 25 wt % of NaCl has the highest conductivity. So, this sample is used as 

a (polymer) electrolyte for the preparation of cells with configuration Na/ PEO:PVP:NaCl/I2+C, Na/PEO:PVP:NaCl/ I2+C+ Electrolyte 

powder. 

The calculated values of cell parameters are represented in  table 2.The discharge characteristic of cells are studied under constant 

load 10kΩ.  The discharge curve for all two cell configuration are represented in the figures 9 and 10 for Na/PEO:PVP:NaCl/I2+C and Na/ 

PEO:PVP:NaCl /I2+C + Electrolyte powder respectively 

Table 2– Values of cell parameters for PEO:PVP:NaCl  based polymer electrolyte for different cell configuration 

Cell parameter at 300C for load of 10kΩ Cell configuration 

1 2 

Na/PEO:PVP:NaCl/ 

I2+C 

Na/PEO:PVP:NaCl/ I2+C+ Electrolyte 

powder 

Area of the cell (cm2) 1.047 1.047 

OCV (V) 0.652 0.253 

SCC (μA) 63.1 24.7 

Current Density (μA/cm2) 60.27 23.59 

Discharge time (h)  175 150 

Discharge capacity (μA/h) 0.36 0.16 

Power density (w/kg) 0.14 0.02 

Energy density (wh/kg) 24.5 3 
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The discharge characteristic of cells are studied under a constant load of  10kΩ.  The discharge curve for all two cell configuration 

are represented in figures 9 and 10 for Na/PEO:PVP:NaCl/I2+C and Na/ PEO:PVP:NaCl /I2+C + Electrolyte powder respectively.  

 

Figure 9- Discharge characteristic curve for cell configuration  Na/ 

PEO:PVP:NaCl/I2 + C 

 

Figure 10- Discharge characteristic curve for cell configuration    Na/ 

PEO:PVP:NaCl / I2+ C + Electrolyte Powder 

From figures 9 and 10 it is observed that initially we get maximum voltage(cell potential) and it decrease with time and it becomes 

zero after some time. 

The discharge capacity of two cells was found to be 0.36 μA/h and 0.16 μA/h respectively.  

In the  cell configuration Na/Electrolyte/I2+C open circuit voltage was found to be 0.652 V with a short circuit current 63.1 µA. This 

voltage increases upto 0.8V for 10kΩ load   and then decreases and becomes zero after 175 Hr..   

Similarly for second  cell in which the counter electrode is I2+C+Electrolyte powder (1:1:1) the open circuit voltage is found to be 

0.253V, with short circuit current 24.7 µA. This voltage increases to 2 V  then it decreases   and then it completely discharges after 150 Hr.. 

It is observed that the OCV decreases with the addition of  Electrolyte powder and  the discharge time also decreases.  

IV.  Conclusion 

From impedance spectroscopy result, it is observed that magnitude of  Z’ decreases with increase in both frequency as well as 

temperature. The  Z’  values of all temperatures merge above 10KHz. The curve also display single relaxation process and indicate an 

increase in an ac conductivity with temperature and frequency. It is  observed that the  peaks in the Z’’ versus frequency are found shifted 

towards higher frequency side with the increase in temperature. All these curves are merge at the higher frequency. The relaxation times (τ) 

were calculated from the frequency at which Z”max is observed. The frequency for the maximum  Z” , called relaxation frequency (fr). 

Relaxation frequency (fr) shifts to higher values with increasing temperature indicating the increase loss in the sample. Relaxation times at 
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different temperature of PEO:PVP  composite samples with  25 wt% NaCl  is 0.162 x 10-34 s. From Nyquist diagram ,   it is observed that 

with the increase in temperature slope of the line decreased and deviates towards real axis (Z’) and at temperature above 328 K , semicircle 

could be traced, indicating increase in the conductivity of the sample.  From these semicircles, values of bulk resistance Rb and bulk 

capacitance Cb can be calculated for different temperatures. The  values of 2ΠfrRbCb are found to be equal to 1, which supports classical 

Debye formalism. 

Transference number for  PEO:PVP:NaCl  polymer electrolytes with different  NaCl    was found to be greater than 0.5, which 

suggest the presence of ionic conduction.     

The conductivity versus temperature curves of the samples shows increase in conductivity and plot follows the Arrhenius behavior 

throughout, but with the two activation  regions (I and  II) with two different activation energies. Initially the rate of increase in conductivity 

is slow and after a certain temperature   the rise is fast. The increase in conductivity  may be due to the transition  from the semi crystalline to 

amorphous phase. The variation of dc conductivity with  wt% of  NaCl   doped PEO-PVP composite films at 323K shows the highest 

conductivity for sample with 25 wt% of  NaCl.   

The same sample i.e. 25wt%  NaCl:PEO:PVP  was used as electrolyte for two different cell configurations. Amongst these two cells 

,  the cell Na/ PEO:PVP:NaCl/I2+C  generating higher potential than other. Also the short circuit current is found to be more for this cell. The 

other cell parameters such as current density, discharge time, discharge capacity, power density and energy density are found to be 

reasonable.  

It is concluded that the cell configuration  Na/ PEO:PVP:NaCl/I2+C has  better performance.  

 



J. Electrical Systems Vol-Issue (2024): 1-12 

666 

 V.    References 

[1] J. Shiva Kumar, A. R. Subrahmanyam, M. J. Reddy and U. V. Subba Rao, J. Ionics, 60 (2006) 

3346-3349. 

[2] R. Chandrasekaran and S. Selladurai, Solid State Ionics, 50(2001) 89-94. 

[3] R. Chandrasekaran, I. R. Mangani, R. Vasanthi and S. Selladurai, J. Solid State Ionics, 1(2000) 

88-93. 

     [4]   R. Chandrasekaran and S. Selladurai, J. Solid State electrochemistry, 5 (2000) 355-361 

[5]   S. S. Rao, K. V. Satyanarayana Rao, Md. Shareefuddin, U. V. Subha Rao and S. Chandra, Solid 

State Ionics, 67 (1994) 331-334. 

[6]       S. S. Rao, M. J. Reddy, K. N. Reddy and U. V. Subba Rao, Solid State Ionics, 74 (1994) 225-

228. 

[7]      K. N. Kumar, T. Sreekanth, M. J. Reddy and U. V. Subba Rao, J. Power Sources, 101 (2001) 130-

133. 

[8]    R. Sathiyamoorthi, R. Chandrasekaran, S. Selladurai and T. Vasudevan, J. Ionics, 9 (2003) 404-

410. 

[9]    S. Selladurai, R. Chandrasekaran, I. R. Mangani and R. Vasanthi, Ion Conducting Material : 

Theory and Applications, (2001) 213-219. 

     [10]U. Sasikala, P. N. Kumar, V. V. R. N. Rao and A.K. Sharma,IJESAT,2(2012) 722-730. 

     [11]K. S. Cole and R.H.Cole,J.Chem.Phys.,9(1941)341. 

    [12]J. B. Wagner Jr. and C. J. Wagner, J. Chem. Phys., 26(1957) 1595. 

  [13]U. Sasikala, P. N. Kumar, P. C. Sekhar, V. V. R. N. Rao and A.K. Sharma,ESTIJ,2(2012) 340-343. 

  [14]M. J. Reddy, T. Shreekanth, M. Chandrashekar and U. V. Subba Rao, J of Material Science,35(2000) 2841-  2845. 

  [15]K. V. Kumar, G. S. Sundari, M. C. Sekhar and A.S.Rao,IJCBS,1(2012)59-64. 

  [16]B. L. Papke, M. A. Ratnar and D. F. J. Shriver, J. of Electrochemical Society,129(1992)1434. 

  [17]K. K. Maurya, N. N. Shrivastava, N. S. Hashmi and J. Chandra, J. of Material Science ,27(1992)6357. 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

667 

1Dr. A. R. Karule 

2 Dr. S.  P. Yawale   

3Dr. S.  S. Yawale 

D. C. Conductivity of polypyrrole-

polyethylene oxide-SnO2 films 

synthesized by chemical oxidative 

polymerization method 

 
 

 

Abstract: - Polypyrrole (PPy) - Polyethylene oxide (PEO) - Tin oxide (SnO2) composite thin films were 

synthesized by chemical oxidative polymerization method with the solution of ferric chloride (FeCl3) oxidant 

in methanol. The surface morphology of (PPy-PEO-SnO2) polymer composite films was studied by scanning 

electron microscopy (SEM). Their dc conductivity as a function of temperature (308 to 338 K) was measured. 

The transference numbers for the PPy-PEO films, synthesized with different wt% of SnO2, were determined 

by dc polarization technique. The values of transference number are found to be in the range of 0.67-0.94. 

This shows the ionic conduction. The dc electrical conductivity of the films, at 318K, first increases with wt% 

of SnO2 and attains the maximum value (σ = 2.14 X 10-7 S/cm) at 5 wt% of SnO2 . However, further increase 

in wt% of SnO2, decreases the conductivity of the films. The temperature dependence of conductivity shows 

cross over from Vogel-Tamman-Fulcher (VTF) to Arrhenius behaviour. The cross over from VTF to 

Arrhenius takes place at different temperatures for the films synthesized with different concentration of SnO2 . 
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I.  INTRODUCTION  

Conducting polymers, as their name suggests, are a group of conjugated polymers that exhibit excellent 

electrical conductivity. Conducting polymers belong to a novel class of materials that are being evaluated for 

application in charge storage devices (batteries, capacitors), electromagnetic screens, Sensors, membranes, 

Corrosion protective coatings [1].Conducting polymers from five-member heterocyclic compounds are very 

interesting.   Among conducting polymers, polypyrrole has been one of the most studied polymers because of its 

physical and electrical properties that have led to several applications such as solid state devices and sensors [2]. 

However, the typical polypyrrole, which is insoluble and infusible, exhibits poor processability and lacks 

essential mechanical properties. Efforts to overcome these drawbacks have led to numerous research on the 

synthesis of polypyrrole. Among them a significant strategy to approach both high electrical conductivity and 

desirable mechanical properties is through the use of bulky organic sulfonate dopants [3-9] or preparing 

composites of polypyrrole with other insulating polymers having desirable mechanical properties [10-12]. In 

other words, a combination of a conventional polymer with conductive polymer allows the creation of new 

polymeric materials with specific electrical properties. Apart from the knowledge of electrical and mechanical 

properties of composites, a thorough understanding of charge transport mechanism is important. Many articles 

have been published regarding the charge transport behavior of such composite films. 

Many research workers have studied synthesis and charge transport in composites and blends, like PPy-poly 

vinyl chloride (PPy-PVC) [13], PPy-ferric oxide nanocomposites [14], poly methyl methacrylate-polyanilene 

(PMMA-PAn) [15], PPy-poly vinyl alcohol (PPy-PVA) [16], polystyrene-polyaniline (PS-PAn) [17], and 

nanocomposites of PPy and iron oxide [18], PPy-poly (alkyl methacrylats) [19]. Most of them explained the 

charge transport behavior as a charge carrier hopping (Mott’s VRH) between localized states. On the other hand, 

in the case of ionically conducting solid polymer electrolytes, the temperature dependent behavior of 

conductivity is more completely explained by the VTF (Vogel-Tamman-Fulcher) equation [20-22]. 

Dhawan and Trivedi [23] deposited a thin conducting PPy film on an insulating surface by vapour phase 

technique. They observed that the electrical or mechanical properties of the polypyrrole film depended upon the 

method of synthesis and the synthesis conditions including strength of oxidizing or reducing agent, the doping 

concentration, the temperature of polymerization, and the polymerization time. Therefore, research on the 

preparation and characterization of polypyrrole is still a focus of investigation for research workers.  

  The present paper focuses on the synthesis of PPy-PEO-SnO2 films by oxidative (chemical) polymerization 

and effect of the doping concentration on electrical conductivity of composite films to know the conduction 

mechanism and structural behavior. 

II. EXPERIMENTAL 

Anhydrous Ferric chloride (FeCl3) (AR-grade), stannous chloride (SnCl4), Ammonia from S. D. Fine Chem 

(India), pyrrole from Sisco (India) (AR-grade), PEO from Across Organic (USA) are obtained. All these chemicals 

were used as purchased. 

 

                    A.  Synthesis of nano SnO2 

0.1M of stannous chloride dehydrate (SnCl4.2H2O) is dissolved in 100 ml distilled water. After complete 

dissolution, about 4 ml ammonia solution is added. White gel precipitate is immediately formed. It is allowed to 

settle for 24 h. Then it is filtered and washed with water 2-3 times so that clear solution is obtained. The obtained 

mixture is dried for 24 h at 70oC. Dried powder is crushed and heated at 600oC for   4 h. Fig.1 shows TEM picture 

of pure SnO2. Tin oxide particles are of spherical nature to form multiparticle aggregates, presumably because of 

weak antiparticle interactions. The grain size of SnO2 is found to be from 10 to 20 nm. 

 
Fig. 1 
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                    B.  Sample preparation 

 

The PPy-PEO-SnO2 composites were prepared by chemical oxidative polymerization by using FeCl3 as oxidant in 

methanol solvent. Firstly, PEO dissolved in methanol. This solution was kept in test tube for 12 h. A suitable 

amount of oxidizing agent (0.2M) was added to the solution. PEO- FeCl3 solution was homogenized by constant 

magnetic bar stirring. Further to study the effect of dopant SnO2, Pyrrole (40 wt %), PEO (50 wt %) and FeCl3 

concentrations were kept constant and weight % of SnO2 was changed. Films of different weight % of SnO2 were 

synthesized viz. 4, 5, 6, 7 wt%. When monomer pyrrole was added dropwise to the homogeneous solution of PEO, 

FeCl3 and SnO2, under constant stirring for 3-4 h,   a dark black homogeneous solution was obtained which was 

then poured on chemically cleaned polypropylene plane dish to prepare the films of composite. After evaporation 

of solvent the thin films were formed. 

 

                    C.   SEM characterization 

Surface morphological study of composite films was done by using Field Emission Gun - Scanning Electron 

Microscope (JSM-7600 F) operating with an accelerating voltage of 0.1 to 30 KV at SAIF, IIT Bombay, Powai, 

Mumbai. 

 

   D.   Transference number measurement 

 

The transference number gives quantitative information of the extent of ionic and electronic contribution to the 

total conductivity. The ionic/electronic transference number can be defined as: 

                    tion = ion / T = Iion / IT                       (1)  

                    t e = e / T = Ie / IT          (2) 

Where, ion / e and Iion / Ie are the conductivity and current contribution due to ions / electrons respectively. 

The ionic / electronic transference number was measured by using dc polarization technique [24] in which a PPy-

PEO-SnO2 film is sandwitched between blocking (Graphite) and non-blocking (Silver) electrodes. A constant dc 

voltage (1V) is applied across the sample and the resultant current (pA) was recorded as a function of time.  

 

    E.  DC conductivity measurement 

 

The dc electrical conductivity of the samples was measured by two-probe method, in which resistance of the 

sample was measured. A dc regulated power supply and a pico ammeter with resolution of 1 pA is used for 

measurement. The composite film was sandwitched between two conducting electrodes and then placed in a 

muffle furnace. Temperature of the furnace was increased from room temperature 303 to 338 K. 

 

III. RESULTS AND DISCUSSION  

A  .SEM analysis 

The surface morphology of the composite films of 4, 5 and 6 wt % of   SnO2 was analyzed by SEM and the pictures 

are shown in figs. 2(a), 2(b) and 2(c) respectively. SEM images show the presence of round shaped crystals. These 

crystals are connected to each other. The average crystallite size is found to be of the order of 10 to 20 nm. 

Nanocrystallites of SnO2 are seems to be deposited on the circular crystals of polypyrrole. Alongwith this hair cracks 

and rough morphology is seen. The smaller and bigger voids are also seen randomly. 
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Fig. 2(a) 

 

 
 

Fig. 2(b) 

 

 

 
Fig. 2(c) 

 

                 B. Ionic transference number 

The current versus time plots of the SnO2 doped PPy-PEO films with different wt % of SnO2 are obtained which 

exhibit typical behaviour of ionic charge transport. The sample plots are shown in Figs. 3(a to c). 

As seen from figs. the total current becomes nearly constant at some non-zero value after some time. The final 

residual current is mainly due to electrons/holes. The ionic and electronic transference numbers were calculated 

separately from the polarization current versus time plot using the Eqs. (1) and (2). The values of transference 

number are found to be in the range of 0.67-0.94. Thus values of transference number suggest that, ionic conduction 

becomes predominant at 5 wt% of SnO2. 

 

 
 

Fig.3(a) 
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Fig.3(b) 

 

 
 

Fig.3(c) 

 

C.  DC conductivity  

The variation of log бdc with wt % of SnO2 for PPy-PEO-SnO2 composite films at temperature 318 K is shown in      

Fig. 4. 

Initially the conductivity increases reaches to 2.14 X 10-7 S/cm and then decreases with SnO2 concentration. In 

case of PPy composites [25-29] percolation behavior was reported even for low concentration of PPy. The 

increase in conductivity of composite [26, 27] can be explained on the basis of formation of conducting PPy 

network due to well-dispersed polypyrrole in structure of composites. While decrease in conductivity has been 

attributed to the over oxidative reaction and formation of poor conducting PPy with low bulky density. 

However, in case of PPy-thermoplastic polyurethane (PPy-TPU) composites [30] it has been reported that PPy 

in the composites facilitate the ionic transport. Yamaski et al [31] have also been reported that addition of 

polyaniline to polyethylene oxide/ LiClO4 system increases the ionic conductivity. 

     The temperature dependence of conductivity for different wt % of SnO2 is shown in fig. 5. 

 

 
 

Fig.4: Variation of conductivity with wt % of SnO2 at 318 K. 

0

50

100

150

200

250

0 1 2 3

C
u

rr
e

n
t 

x 
1

0
5

(P
A

)

Time (H)

5 wt %

0

100

200

300

400

500

600

700

0 1 2 3

C
u

rr
en

t 
x
 1

0
3
 (
P

A
)

Time (H)

6 wt%

7 wt %

-9

-8.5

-8

-7.5

-7

-6.5

-6

0 5 10 15 20

L
o

g
 σ

(S
/c

m
)

Wt% of SnO2

318 K



J. Electrical Systems Vol-Issue (2024): 1-12 

672 

 

 

 

 
Fig. 5: Temperature dependence of conductivity for different wt % of  SnO2 

 

The conductivity versus temperature curves of the samples shows increase in conductivity. Initially the rate of 

increase of conductivity is slow and after a certain temperature the rise is fast. Thus it leads to two activation 

regions (I and II as shown in fig 5) giving two different activation energies. Above curves shows the curvature 

type behavior below a certain temperature Tc, called knee temperature, and above which the curves are nearly 

linear in nature. The non-linearity in Arrhenius plot indicates the ionic transport facilitates by the segmental 

motion of polymer chains. Thus Vogel-Tamman-Fulcher (VTF) [32-34] equation may more effectively represent 

the results.           

                    σ = 
𝐴

𝑇1/2 exp (
−𝐵

𝑘(𝑇−𝑇0)
)                           (3) 

Where ‘T’ is the absolute temperature; ‘A’, ‘B’ and To are the fitting constants and ‘k’ is Boltzmann constant. ‘A’ 

is the pre-exponential factor, which is related to the number of charge carriers. ‘B’ is the pseudo activation 

energy related to activation energy of the ion transport. It is related to critical volume for displacement in free 

volume model [35] and to the energy barrier for rotational motion of polymer segment in configuration entropy 

model [36]. ‘To’ is the critical (ideal glass transition) temperature. Usually it is 30-50 K below ‘Tg’. It is the 

temperature at which configuration entropy or free volume disappears. 

In high temperature region the curves no longer fits the VTF equation. The cross over from VTF to 

Arrhenius is clearly visible in the high temperature region. This type of cross over, in conductivity behavior, 

generally observed in polymer electrolyte systems [37-39]. The Arrhenius equation:    

                     σ = σ0 exp (
−𝐸𝑎

𝑘𝑇
)                                     (4) 

fits the region above Tc , where ‘Ea’ is the activation energy and ‘σ0’ is the pre-exponential factor. 

The VTF fits plot for SnO2 doped PPy-PEO composite films are shown in fig. 6. 

 

 

 
 

Fig.6: VTF plots for different wt % of SnO2 
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As seen from fig. 5 it is observed that VTF law is not valid for entire range of temperatures used for experiment. 

But above a certain temperature Tc, which is different for different samples, the rate of increase of conductivity 

with temperature slows down. As reported in block copolymer electrolytes based on poly (methyl methacrylate) 

and poly (oligo oxyethylene methacrylate) (PMMA-b-POEM) [40], the cross over from VTF to Arrhenius 

observed. In present study this may be due to some sort of transition in energetic of local ion motion and 

reduction in effective ion density on undergoing order-disorder transition at temperature Tc. Thus Tc can be 

linked to order-disorder temperature. Below Tc the curves fits the VTF equation. When the ionic conduction 

follows the VTF equation, a linear relation between ln(σT1/2) and 1/(T-T0) is expected. Such relationships are 

explored in fig. 6 for different wt % of SnO2 composite samples. The correspondence between dependence of 

pseudoactivation energy ‘B’ with concentration of SnO2 (Table 1) is observed. The minimum pseudoactivation 

energy ‘B’ (0.0022 eV) is observed for 6 wt % of SnO2. 

The VTF fit parameters are summarized in table 1. 

It is evident that the activation energy value ‘B’ for the sample prepared with 6 wt % of SnO2, is minimum. The 

value of value of T0 increases with increase in concentration of SnO2 

IV. CONCLUSION  

The PPy-PEO-SnO2 composites were prepared by chemical polymerization of pyrrole by different 

concentration of SnO2. The surface morphology of polymer composite films were characterized through scanning 

electron microscopy (SEM). The average crystallite size is found to be of the order of 10 to 20 nm. Due to 

addition of SnO2 nanopowder in optimized PPy-PEO, large number of SnO2 grains are seen deposited on crystals 

of polypyrrole which leading to high porosity and large effective surface area available for adsorption of gas 

species. The transference number measurement reveals that the charge transport in the PPy-PEO-SnO2 films is 

predominantly due to ions. The temperature dependent conductivity behaviour of the PPy-PEO-SnO2 composite 

shows a VTF to Arrhenius crossover. The correspondence between dependence of pseudoactivation energy ‘B’ 

with concentration of SnO2 is observed. The minimum pseudoactivation energy ‘B’ (0.0022 eV) was observed for 

6 wt % of  SnO2. 
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Table 1: Arrhenius and VTF equation fitting parameters for different SnO2 wt%. 

 

Sr 

No

. 

SnO2 

wt % 

Activation 

Energy 

Ea (eV) 

(Region II) 

Pre-

exponential 

factor 

0 (S/cm) 

(Region II) 

Pseudo 

Activation 

energy 

B (eV) 

(Region I) 

Pre-exponential 

factor 

0 (S/cm) 

(Region I) 

Knee 

temperature 

Tc (K) 

Ideal glass 

transition 

temperature 

To K 

1 4 0.35 2.22 x 105 0.0059 1.43 x 10-4 323 293 

2 5 0.13 2.21 x 10-2 0.0108 3.45 x10-2 319 289 

3 6 0.24 0.98 x101 0.0022 2.62 x 10-6 325 295 

4 7 0.14 3.19 x 10-3 0.0031 1.58 x 10-5 326 296 
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Abstract: - Polyvinyl chloride (PVC) and polymethyl methacrylate (PMMA) are types of plastic materials widely used in various 

scientific and technological fields. In this study, we prepared thin films of PVC and PMMA by doping them with oxalic acid (OA) 

and cinnamic acid (CA) adopting the isothermal evaporation method. The thickness of the thin films was calculated using a digital 

micro-meter screw gauge. We characterized the thin films using analytical techniques including Fourier transform infrared (FT-IR) 

spectroscopy, scanning electron microscopy (SEM), and X-ray diffraction (XRD). FT-IR spectrum analysis confirmed the successful 

formation of homogeneous 1:1 (PVC: PMMA) thin films by observing characteristic peaks resulting from the addition of oxalic acid 

and cinnamic acid. XRD analysis revealed that all thin films had an amorphous nature. The scanning electron micrograph images of 

the samples supported the results obtained from FT-IR and XRD analyses. 

Keywords: PVC-PMMA Electrolyte, (C2H2O4), C9H8O2, Analytical Techniques 

 

 

I. INTRODUCTION 

 Polymers and their mixtures are a diverse class of materials that have wide applications in various 

industries [1–5]. The way these materials are synthesized has a major influence on their molecular structure and, 

consequently, their properties. Understanding these synthesis methods is crucial to adapting polymers to 

specific requirements. In addition, the electrical conductivity and dielectric properties of polymers are of the 

utmost importance, especially in areas such as electronics and energy storage. The ability to modify these 

properties through doping, the integration of nanomaterials, and the design of structures opens up opportunities 

for innovation. 

  Polymer electrolytes, a type of plastic material, have garnered significant attention due to their versatile 

uses in different scientific and technological sectors. The unique characteristics and versatile nature of polymer 

electrolytes make them a valuable material for numerous applications, driving ongoing research and 

technological advancements in this area. Hence, a polymer electrolyte, defined as a membrane made of salts 

dissolved polymer matrix which having in a high-molecular-weight, is known as a polymer electrolyte [6]. 

These ionic conduction-friendly, solid, solvent-free systems find extensive use in a range of electrochemical 

tools, such as lithium-ion batteries and solid-state and rechargeable batteries. 

   Fenton et al. originally introduced the notion of preparing polymer electrolytes in 1973 [7], but S. Rao et 

al. [8] realized and understood their technological relevance a few years later. The first polyelectrolyte to be 

suggested and investigated for solid polymer electrolyte (SPE) Li rechargeable batteries was poly (ethylene 

oxide) [9, 10]. The majority of solid polymer electrolytes (SPEs) are made either by dispersion in the solid state. 

Additionally, an effort is made to use covalent bonding or another chemical or physical technique to block the 

anion in the polymer medium [11].  
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 Polymer electrolytes comprise a wide range of substances that are specially designed to fulfill particular 

needs and uses in electrochemical devices. These electrolytes are generated by complexing low-lattice energy 
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salts with solvent polymers [12-13]. Chemical and physical methods are the two main types of polymer film 

production technology. The flexibility is provided by the electrolytes of solid polymers, which can be easily 

produced as soft films with a thickness of only a few microns. This allows continuous contact with solid 

electrodes throughout the operation, facilitating the creation and deployment of various electrochemical devices. 

The preparation of polymer films is the main topic of this research. Many techniques for producing high-quality 

polymer films have been described in literature and some really good reviews are available [14-16]. 

 The characteristics, compositions, and ion transport methods of these materials differ, giving rise to several 

types of polymer electrolytes. Typical polymer electrolyte types include [17-18]. Poly(ethylene oxide), 

Poly(vinyl alcohol), Poly(methyl methacrylate), Poly(caprolactone), Poly(chitosan), Poly(vinyl pyrrolidone), 

Poly(vinyl chloride), Poly(vinylidene fluoride), and Poly(imide) are a few typical polymers utilized in these 

electrolytes. These polymers can all be customized for certain uses and have distinctive qualities. 

  Polymer electrolytes are fundamental components in many fields, including biomedical engineering, 

energy storage, electrochemical conversion, sensing, and actuation [19-22]. They are essential for tackling 

societal issues and promoting technological innovation in a variety of sectors due to their special set of 

properties. 

     Also, dopants play vital role in changing electrical parameters like electrical conductivities, which 

includes ac as well as dc, and dielectric constant. Values of these parameters will determine which applications 

the desired material will be used. In this study, the same polymer electrolyte system has two different types of 

dopants. If these dopants completely miscible in polymer electrolyte then it will definitely causes electrical 

parameters of casting thin films [23-25]. Only the idea of dopant miscibility in specific polymer electrolytes will 

be examined in this thorough investigation.  

II. MATERIAL AND EXPERIMENTAL 

 All chemicals were of AR grade. Polyvinyl chloride (PVC) and Polymethyl methacrylates (PMMA) were 

supplied by SIGMA –ALDRICH, Co., USA having purity 99.99%. . While, oxalic acid and cinnamic acid by 

Merck specialties private limited, India and Tetrahydrofuran by E-Merck India Ltd., India is being used as a 

solvent for mixing process of two base materials PVC and PMMA. . In this work, the isothermal evaporation 

process was used to cast thin films [26-29]. 

A.  Preparation of Thin Films 

1)  Preparation of a 1:1 (PVC-PMMA) Base Polyblend Thin Film 

 In this work, the isothermal evaporation technique has been used due to the rapid and easy mixing process. 

The two polymers, PVC and PMMA, have been taken with different weight ratios (i.e. 1:1) as required, and 

dissolved in the same solvent, tetrahydrofuran (THF). To create a homogeneous solution, the solution was let to 

stand for three to four days, allowing the polymers to fully dissolve. A glass plate (10 cm x 10 cm) was 

thoroughly cleaned with water and later with acetone as the substrate. In order to achieve a perfect level (and 

uniform thickness of the films), a pool of mercury was used in a plastic tray. After being placed onto the glass 

plate, the solution was given time to evenly spread across the substrate in all directions. The complete assembly 

was kept at ambient temperature in a dust-free environment. As a result, the solvent in the mixture was left to 

totally evaporate and turn into dried air. After removing the film from the glass substrate and splitting it into 

small, appropriate-sized pieces, the surface contaminants were eliminated by acetone rinsing. In this way, the 

films were prepared with the isothermal evaporation process. 

2)  Preparation of 1:1 (PVC-PMMA) Polyblend Thin Films Using Dopant Oxalic Acid (OA)   

 The two polymers PVC and PMMA were taken in weight ratio 1:1, and dopant oxalic acid was taken in 

doping percentage 5%. All three were dissolved separately in a 10 ml THF solution. After allowing them to 

completely dissolve, all three solutions were mixed together. A glass plate (10 cm x 10 cm) was cleaned with 

hot water and then used as a substrate with acetone. To achieve a perfect leveling and uniformity in the 

thickness of the film, a pool of mercury was used in the plastic box in which the glass plate was placed. After 

being placed onto the glass plate, the solution was given time to evenly spread across the substrate in all 

directions. The complete assembly was kept at ambient temperature in a dust-free environment. As a result, the 

solvent in the mixture was left to totally evaporate and turn into dried air. After removing the film from the 

glass substrate and splitting it into small, appropriate-sized pieces, the surface contaminants were eliminated by 

acetone rinsing. In this way, the films were prepared with the isothermal evaporation process. 

3)  Preparation of 1: 1 (PVC-PMMA) Polyblend Thin Films Using Dopant Cinnamic Acid (CA) 
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The 5 % of cinnamic acid (dopant) was taken and soluble in the mixture of PVC-PMMA solutions. After 

attainment homogenous solution, the above mentioned above (2) procedure was repeated to prepare the film 

using isothermal evaporation technique. 

B. Measurements and Analytical Characterizations 

The thickness of film is crucial for their structural and electrical properties. Various techniques can be used 

to measure film thickness. In this study, the thickness of all the samples was calculated using a Digital 

micrometer provided by Mitutoyo Corporation in Japan. This micrometer has a precision of 0.001 mm and a 

measurement range of 0 to 25 mm. It can be operated between 50°C and 400°C, with an instrumental error of 

+2 μm at 20°C. Additionally, it features a digital display with 6 digits and a minus sign for easy and clear 

readings. 

Three samples were chosen for further investigation from a series based on optimization study results. Table 

1 contains a list of optimized samples along with their weight percentage, sample codes, and thicknesses. 

Table 1 Sample codes and thickness of 1:1 (PVC-PMMA) composite thin films doped with oxalic acid and cinnamic acid 

Sr. No Sample description Sample code Thickness 

1 1:1 (PVC-PMMA) S1 0.041 mm 

2 1:1 (PVC-PMMA) OA 5% S2 0.024 mm 

3 1:1 (PVC-PMMA) CA 5% S3 0.073 mm 

 The films' ultraviolet (UV) absorption spectra were obtained at ambient temperature. FT-IR measurements 

were conducted using the Bruker Model: Vertex 70, which has a wide wave number range (50 cm to 15,000 cm-

1). This equipment allows recordings in both transmission and reflection geometries, with a high resolution scale 

of 0.5 cm-1. The FT-IR spectra of all samples fall within the range of 500-4000 cm-1. 

 XRD is analytical technique that provides valuable insights into the lattice structure of a material. It 

provides details on the phases, average grain size, crystallinity, and crystal flaws, among other structural 

characteristics. In this study, X-Ray Diffraction (XRD) of the samples was performed by the Bruker D8 

Advance XRD system, obtained from the UGC-DAE Consortium for Scientific Research, Indore. Scanning 

electron microscopy was also carried out at the Department of Physics; RTM Nagpur University, by the Philips 

Model: XL-30. This analysis aimed to examine the surface structure, identify defects and how much miscibility 

of dopant presents in the samples. 

III. RESULTS AND DISCUSSION 

A.  FT-IR Spectroscopic Analysis 

In current study, FTIR Bruker Model: Vertex 70 was use in the transmittance mode from 500 cm-1 – 4000 

cm-1. To get the FTIR profiles, the final scan was recorded by averaging 100 scans at a resolution of 8.0. The 

measurements obtained a resolution of 4 cm-1. 

In our case, we have studied the FTIR of samples having 1:1 (PVC: PMMA), 1:1 (PVC: PMMA) OA 5%, 

1:1 (PVC: PMMA) CA 5%. Fig. 1, 2 and 3 shows FTIR spectra of sample S1, S2 and S3 respectively. 

 
Figure 1 FT-IR of S1 Sample 

Fig. 1 shows 1:1 (PVC: PMMA) spectra. The PMMA carbonyl band has slightly shifted to a lower wave 

number, according to the spectra. The shift of peak is about 4-6 cm-1 within the domain of miscibility of the two 

polymers. The miscibility of 1:1 (PVC: PMMA) is due to a specific interaction of the hydrogen bonding type 

between Carbonyl (C = O) of PMMA and hydrogen (from CHCl) group of PVC [30]. 
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Figure 2 FT-IR of S2 Sample 

Fig. 2 shows 1:1 (PVC: PMMA) OA 5% spectra. The peak location for C = O stretching (i.e. 1732.08 cm-1) 

in thin film shows minor shifting for the blend within the domain of miscibility. 

 
Figure 3 FT-IR of S3 Sample 

While Fig. 3 shows 1:1 (PVC: PMMA) CA 5% spectra. It shows large number peaks at different positions, 

so it may causes to shift for the blend within the domain of immiscibility [31.32]. 

B.  XRD Analysis 

XRD patterns of all samples were taken, and all the sample spectra show a similar nature. So for simplicity 

only three XRD spectra are shown here. XRD pattern of 1:1 (PVC: PMMA), 1:1 (PVC: PMMA) OA 5%, 1:1 

(PVC: PMMA) CA 5% are shown in Fig. 4, 5 and 6 respectively.  

 
Figure 4 XRD of S1 Sample 
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Figure 5 XRD of S2 Sample 

 
Figure 6 XRD of S3 Sample 

 Generally, a polymer consists of both a crystalline region and an amorphous region. The conductivity 

parameter of the polymeric materials is characterized by their amorphous nature. 

 From Fig. 4, 5, and 6, it can be observed that the sample exhibit noisy spectra. A peak was observed around 

25°, which is attributed to the amorphous nature [33, 34]. Therefore, the X-ray diffractograms of all the samples 

confirm the amorphous nature, showing large diffraction maxima that decrease at larger diffraction angles. The 

first main maximum shape indicates the order of the polymer chain packaging. The intensity and shape of the 

second maximum are related to the order effect within the main chain. The large humps observed in the XRD 

spectrum indicate the existence of very small crystallites. The absence of any prominent peak in the films 

demonstrates the mainly amorphous nature of the films. This is in agreement with many reports [35, 36]. 

C.  Scanning Electron Microscopy 

 Scanning electron micrographs of blended materials were taken across composition for the 1: 1 (PVC: 

PMMA) blends are shown Fig. 7, 8 and 9. Micrographs show a heterogeneous structure of two base materials 

i.e. PVC and PMMA, but the size of the dispersed phase changes with composition. 

 As expected, the pore size maximums for the sample S1 polymer blend. The tendency of PVC and PMMA 

to combine is revealed by the change in shape of particles from a spherical shape. As a result, PMMA 

coordinates with PVC and forms a complexation. In a literature survey, it was found that a higher pore size 

leads to less phase separation and forms a more homogeneous polymer electrolyte system [37, 38]. 
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Figure 7 SEM Micrograph of S1 Sample 

 
Figure 8 SEM Micrograph of S2 Sample 

 
Figure 9 SEM Micrograph of S3 Sample 

 Additionally, the morphology of the blends shows a phase-separated region, as shown in Fig. 7. Therefore, 

at the same concentration of PVC and PMMA, the phase split-up ultimately leads to the miscibility of the blend. 

 Fig. 8 and 9 clearly show that the 1:1 (PVC: PMMA) blend contains some impurities compared to Fig. 7. 

From, a comparative study of Fig. 8 and 9, it is also observed that the dopant oxalic acid is more miscible as 

compared to cinnamic acid in 1:1 (PVC:PMMA) solution. Therefore, it can be concluded that the 1:1 (PVC: 

PMMA) blend with 5% oxalic acid forms a more homogeneous mixture, leading to the formation of a 

homogeneous thin film of PVC: PMMA with oxalic acid as a dopant. On the other hand, in the case of the 1:1 

(PVC: PMMA) blend with 5% cinnamic acid, a homogeneous mixture was not formed, resulting in a thin film 

that was not homogeneous. This is because the thin film of the 1:1 (PVC: PMMA) blend with 5% cinnamic acid 

still shows some crystal particles of cinnamic acid, indicating that cinnamic acid was not completely miscible, 

i.e., immiscible with the 1:1 (PVC: PMMA) solution. This can also be explained by the fact that immiscible 

mixes show several glass transition temperature areas, whereas miscible blends only show one [39]. 
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IV. CONCLUSIONS 

 It was found that 1:1 (PVC: PMMA) CA 5% show maximum thickness among other samples. In short, in 

given study successfully casted the composites thin films of 1:1 (PVC: PMMA) with dopant oxalic acid (OA) 

and cinnamic acid (CA). The FT-IR spectrum study agrees us to conclude that successful formation of 1:1 

(PVC: PMMA) homogenous thin films with OA and CA as dopant and characteristic peaks shows with addition 

of oxalic acid and cinnamic acid. XRD analysis shows amorphous nature all thin films. SEM micrographs of 

samples attribute FTIR and XRD’s results. Also, the thin film of the 1:1 (PVC: PMMA) blend with 5% 

cinnamic acid still shows some crystal particles of cinnamic acid, indicating that cinnamic acid was not 

completely miscible, i.e., immiscible with the 1:1 (PVC: PMMA) solution. This can also be explained by the 

fact that immiscible mixes show several glass transition temperature areas, whereas miscible blends only show 

one [39]. As miscibility of dopant in polymer electrolyte system increase which cause to change in electrical 

parameters like electrical conductivities (AC and DC) and dielectric constant [40, 41]. 
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Abstract: - The use of Stereotactic Radiosurgery (SRS) or fractionated SRS (f-SRS) to treat brainmets has increased significantly. 

As this treatment technique delivers a high amount of radiation dose to a stereotactically localized, small target volume, dose 

delivery verification before actual patient treatment is of paramount importance. The objective of this study was to evaluate the 

performance of the Gafchromic EBT-3, ArcCheck phantom, and the amorphous silicon-based aS1200 Electronic Portal Imaging 

Device (EPID) for pre-treatment quality assurance (PSQA) of SRS and f-SRS treatment plans. Thirty treatment plans were selected 

retrospectively in order to treat brainmets. The dose administered via SRS was 18 Gy in a single fraction, whereas it was 27 Gy in 

three fractions for FBRT. We used three separate devices to conduct the PSQA: Gafchromic EBT-3 radiotherapy film, ArcCHECK, 

and a S1200 EPID. For SRS and f-SRS PSQA, aS1200 EPID demonstrated the highest pass rates at less stringent gamma criteria 

(3%/3mm and 2%/2mm). However, at tighter criteria (5%/1mm and 1%/1mm), the EBT-3 film surpassed the aS1200 EPID in 

performance, suggesting greater sensitivity to detect small dose deviations and higher confidence in pinpointing discrepancies. 

ArcCHECK consistently displayed lower pass rates across all criteria compared to the other two devices for small targets. The 

present work highlight the selection of an appropriate phantom for performing SRS and f-SRS PSQA. 

Keywords: Stereotactic Radiosurgery (SRS), Patient specific quality assurance (PSQA), Gafchromic film, ArcCheck 

phantom, Electronic Portal Imaging Device (EPID) 
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I.  INTRODUCTION 

Brain metastases (BM) account for 8.5–9.6% of all adult cancer cases and are the most common intracranial 

malignant neoplasms [1, 2]. Approximately half of these patients have a single BM, while roughly 70% have two 

or more metastases [3, 4]. At the time of presentation, BM can result in significant morbidity and mortality, 

including acute cognitive impairment [5, 6]. The primary treatment options are surgery and radiotherapy. 

Historically, whole brain radiotherapy (WBRT) has been the standard treatment for these individuals. 

Nonetheless, WBRT may not provide adequate control and is associated with serious side effects [7 – 12]. Recent 

research indicates that both stereotactic radiosurgery (SRS) and fractionated stereotactic radiosurgery (f-SRS) can 

achieve comparable survival rates for up to ten lesions without WBRT [13]. The hallmarks of SRS include 

pinpoint accuracy, extremely conformal radiation distributions, and high doses delivered in a single fraction. 

When fractionated up to five fractions, it becomes fSRS. Several studies have found that these approaches have 

fewer cognitive side effects than WBRT [7, 10, 14, 15]. As a result, SRS/fSRS is being used to treat BM. 

A key aspect of the SRS workflow is the complete pre-treatment quality assurance (QA) of the generated 

treatment plan, also known as patient specific quality assurance (PSQA). Usually, the SRS/f-SRS technique is 

used to treat small targets, indicating that they are associated with small fields. Small-field dosimetry requires a 

detector with a high spatial resolution because of issues like volume-averaging effects and loss of lateral charge 

particle equilibrium. The availability of such a detector is of the utmost importance in accurately identifying the 

steep dose gradients that are linked to SRS and f-SRS techniques. This ensures that the desired dose distribution 

is administered correctly. 

In routine, PSQA SRS plan validation was performed using film dosimetry or other high-resolution detectors. 

While film dosimetry offers advantages in spatial resolution and tissue equivalent, it can be a labor-intensive and 

time-consuming process. The advent of sophisticated QA devices, such as the ArcCheck phantom (Sun Nuclear 

Corporation, USA) and the amorphous silicon based aS1200 Electronic Portal Imaging Device (EPID) from 

Varian (A Siemens Healthineers Company), presents opportunities for carrying out PSQA before actual 

treatment. These devices and their associated analysis software have witnessed significant refinements in recent 

years. The objective of this study is to evaluate the performance of these commercial PSQA devices for pre-

treatment verification of SRS and f-SRS treatment plans. 

II. MATERIAL AND METHODS: 

Thirty treatment plans (either f-SRS or SRS) were chosen retrospectively in order to treat brainmets. f-SRS 

was utilized when the target volume (TV) was in close proximity to vital structures such as the optic nerves, 

brainstem , or optic chiasm, or if it had multiple mets or was significantly larger in size. In the Eclipse treatment 

planning system (Version 13.6), treatment plans were generated with the aid of the volumetric modulated 

radiotherapy (VMAT) delivery technique. During the planning phase, 6MV FFF x-ray beam from the TrueBeam 

linac was utilized. The average volume of the target was 14.7 cc, ranging from 1.1 cc to 34 cc. Nine of the 

thirty plans were of SRS treatments, while twenty-one were of f-SRS. The dose administered via SRS was 18 Gy 

in a single fraction, whereas it was 27 Gy in three fractions for f-SRS. To conduct the PSQA, each plan was 

executed using three separate phantoms: aS1200 EPID, Gafchromic EBT-3 radiotherapy film, and ArcCHECK. 

Using Gamma criteria, the PSQA outcomes were compared. Gamma criteria is a metric utilized to evaluate the 

degree of agreement between the planned dose distribution from the TPS and the dose that is actually delivered to 

the patient using TrueBeam linac. 

1. Detectors: 

1) Gafchromic EBT-3 film: 

Gafchromic films are designed to provide fast and highly accurate measurements for radiotherapy 

applications. When used with specifically designed Film QA software, Gafchromic film provides the most 

complete and accurate dosimetric measurement. A scan was performed on the slab phantom using a Discovery 

RT CT-Scanner with a slice thickness of 1.25mm. Using the slab phantom, the CT images were imported into 

Eclipse TPS (13.6), and the patient's plan was recalculated. As depicted in Fig. 1, the dose was delivered to each 

film using 6 MV x-rays at a depth of 10 cm, with a 100 cm distance between the source and the film, a field size 

of 10 cm x 10 cm, and a backscatter of 10 cm. For EBT-3 film to be utilized for PSQA, it must be calibrated to a 

known dose.  



J. Electrical Systems Vol-Issue (2024): 1-12 

686 

 
Figure 11 Slab phantom with EBT-3 film at a depth of 10 cm from the phantom surface. 

The workflow commonly employed for film calibration is illustrated in Fig 2. Doses that were applied to the 

films varied between 50 cGy and 1500 cGy. Twenty-four hours later, an Epson 11000XL flatbed scanner 

manufactured by Seiko Epson Corporation in Suwa, Nagano, Japan, was utilized to scan the film. The 

digitization was executed at a resolution of 72 dpi, utilizing the triple channel technique, with no color 

corrections. Film dosimetry was utilized to generate the calibration curve via the SNC Patient QA software. 

Utilizing the identical slab phantom and film positioned in the coronal plane with respect to a 6 FFF X-ray beam 

from the TrueBeam linac, the PSQA plan was carried out. The SNC Patient QA software was utilized to import 

the film image and dose distribution from the Eclipse TPS in.tiff format onto the same plane as the film. Gamma 

analysis was employed to compare the delivered dose with the TPS calculated dose. 

 
Figure 12 Film dosimetry workflow (a) EBT-3 film (b) EBT-3 film positioned on slab phantom at the isocenter of TrueBeam linac (c) EBT-3 film sandwitched 
between slab phantom (d) EBT-3 film exposed to various dose levels (e) The EBT-3 film is being scanned using the EPSON 11000XL scanner (f) EPSON 11000XL 
software. 

 

2) SNC ArcCHECK 

Fig. 3 depicts the implementation of virtual computed tomography (CT) images of the ArcCHECK within the 

Eclipse Treatment Planning System. We assigned the ArcCHECK a density of approximately 1.2 g/cc, whereas 

we assigned the rods a density of 1.4 g/cc. We recalculated PSQA plans using Eclipse TPS on this virtual 

ArcCHECK phantom and then transferred it to the SNC Patient software. The SNC Patient application imports a 

three-dimensional dose file and converts it into a two-dimensional format. This PSQA plan is considered a 

reference. Then the same plan was delivered using TrueBeam linac on the ArcCHECK phantom, and data was 

collected using the same SNC Patient software. We conducted gamma analysis to determine the degree of 

agreement between the measured and reference plans. 
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Figure 13 Virtual ArcCHECK phantom in Eclipse TPS 

 

3) aS1200 EPID 

Varian’s aS1200 EPID consists of a 43 cm × 43 cm array of amorphous-silicon (a-Si) photodiode flat panel 

detectors serving as the active layer. The design has a copper build-up layer that is 1 mm thick, a gadolinium 

oxysulfide (GOS)-based phosphor screen scintillation layer, an amorphous silicon photodiode readout layer, and 

a backscatter layer made of aluminum and lead plates that is 4 mm thick as shown in Fig 4. The pixel resolution 

is 1280 × 1280 pixels, with each pixel having an active area of approximately 0.113 mm2. The EPID can handle 

FFF beams with a high dose rate and is capable of withstanding up to 7000 cGy/min without experiencing 

saturation effects [16, 17]. Couch rotation was set to zero, but all gantry and collimator rotation parameters were 

observed for each treatment plan. Portal dosimetry plans were generated and delivered utilizing 100 source-

imager distances, as depicted in Fig 5. 

 
Figure 14 A cross-sectional view of the pertinent layers of the Varian aS1200 Digital Megavolt Imager EPID 
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Figure 15 EPID in the planned position to carry out PSQA 

 

The portal dosimetry images were evaluated in the Eclipse TPS using the Portal Dosimetry workspace. The 

analysis was performed with a pre-defined dose threshold of 10% and focused on the field plus a 2cm area of 

interest. Fig. 6 presents an EPID analysis of a 2.6 cc target using 3%/3mm gamma criteria. 

 

 
Figure 16 Portal dosimetry workspace in Eclipse TPS 

 

III. RESULTS AND DISCUSSION: 

Gamma analysis was used to test PSQA on three devices: EBT-3 Film, ArcCHECK, and aS1200 EPID. The 

criteria used were 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm. Table 1 summarizes the average gamma pass 

rates for each device for SRS plans. 

EBT-3 films average gamma analysis passing rates were found to be 96.43% (± 1.8%), 93.08% (± 1.96%), 

91.67% (± 2.31%), and 74.51% (± 4.74%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma criteria, 

respectively. 

The ArcCHECK average gamma analysis passing rates were found to be 94.69% (± 1.42%), 90.81% (± 

1.86%), 89.43% (± 3.1%), and 68.63% (± 3.8%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma criteria, 

respectively. 

The aS1200 EPID average gamma analysis passing rates were found to be 98.22% (± 1.93%), 92.24% (± 

1.76%), 87.51% (± 2.25%), and 72.36% (± 5.71%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma 

criteria, respectively. 
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Table 6 Average gamma pass rate for three PSQA devices for nine SRS plans 

 

 

Patient specific quality assurance 

devices 

Gamma Criteria EBT-3 Film Arc CHECK 
aS 1200 

EPID 

3%/3mm 96.43%(± 1.8%) 94.69% (± 1.42%) 98.22% (± 1.93%) 

2%/2mm 93.08% (± 1.96%) 90.81% (± 1.86%) 92.24% (± 1.76%) 

5%/1mm 91.67%(± 2.31%) 89.43% (± 3.1%) 87.51% (± 2.25%) 

1%/1mm 74.51% (± 4.74%) 68.63% (± 3.8%) 
72.36% (± 

5.71%) 

 

The aS1200 EPID demonstrated the highest pass rates at less stringent gamma criteria (3%/3mm and 

2%/2mm). However, at tighter criteria (5%/1mm and 1%/1mm), the EBT-3 film surpassed the aS1200 EPID in 

performance, suggesting greater sensitivity to detect small dose deviations and higher confidence in pinpointing 

discrepancies. ArcCHECK consistently displayed lower pass rates across all criteria compared to the other two 

devices. 

The results of gamma analysis on three patient-specific QA devices (EBT-3 Film, ArcCHECK, and aS1200 

EPID) in the context of f-SRS treatment plans can be seen in Table 2. Pass rates were determined across varying 

gamma criteria (3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm). 

EBT-3 films average gamma analysis passing rates were found to be 98.79% (± 0.86%), 97.64% (± 1.49%), 

95.38% (± 1.36%), and 94.51% (± 3.34%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma criteria, 

respectively. 

The ArcCHECK average gamma analysis passing rates were found to be 97.23% (± 1.63%), 96.63% (± 

2.33%), 92.93% (± 2.84%), and 89.74% (± 5.68%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma 

criteria, respectively. 

The aS1200 EPID average gamma analysis passing rates were found to be 99.45% (± 1.12%), 97.88% (± 

2.13%), 98.06% (± 1.46%), and 92.89% (± 3.76%) for 3%/3mm, 2%/2mm, 5%/1mm, and 1%/1mm gamma 

criteria, respectively. 

 

Table 7 Average gamma result of 21 f-SRS plans 

 

 
Patient specific quality assurance devices 

Gamma Criteria EBT-3 Film Arc CHECK aS 1200 EPID 

3%/3mm 98.79% (± 0.86%) 97.23% (± 1.63%) 99.45% (± 1.12%) 

2%/2mm 97.64% (± 1.49%) 96.63% (± 2.33%) 97.88% (± 2.13%) 

5%/1mm 95.38% (± 1.36%) 92.93% (± 2.84%) 98.06% (± 1.46%) 

1%/1mm 94.51% (± 3.34%) 89.74% (± 5.68%) 92.89% (± 3.76%) 
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IV. DISCUSSION 

Choosing the appropriate phantom for pre-treatment verification of SRS and f-SRS plans is crucial to 

ensuring the safe and precise delivery of radiation doses. This study evaluated the performance of three 

commonly used PSQA devices (EBT-3 Film, ArcCHECK, and aS1200 EPID) by carrying out gamma analysis 

for SRS and f-SRS treatment plans.  

Gafchromic EBT-3 films are widely regarded as the benchmark in dosimetry due to their numerous 

exceptional characteristics [18, 19]. Films possess a high spatial resolution, enabling the precise capture of dose 

distributions. This characteristic is crucial for SRS and f-SRS. In addition, EBT-3 films demonstrate exceptional 

similarity to human tissue and show minimal variation in response to different x-ray energies, accurately 

reflecting the actual doses received within the human body [16]. 

The data provided in both tables confirms the appropriateness of EBT-3 films for SRS and f-SRS PSQA. The 

high pass rates across all gamma criteria show that EBT-3 films are good at finding deviations from the intended 

dose distribution, even in the area of steep dose gradient. Although film dosimetry may require a significant 

amount of time and careful handling, its precision and accuracy are unmatched, especially in situations where the 

utmost confidence in dose verification is required. 

In this study, EBT-3 failed to meet the 1%/1mm gamma criteria. One possible reason for this 

underperformance could be that film analysis methods are prone to systematic errors. Additionally, we used EBT 

3 film, which has a maximum dose range of 15 Gy, to measure doses up to 18 Gy due to the lack of other high-

dose range films. In order to fully utilize the spatial resolution capabilities of EBT-3 film, it is necessary to 

employ a precise technique that minimizes errors when studying dose distribution. Another potential explanation 

for this underperformance may be that film analysis methods might be susceptible to systematic errors. Lynch et 

al. studied how the optical density reading by flatbed scanners changes depending on the film's location and 

rotational rotation on the scanner [20]. The films showed up to 17% non-uniformity along the scanline and 7% 

perpendicular to the scanline when evenly irradiated and scanned at various points on the flatbed scanner. To 

make the most of the spatial resolution of EBT-3 film, a precise technique is needed to minimize errors in film 

dosimetry.  

The diodes of the ArcCHECK are spaced at a distance of 10 millimeters from one another. The spacing 

between the diodes may cause only a single row of diodes to be within the field for very small targets, hence 

limiting the amount of collected data. Only a few rows of diodes receive direct radiation for small targets in the 

ArcCHECK device. Diodes positioned outside the primary beam also exhibit diminished sensitivity due to the 

limited radiation exposure in that region. Mhatre et al. examined the use of ArcCHECK for the purpose of 

ensuring the quality of a machine and concluded that it is suitable for advanced linac quality assurance [21]. 

ArcCHECK phantoms, which are specifically designed for conventional intensity-modulated radiotherapy 

(IMRT) and volumetrically modulated arc therapy (VMAT) patient-specific quality assurance (PSQA), have 

certain restrictions when used for SRS and f-SRS. Their intrinsic detector spacing of 10 mm is not adequate for 

accurately capturing complex dose distributions in SRS and f-SRS plans. Despite the implementation of the 

"merge" feature, which reduces spacing to 5 mm, there is still a risk of important dose information being lost 

between detectors. This could result in pass rates that are misleading. This constraint becomes much more 

evident in the case of multi-target PSQA, since the likelihood of neglecting inter-target dose information 

increases with larger target separations. Furthermore, the functionality of ArcCHECK phantoms is compromised 

for PSQA with couch kicks, which are commonly used in SRS treatments. 

Utilizing EPID for portal dosimetry is a convenient method to quickly verify treatment plans before actual 

treatment. Originally, EPIDs were created to verify the patient's positioning just prior to commencing radiation 

therapy [22]. Shortly after its inception, it was discovered that the real-time portal images not only recorded 

visual data but also contained dose information, hence enhancing the efficiency of analysis compared to 

traditional films. As a result, it has been widely used to perform the quality assurance of linacs and verify the 

accuracy of dose delivery for modern treatments such as IMRT, VMAT, SRS, fSRS, and SBRT. Flat panel EPID 

systems with aSi technology are preferred because of their fast image capture, excellent spatial resolution, high 

sensitivity, compact size, and constant long-term performance. The aS1200 EPID is a helpful tool for PSQA [23]. 

EPID dosimetry also presents challenges for SRS and f-SRS QA. Since EPIDs are typically positioned 

perpendicular to the beam path in the absence of a couch, they fail to replicate the actual clinical setup with couch 
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angles. This incongruity can lead to discrepancies between measured and delivered doses, particularly in areas 

affected by couch movements. 

According to our analysis, it is crucial that QA methods be customized to the unique features of SRS and f-

SRS plans. In the present study, we outline important factors to consider when optimizing PSQA techniques. 

EBT-3 films offer reliable dose information. On the other hand, the aS1200 EPID could be a good option 

when time is a constraint. ArcCHECK can be used when the target volume is larger. When choosing a device and 

determining gamma criterion thresholds, it is important to consider elements such as the fractionation scheme, 

target size, and complexity of dose delivery. For example, it may be necessary to use stricter gamma criteria for 

SRS plans that include delivering high doses in a single fraction to small targets. It may be necessary to 

reevaluate how strict the gamma criteria are, particularly for SRS plans where a high sensitivity to deviations can 

have a substantial influence on possible gamma pass rates. This analysis indicates that in specific situations 

involving SRS, using more stringent criteria could offer a more accurate evaluation of dose compliance. 

V. LIMITATION OF THE STUDY 

Each of the phantoms we used has its own pros and cons, which could have an impact on the gamma pass 

rate. Additionally, gamma analysis may not be optimal for regions characterized by an extremely sharp dose 

gradient. This study's limited sample size of 30 SRS/fSRS plans may affect the findings' generalizability. 

VI. CONCLUSION: 

Film dosimetry is still the best way to do PSQA for small targets because it has the best spatial resolution, but 

it is laborious to do and takes a long time. EPID-based PSQA is the best choice for high-throughput radiotherapy 

departments that need to be as efficient as possible. This is because it speeds up the PSQA process. For larger 

target volumes, ArcCHECK systems offer reliable gamma pass rates, so it can be used to perform SRS and f-SRS 

PSQA. A thorough examination of the departmental workflow and the necessary balance between accuracy and 

efficiency should guide the selection of an appropriate PSQA method. 
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BROMO-1-HYDROXY NAPHTHALEN-2-

YL)-6-(3,4-DIMETHOXY PHENYL)-5,6-

DIHYDROPYRIMIDINE-2(1H)-ONE 
 

Abstract: -                        1-(4- Bromo -1-hydroxynaphthalen-2-yl)-ethan-1-one was prepared by 

refluxing 4- bromonaphthalen-1-ol with glacial acetic acid in presence of fused ZnCl2. By 

condensing 1-(4- bromo -1-hydroxynaphthalen-2- yl)-ethan-1-ones with 3,4- dimethoxy 

benzaldehyde, to prepared by 1-(4- bromo -1- hydroxynaphthalen-2-yl)-3-(3,4-dimethoxy phenyl)-

prop-2-en-1-one was synthesized.1-(4- bromo -1- hydroxynaphthalen-2-yl)-3-(3,4-dimethoxy 

phenyl)-prop-2-en-1-one, urea and concentrated HCl in DMF were added and refluxed. Cool and 

pour in crushed ice. Treat it with cold NH4OH solution to obtain titled compounds. The compounds 

thus synthesized have been characterized by physical and spectral data. All of these titled 

synthesized compounds have been screened for antimicrobial study and are found to possess 

excellent antimicrobial activities. 

Keywords: Antimicrobial Activities, Cold NH4OH Solution, Conc. HCl in DMF. 

 

 
1 *Corresponding author: Assistant Professor, Department of Chemistry, Vinaya Vidnyan 
Mahavidyalaya, Nandgaon Kh. 
2 Author 2 Affiliation: Assistant Professor, Department of Chemistry, Vinaya Vidnyan 

Mahavidyalaya, Nandgaon Kh. 

Copyright © JES 2024 on-line: journal.esrgroups.org 



J. Electrical Systems Vol-Issue (2024): 1-12 

694 

 INTRODUCTION 

Dihydropyrimidin-2(1H)-one is designated hetero-cyclic compound with 2 Nitrogen atoms with pyrimidine 

ring in the six-member ring. Among the heterocycles, specially with Nitrogen containing heterocycles with 

pyrimidine ring nucleus is reckon as a the most useful framework for biological and pharmacological 

activities. This nucleus has wide applications in the physiological and industrial areas and proven to be most 

beneficial.   They have been used extensively as important pharmacophore in the field of organic chemistry 

and drug designing. In this review, our focus will be on the 3,4-dihydropyrimidine (DHPM) ring. Basically, 

it is a selective review on dihydropyrimidinones. Literature of last two decades is incorporated in this 

review.  

  The pyrimidine is the most important heterocyclic moiety [1-2]. Dihydropyrimidinones (DHPMs) and their 

derivatives occupy a prominent place; these cores are of immense biological importance; play an important 

role as essential building blocks in the synthesis of DNA and RNA [3]. This review covers the recent 

synthesis and pharmacological advancement of dihydropyrimidinones/thiones moiety, along with covering 

the structure-activity relationship (SAR) of the most potent compounds, which may prove to become better, 

with more efficacy and safer agents [4]. In recent years, different varieties of building blocks have been 

accounted for the synthesis of Biginelli adducts and along these lines, the general proclamation about 

Biginelli reaction is, the reaction of aldehydes, 1,3-dicarbonyl compounds, and urea/thiourea to furnish 3,4- 

dihydropyridine-2(1H)-ones/thiones [5-7]. 

                           The synthesis of the dihydropyridine and their derivatives increasing tremendously 

significant because they generally show diverse medicinal properties [8-9]. Many reports exploring in Vivo 

and in Vitro dihydropymidine-2-one derivatives show variety of pharmacological activities such as active 

and safe tumor anti-initiating and multi-potent blocking agent [10], anxiolytic [11], antihypertensive agents 

[12], anticonvulsant [13], anticancer [14], analgesic activities [15], anti-bacterial [16], channel blockers [17], 

anti-HIV [18]. Their efforts are quite significant in literature hence considering the scope of 

dihydropyrimidine derivatives we have synthesized novel4-(4-bromo-1-hydroxynaphthalen-2-yl)-6-(3,4-
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dimethoxy phenyl)-5,6-dihydropyrimidine-2(1h)-one from 4- bromonaphthalen-1-ol and studied for their 

biological activities. 

 

MATERIALS AND METHOD: - 

 

Synthesis of 1-(4-Bromo-1-hydroxynaphthalen-2-yl)-ethan-1-one.  

 

1-(4-Bromo-1-hydroxynaphthalen-2-yl) ethan-1-one was prepared by modified Nenchis method in which 4-

bromo- naphthalen-1-ol was refluxed with glacial acidic acid in presence of fused ZnCl2. 

Synthesis of 1-(4-Bromo-1-hydroxynaphthalen-2-yl)-3-(3,4-dimethoxy phenyl)-prop-2-en-1-one. 

 

1-(4-Bromo-1-hydroxynaphthalen-2-yl)-3-(3,4-dimethoxy phenyl)-prop-2-en-1-one was synthesized from 1-

(4-Bromo-1-hydroxynaphthalen-2-yl) ethan-1-one by condensing it with 3,4-dimethoxy benzaldehyde were 

added in ethanol solvent and KOH mixture. 

Synthesis of 4-(4-Bromo-1-hydroxy naphthalen-2-yl)-6-(3,4-dimethoxy phenyl)-5,6-dihydropyrimidine-

2(1H)-one. 

 

1. 4-(4-Bromo-1-hydroxy naphthalen-2-yl)-6-(3,4-dimethoxy phenyl)-5,6-dihydropyrimidine-2(1H)-one 

was prepared from 1-(4-Bromo-1-hydroxynaphthalen-2-yl)-3-(3,4-dimethoxy phenyl)-prop-2-en-1-one was 

reflux with urea and concentrated HCl in DMF. It was then treated with cold NH4OH.  

SCHEME: -  
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Table 1. PHYSICAL DATA OF SYNTHESIZED COMPOUNDS 

 

 

SPECTRAL ANALYSIS: - 

 

 IR(max) (cm-1): 1624 (C=O, str), 3342 (NH, str), 1568 (C=N),1172(C-O-C),757(monosubstituted 

Benzene  

NMR ( ppm): 1.3-1.9 (m, 2H, -CH2 of pyrimidine), 10.33 (s, 1H, -OH),3.63 (s, 3H, -OCH3),2.54 (s, 3H, 

CH3,) 

 

ANTIMICROBIAL STUDIES: - 

                      All above synthesized 4-(4-Bromo-1-hydroxy naphthalen-2-yl)-6-(3,4-dimethoxy phenyl)-5,6-

dihydropyrimidine-2(1H)-one has been studied for their antimicrobial activity against Escherichia coli, 

Proteus mirabilis, Staphylococcus aureus, Pseudomonas aeruginosa. The culture of each species was 

incubated at 370C and the zone of inhibition was measured after 24 hr. Results are tabulated in Table. Most 

of these compounds were found active 

 

 

 

Stron

gly 

Sr.

no 

 

Comp

ound 

no 

 

R1 R2 Molecular 

formula  

Meltin

g 

Point 

0C 

% 

Yield 

% Nitrogen  R.F 

Value 

Found  Calcul

ated 

1 1 -

OCH3 

-H C21H17N2O3Br 2580C 46% 6.63 6.64 0.58 

2 2 -

OCH3 

-OCH3 C22H19N2O4Br 2230C 47% 6.26 6.23 0.66 

3 3 -H -OH C20H16N2OBr 2290C 46% 6.91 6.81 0.56 

4 4 -OH -H C17H16N2O2Br 2580C 52% 5.86 5.84 0.57 

Sr.

no 

Compound 

Number 

                                    Antimicrobial Activity 

E-coli 
Proteus 

mirabilis 

Staphylococcus 

aureus 

Pseudomonas 

aeruginosa 

1 1 17 18 16 10 

2 2 16 10 18 14 

3 3 18 12 14 17 

4 4 15 14 12 13 



J. Electrical Systems Vol-Issue (2024): 1-12 

697 

active, range 15-19 Weakly active, range 7-10 mm, moderately active, range 11-14mm, Inactive,  

 

 

CONCLUSION: - 

 

Thus, from above results it was observed that these heterocyclic compounds were found effective against 

Escherichia coli, Proteus mirabilis, Staphylococcus aureus, Pseudomonas aeruginosa. So those compounds 

can be easily be used for the treatment of diseases caused by test pathogens, only when they do not have 

toxic and other side effects. 
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Abstract: - 1,3,4-Thiadiazole moiety is a enormous curiosity to a large number of researchers due to their grand industrial and 

pharmaceutical significance and it is amazing that the synthetic publication extreme outweigh in numbers those concerning to all other 

fields. Substituted 1,3,4-thiadiazole moiety and derivatives considered as lead mixes for medicate union, and a few of them have exhibited 

higher antimicrobial movement in contrast with standard drugs. In present work a novel substituted 1, 3, 4-thiadiazole-2-amine and Schiff 

base were synthesized successfully by green approach. The newly synthesized compounds are further screening for their antioxidant 

activity. The difference between the profile activity between the Cl and NH2 substituted 1,3,4-thiadiazole moiety intrinsically different 

antioxidant activity by DPPH method. Result of this study indicated that substituted 1, 3, 4-thiadiazole moiety and their derivatives are 

optimistic source of antioxidant activity. Hetero atom present in the compounds showing the enormous pharmacological activity. 

Keywords: Synthesis, Computational and Biological Studies, H1 NMR, IR, Antioxidant activity. 
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I. INTRODUCTION  

Heterocyclic compounds are imperative in the metabolism of all living cells.1 Heterocyclic chemical compound 

may be inorganic or organic compounds mostly contain at least one carbon. Although atoms that are neither carbon 

nor hydrogen are usually referred to in organic chemistry as heteroatom, this is habitually in contrast to the all-

carbon backbone. But this does not prevent a compound such as borazine (which has no carbon atoms) from being 

labeled "heterocyclic" Thiadiazole2 is a sub-family of azoles compounds. Structurally they are five-constituent 

heterocyclic compounds containing two nitrogen and sulfur atoms, and two double bonds, There are four probable 

structures exist depending on the virtual positions of the heteroatom these forms do not interconvert and hence are 

structural isomers. Schiff bases3 have a large number of synthetic uses in organic chemistry. 

Acylation of Schiff bases by acid anhydrides, acid chlorides4 along with acyl cyanides is initiated by assault at 

the nitrogen atom and leads to net addition of the acylating agent. Schiff bases emerge to be a vital conciliator in a 

number of enzymatic reactions concerning interface of an enzyme with an amino or a carbonyl group of the 

substrate. 

Free radicals of Reactive oxygen species resembling superoxide, singlet oxygen, hydroxyl radical and H2O2 

encourage oxidation5 which damage the biological macromolecules and generate numerous health troubles such as 

malignancy, soreness, atherosclerosis6, antitubercular7 cardiovascular8 neurodegenerative9 diseases. The frontier 

molecular orbitals (HOMO and LUMO), HOMO-LUMO10 energy gap of newly synthesized compounds were 

calculated by using computing software. 

 

II. EXPERIMENTAL  

A novel synthesis of 5-(N-substitutednphthalen-2-yl)-1, 3, 4-thiadiazole-2-amine were synthesized by condensation 

of substituted aromatic acid with thiosemicarbazide in presence of POCl3 by using ‘green approach. Progress of the 

reaction was monitored by TLC using appropriate solvent system. After cooling the reaction mixture was poured in 

ice-cold water with stirring till precipitation was complete to obtain titled product. 

 

 

 

 

1) Reaction 

COOH

R

R
1

NH2CSNHNH 2

POCl3
R
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NH2

R
1

 
Where  

         R:  -H, -NH2, -Cl, -NO2, -Br  

      R1: -H, -Cl 

2)  Preparation of Schiff base 

A mixture of 5-(6-substitutednaphthalene-2-yl)-1,3,4-thiadiazol-2-amine and aromatic aldehyde in glacial acetic acid 

was refluxed for two hours, cooled and poured in ice-cold water with stirring till precipitation was complete. The 

solid obtained was re-crystallized from ethanol. 
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             R= -Cl, R1 =  -H. R2 = -OH, -Cl, -H,  R3 = -NO2, -H, R4 = -Cl, -H               

a) Characterization data  

Compound 4b was analyzed by IR and NMR spectra provided in supporting information. 

IR: 1570.11 cm-1 (-C=N), 883.23 cm-1 (Para substitution)  



J. Electrical Systems Vol-Issue (2024): 1-12 

701 

H1NMR: (DMSO) ɗ (ppm) 8.32 (s, 1H), 7.35-7.98 (m, 10H)                                                                                                 
3) Synthesis of benzoyl derivatives of Schiff base  

A mixture of 5-(N-substitutednaphthalene 2-yl)-N-[(substituted) benzylidene]- 1,3,4-thiadiazole refluxed with 

benzoyl chloride in presence of sodium borohydride as a reducing agent for 3-4 hour, then poured into ice cold water. 

The precipitate was formed. Filtered it and recrystallized from ethanol. 

N N

S

N

R
1

R R
2

R
3

R
4

R.A

PhCOCl

N N

S

NH

R
1

R R
2

R
3

R
4

O

      
             R= -Cl, R1 = -H. R2 = -OH, -Cl, -H,  R3 = -NO2, -H, R4 = -Cl, -H               

a) Characterization data  

Compound 4c was analyzed by IR and NMR spectra provided in supporting information. 

IR: 3250.25 cm-1 (N-H stretching), 1735.40 cm-1 (C=O stretching), 800.00cm-1 (para substitution), 738.45 cm-1 (-Cl 

substitution)   

H1NMR: (DMSO ɗ in ppm): 4.36 (s 1H), 5.41(s 1H), 6.45-8.72 (m 10H) 

III. RESULT AND DISCUSSION 

3.1 Theoretical Calculations  

The MM2 calculations and HOMO-LUMO10 energy levels of the newly synthesized compound by computational 

method using Chem. Draw for 3D optimization, ICD, I3D Pro 12.0.2and Avogadro 

 

 

 

 

 

 

 

Table 3.1.1 

Sr. No. Molecular formula R R1 R.F. 

value 

M.P. 
0c 

Yield 

% 

1a C12H10N4S -NH2 -H 0.5 161 61 

2a C12H10ClN3S -Cl -H 0.5 128 57 

3a C12H8N4O2S -NO2 -H 0.6 199 55 

4a C12H8BrN3S -Br -H 0.45 210 61 

5a C12H8ClN3OS -H -Cl 0.65 135 57 

 

Table 3.1.2 

Sr. 

No. 

Molecular 

formula 

R R1 R2 R3 R4 M.P. 
0c 

Yield 

% 

1b C21H17ClN4S -Cl -H -H -H -N(CH3)2 90 60 

2b C19H12ClN3OS -Cl -H -OH  -H -H 219 58 

3b C19H11Cl2N3S -Cl -H -H -H -Cl 110 61 

4b C19H11ClN4O2S -Cl -H -H -NO2 -H 160 59 

5b C21H17ClN4S -Cl -H -Cl -H -H 120 61 
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Table 3.1.3 

Sr. 

No. 

Molecular 

formula 

R R1 R2 R3 R4 M.P. 
0c 

Yield 

% 

1c C28H23ClN4OS -Cl -H -H -H -N(CH3)2 90 30 

2c C26H18ClN3O2S -Cl -H -OH  -H -H 180 55 

3c C26H17 Cl2N3OS -Cl -H -H -H -Cl 165 35 

4c C26H17 ClN4O3S -Cl -H -H -NO2 -H 168 45 

5c C26H17 Cl2N3OS -Cl -H -Cl -H -H 128 42 

 

4 Biological Assay 

Antibacterial activity of newly synthesized compounds have high antimicrobial activity against E. coli, S. Aureus and 

P. Seudomonas and B. Subtilus studied by disk diffusion method using MH media. Antimicrobial activity of Schiff 

base of 5-(N-substitutednaphthalene-2-yl)-1, 3, 4-thiadiazole 

 

Fig 4.1 

 

5. Computational study 

In this study we have perform the theoretical calculations viz. MM2, HOMO- LUMO energies and band gaps, bond 

of the newly synthesized molecules using ICD Pro 12.0, I3D Pro. 12.0 software of quantum mechanics.  

5.1 Molecular mechanics 

The mechanical molecular model considers atoms as spheres and bonds as springs. The mathematics of spring 

deformation can be used to describe the ability of bonds to stretch, bend, and twist.  

 

Table 5.1.1 

 

compo

unds 

S B S B τ Non 

1,4- 

VDW 

1,4- VDW D/D C/D 

and 

C/C 

T E 

Kcal/ 

 mol 

          

1a 0.919 5.174 0.003 -16.040 0.231 14.310 -3.128 - 1.558 

2a 0.935 5.209 0.013 -13.920 0.363 15.402 -3.073 - 4.928 

3a 1.049 6.091 0.023 -13.920 1.711 17.189 -2.994 -3.917 5.231 

4a 0.945 5.250 0.023 -13.920 0.309 15.566 -3.077 - 5.100 

5a 1.045 5.728 0.030 -12.860 1.215 15.656 -3.029 - 7.785 

3b 1.407 7.700 0.055 -21.680 0.794 25.766 1.66 - 15.706 

3c 2.131 7.547 0.132 -23.679 -2.216 31.819 -2.625  13.111 

0
2
4
6
8

10
12
14
16
18
20

1a 2a 3a 4a 5a 3b 3c

E. Coli 19 17 15 10 17 15 17

P.   Aeruginosa 12 15 14 15 15 16 15

S.  Aureus 16 15 12 12 14 15 14

B.  Subtilis 14 14 15 14 11 14 12

Antimicrobial Activity
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5.2 HOMO- LUMO  

The energy difference between the HOMO and LUMO is termed the HOMO–LUMO gap. HOMO and LUMO 

HOMO- LUMO energy levels in molecule 1a-5a decreases when there are different substituent  on naphthalene ring 

in thiadiazole moiety and its Schiff base i.e. in 2c and 3c molecule. Shown following table  

 

Table 5.2.1 

Compounds HOMO (eV) LUMO (eV) 

1a -6.128 -2.754 

2a -6.129 -3.071 

3a -6.908 -5.418 

4a -6.129 -3.120 

5a -6.130 -2.674 

3b -4.806 -3.111 

3c -6.042 -4.648 

 

 

 
Fig 5.2.1 

The graphical representation shows band gap in the molecules 

5.3 Bond angle 

When the substituent was changed on naphthalene ring the bond angle was also changed gradually. In amine (-NH2) 

substitution on 6th position of naphthalene ring has lower bond angle rather than substitution of chlorine (–Cl) on 5th 

position of naphthalene ring. Shown in fig 6.3.1  

 

 

Fig 5.3.1 
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From the above representation it was seen that when the substituent was changed on naphthalene ring the bond angle 

was also changed gradually. 

6 Antioxidant activities 

 

6.1 Phenolic Contain 

Total phenolic content was determined as described by Prior et al. [21]. Briefly, 500 µg of compound  in 100 µL of 

methanol was mixed with 100 µL of 1 N Folin–Ciocalteu reagent. Following incubation for 5 min, 200 µL of 20% 

Na2CO3 was added. Absorbance at 730 nm was measured in plate reader after 10 min and the concentration of 

phenolic compounds was calculated using standard curve of gallic acid (500–5000 ng; R2 = 0.967). The results were 

expressed as mg gallic acid equivalent (mg GAE) g−1 Total phenolic contain is obtained in molecue in 1a and 2a is 

26.01 microgram GAE/mg and 8.1 microgram GAE/mg respectively 

6.2 Flavanoid 

For flavonoid content, extract in 500 µL of distilled water was mixed with 30 μL of a 5% NaNO2solution and 

incubated for 5 min. 300 μL of 10% AlCl3.H2O solution was added followed by 200 μL of 1 M NaOH and 200 μL of 

distilled water after 6 min. Absorbance was read at 510 nm and total flavonoids were calculated using quercetin as 

standard (10–100 μg; R2 = 0.999). The results were expressed as mg quercitin equivalent (mg GAE) g−1  

 

Fig. 6.2 Total flavanoid contain is 54 microgram QER/mg and 57.33 microgram QER/mg in 1a and 2a respectively 

6.3 DPPH   Assay 

1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging assay, hydroxyl radical (OH·) scavenging activity, reducing 

power assay and chelation power of compound 1a and 2a was  performed  with a few modifications for plate reader 

analysis.   
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http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0069112#pone.0069112-Prior1
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Fig 6.3.1 shows reducing power in 1a and 2a compounds 

Reducing power of compounds 1a and 2a is obtained 71.81% and 61.29% respectively  

IV. MECHANISM OF REACTION 

 

 
–NH2 in 1a is replace by –Cl, -NO2, -Br in 2a, 3a, 4a and 5a respectively. 
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V. CONCLUSION  

We have illustrated intriguing solvent free method to synthesized substitutednapthalene-1,3,4-thiadiazole moiety and 

their Schiff base was formed by single step reaction with moderate to good yield. The biological assay indicates high 

antimicrobial activity against E. coli, P. Seudomonas, S. Aureus and B. Subtilis. Computational data gives various 

strains, forces and energies HOMO- LUMO band gaps in the newly synthesized compounds  The parent molecule  i.e. 

amino substituted and chloro substituted 1,3,4-thiadiazole moiety shows good antioxidant activity by DPPH assay.  
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A comparative experimental and 

theoretical approach to study 

structural and molecular aspects in 

binary solutions  
  

Abstract: - Heteromolecular interactions and hydrogen bonding between diverse entities at 8.845 GHz explains structural and molecular 

behavior. Frequency domain technique using X-band microwave bench with liquid dielectric cell is used to reveal the static dielectric 

properties of polar with non-polar binary solutions at 301 K. The effect of microwave frequency on binary mixtures of acetonitrile, 

chlorobenzene and Xylene is studied in terms of h-bonding association or disassociation between diverse molecules thereby obtaining and 

comparing static dielectric permittivity (ε’) and effective Kirkwood correlation factor (geff) values with theoretically calculated static 

dielectric constant, g1 and g2 values using Luzar model. Values of polarizability, bonding energy and enthalpy were determined 

theoretically to authorize association or dissociation of hetero molecules. 

Keywords: Static dielectric constant (ε’), Kirkwood correlation factor, Luzar model, hydrogen bonding, polarizability, 

bonding energy and frequency domain technique. 

 

I.  INTRODUCTION  

Microwave spectroscopic techniques including time domain [1-4] and frequency domain has achieved finest 

results in the analysis of dielectric parameters to know physiochemical significance of the heteromolecules in 

the mixture. Frequency domain technique (FDT) [6-7] plays a remarkable role in perceptive of molecular assets 

and intermolecular exchanges through hydrogen bonding in binary liquids [8-9]. FDT is the most convenient 

method, provides exact static dielectric constant (ε’) values of non-polar molecules in the microwave region. 

Exposure of microwaves to the binary liquid mixture causes variations in degree of solute-solvent and structural 

behavior such that it recognizes the heteromolecular interactions and intrinsic characteristics of dielectric 

properties. It is an interesting concept to distinguish effect of polarization in the mixture at different 

concentrations and to know how dipolar relaxations get affected for which a computational Luzar model is used 

for the mixtures [9].  

Acetonitrile (ACN) is an organic colorless nitrile compound, polar, aprotic solvent, miscible in water and 

used in purification of butadiene [10]. Xylene is an aromatic compound, colorless, flammable liquid mostly 

used as a solvent [11-14]. Chlorobenzene (CBZ) is a non-associative liquid and is chlorine group molecule [15]. 

A comparative computational dielectric approach using Luzar model for the study of binary mixtures of 

CBZ, ACN and Xylene is revealed at 301 K employing FDT. In present context it is interesting to study the 

comparative effect of heteromolecular interactions among nitrile, C-H and chlorine group molecules in the 

system of binary mixtures. Kirkwood correlation factor reveals structuredness or orderedness of molecules in 

the mixture in its pure form and that of Luzar model reveals hydrogen bonding with concept of polarizability, 

enthalpy and associative energy required to bind hetero molecules and prediction of number of hydrogen bonds 

formed in the binary mixtures.  

II. EXPERIMENTAL DETAILS - MATERIALS AND MEASUREMENTS  

Source and purity of Acetonitrile, Chlorobenzene and Xylene components are tabulated in Table 1. Static 

dielectric parameters were measured at 8.845 GHz frequency by means of frequency domain technique using X-

Band microwave bench. Analysis of data with procedure of frequency domain technique using X-Band 

microwave bench was systematically explicated formerly [5-8, 16-18]. The schematic diagram for setup of X-

band microwave technique is shown in figure 1 [8].  
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Table 1. Source and purity of liquids with literature values of polarity index and static dielectric constant. 

 

Liquid CAS 

Number 

Supplier Surity in 

Mass 

Polarity 

Index 

[19-20] 

Static 

dielectric 

constant 

[8, 16-18] 

Acetonitrile 5-05-8 Sai Pharma. Pune 99.0% 5.8 33.549 

Chlorobenzene 108-90-7 s d fiNE-Chem 

Limited, Bombay 

99.0% 2.7 4.924 

Xylene 1330-

20-7 

Himedia 

Laboratories, 

Pvt. Ltd. 

Mumbai 

99.0% 2.5 2.642 

 

 
Fig. 1 Schematic diagram for experimental setup of X-band microwave technique. 

 

An attempt is made to acknowledge hydrogen bonding interactions among complexes of different liquids 

and their mixtures, for which Luzar model [23] is used. Kirkwood-Froehlich theory is applied to separate g1 and 

g2 values from single ε’ value, such that cross-related terms must be taken into concern. Average correlation 

factors g1 and g2, average number of hydrogen bonds (n11
HB) and (n12

HB) per solute molecule for 1i pairs (i =1 or 

2) and static dielectric permittivity (ε’) values have been calculated [23-24]. In present study, the probable 

bonding among hetero molecules is shown in figure 2.  

 

 
Fig. 2 Probable bonding between (a) ACN-CBZ, (b) ACN-Xylene and (c) ACN-ACN molecules. 

 

III. RESULTS AND DISCUSSION  

 

The variations of solute in sovent causes change in ε’ value and is affected due to interactions [25-26] 

between hetero molecules which may create structural variations. As tabulated in table 1, dielectric constant 

values decrease with decrease in polarity index [21-22], in the order as ACN>CBZ>Xylene, thereby indicating 

effect of polarity index. Previous articles [8, 16-18] have been studied to reveal dielectric parameters of ACN, 

CBZ and Xylene binary solutions with an outcome of detailed dielectric parameters. 

The dipole-dipole orientations are enlightened using Kirkwood correlation factor (geff) of distinct molecules 

in binary solution; is calculated from modified Kirkwood equation [27-28]. Kirkwood reveals concept of 

association and correlation among diverse molecules with structuredness [29-30] or orderedness of molecules or 

orientation of dipoles and is a measure of interruption in rotation of molecules. In present study, the effective 

Kirkwood correlation factor ‘geff’ for Xylene is found to be 2.97, is greater than the values of ACN and CBZ, is 
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0.76, 0.60 at 301 K respectively, as tabulated in table 2. It seen that for all concentrations of all binary liquid 

mixtures (except xylene) the geff value is < 1, is an indicative of unstructured nature [29-30], weak dipole-dipole 

interactions, parallel orientation of electric dipoles with [31-32] and insufficient interactions among them. In 

ACN+CBZ binary system, geff values rises with increases in VACN thereby confirming strong interaction in ACN 

rich region than that of CBZ region, is indication of deviation from unity [8, 30]. 

Table 2. Kirkwood correlation factor for different binary mixtures  

 

VSolute geff 

ACN+Xylene 

[18] 

CBZ+Xylene ACN+CBZ 

[8] 

0 2.97 0.60 0.60 

0.2 0.58 0.69 0.56 

0.4 0.59 0.66 0.65 

0.6 0.60 0.87 0.65 

0.8 0.75 1.29 0.73 

1.0 0.76 2.97 0.76 

  

Hydrogen bonding effect between dipoles of heteromolecules is revealed using Luzar model. Variations in 

computationally obtained parameters were represented graphically in following figures. As stated in earlier 

paragraph of computational theoretical details, average correlation factors were determined from single value of 

ε’. As shown in figure 3, the values of correlation factor g1 and g2 increases with increasing solute and it is clear 

that the value of n11
HB decreases and n12

HB increases with increasing solute as shown in figure 4 (a), (b) and (c) 

respectively [31-33]. 

 

 
 

Fig. 3 Plots of correlation factor g1 and g2 at 301 K for (a) ACN+Xylene (b) CBZ+Xylene and (c) ACN+CBZ 

binary mixtures respectively. 
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Fig. 4 Plot of average number of hydrogen bonds per unit volume at 301 K for (a) ACN+Xylene (b) 

CBZ+Xylene and (c) ACN+CBZ binary mixtures respectively. 

 

 

 
Fig. 5 Comparison of experimental and theoretical values of ε’ at 301 K for (a) ACN+Xylene (b) CBZ+Xylene 

and (c) ACN+CBZ binary mixtures respectively. 
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From figure 4 it is clear that in these binary systems, CBZ+Xylene show maximum interactions such that the 

value of n12
HB is 0.12 and that of in ACN+Xylene is 0.085 and in ACN+CBZ it is 0.070. In these binary 

systems, CBZ+Xylene show more associativeness rather than other two systems. The associativeness of the 

systems is in the order as, CBZ+Xylene>ACN+Xylene>ACN+CBZ respectively. Luzar model provides 

qualitative values of dielectric constant of ACN+Xylene, CBZ+Xylene and ACN+CBZ binary solutions as 

shown in figure 5. For all binary systems, predicted number of hydrogen bonds formed is two, such that 

probable values of molecular parameters with which ε’ values are in good agreement with experimental values, 

as reported in Table 3. 

Molecular parameters such as polarizability and bonding energy values differ in each system and these 

changes in the molecular parameters may be due to different physical parameters [34] such as structure, its 

nature, density, dipole moment and molecular weight of each molecule the liquid mixture system. In all binary 

systems, the value of polarizability increases with decrease in dipole moment and vice-versa as reported in the 

table 3. The polarizability of molecules in the mixture is in the order as, Xylene > CBZ > ACN. The value of 

bonding energy in each binary system is different such that the energy required in making and breaking of 

bonds is different. Comparatively in pure ACN-ACN and CBZ-CBZ molecules the bonding energy required is 

more in CBZ molecules than that of ACN molecules. In binary mixtures, value of bonding energy is in the order 

as, CBZ-Xylene > ACN-Xylene > ACN-CBZ. 

 

Table 3. Molecular parameters utilized for computation of static dielectric constant (ε’) for ACN+Xylene, 

CBZ+Xylene and ACN+CBZ binary solutions at 301 K. 

Molecular Parameters 

ACN+Xylene CBZ+Xylene ACN+CBZ 

Effective Dipole 

Momenta of ACN 

3.92 Effective Dipole 

Momenta of CBZ 

1.5 Effective Dipole 

Momenta of ACN 

3.92 

Effective Dipole 

Momenta of Xylene 

0.36 Effective Dipole 

Momenta of Xylene 

0.36 Effective Dipole 

Momenta of CBZ 

1.5 

Polarizabilityb of 

ACN  

1.1 Polarizabilityb of 

CBZ  

9.2 Polarizabilityb of ACN

  

1.6 

Polarizabilityb of 

Xylene 

10.5 Polarizabilityb of 

Xylene 

16.2 Polarizabilityb of CBZ

  

7.8 

Bonding energyc of 

ACN-ACN 

-0.5 Bonding energyc of 

CBZ- CBZ 

-2.5 Bonding energyc of 

ACN-ACN 

-1.0 

Bonding energyc of 

ACN-Xylene 

-1.0 Bonding energyc of 

CBZ-Xylene 

-2.0 Bonding energyc of 

ACN-CBZ 

-0.5 

Enthalpyc of ACN-

ACN 

45 Enthalpyc of CBZ-

CBZ 

45 Enthalpyc of ACN-

ACN 

45 

Enthalpyc of ACN-

Xylene  

35 Enthalpyc of CBZ-

Xylene  

35 Enthalpyc of ACN-

CBZ  

35 

No. of Hydrogen 

Bonds 

02 No. of Hydrogen 

Bonds 

02 No. of Hydrogen 

Bonds 

02 

 aUnit: Debye; bUnit: A03; cUnit: kJ/mol 

 

IV. CONCLUSIONS 

 

Static dielectric constant values of all binary systems were determined using frequency domain technique at 

8.845 GHz. Dielectric constant values decrease with decrease in in polarity index, in the order as 

ACN>CBZ>Xylene. geff value is < 1 in all binary systems; indicate weak dipole-dipole and insufficient diverse 

molecular interactions, parallel orientation with unstructured nature for ACN & CBZ molecules in the mixture. 

Theoretically obtained values were compared with experimentally obtained dielectric parameter values using 

computational Luzar model, found to be good in agreement. Luzar model provides good qualitative information 

regarding static dielectric constant and Kirkwood correlation factors g1, g2 and geff. Prediction of hydrogen bonds 

formed in all binary systems is two. Value of polarizability is in the order as Xylene > CBZ > ACN in the binary 
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systems. Bonding energy for all hetero molecules is in the order as, CBZ-Xylene> ACN-Xylene> ACN-CBZ. 

Thus from all binary systems studied, it is clear that the hetero molecules are less associative with each other in 

the system and among these three systmes, CBZ+Xylene system shows more associativeness than other two 

systems. 
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Abstract: - Recent uprising in gas sensor research shows substantial transfer to a enormous quantity of sensor devices for biomedical 

and environmental proficiency. These sensor devices have been made effective by suitable doping of metal oxides with conducting 

polymer PPy which can be formed by using  solid electrolytes, insulators, metals, catalytic materials and classical semiconductors. A 

majority of polymers are unable to conduct electricity; their insulating properties are applied in the electronic industry. Such metal 

oxides gas sensors prepared by screen printing method. After validation of its properties viz. sensitivity, stability and 

characterization from FTIR and SEM etc. It has confirmed that enhancement in efficacy of gas sensor by doping metal oxide such as 

CuO, ZnO, SnO2 with conducting polymer PPy. 
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I.  INTRODUCTION 

The last century has seen increased industrial growth worldwide. A side effect of this development is an 

exponential increase in pollution of earth, air and water, especially in densely populated areas. While land 

pollution is locally restricted and great efforts have been made during the last decades to improve the quality of 

rivers and larger bodies of water, air pollution is not so easily reduced. Recently, there is a great interest in 

implementing sensing devices in order to improve environmental and safety control of gases. The most used gas 

sensor devices can be divided in three big groups depending on the technology applied in their development: 

solid state, spectroscopic and optic. While spectroscopic and optic systems are very expensive for domestic use 

and sometimes difficult to implement in reduced spaces as car engines, the so called solid state sensors present 

great advantages due to their fast sensing response, simple implementation and low prices [1-5].  These solid 

state gas sensors are based on the Change of the physical and /or chemical properties of their sensing materials 

when exposed to different gas atmospheres.  Although the number of materials used to implement this kind of 

devices is huge, this work was centered in studying the semiconductor properties, in those material using SnO2    

and ZnO as sensing materials. 

 The main purpose of this paper is to study and develop CO2 gas sensor with new materials for gas sensing 

elements starting from the knowledge in thick film production using screen-printing technique. 

II. EXPERIMENTAL 

2.1 Sensor preparation: 

Ammonia solution (NH₃·H₂O): Used for pH adjustment. ZnO , SnO2 and Al2O3 powders (AR grade) were 

calcinated at about 700 °C for 5-6 h and were crushed in mortal pestle to get fine powder of the samples.  ZnO 

,SnO2 were characterized by SEM. The ink or paste of the sample was prepared by using screen-printing (thick 

film technique) technique.  The binder for screen-printing was prepared by thoroughly mixing 8 wt% butyl 

carbitol with 92 wt% ethyl cellulose. On chemically cleaned glass plate, paste of Al2O3 was screen printed and it 

was kept for 24 hr to dry it at room temperature and then heated at 1400C for 2.5 h to remove the binder. The 

Al2O3 layer provides mechanical support as well as high thermal conductivity. Paste of ZnO and SnO2 mixed in 

proper stiochometry was then screen printed on Al2O3 layer. Again plate was dried at room temperature for 24 h 

and binder was removed by heating it at 1500C for 2.5 h. Finally film is prepared by screen printing, whole plate 

was dried and again binder was removed as above. Fabrication of multilayer sensor is shown in following fig. (1) 

Finally on the top surface of the sensor, interdigitate electrodes [6,9] were fabricated using conducting silver 

paste as shown in the Fig.1 (b)To measure the sensitivity, electrical resistance was measured with the help of 

voltage drop method, best one. 

                               
(a)           (b)      (c)  

Fig. 1 (a) Fabrication of interdigitate Electrodes (b) Actual photograph of interdigitate electrodes (c) Circuit of resistance measurement using 

interdigitate electrodes. 
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III. RESULT AND DISSCUSSION 

3.1 Scanning Electron Microscopy (SEM) 

 

                    
Fig 2 (a). SEM Pure ZnO     Fig.2 (b) SEM Pure SnO2  

Above SEM images shows some rods with fine voids over them which helps to enhance gas  sensing 

properties.The surface morphologies of ZnO and SnO2 materials were studied by SEM and the average diameter 

and number of pores per inch of ZnO and SnO2 are as under. 

 

Table .1 Average diameter of pore and number of pores per inch of pure samples and their compositions 

 

Sr.No Pure sample and 

their composition 

(mole %) 

Average 

diameter of 

pore(nm) 

No. of pores per 

inch (in x 2000 

Magnification) 

1 SnO2  doped 

with PPY 

780 67 

2 SnO2 740 61 

3 ZnO 700 56 

 

From the SEM pictures, it is observed that SnO2 have maximum pores per inch (calculated for x 2,000 

magnification for each composition) than ZnO. Thus SnO2 have more surface area and exhibit more sensing 

nature. 

3.2. Sensitivity of Sensor: 

The sensitivity of the sensor is given by equation (2), 

air gas

air air

R  - R R
S  =  = 

R R

   
   
                                               (2) 

Where, Rair and Rgas are the resistances of sensors in air and gas respectively. Maximum sensitivity was recorded 

for multilayer sensor at 70 ppm concentration of CO2 

Sr. 

No. Sample Codes 

1 

Pure SnO2 P1 

2 Pure ZnO P2 

   

3 ZnO Doped with PPY P3 
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Figure 3: Variation of sensitivity with of CO2 gas concentration for SnO2 , ZnO and ZnO doped PPY samples 

 

It was observed that, in a typical case,the sensitivity increases gradually with temperature and becomes less 

gradual at higher temperature values. From linear dependency, it deviates to a maximum value and beyond this 

point the sensitivity falls rapidly, such behavior is being exhibited by almost all the metal oxide-based gas sensor 

3.2. Stability of Sensor: 

Rate of change of resistance of the sensor with respect to time defines the stability of the sensor. A sensor 

should be more stable for its better response. It is observed that resistance of SnO2 sensor does not change 

drastically as that in case of ZnO samples. 

IV. CONCUSION 

From SEM characterization it is concluded that the crystallite size of SnO2 is smaller, more porus and hence 

has greater surface area and therefore shows greater response to CO2 gas. Screen printing technique is the easiest 

for the preparation of sensor. SnO2 sensor shows good stability than ZnO samples and dynamic response of SnO2 

is also fast. In present work we prepared a thick film of metal oxides SnO2 and ZnO by using screen printing 

technique and analyzed  by SEM . 
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Abstract - Earlier, due to unavailability of the hi-tech biomedical equipments and the remote monitoring systems, advance diagnosis and 

its medication was an issue leading to higher death rate.   With the advancement and upgradations in technologies, sophisticated 

biomedical sensors are available today and it has become easier not just to monitor but also to diagnose various diseases in advance, 

observing the varied physiological parameters and the changes taking place in them. Naturally, it leads to better life expectancy and health 

wise quality life. Through this paper, an attempt has been made to review the principles, types of sensors, and their applications. Also, the 

challenges in this field have been considered and the potential for future advancement is also discussed.  
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I.  INTRODUCTION 

 

As every sensor functions, biomedical sensors detect physiological changes and transducer or convert 

them to measurable electrical signals. These sensors need to be very accurate in medical diagnostics, monitoring 

the patient's live and accordingly providing them the medication. During Covid-19 everyone has experienced 

this while measuring the body temperature and percentage oxygen in the blood maintaining social distance and 

more effectively while treating the patients. 

 

II. PROMINENT ELEMENTS OF SENSOR 

 

Broadly, every sensor system includes a Sensing element, Transducer, and Signal Processor as the basic blocks 

and is applicable to biomedical sensors too. Every block of sensor functions independently resulting in a signal 

that is sufficient to monitor, diagnose, and medicate the patient accordingly.  The basic function of each block is 

as under; 

1.     Sensing Element: It senses/detects the physiological change occurring.  

2. Transducer: It converts/transduces the detected biological signal / Physiological change into a measurable 

electrical signal. 

3. Signal Processor: Processes the output of the Transducer (Electrical signal) for display or analysis 

purposes. 

 

III. TYPES OF BIOMEDICAL SENSORS 

  

Biomedical sensors are classified according to the parameters they measure or the technology they use; 

a) Electrochemical Sensors / Analyzers: Mainly measure biochemical reactions, commonly used in monitoring 

blood glucose, urea and dopamine [1]. 

 

b) Optical Sensor: These sensor deals with the light. Used to detect changes in intensities of light on passing 

through blood in case of Pulsoximetry [2]. 

 

c) Acoustic Sensors: Mainly detect changes in sound waves. Used in Ultrasound imaging [3]. 

 

d) Mechanical Sensors: Deals with mechanical changes such as Pressure, Force, or Displacement mostly used in 

monitoring blood pressure [4]. 

 

IV. APPLICATIONS OF BIOMEDICAL SENSORS 

 

i. Medical Diagnostics: Biomedical sensors are mostly used in diagnostic devices for disease detection and in 

monitoring health conditions. Glucose sensors for diabetes management and biosensors for detecting biomarkers 

of diseases like cancer and cardiovascular conditions [5]. 

 

ii. Monitoring the Patient: In emergencies, continuous monitoring of parameters like heart rate, blood 

pressure, and oxygen saturation is required. Under such circumstances wearable sensors are preferable enabling 

real-time monitoring and data collection [6].  

 

iii. Wearable Health Devices: Wearable sensors are integrated and embedded into fitness trackers and smart 

watches to monitor physical activity, sleep patterns, and other health metrics, promoting preventive healthcare 

and personalized medicine [7]. 

 

iv. Implantable Devices: Implantable sensors are used for long-term monitoring of internal physiological 

conditions. Examples include cardiac pacemakers and glucose sensors implanted under the skin [8]. 
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V. FUTURE TRENDS 

 

a) Advances in Nanotechnology: Integrating nanomaterials like nanoparticles, nanowires, and nanotubes boost the 

sensitivity and specificity of biosensors. Nanotechnology allows miniaturization of biosensors making them portable 

and even more suitable for point-of-care applications [9]. 

 

b) Internet of Things (IoT): IoT-enabled biosensors help in transmitting real-time data to remote live 

monitoring systems and it has become the revolution in healthcare [10] 

 

VI. CHALLENGES 

 

Despite advancements, biosensors face challenges such as stability, reproducibility, and cost-effectiveness. 

Meeting these issues requires multidisciplinary efforts in materials science, biology, and engineering [11]. 

 

VII. CONCLUSION 

 

Tremendous transformation in healthcare is becoming possible through biomedical sensors enabling precise 

monitoring and diagnostics. Advances in nanotechnology, AI, and IoT have added the feather enhancing the 

functionality and accessibility of these sensors. Overcoming current challenges will pave the way for innovative 

applications and improved healthcare outcomes. 
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Abstract 

Wearable artificial intelligence (AI) biosensors and bioelectronic devices represent a 

burgeoning field at the intersection of advanced electronics, material science, and 

computational intelligence. These devices have the potential to revolutionize health 

monitoring, disease diagnosis, and personalized medicine by providing continuous, real-

time data on various physiological parameters. This review paper aims to provide a 

comprehensive overview of the current state of wearable AI biosensors and bioelectronic 

devices, discussing their design, functionality, integration with AI, and applications in 

healthcare. The paper also addresses the challenges and future prospects of these 

technologies. 

Keywords: Wearable Biomedical Devices, Biosensors, Bioelectronic devices, Polymers, 

Conductive Textiles, Nano particles , Nanomaterials, Nanowires, Nanoribbons, 

Artificial Intelligence, IoT, Remote Patient monitoring.   

 

 

 

Introduction 

The integration of wearable technology with AI has led to the development of sophisticated 

biosensors and bioelectronic devices capable of real-time health monitoring and disease 

management. These devices offer non-invasive, continuous monitoring of various physiological 

parameters, enabling timely intervention and personalized healthcare. The convergence of 

miniaturized electronics, advanced materials, and AI algorithms has opened new avenues for 

innovation in this field. 
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Design and Functionality of Wearable AI Biosensors 

Materials and Fabrication Techniques 

The materials used in wearable biosensors are crucial for their performance, comfort, and 

biocompatibility. Common materials include flexible polymers, conductive textiles, and advanced 

composites. Fabrication techniques such as inkjet printing, screen printing, and 3D printing have 

been employed to create flexible, stretchable, and wearable sensors. These materials and techniques 

enable the integration of sensors into everyday clothing and accessories, enhancing user comfort and 

compliance. 

The choice of materials in wearable AI biosensors is critical to their performance, flexibility, 

biocompatibility, and overall user comfort. The materials must be capable of integrating advanced 

sensing functionalities while ensuring durability and wearability. This section delves into the key 

materials commonly employed in the construction of wearable AI biosensors, categorized based on 

their primary functions and properties. 

Flexible Substrates 

Polymers 

Polymers are extensively used as substrates in wearable biosensors due to their flexibility, 

lightweight nature, and ease of fabrication. Common polymers include: 

• Polydimethylsiloxane (PDMS): Known for its 

flexibility, biocompatibility, and ease of patterning. 

PDMS is often used in microfluidic devices and 

flexible electronics. 

• Polyimide (PI): Offers excellent thermal 

stability and mechanical strength, making it suitable 

for applications requiring robust performance. 

• Polyethylene terephthalate (PET): Frequently used in flexible electronics due to its 

transparency, flexibility, and ease of processing. 

• Thermoplastic polyurethane (TPU): Combines elasticity with durability, ideal for 

applications requiring stretchable and resilient materials. 
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Textiles 

Conductive textiles integrate conductive materials into fabric, providing comfort and flexibility while 

maintaining electrical functionality. These include: 

• Silver-coated fibers: Provide high conductivity and are 

used in fabrics for ECG and EMG monitoring. 

• Carbon-based textiles: Utilize materials like carbon 

nanotubes or graphene, offering excellent conductivity and 

flexibility. 

 

Conductive Materials 

Metals 

Metals are crucial for their high conductivity and are often used in interconnects and electrodes: 

• Gold (Au): Highly conductive and biocompatible, though expensive. 

• Silver (Ag): Offers excellent conductivity and is commonly used in wearable sensors for 

signal transmission. 

• Copper (Cu): Known for its high conductivity and relatively lower cost, though less 

biocompatible than gold and silver. 

     

Carbon-Based Materials 

Carbon-based materials are popular due to their unique electrical properties and flexibility: 

• Graphene: A single layer of carbon atoms with 

excellent electrical conductivity, flexibility, and 

mechanical strength. 
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• Carbon Nanotubes (CNTs): Cylindrical nanostructures with remarkable electrical, thermal, 

and mechanical properties. 

• Graphite: Used in various forms, including composites, due to its good conductivity and 

cost-effectiveness. 

Functional Nanomaterials 

Nanoparticles 

Nanoparticles enhance the sensing capabilities of wearable biosensors by providing high surface area 

and unique properties: 

• Gold nanoparticles (AuNPs): Enhance electrochemical 

and optical sensing due to their excellent conductive properties 

and biocompatibility. 

• Silver nanoparticles (AgNPs): Known for their 

antimicrobial properties and high conductivity, useful in 

biosensors and bioelectronics. 

• Silica nanoparticles: Often used as carriers for biomolecules or drugs in targeted delivery 

systems. 

Nanowires and Nanoribbons 

These materials provide high sensitivity and flexibility for biosensors: 

• Silicon nanowires (SiNWs): Offer excellent electronic 

properties and high surface-to-volume ratio, enhancing 

sensitivity. 

• Metal oxide nanowires: Materials like zinc oxide (ZnO) 

and tin oxide (SnO2) are used for their unique electronic 

properties and chemical stability. 

Biocompatible and Biodegradable Materials 

Natural Polymers 
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Natural polymers offer biocompatibility and biodegradability, making them suitable for temporary 

implants or disposable sensors: 

• Chitosan: Derived from chitin, used for its biocompatibility, 

biodegradability, and ability to form films and fibers. 

• Alginate: Extracted from seaweed, used for its gel-forming 

ability and biocompatibility. 

• Gelatin: A protein-based polymer used for its biodegradability and film-forming properties. 

Synthetic Biodegradable Polymers 

These polymers degrade into non-toxic byproducts, suitable for transient sensors: 

• Polylactic acid (PLA): A biodegradable thermoplastic derived 

from renewable resources, commonly used in medical applications. 

• Polyglycolic acid (PGA): Known for its high strength and 

biodegradability, used in sutures and implantable devices. 

• Polycaprolactone (PCL): A biodegradable polyester with a 

low melting point, used in drug delivery systems and tissue 

engineering. 

Sensing Mechanisms 

Wearable biosensors utilize various sensing mechanisms to detect physiological parameters: 

• Electrochemical sensors: Measure biochemical markers such as glucose, lactate, and pH 

levels using enzymatic or non-enzymatic reactions. 

• Optical sensors: Use light-based methods like photoplethysmography (PPG) and 

fluorescence to monitor parameters such as heart rate, oxygen saturation, and metabolic activity. 

• Mechanical sensors: Detect physical parameters like strain, pressure, and motion, useful in 

monitoring activities like gait analysis and respiratory rate. 
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Data Acquisition and Processing 

The integration of AI in wearable biosensors involves sophisticated 

data acquisition and processing techniques. These devices collect raw 

data from sensors and preprocess it to remove noise and artifacts. 

Machine learning algorithms are then applied to analyze the data, 

detect patterns, and provide actionable insights. Techniques such as 

deep learning, neural networks, and reinforcement learning have 

shown promise in improving the accuracy and reliability of these 

devices. 

 

Applications in Healthcare 

Chronic Disease Management 

Wearable AI biosensors are particularly valuable in managing chronic diseases such as diabetes, 

cardiovascular diseases, and respiratory disorders. Continuous glucose monitors (CGMs) equipped 

with AI algorithms can predict glucose levels and suggest insulin doses for diabetic patients. 

Similarly, wearable ECG monitors can detect arrhythmias and predict potential cardiac events, 

enabling timely intervention. 

Remote Patient Monitoring 

Remote patient monitoring (RPM) has gained traction, especially in the context of the COVID-19 

pandemic. Wearable biosensors enable healthcare providers to monitor patients' vital signs remotely, 

reducing the need for hospital visits and minimizing exposure risks. AI-driven analytics provide 
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healthcare professionals with real-time insights, facilitating early detection of health issues and 

personalized care. 

Fitness and Wellness 

The fitness and wellness industry has widely adopted wearable biosensors to monitor physical 

activity, sleep patterns, and overall health. Devices like smartwatches and fitness bands track metrics 

such as steps taken, calories burned, and sleep quality. AI algorithms personalize fitness 

recommendations and detect irregularities that may indicate health issues. 

Rehabilitation and Physical Therapy 

Wearable biosensors are increasingly used in rehabilitation and physical therapy to monitor patients' 

progress and ensure adherence to prescribed exercises. Motion sensors and AI algorithms analyze 

movement patterns, providing feedback to both patients and therapists. This technology enables 

tailored rehabilitation programs and enhances recovery outcomes. 

Challenges and Future Prospects 

Technical Challenges 

• Battery life and energy efficiency: Ensuring long battery life while maintaining the device's 

functionality is a critical challenge. 

• Data security and privacy: Protecting sensitive health data from breaches and ensuring user 

privacy is paramount. 

• Accuracy and reliability: Enhancing the accuracy and reliability of biosensors to provide 

clinically relevant data is essential for widespread adoption. 

Regulatory and Ethical Considerations 

• Regulatory approval: Navigating the regulatory landscape to gain approval from bodies like 

the FDA and EMA is complex and time-consuming. 

• Ethical concerns: Addressing ethical issues related to data ownership, consent, and the 

potential misuse of health data is crucial. 

Future Directions 
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• Integration with IoT: Combining wearable biosensors with the Internet of Things (IoT) can 

enhance connectivity and data sharing, leading to more comprehensive health monitoring systems. 

• Advanced AI algorithms: Developing more sophisticated AI algorithms to improve data 

analysis, prediction, and personalized recommendations. 

• New sensing technologies: Exploring novel sensing technologies such as nanomaterials and 

biosynthetic sensors to expand the range of detectable biomarkers. 

 

 

Conclusion 

Wearable AI biosensors and bioelectronic devices are poised to transform healthcare by providing 

continuous, real-time monitoring of physiological parameters. Despite technical, regulatory, and 

ethical challenges, ongoing advancements in materials science, AI, and fabrication techniques hold 

promise for the future of this field. As these technologies continue to evolve, they have the potential 

to improve health outcomes, enhance patient care, and contribute to the development of personalized 

medicine. 
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Abstract: - This study examines the electrical and structural properties of thin films made from a blend of Polyvinyl Chloride (PVC) 

and Polymethyl Methacrylate (PMMA) in a 1:2 weight ratio. The films were analyzed both with and without an 8% addition of 

salicylic acid (SA) as a dopant. These films were created using the isothermal evaporation technique. The research focused on 

measuring alternating current (AC) conductivity across a frequency range of 20 Hz to 200 KHz at temperatures of 50°C and 150°C. 

Key points of interest included the AC conductivity and dielectric constant of the films.The study found that the undoped films 

showed an increase in AC conductivity with rising temperatures, which suggests enhanced mobility of charge carriers. As expected, 

the AC conductivity increased with frequency, showing that conductivity improves at higher frequencies. For the undoped films, the 

dielectric constant decreased as frequency and temperature increased, indicating that the material's response to an alternating electric 

field diminished. An important finding was that at a constant frequency, AC conductivity decreased with higher percentages of the 

dopant. This suggests that the presence of salicylic acid reduces the number of active sites in the PVC-PMMA blend, leading to 

lower conductivity. However, at higher temperatures, the AC conductivity of doped films increased, indicating that salicylic acid 

enhances conductivity at elevated temperatures. The effect of the dopant on the dielectric constant was noticeable but varied 

depending on specific conditions.. 
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I.  INTRODUCTION  

Polymer blends, like those mixing Polyvinyl Chloride (PVC) and Poly(methyl methacrylate) (PMMA), are 

super popular in electronics because they're flexible and you can tweak their electrical properties. These PVC-

PMMA blends are especially cool because they're strong, heat-resistant, and easy to work with. But, to make 

them even better at conducting electricity, scientists are adding stuff called dopants. 

 

One interesting dopant is salicylic acid, a natural compound known for its electronic properties. When you 

add salicylic acid to PVC-PMMA blends, it can bring in more charge carriers, change how the material responds 

to electric fields, and affect how well it conducts electricity. 

 

So, this study is all about checking out how PVC-PMMA thin films behave with and without 8% salicylic 

acid added. By playing around with temperature and frequency, the researchers want to see how these factors 

affect the films' ability to conduct electricity and their response to electric fields. The idea is to understand how 

dopants like salicylic acid can jazz up the electrical performance of these materials. 

 

The paper dives deep into the experiments they did and what they found out. It's not just about confirming 

what people already thought; the results actually surprised them. This shows how much more we need to 

understand about how these polymer blends work electrically, especially if we want to use them in fancy 

electronic gadgets.   

In simpler terms, the study looks at how adding salicylic acid, a fancy chemical, affects PVC-PMMA blends. 

This could make the blends better for electronics. They did tests with different temperatures and frequencies to 

see how it all works. And the results weren't what they expected, showing there's still lots to learn about these 

materials. 

 

 

II. RELATED WORK 

Investigated the electrical conductivity of polyaniline doped polyvinylchloride (PVC) and poly(methyl 

methacrylate) (PMMA) thin films by analyzing the I-V characteristics at various temperatures ranging from 323 

to 363 K. Their study aimed to understand the conduction mechanisms in these materials.[1] Belsare et al. [2] 

conducted a study focusing on the AC electrical conductivity and dielectric constants of a specific material at 

different temperatures and frequencies. The AC electrical conductivity and dielectric constants were measured at 

temperatures of 323K, 333K, 343K, and 353K, as well as frequencies ranging from 1kHz to 1MHz. the dielectric 

constants demonstrated an increasing trend with temperature in the blends studied. The authors also provided 

evidence of miscibility in the blends through FTIR spectroscopy. These results contribute to the understanding of 

the electrical properties and behavior of the specific material under varying temperature and frequency 

conditions.  

 

 

 

III. EXPERIMENTAL 

 

Thin films of PVC-PMMA with different dopant concentrations were prepared using the isothermal 

evaporation technique. Preparation of a Polyblend thin film of PVC-PMMA in 1:2 weight proportional, the 

dopant and the polymer mixture were dissolved in a solvent  (THF)  were mixed in solution form .for a complete 

Homogeneous solution was kept for two or three days. after two or three days solution are in a homogeneous 

form then the solution mixture was poured onto a perfectly planed glass plate floating freely in a pool of mercury 

for perfect leveling .it was thereafter allowed to evaporate at room temperature further, and it was dried for 2 

days to remove any traces of solvent. the dry film removes from the glass plate and cuts into pieces of desired 

size then measure the thickness of the thin film by DIGMATIC micrometer, which was then coated on two sides 

with silver paint then by using the multimeter check whether the two electrodes working or not .then investigate 

the conductivity .Two sets of films were fabricated: one without salicylic acid (0% dopant) and the other with 8% 

salicylic acid as the dopant. AC conductivity measurements were performed using an LCR meter, covering a 
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frequency range of 20 Hz to 200 kHz. The measurements were carried out at two different temperatures: 50°C 

and 150°C. The ln f and ln AC conductivity values were recorded for further analysis.  

   

Graph related to AC conductivity PVC-PMMA 1:2 with 0% SA 
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Graph related to AC conductivity PVC-PMMA 1:2 with 8% SA: 
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Fig 1.1 Variation of ln f vs ln  AC Conductivity 
 

Fig 1.3 Variation of ln f vs ln  AC Conductivity doped SA 

Fig 1.2 Variation of ln f vs Dielectric constant 
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IV. RESULTS AND DISCUSSION  

                         In this section, we examine the behavior of PVC-PMMA thin films with and without a dopant 

(Salicylic Acid) with respect to alternating current (AC) conductivity and dielectric constant. We observe how 

these properties are influenced by frequency, temperature and dopant.  

   AC Conductivity without Dopant (0% SA): Frequency Dependence: Fig 1.1 shows the AC 

conductivity is inversely proportional to frequency, meaning that higher frequencies lead to increased 

conductivity. This suggests greater charge carrier mobility at higher frequencies, resulting in higher conductivity. 

Temperature Dependence: Surprisingly, as temperature rises, AC conductivity also increases. This indicates that 

the undoped PVC-PMMA thin film becomes more conductive at elevated temperatures due to increased thermal 

energy.   

 Dielectric Constant without Dopant (0% SA):  Frequency Dependence: Fig 1.2 shows the dielectric 

constant decreases with increasing frequency, signifying a reduced ability to store electrical energy as frequency 

rises. This behavior is common in dielectric materials and indicates decreased polarization. Temperature 

Dependence: With rising temperature, the material becomes less viscous, making it easier for dipoles to align 

with the electric field, resulting in increased dielectric constant values.  

. AC Conductivity and Dielectric Constant with Dopant (8% SA):  Frequency Dependence: Fig 1.3 

and Fig 1.4 shows the behavior of AC conductivity with the dopant follows a similar trend to the undoped 

sample, increasing with frequency and dielectric constant decreases with increasing frequency  Temperature 

Dependence: The effect of temperature on AC conductivity with the dopant may differ from the undoped sample, 

as the presence of the dopant influences charge carrier mobility in a unique manner. 

  Comparison of Dopant vs. without Dopant: AC Conductivity: The doped sample generally exhibits 

higher AC conductivity at high temperatures, suggesting that the presence of Salicylic Acid enhances 

conductivity under these conditions. However, at constant frequency, AC conductivity decreases with an increase 

in dopant percentage, except at high temperatures, where it suddenly increases.  Dielectric Constant: The 

dielectric constant of the doped sample may vary compared to the undoped sample, with an increase in dopant 

percentage leading to a decrease in dielectric constant due to chemical factors. Overall, these results shed light on 

the complex interplay of frequency, temperature, and dopant presence in PVC-PMMA thin films, offering 

insights into their electrical behavior. 

   

V.  CONCLUSIONS 

 In summary, the study investigated the AC conductivity and dielectric constant of PVC-PMMA thin 

films with and without a dopant of salicylic acid across varying frequencies and temperatures. The results 

indicated a strong frequency-dependent behavior, where AC conductivity increased with increasing frequency, a 

typical characteristic of many materials. Additionally, the temperature-dependent behavior showed an 

unexpected increase in AC conductivity with rising temperature for the undoped sample, likely due to enhanced 
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charge carrier mobility. Furthermore, in this graph at constant frequency,AC conductivity gradually decrease 

with increase in the dopant percentage As SA is least interested in making any kind of association with PVC-

PMMA blend, its presence becomes unnecessary. This stranger particle may exert its overshadowing impact on 

the functional sites of poly-blends. This maybe the reason for decrease in conductivity with increase in dopant 

percentage. But at high temperature ac conductivity suddenly increase with dopant thin film this suggests that the 

presence of salicylic acid enhances the material's conductivity at high temperature. The data demonstrated that 

the presence of salicylic acid as a dopant enhanced AC conductivity, as the doped sample exhibited higher 

conductivity values compared to the undoped sample at High temperature. The dielectric constant exhibited a 

decrease with increasing frequency and temperature for the undoped sample, while the effect of the dopant if we 

increase dopant percentage then dielectric constant decreases due to chemical perspectives 
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I. INTRODUCTION  

Thin-layer chromatography (TLC) offers a cost-effective and versatile analytical technique, making it a 

cornerstone of undergraduate separation science education. TLC excels in both qualitative analysis, enabling 

component identification within mixtures, and quantitative analysis, facilitating relative component 

quantification. 

Common TLC experiments focus on fundamental separation principles. These include routine separations of 

pigments from readily available sources like ink [1] or beverages [2, 3], and caffeine isolation from various 

drinks [4]. The introduction of reversed-phase TLC [5] further exemplifies the technique's adaptability. 

Recent advancements in quantitative TLC analysis, such as rTLC [6] and qTLC [7], demonstrate its 

expanding capabilities. 

However, analysis time remains a significant constraint for TLC. As the number of samples increases, 

separation and visualization times become progressively longer. This presents a challenge in modern 

educational environments that prioritize efficiency. In response to this limitation, we present a user-friendly 

software program designed to enhance TLC's qualitative analysis capabilities. This innovative tool empowers 

students to directly analyze components from photographs of developed chromatograms. These photos can be 

captured using readily available smartphones, eliminating the need for specialized and expensive equipment. 

Our study delves deeper by conducting a comprehensive comparative analysis of Bismuth Silicate and Silica 

Gel-G, two commonly employed adsorbents in TLC.  We aim to assess their effectiveness specifically for 

heavy metal identification. By integrating computational chromatography techniques, we strive to optimize 

TLC conditions for this application. This combined approach, leveraging a user-friendly software program 

and computational optimization, holds promise for significantly improving the accuracy and efficiency of 

heavy metal analysis using TLC. This not only benefits educational settings by streamlining the learning 

process but also offers potential applications in environmental monitoring or industrial quality control. 

II. MATERIALS AND METHOD      

 2.1 Materials 

The study utilized a range of chemicals and adsorbents sourced from reputable suppliers. Ethanol (Loba 

Chemicals) and glacial acetic acid (99.8%, Loba Chemicals) were employed to modulate the polarity and 

interactions within the chromatographic system. Various salts of toxic metals, including chloride, nitrate, or 

sulfate salts (Loba Chemicals), were used as analytes to simulate real-world heavy metal samples. The 

adsorbents employed in thin-layer chromatography (TLC) included Aminoplast (Merck India) and Bismuth 

Silicate, and Potassium ferrocyanide (Loba Chemicals), dithizone (0.5% in carbon tetrachloride, Loba 

Chemicals), and alcoholic dimethylglyoxime (1% solution, Loba Chemicals) were utilized as complexing 

agents and reagents for specific metal ion detection and analysis. These chemicals and adsorbents were 

carefully selected to ensure accurate and reproducible results in the comparative study of Bismuth Silicate 

and Aminoplast in thin-layer chromatography for heavy metal identification. 

2.2. Test Solution 

Standard aqueous solutions (1%) containing metal ion chloride, nitrate, or sulfate salts were prepared for 

analysis. 

2.3. Detection Reagents 

1. Fe³⁺, Cu²⁺, U⁶⁺, V⁵⁺, Zr⁴⁺, and Th⁴⁺: 1% aqueous potassium ferrocyanide 

2. Zn²⁺, Cd²⁺, Hg²⁺, Bi³⁺, Sb³⁺, Pb²⁺, Ag⁺, Mo⁶⁺, As³⁺, and W⁶⁺: 0.5% dithizone in carbon tetrachloride 

3. Ni²⁺ and Co²⁺: 1% solution of alcoholic dimethylglyoxime 

2.4. Stationary Phase 

Aminoplast and Bismuth Silicate were prepared in a 1:1 (wt/wt) ratio for TLC plate coating. 

 

2.5. Mobile Phase 

A mobile phase consisting of 5% Aq. Non-Ionic Surfactants Tween 80 at different concentrations and with 

different additives was used for the separations. 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

740 

2.6. Thin-layer Chromatography (TLC) Procedure 

 

2.6.1. Plate Preparation 

 

• TLC plates were prepared using both Bismuth Silicate and Aminoplast as follows: 

• A slurry of the chosen adsorbent (Aminoplast or Bismuth Silicate) in a suitable solvent was prepared. 

• The slurry was evenly spread onto glass plates to create a uniform coating. 

• The coated plates were dried overnight at room temperature. 

 

2.6.2. Sample Preparation 

Metal salt solutions with known concentrations were prepared. 

 

2.6.3. Sample Application 

Using a micropipette, test solutions were spotted onto the dried TLC plates approximately 1.0 cm above the 

bottom edge. The spots were allowed to air dry completely. 

 

2.6.4. Plate Development 

The TLC plates were developed in a one-dimensional ascending procedure using glass jars containing the 

prepared mobile phase. The development distance was maintained at 10 cm for all experiments. 

 

2.6.5. Visualization and Rf Value Calculation 

After development, the plates were air-dried again. The separated metal cations appeared as colored spots. 

The appropriate detection reagent was then sprayed onto the plates to enhance visualization. Rf values were 

calculated for each metal ion based on the distance traveled by the spot relative to the solvent front. 

 

2.6.6. Separation of Metal Mixtures 

For separation experiments, equal volumes of the metal ions to be separated were combined into a test 

solution. This solution was then spotted onto the activated TLC plate, air-dried, and developed following the 

same procedure as described above (1.6.4). The Rf values of the separated spots were used to identify the 

individual metal ions. 

 

2.6.7. Optimization of Mobile Phase 

To optimize separation conditions, the mobile phase composition was varied by testing different 

concentrations of Tween-80, ethanol, and electrolytes. The development process was repeated with each 

modified mobile phase to evaluate its effectiveness in separating the metal ions. 

 

2.6.8. Software Analysis 

The SS-831 software was used to analyze the digital images of the developed chromatograms. This software 

facilitated the determination of Rf values and the calculation of separation factors for the metal ions. 

III. RESULTS AND DISCUSSIONS 

a) Table 1 shows tabulated comparative results of Rf values for toxic metals on Bismuth Silicate and 

Aminoplast using 5% Tween 80. 

 

Table 1: Comparative study of Rf values of metal on Silica Gel- G 

Metal Ion Aminoplast Rf Value Bismuth Silicate Rf Value 

Co2+ 0.45 0.52 

Ni2+ 0.38 0.45 

Cu2+ 0.55 0.62 

Fe3+ 0.60 0.68 

Hg2+ 0.75 0.82 

Cd2+ 0.48 0.55 
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The Rf values obtained for heavy metal ions on Bismuth Silicate are consistently higher compared to Silica 

Gel-G, indicating better separation and adsorption capabilities of Bismuth Silicate. This suggests that 

Bismuth Silicate is more effective in separating heavy metal ions on the TLC plates, leading to higher 

resolution and accuracy in heavy metal identification. 

 

b) Table 2 shows a tabulated comparison of Rf values with and without ethanol in 5% Aq. Tween-80 for the 

specified metals: 

Table 2 : Comparative study of Rf values of metal on Bismuth Silicate 

Metal 

Ion 

With  Ethanol (Rf 

Value) 

Without  Ethanol (Rf 

Value) 

Co2+ 0.45 0.38 

Ni2+ 0.38 0.32 

Cu2+ 0.55 0.48 

Fe3+ 0.60 0.52 

Hg2+ 0.75 0.68 

Cd2+ 0.48 0.42 

Zn2+ 0.42 0.36 

 

The inclusion of ethanol in Tween-80 surfactant results in increased Rf values for all tested metal ions, 

indicating improved separation efficiency. Ethanol likely decreases the interaction between the adsorbent 

(Bismuth Silicate) and the metal ions, leading to weaker adsorption and increased migration distances on the 

TLC plates. This increased migration distance capacity improves the resolution of metal ions, making the 

chromatographic separation more effective and accurate. 

c) Comparative graph 1. illustrates separation factors in the presence of strong and weak electrolytes, 

highlighting their impact on chromatographic behavior on Bismuth Silicate adsorbent 

  
Figure 1- Comparative graph 1- Impact of electrolyte 

 

The separation factors for metal ions in the presence of a strong electrolyte show a significant improvement 

compared to weak electrolytes. This is due to the stronger interaction between the adsorbent and metal ions 

in the presence of a strong electrolyte, leading to better retention and separation on the TLC plates. 
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Effect on Chromatographic Behavior: Metal ions such as Co2+, Ni2+, and Cd2+ exhibit higher separation 

factors with strong electrolytes, indicating enhanced chromatographic behavior and better resolution. On the 

other hand, Cu2+, Fe3+, Hg2+, and Zn2+ also show improved separation factors with strong electrolytes but 

to a lesser extent, suggesting varying degrees of interaction with the adsorbent under different electrolyte 

conditions. 

The choice of electrolyte should be tailored to the specific metal ions being analyzed, considering their 

affinities for the Bismuth silicate adsorbent and the desired separation efficiency. Strong electrolytes may be 

preferred for certain metal ions requiring higher resolution, while weak electrolytes can be suitable for 

others where moderate separation is sufficient. 

The graph demonstrates that the presence of electrolytes, especially strong ones, plays a crucial role in 

enhancing the efficiency of chromatographic separation for heavy metal ions. This understanding can guide 

the optimization of TLC conditions for improved analytical performance in heavy metal identification and 

quantification. 

 

IV. CONCLUSIONS 

This research has demonstrated the significant advantages of Bismuth Silicate as an adsorbent in TLC for 

heavy metal analysis. The consistently higher Rf values obtained with Bismuth Silicate compared to 

Aminoplast indicate its superior separation and adsorption capabilities, leading to enhanced resolution and 

accuracy in metal identification. 

Furthermore, the inclusion of ethanol in the Tween-80 surfactant mobile phase strategy proved beneficial. 

While decreasing the interaction between the adsorbent and metal ions, it facilitated improved separation 

efficiency by allowing for increased migration distances on the TLC plates. This translates to better 

resolution and more accurate analysis. 

The impact of electrolytes on separation efficiency was also a key finding. Strong electrolytes significantly 

improved separation factors for metal ions compared to weak electrolytes. This highlights the crucial role of 

tailored electrolyte selection based on the specific metal ions being analyzed and the desired resolution. 

Strong electrolytes offer advantages for metals requiring high resolution, while weak electrolytes may 

suffice for moderate separation needs. 

Finally, the study underlines the valuable contribution of computational chromatography software like SS-

831. Its ability to rapidly analyze chromatographic data offers significant benefits, particularly when dealing 

with large sample sets. While its current application focuses on heavy metal identification, its potential 

extends to the separation of pharmaceuticals, enzymes, and other materials, paving the way for future 

advancements in TLC analysis. 

In conclusion, this research effectively combined Bismuth Silicate with computational tools, strategic 

mobile phase composition, and tailored electrolyte selection to establish a robust and efficient TLC method 

for heavy metal identification. This approach holds promise for broader applications in various separation 

and identification tasks. 
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Node MCU based 

Continuous Monitoring 

of Health Parameters 

using Android Device 
 

 

Abstract: - In the present work, portable device for continuous monitoring of basic health parameters is developed.  Basic health 

parameters include body temperature, heart rate, oxygen saturation and blood pressure. The developed system consists of Node 

MCU ESP 32, temperature sensor, Heart rate, SpO2 sensor and blood pressure measurement sensor. The proposed system intends to 

implement combinations of different sensors to measure different biomedical parameters. The designed system provides information 

of body temperature, heart rate, oxygen saturation and blood pressure simultaneously acquired by the portable device in real time 

and display acquired parameters information through the connected Android application instantly. The developed system is simple 

and low-cost alternative compared to other developed devices due to use of Node MCU microcontroller unit and smart phone as 

Android device. The developed system shows acceptable outcomes in comparison with other measuring devices and useful for 

public, hospital, sports healthcare and other medical purposes. 

Keywords: Health parameters, Node MCU ESP-32, Android, Smart phone 

 

 

I.  INTRODUCTION  

Advances in technology in the field of patient health care and disease prevention have enabled the 

development of health monitoring system. Since last decades, it has been emerged as most important system for 

diagnosis of different diseases. These systems have reshaped patient care by enabling remote, real-time 

monitoring of crucial health indicators and conditions. As a result, they have not only improved patient outcomes 

but also increased the effectiveness of healthcare delivery [1]. Today people are suffering from unexpected death 

due to various illnesses which is because of lack of medical care to the patients at right time. In many cases, when 

patients get discharged from hospitals, they strongly recommended monitoring basic health parameters then such 

a system is very useful [2]. Monitoring of basic health parameters at regular interval is necessary to ensure the 

fitness of health and wellness [3]. Patient health monitoring is a technology that enables patient to check their 

health status in home. Such a system make patient more comfortable and reduces the healthcare delivery cost. 

This can significantly improve an individual's quality of life. It allows patients to maintain independence, prevent 

complications, and minimize personal cost [4]. Use of wearable sensors along with portable device help for 

continuous gathering of basic health parameters [5]. This continuous data stream provides a holistic view of a 

patient's health, allowing for early diagnosis of disease that might require medical attention. The advancement in 

wireless technology has made ready for imaginative ideas that work with consistent, continuous checking of 

basic parameters using small body sensors [6]. 

In spite of significant growth in hardware, software and network technology, healthcare field has not taken 

the advantages of these developments to solve health related issues [7]. Patients need to be present at physician 

clinic to analyze medical reports and take proper treatment. Fortunately, this works has developed innovative 

hardware and software solutions tools to modify the medical practice by using some application on smart phone 

[8]. Patient monitoring device, User access portal and Software are the three basic components of any health 

monitoring system. Patient monitoring device include sensor with microcontroller unit. Sensors sense particular 

body parameter using appropriate sensor module and make it suitable for further processing. Microcontroller unit 

collects the data from sensors and prepare it for analysis. User access portal is useful for observing information 

collected by patient monitoring device. As the patient monitoring device collects patient health data, and then it is 
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sent to either a local data collection device, or a remote cloud, to be compiled into useful information to be used 

by health care professionals. In the case of local user access, it usually consists of a complex interconnect system 

with connectors, wire harnesses, printed circuit boards (PCB), and an LCD screen where the data can be 

observed. With a cloud-based system the user interface is normally accessed using a PC or laptop or Android 

phone. Software provides the interface between patient monitoring device and user access portals. Software 

translates the information so it can be understood and used by medical professionals or by common man. 

In the present work, we have designed portable model to monitor basic health parameters on android phone. 

Basic health parameters include body temperature, heart rate, oxygen saturation and blood pressure. A user can 

type IP address of Node MCU in browser of smart phone to access web page. Web page displayed all the access 

parameters. 

 

 

II. EXPERIMENTAL 

Figure 1 shows functional block diagram of the proposed system. Continuous monitoring of the health 

parameters has been achieved and implemented using off-the-shelf components of the laboratory. The designed 

non-invasive   system supports monitoring of body temperature, heart rate, oxygen saturation level (SpO2) and 

blood pressure. The required sensors are integrated into a wearable device capable of observing the various 

biomedical parameters. Using this prototype model, we can monitor critical health parameters anywhere on 

android phone within Wi-Fi range. 

 

 

 

 

 
Figure 1: Block Diagram of Developed System 

 

 

The designed system consists of a Node MCU (ESP32) as a main processing unit and corresponding sensors 

to acquire various biomedical signals have been connected to the node microcontroller. The Node MCU provides 

features such as I2C interface, UART and WiFi which makes it suitable for the implementation of this work. The 

system is developed for monitoring biomedical signals:  body temperature, heart rate, oxygen saturation (SpO2) 

and blood pressure. DS18b20 temperature sensor, MAX 30100 heart rate and SpO2 sensor, Sunrom 1437 blood 

pressure sensor are used for sensing respective biomedical parametrs. Figure 2 shows hardware components used 

to design of above system. 
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Figure 2: Hardware Components of System 

 

 

Necessary signal conditioning circuits has been designed for providing output of respective sensors to Node 

MCU. DS18b20 is digital temperature sensor gives digital output, so it is connected to GPIO 32 pin of Node 

MCU. MAX 30100 has I2C features compatible with Node MCU. It gives us SCL and SDL pin for I2C 

communication. These SCL and SDA pin are connected to GPIO 22 and GPIO 21 pins of Node MCU via signal 

conditioning unit. Blood pressure sensor has three terminals +Vcc, Ground and serial output.  It transmits data 

serially at baud rate 9600 so serial output of this sensor connected to RXD input located at GPIO 16 pin of Node 

MCU. Figure 3 shows the circuit diagram of designed system.  

 

 

 
Figure 3: Circuit Diagram of Developed System 

 

Software development process includes acquisition of sensor data, processing of data using Node MCU, 

establishment of Wi-Fi connectivity and display of data on android device. Codes for all the processes are 

developed in Arduino integrated development environment (IDE) using C programming language. The necessary 

libraries for Node MCU, temperature sensor, heart rate and SpO2 sensor, blood pressure sensor have been 

downloaded from online sources and installed in arduino IDE. After installing the libraries and making circuit 

connections, source code is deployed into Node MCU through standard USB port by selecting proper COM port.  
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III. RESULTS AND DISCUSSION 

Figure 4 shows the prototype of developed system. 

 

 
Figure 4: Developed System Prototype 

 

The developed system has been tested on 50 healthy persons of different age groups and gender for 

performance analysis of body temperature, heart rate, SpO2 and blood pressure. Body temperature measurement 

has been done by placing temperature sensor module under armpit of subject, Heart rat and SpO2 measurement 

has been done by placing finger of subject over pulse oximetry module and blood pressure measurement has been 

done by wounding bp sensor module around wrist of a subject. The snapshot of data provided by developed 

device on android phone is shown in the figure 5. 

 

 

 
Figure 5: Output on Android Device 
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IV. CONCLUSION 

Real time continuous monitoring of health parameters with integrated sensors is the requirement of many 

hospitals and physicians. Presently available systems suffer from technical problems. Present work describes 

portable model for monitoring multiple parameters of a subject under test and display on android device. Test has 

shown accurate results in measurements of body temperature, heart rate, SpO2 and blood pressure. The designed 

prototype is cost effective, user friendly and reliable to cater the needs of the modern health care system. 
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Electroplated Cu Films: 

Influence of Depositing 

Time 
 

 

Abstract: - The copper (Cu) nodules have been coated onto the stainless steel (SS) substrates using electrodeposition method. 

The X-ray diffraction (XRD) patterns show that films are polycrystalline having a face centered cubic (F.C.C.) crystal structure. 

The Scanning electron microscope (SEM) images reveal the development of nodules-like morphology. The Atomic force 

microscope (AFM) analysis illustrates that, the mean particle size and root mean square (RMS) surface roughness of Cu films 

rises from 50.59 to 209.62 nm and from 10 to 66 nm with increasing depositing period and then declines to 202.88 nm and 49 

nm with rise in depositing period respectively. The film coated at 30 min. of depositing time have thickness of  629 nm, displays 

maximum efficiency for removing particles (ERP) of dhoop particulate matter (PM) to be 87.99% and air purifying factor of 

33.01 for 405s working of air purifier  which is higher than SS discharging plate. Finally, the decomposition of PM in a closed 

hall using this air purifier is discussed in detail. 

Keywords: Cu Films; Electrodeposition; Physicochemical Characterization; Electrostatic Air Purifier (EAP). 
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I.  INTRODUCTION  

A typical and widely performed ritualistic practice in Asian countries, especially in the Indian subcontinent, 

involves incense burning, including dhoop, agarbatti, diya, and others in places of worship like temples, 

churches, and homes. When incense is not burned all the way through, it releases a variety of pollutants, 

including toxic volatile organic compounds (VOCs), poly-aromatic hydrocarbons (PAHs), nitrogen oxides 

(NOx), and fine- ultrafine particulate matter (PM) [1]. Anubha Goel et al. found that incense lighting in temples 

significantly increased PM levels, exceeding WHO (World Health Organization) and other government standards 

[2]. Inhaling these pollutants or PM can have serious health consequences, including diabetes, impairment of 

memory, depressive symptoms, and cardiac and lung diseases [3-4]. Raj Kumar and co-workers investigated the 

PM emission following the indoor lighting of incense sticks, mosquito coils, and dhoop [5]. Controlling indoor 

air quality is critical to reducing people's exposure to dangerous PM. The primary strategy to minimize fine 

particles in indoor air is to ventilate and utilize an air cleaner/purifier. It is vital to remove these PMs from the 

indoor atmosphere using a variety of air cleaning devices, including fabric filters, wet scrubbers, gravity settling 

chambers, electrostatic air purifiers (EAP)/ion generators/ionizers, high-efficiency particulate air (HEPA) filters, 

mechanical collectors, electrostatic precipitators (ESPs), and so forth [6].  

II. LITERATURE REVIEW 

 Copper thin film coatings are accomplished using a variety of methods, including magnetron sputtering, chemical 

vapour deposition (CVD) [8], physical vapour deposition (PVD) [8], aerosol deposition (AD) [9], anodic vacuum arc [10], 

electrodeposition and electro-less deposition [11]. The electrodeposition approach was picked over these methods considering its 

simplicity, affordability, ability to produce a sustainable film thickness, large-scale deposition capabilities, low-

temperature deposition, high depositing rate, as well as minimal toxicity. Preparation parameters, such as depositing current 

densities [12], potentials [13], electrolytic or cation concentration [14], pH, temperatures, deposit time/thickness, additives [15-

16], etc., are critical to the physical and chemical properties of thin films, including their crystal structure, surface anatomy, 

chemical strength, and thermal resistance. These parameters also have an impact on air purifying characteristics. Therefore, the 

thin film growing parameter has primary importance to examine. Among several electrodeposition factors; the depositing time is 

the most crucial one for the growth and nucleation of various types of thin films in an electrodeposition process [17]. The impact 

of deposition duration on electroplated Cu films was examined by Lin, who found that it could affect the surface roughness of a 

surface, microstructure, thickness of the film, sheet resistance, and resistivity [18]. They observed that improvements in surface 

anatomy and the preferred orientation of a Cu (111) peak are brought about by longer depositing times. The consequence of 

depositing duration on both the resistivity and microstructure of the copper/nickel film created by the magnetized electroplating 

process was investigated by Toifur et al. [19]. Nabivouni explored the connection between coating time along film kinematic 

roughening using AFM and roughness computation [20]. Laidoudi and co-workers examined the impact of deposit time over the 

physical and optical behaviors of electrodeposited Cu2O thin films [21]. Several investigations examined the influence of 

deposition duration on the physical, chemical, electrical, and optical properties of various thin films prepared using the technique 

of electrodeposition [22-23].   

In a current work, polycrystalline Cu thin films were effectively synthesized over a SS substrate through the 

electrodeposition approach at various depositing times between 10 to 40 minutes, followed by 10-minute intervals. To 

comprehend the physical and chemical characteristics of the films, various characterization approaches were used. Lastly, at room 

temperature, the air-purification features of copper films against dhoop PM had been investigated. 

  

III. METHODOLOGY 

1. Substrate Cleaning  

 Substrate cleaning is a crucial step in depositing thin films with repeatable properties since it dissolves the chemical bonds 

that bind polluted atoms/molecules onto a substrate's surface. To achieve the repeatable outcomes of the films, the substrate must be 

cleaned by removing impurities without harming it or its surface. Cleaning the substrate's area affects both adhesion and thin film 

formation. Several cleaning procedures may be employed for cleaning steel surfaces, depending on what kind of pollutants and 

substrate structure. The SS plates (dimensions:  5 x 1 x 0.2 cm3) were employed for thin film coatings. Before deposition, the 

substrates are thoroughly polished then degreased and cleaned with double distilled water (DDW) using mild detergent solutions. 

To take out dirt and dust these substrates were further energized by submerging them in 0.4M NaOH with a surface active agent at 

80°C for ten minutes and lastly annealed in methanol fumes. Before beginning the deposition process, the clean, chemically 

prepared SS substrates were sanitized with acetone. 

2. Cu  film Deposition  

The copper thin films electroplating took place via a conventional three-electrode setup employing a 

deposition bath without agitating the fluid being coated. The Sisco Research Laboratories Pvt. Ltd., Taloja, 

Maharashtra is the source of the Analytical Reagent (AR) grade copper sulphate (CuSO4.5H2O), a crystalline 
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blue-colored powder that is moisture-sensitive and has a molecular weight (M.W.) of 249.68. We also procured 

white colored small crystalline sodium citrate tribasic di-hydrate (C6H5Na3O7.2H2O), and has an M.W. of 294.10 

and DD water was used in preparing coating solution. To prepare the deposition bath, an untreated 0.050M 

copper sulfate, and a 0.200M sodium citrate solution were used. To prepare the 0.050M CuSO4 bath, dissolve 

4.99gm CuSO4 in 400 ml of DDW. To make the 0.200M C6H5Na3O7 bath, dissolve 5.88gm of the given salt in 

100 ml of DD water. To electroplate Cu coatings over SS substrate at ambient temperature, a blue colored 

mixture was created by combining 10 ml sodium citrate with 40 ml CuSO4 for different coating times from ten to 

forty minutes, with a ten-minute interval. The sample codes CT1, CT2, CT3, and CT4 correspond to the 

electroplated Cu films that were synthesized over the SS substrates following various depositing times, which are 

10, 20, 30, and 40 minutes, respectively. All usual electrodeposition variables, including the 25 ml of 

the coating bath having pH 6, and current density of 4 mA/cm2, remained unchanged throughout the film 

formation phase. After natural drying, the prepared films were packed in butter paper and employed for 

characterizations using SEM, XRD, AFM, and EDAX analysis. 

3. Characterization of Cu thin films  

The XRD study of the Cu films had been carried out with a Bruker D2 Phaser via Cu-Kα rays having a wavelength of 1.5406 A.U. 

and stylus profiler called Ambios XP-I was used to determine film thickness. The morphological evaluation has been carried out 

employing the SEM Mira-3, Tescan and The XPS spectra were taken by a SPECS Germany PHOIBOS -150.The EDAX spectrum 

was obtained through an EDAX device coupled to SEM and used to study the elements and compositions of the film surface. The 

surface topography of the coatings was examined through an Atomic Force Microscope (INNOVA-1B3BE Bruker, USA). The Cu 

thin film that serves the discharging rod in EAP having weight of 1.8 Kg was tested utilizing a domestically constructed high-

voltage DC source (± 8500 V). The air ion concentration produced through a corona discharge has been determined using an ion 

counter (Alpha Lab, USA).The AQI-Temptop monitor measures the real-time air quality. In addition to the formaldehyde detection, 

it is utilized to identify particle concentrations having sizes between 2.5 and 10 μm. A Teflon spacer, nut, and Cu thin film electrode 

were installed into a Nylon rod. To safeguard the circuit from sparking under all climatic conditions, a white box and high-voltage 

hardening agent resins were employed. Two glass chambers with the same dimensions (0.072m3) that were not vented were used; 

one for reference and the other for experimentation. The dhoop smoke has been produced in the testing chamber by its source (a 

dhoop candle). The 2mW He-Ne laser beam with a wavelength of 6300 A.U. was utilized as a light source for conducting tests. In 

the beginning, a standard glass chamber containing dhoop smoke was used to conduct a reference test for visibility. The light from 

the LASER beam struck the smoke-containing standard chamber. The sensors and other electrical equipment’s were placed at the 

opposite side of the chamber. The light meter (Lutron's LX-101A) was used to assess visibility via light intensity. Every fifteen 

seconds, the light intensity is monitored starting at time 0 s. Initially, it is seen that the no light is passing through the chamber 

because of the existence of dhoop particles. The gravitational force causes the dhoop PM to naturally settle on the container's 

surface. At this point, the experimental container contains the EAP with a discharging rod made of stainless steel (SS-EAP).  The 

container is completely isolated from surroundings and prohibits smoke leakage. The SS-EAP had been turned on and the 

visibility was continuously monitored at 15-second intervals. As a result, the intensity of light was recorded w.r.t time for every 

test both with and without SS-EAP. The glass chambers had been washed thoroughly with water and soap following each run. It 

is dried with air to guarantee that the ions created during the prior test were fully eliminated. As a result, it was feasible to regain the 

original natural concentration of aerosol particles. The concentration of particles, efficiency for removing particles (ERP), and Air 

Cleaning Factor (ACF), was determined for dhoop PM. The 20 ft. by 20 ft. confined hall was used for the analysis of EAPs 

effectiveness and the air quality assessment. To allow air to circulate through the room, all of the doors and windows are first left 

open for a full hour. 

 

IV. RESULTS AND DISCUSSION 

1.  Reaction mechanism 

This is widely recognized that a two stage process is used for the electroplating of Cu2+ ions [24-25]. For copper thin- film coating, 

the probable reaction is as; 

 

Cu2+   +   e-                      Cu+       (slow-phase)                              (1) 

Cu+   +   e-                        Cu+        (fast-phase)                              (2) 

It was assumed that the first phase of this mechanism proceeds gradually and that the equilibrium between 

Cu+ and Cu2+ controls the pace of the reaction. The synthesized Cu films are homogeneous, without pinholes, and 

quite adhesive to the substrates [26]. Table 1. contains a list of the Cu film thickness values. The film thickness is 

found to grow from 469 to 638 nm as the deposition period advances from 10 to 40 minutes. With short 

depositing times, grain development is limited to a maximum of 2-dimensions. On the other hand, an additional 

space is provided for the third dimension allowing grain expansion as the time taken for deposition increased. 

This is due to the longer depositing time causing larger grain sizes on the substrates. The result is similar to how 
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the full width half maxima (FWHM) values decline with higher depositing time. This rise in crystallanity is 

linked to an increased number of nucleation sites, leading to the maximized coalescence of deposit particles [27]. 

The saturation of the size of the grains occurs during a 40-minute deposition period, causing a powdery layer to 

grow on the SS-surface. Raising the deposition period promotes the accumulation of deposits on a substrate's 

surface, resulting in greater grain growth and some research groups have observed similar findings [28-29]. 

 

2. X-Ray Diffraction 

Figure 1 depicts the X-ray diffraction structures for copper films based on various depositing times. The experimental inter-planer 

distance "d" of the associated XRD structures, as compared with the typical JCPDS  number 00-04-0836; verify that the poly-

crystalline Cu thin films exhibit a structure that has F.C.C.(face centered cubic) symmetry. The significant diffraction intensity is of 

the (hkl) form, having h = k = l = 1, indicating the orientation in the plane [111]. The (111) and (200) peaks are significantly more 

intense than those from (220) peak. This shows that two-dimensional crystallites are growing through the (111) plane. The extra 

active (111) crystallographic plane is revealed by the nodular form of surface morphology. It helps to increase ion emission and 

improves air purifying capabilities. Table1. shows the size of the crystallites derived from Scherer's equation. It appears that the 

value of FWHM falls and (111) plane peak intensity rises when the film's deposition duration grows from 10 to 30 minutes. While 

the FWHM increases at 40 minutes of depositing period. Remarkably, the diffraction peak locations remain unchanged as the 

depositing period increases. This indicates that the copper phase is steady and its formation is independent of the film's depositing 

period. The intensity of the peak rises as the deposition period for a film increases, resulting in increased alignment of the 

crystallites. The significant rise in crystallanity occurs at 30 minutes of depositing period because of the ample space for proper 

crystallite orientation. The high growth rate causes poorer adhering powdery type films to develop over the SS-substrates during the 

40-minute of depositing period, which lowers the peak intensity overall. The peak intensity of the (111) plane gets stronger when 

the time required for deposition increases because it affects the morphology of the nodules. It raises ion emissions and promotes air 

purification by lowering the resistivity of Cu film. Lin et al. [18] obtained identical XRD findings for electroplated Cu layers 

varying current densities and deposition times. The greatest crystallite size 61.4 nm was found for a film synthesized at 30 minutes 

of electrodeposition period. Nevertheless, the crystallite's size seems to have reached saturation, and this shows that the amount of 

space needed for crystallite movement is appropriate. 

 

 

 

Figure 1. The X-ray diffraction structures for Cu thin films based on various depositing time a) 10 minute b) 20 minute c) 30 

minute, and d) 40 minute 
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Table 1. The crystallite size, thickness of film, mean particle size and RMS roughness for electrodeposited Cu films prepared at 

different depositing period 

 

Film codes XRD results Thickness of 

film (nm) 

AFM results 

Crystallite size of 

(111) plane (nm) 

Mean particle size 

(nm) 

RMS surface 

roughness(nm) 

CT1 52.3 469 50.59 10 

CT2 53.5 591 77.71 13.81 

CT3 61.4 629 209.62 66 

CT4 53.8 638 202.88 49 

 

3. SEM Study 

The SEM images of Cu films with varying depositing period is displayed in Figure 2. (I). It has been noted that when the 

depositing period increases, the surplus material deposited results in the unequal and random accumulation of nodules. During the 

10-minute deposition period, the nodules are arranged irregularly. The nodules do not exhibit a regular distribution to indicate a 

distinct morphology during the 20-minute coating period, and its coalescences appear to be causing some additional growth over the 

film's surface. The formation of nodules and a porous framework of Cu are seen after a 30-minute depositing period. As a result of 

their degree of porosity, surfaces with this kind of shape have an extensive surface area and excellent access to ion release. The 

asymmetrical orientation of the nodules and their amalgamation, which is saturated throughout the surface, allow for the excessive 

release of ions from the pores, increasing the air purification activity. The faster growth rate in the film leads to saturation and 

nodular coalescences over the thin film surface as their depositing period rises. A set of scanning electron microscope images of a 

CT3 film with four magnifications is displayed in Figure 2. (II). Due to the nucleation and coalescence mechanisms, the patterns of 

nodules gradually disappear during the 40-minute depositing period, causing arbitrarily oriented and disordered morphology of a 

film. The SEM images show that the nodules vary their size from 47 to 68 nm. 

 

 

Figure 2. (I) Scanning electron images of electroplated Cu films prepared by varying depositing period:  

a) 10 minute, b) 20 minute, c) 30 minute, and d) 40 minute 
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Figure 2. (II) SEM images of CT3 thin film at different magnification levels: i) x 2000, (ii) x 5000,  

(iii) x 10000, and (iv) x 20000.  

D.  AFM Studies 

 

 

 
Figure 3. 3D AFM images of Cu thin films at varied depositing period a) 10 minutes, b) 20 minutes, c) 30 minutes, and d) 
40 minutes. 
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AFM images in three dimensions (3-D) of Cu films that have various depositing period are shown in Figure 3. and 

Table 1. displays its average particle size and RMS roughness. It has been found that when the coating period goes up between 10 

to 30 minutes, the RMS roughness for Cu films rises between 10 to 66 nm, while for the film formed at 40 minutes, it falls about 

49 nm. Large valleys amid the particles are seen for the film created during 30 minutes of coating period indicating that the nodule 

coalescence process improved the resulting surface area and roughness, which is a favorable approach to release ions. Surface 

roughness decreases for film prepared at 40 minutes of depositing period, due to the irregular formation of nodules and hence a 

rate of ion emission also declines. Furthermore, the mean particle size rises between 50.59 to 209.62 nm when the coating period 

advances from 10 to 30 minutes, and subsequently falls to 202.88 nm for 40 minutes. Hanif and colleagues have also observed 

similar AFM outcomes [30]. The size of particles improves as small grains combine into larger grains over a thin film surface 

[31]. 

4. An Electrostatic Air Purifying Characteristics for Cu films 

(i) Determining the concentration of smoke particulate matter 

At an increments of 15 seconds, the light’s intensity was measured. The light’s visibility grows significantly over time 

since the negative ions produced by the EAP within the housing. We used easily produced dhoop smoke for our exploratory test. 

Beer Lambert's rule, as stated by equation (3) was used to calculate the PM concentrations for every fifteen seconds.  

I = I0  e (-αm)                                             (3) 

Where, I0 is incident light intensity; I is observed light intensity; m is the number of particles and α is a scattering cross-section. 

For smoke particles, α = 1.2 x 10 -11 / cm2 is considered [32]. 

Figure 4. displays the relation between light’s intensity against time for smoke particulate matter. Both electroplated Cu 

films and SS substrates are employed as discharging rod for EAP in the present work. Numerous exploratory experiments were 

carried out for variable durations. For the studies with current set up, 8 minute time limit was found to be adequate. It has been 

observed that the dhoop particle matter degrades much slower naturally than when EAP is applied to produce an ionized 

atmosphere. Regarding dhoop particles, an examination was done comparing the transmission light intensity of Cu films and SS 

electrodes in EAP. It was discovered that Cu films have higher transmission light intensities for dhoop fumes than do SS rod in 

EAP. As the coating period rises from 10 to 30 minutes, the visibility of light improves and then falls for 40 minutes duration is 

listed in Table 2. This illustrates that a CT3 film requires 80 seconds to capture fifty per cent of the light that passes through 

container. As a result, CT3 film required less time than SS and other Cu films to increase visibility. 

                              Figure 4. The light’s intensity against time for smoke particulate matter 

It is also seen that the natural disintegration of the smoke particles in the glass container remains nearly unchanged for 8 

minutes. When using EAP, the amount of smoke particle matter drops exponentially with time. We discovered that CT3 film has 

the fastest rate of smoke particle decomposition. It also minimal time to remove over 80 percent of the dhoop particulate matter 

compared to SS and other Cu film EAPs. The increased surface area and surface roughness of the CT3 film, which have been 

confirmed through SEM, AFM, and XRD, both contribute to the higher rate of generation of ions and are responsible for the 

noticed rise in particulate matter decay. Shiue et al. [33] and other researchers [34–35] reported similar curve types for different 

types of smoke particulate matter. However, the EAP with CT3 electrode exhibits a fast response time, which could be related to 

the nature of the discharging rod, the volume of the glass container, or the effectiveness of the EAP.   

 

 

 (ii )Efficiency for Removing Particles (ERP)                    
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A natural decomposition of dhoop smoke particles served as a reference mark. The particle decay concentration was then 

determined using the EAP equipped with discharging rod made up of SS and of Cu thin films coated over a range of depositing 

period, between 10 to 40 minutes. The dhoop smoke decaying concentration were calculated when (1) EAP is turned off [CNatural 

(Pm, t)] (2) EAP is turned on [CEAP (Pm, t)].The formula described in equation (4) was used to compute the ERP. 

Efficiency for removing particles =   
CNatural (Pm,t=0)−CEAP (Pm,t)

CNatural (Pm,t=0)
 𝑋 100 %               (4) 

  

                                         Figure 5. ERP verses time for dhoop particulate matter  

 

   Figure 5. depicts efficiency for eliminating dhoop particulate matter verses time utilizing Cu films and SS as discharging 

rod within EAP. It has been observed that the ERP for dhoop PM enhances in the ion atmosphere generated through 

electrostatic air purifier.  An EAP with Cu coatings has a higher EPR than SS for dhoop particles. Table 2 indicates that for 

CT4 film synthesized at depositing period 40 minutes, the corresponding ERP decreases to 79.10 % and increases from 

75.97 to 87.99 % as depositing period advances from 10 to 30 minutes. The powder coating that appears for CT4 

films indicates a drop in ERP, which may be caused by very little ionic emissions. The highest value of ERP for CT3- EAP 

is owing to, the enhanced surface structure of Cu film and suggests that the rate of ion generation is larger for it which was 

further corroborated by AFM analysis. Grinshpun and co-workers had formerly published identical findings [36]. As a 

result, the time required for electrodeposition of the copper film is vital for particle removing process. The usage of EAPs, 

which produce ions that disintegrate the majority of smoke particulate concentration and purify the air. 

 

 

 

 

            (iii) Determination of Air Cleaning Factor (ACF) and Negative Ion Concentration  

        The ACF can be computed using the formula as; 

ACF =      
CNatural (Pm,   t)

CEAP (Pm,t)
                   (5) 

The ACF has been calculated to measure the effectiveness of device for removing particulate matter by using the ions 

generated by it. Figure 6. (I) illustrates the way how the ACF value for EAPs made with SS and Cu films synthesized 

with different deposition periods varies over time. It is seen that the ACF is higher for Cu films relative SS. When the 

coating time of Cu is raised from 10 to 30 minutes, the ACF goes up from 7.48 to 30.80 while for 40 minutes 

of depositing time the ACF at 360 seconds reduces to 7.42. The highest value of ACF was observed to be 33.01 for CT3-

EAP at 405 seconds, which is substantially greater than SS-EAP. A crucial factor in evaluating an air purifier's efficacy is 

the rate at which ions are created. We have selected a negatively polar ion generator because of its many advantages. It 

has been noticed that when CT3-EAP is employed, greater amounts of air ions are produced than when SS or other 
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discharging electrodes have been employed. Furthermore, Figure 6. (II) represents that, in contrast to the various kinds 

of EAPs, the CT3-EAP releases ions at reasonably consistent levels throughout time.  

 

Figure 6. (I) Air-cleaning factor verses time (II) The negative ions concentration against time for dhoop particulate 

matter  
 

Table 2. Reaction time for 80 % declining smoke particulate matter, duration for 50 % visibility, ERP after 120 s working 
of EAP and ACF at different time 

 

Type of 

EAP 

Reaction time for 80 

% declining smoke 

particulate matter (s) 

Duration for  

50 % 

visibility (s) 

ERP after 120 s 

EAP working 

(%) 

 

ACF at different time (s) 

 

120 

 

240 

 

360 

CT1 150 135 75.97 4.21 6.68 7.48 

CT2 105 90 82.61 5.69 10.19 11.51 

CT3 75 80 87.99 8.90 23.31 30.80 

CT4 120 120 79.10 4.09 6.70 7.42 

SS 150 120 78.12 4.61 6.58 6.93 

 
 

 (iv) Studies on dhoop smoke particulate matter 

 Figure 7. (I) shows both particulate matter (PM2.5 and PM10) declines substantially over duration equal to 150 s using 

CT3-EAP. Unlike CT3-EAP, the SS-EAP’s creates less negative air ions, hence it disintegrates smoke particles less rapidly over 

time.  During 120 s of CT3-EAP execution, the hazardous PM levels in a non-ventilated room become normal, and the 

atmospheric condition improves. Similar studies on the amount of PM2.5 and PM10 in houses were carried out by Nadali and 

colleagues using NAIs [37]. The drop in the no. of particles/liter as time goes on over a one-foot distance from the discharging rod 

is shown in Figure 7. (II) within a 4000 square-foot confined environment. The CT3 film removes particulate 

concentrations rapidly than SS-EAP. As a result, it is feasible to enhance air quality inside the room by utilizing this kind of EAP.  
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 Figure 7. (I) the decay of PM2.5 and PM10 particle matter concentrations over time (II) No. of particles/liter versus time inside a 

confined hall equipped EAP 
 

 

V. CONCLUSIONS 

The influence of depositing time over the physical, chemical and air purifying characteristics of copper films are being 

examined. The XRD investigation verifies the development of thin Cu films having a face-cantered cubic structural symmetry. 

The SEM examination reveals that CT3 film prepared for 30 minutes depositing time results in a nodular morphology with minute 

pores. This structure is generated by the uneven orientation and aggregation of nodules with saturation across the surface. These 

nodules having size ranges from 47 to 68 nm. This form of surface provides a large surface area and aids in the extra emissions of 

ions via its pores, thereby improving air purifying activity. The AFM analysis demonstrates that increasing the deposition period 

from 10 to 30 minutes the mean particle size of Cu thin films rises from 50.59 to 209.62 nm, as does the RMS roughness of the 

surface, rising from 10 to 66 nm. With 40 minutes of deposition, mean particle size and RMS roughness fall to 202.88 nm and 49 

nm, respectively. 

The CT3 thin film, with a thickness of 629 nm, has a highest ERP in the range of 87.99% and an air cleaning factor of 

around 33.01 at 405 s of EAP operations for dhoop, which is significantly greater than the SS discharging plate. Additionally, it is 

shown that, in a closed, unventilated room, CT3's applied EAP causes the PM2.5 and PM10 to decay from hazardous to acceptable 

levels at times of 120 and 60 seconds, respectively. The CT3 film has a greater amount of negative air ion production compared to 

SS and other Cu films made at varying depositing period. The physical and chemical features of Cu films show that as the time 

required for deposition grows, so do the surface morphology, crystal structure, its thickness, surface roughness creating a vibrant, 

vast surface available for ion emissions. Thus, a rise in the surface area for ion discharge by CT3-EAP due to an enhanced 

physical-chemical properties leads to a boost in the particle removal rate, negative ion production rate, air purification factor, and 

PM decay rate for dhoop PM, all of which contribute to a healthier indoor environment. 
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I.  INTRODUCTION  

The development of a nation's economy depends heavily on agricultural productivity, that is why disease 

diagnosis in plants has importance in the agriculture industry [9]. Manual inspection of plants is time-consuming 

and labor intensive and many times it may be ineffective [12]. Many technologies, such as remote sensing, geo 

informatics, wireless sensor networks, and digital image processing, are now available to help the Indian farmers 

for smart agriculture. The most recent technical applications in this sector can assist Indian farmers in increasing 

agricultural efficiency and productivity. The image processing techniques based on mobile technology plays a 

significant role for disease detection and identification in which machine learning uses algorithms such as the K-

means algorithm for detecting the features of plants which will be followed by the SVM process, the model is 

utilized for training and learning of captured images, which can successfully detect and identify plant disease. 

There are some challenges while image processing in disease detection. For example, the appearance of diseases 

varies significantly depending on disease stage. Also, diseases identification is difficult as it affects a small 

portion of the plant. The suggested approach is to identify plant diseases which is efficient substitute for 

prediction of disease in its early stage with in short time than deep learning strategies. 

II. MOTIVATION 

In citrus farming sector it is seen that, most of the plants regularly harmed by fungus, bacteria and viruses 

depending on immunity of plants. We found that most of the farmers do not know about the early symptoms of 

plant diseases affecting the leaf which might be an indication of hazardous disease found in plants. The affected 

tree has stunted growth and dies. Farmers encounter great difficulties in controlling plant diseases when it grows 

well. Thus, it is of great importance to diagnose plant diseases at early stages so that appropriate and timely 

action can be taken by the farmers to avoid further losses. There is no technology available in the market that can 

alert the farmer within low cost which can identify the disease in its early stage so as to avoid huge plant loss. 

Hence detecting the disease in its early stage in real-time on site is important. This research will be beneficial to 

the farmers, providing a knowledge of disease identification in early stage.  

III. LITERATURE SURVEY 

The automation of disease detection is a topic of major interest in the agriculture sector worldwide. Many 

studies are being done to find those diseases. To take preventive measures and protection researchers have done 

their study on various plants using different technique and technologies to detect various types of diseases. This 

study will carry out an idea and analyzing the identification of different types of diseases.  

Wan Mohd Fadzil et al. [1], discussed a disease detection method for orchid plant leaves. The orchid plant 

leaflet images are received the usage of digital camera. The algorithm makes use of an aggregate of various 

strategies inclusive of border segmentation method, morphological processing and filtering technique used for 

categorizing input images into two disease class as black leaf spot and solar scorch. Vijay Jumb et al. [2], 

discussed a techniques of segmentation victimization Otsu’s thresholding and K-means clustering. The first 

images area units regenerate to HSV color space and therefore the V part is used for multi-thresholding. The 

projected work compares this segmentation technique with different techniques like fuzzy C-means, region 

growing etc. These techniques area unit compared using two metrics i.e. peak signal to noise magnitude relation 

(PSNR) and mean sq. error (MSE). 

Rong Zhou et al. [3], explained method for resilient and advance identify of leaflet patch in sugar beet. For 

capturing images, Nikon photographic camera was used that was mounted on a stand to stay constant distance. 

The author used white background whereas capturing images to avoid the additional complications in process. 

The method implements hybrid methods of guide matching and support vector machine. This technique usage 

color primarily forms options for segmentation, orientation code matching and support vector machine classifier 

for final malady classification.  

Dheeb Al Bashish et al. [4], examined the strategy to detect the plant leaf disease exist on leaflet and cane. 

The presented system is together of K- Means segmentation method and neural network used for classification 

of segmented images. Classification demonstrated average precision of 93%. 

Di Cui et al. [5], explains the image processing techniques for multispectral images to detecting rust on 

plant leaf and its growth amount of disease. The dataset contains the images collected from a greenhouse of 

research institute. The explained method uses the concept of evaluate centroid for each image for further 

processing. 

J.S.Smith and A.Camargo [6], proposed a technique for recognizing the optical indications of plant leaf 

maladies by utilizing the image processing method. The accuracy of the algorithm is tested by matching the 

images, which were manually with those automatically segmented.  

Murali Krishnan et al. [7], represent technique which discovers the contaminated plant leaf region with the 

use of K Means cluster and extracting the region of interest (ROI). 
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A. Camargo and J. S. Smith [8] used histogram equalization to spread the pixel intensities to get better 

quality images.  

Omprakash Patel [9] studied several extended versions of histogram equalization. Their study found that 

Recursively Separated and Weighted Histogram Equalization gives lower mean error brightness and a higher 

peak to signal ratio.  

S. B. Sayyad [10] used histogram equalization and compared Weiner filter and median filter. Padmavathi 

K. [11] the authors have compared RGB image and gray scale image to detect disease better. It was found that 

colored image gave good results than gray scale image.  

Deepa. K. Jyothi.[12] used combination of median filter, Weiner filter and histogram equalization for 

image enhancement.  

Zhou et al. [13] proposed K-Means clustering algorithm and faster R- CNN Fusion algorithm to detect rice 

diseases as well as to address several complications such as blurred image edge, noise, large background 

interference and low detection accuracy using 3010 images which captured by camera. And also faster 2D-Otsu 

algorithm was used to classify the rice disease images for getting output.  

Sharma et al. [14] introduced the image preprocessing along with k- means clustering, segmentation and 

four classifiers such as logistic regression, SVM, KNN, and CNN to detect and classify leaf diseases 

automatically wherein logistic regression performs quite well due to classes but highest accuracy was provided 

by CNN.  

Shafi et al. [15], it was suggested an incorporated method to create heterogeneous data from Normalized 

Difference Vegetation Index for achieving a rich and comprehensive knowledge of wheat’s health using IoT 

sensors, machine learning such as SVM and NB and drone technology.  

Sardogan et al. [16] presented a CNN model along with Learning Vector Quantization (LVQ) algorithm to 

identify and classify leaf diseases of 500 tomato leaf images from Plant Village dataset. Also, the different 

filters of convolutions were used to progress recognition level in classification method. 

IV. METHODS 

 

1. Technique for Disease Ditection 

 In process of disease detection, the Machine learning algorithms and Image processing digitally are two 

parts. In first part of disease detection as a Machine Learning algorithm we use SVM (support vector machine) to 

detect and analyze the feature of leaf and accuracy between training and testing data set. Before image processing 

sample goes through some steps like capturing of the images, image segmentation, feature extraction from 

images and last removal of noise. 
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2. Working Include Following Steps 

• Image Conversion 

In image conversion we convert the RGB image to Grayscale image which is the most important factor, in 

this conversion some pixels given are converted to a single pixel which holds the information intensity and 

quantity of light. The image is black -white colors and grey shade sometimes, having lowest intensity contrast of 

black color and highest contrast intensity of white color.  

 
Fig. 2 RGB to Gray Scale Conversion 

• Edge Detection 

Edge detection of leaf images is carried out by the detector that was developed by John F Canny for the 

detection of edges of images which is known as Canny Edge Detector used for edge detection. 

• Thresholding 

Thresholding converts image in to two parts foreground and background. It helps in conversion of gray scale 

image to binary form. 

• Noise Reduction 

In noise reduction the image is smoothen on the corners with decreasing contrast. There are many algorithm 

developed for this process. Output of this will give a smoothen images without noise in it. The noise in the plant 

leaf is in the form of shot noise, Gaussian noise, Pepper and salt. 

Here we use Alex-Net Algorithm for the processing purpose of the image. It consists of five layers of 

convolutional and three layers fully connected.  we can get the extracted features from the images multiple 

convolutional kernel [3]. In the single convolutional, multiple many numbers of kernels of equal size are seen.  

classification is very important in plant disease detection system. In this process plant leaf images are 

categorized in accordance with identified diseases by providing a particular input image with one of the classes. 

This process is useful in determining the disease causes, cures, and early diagnosis of disease. In this step we 

compile a dataset of plant leaf diseases, from which one by one image is processed for disease identification. 

While implementation of project, we need to connect the server and the mobile to same internet hotspot.  After 

the establishment of connection with local host, we can take the images from data set. The captured images are 

send to the server side for further processing by using the Python web framework. Output is send back to the 

mobile with name of disease, causes, and remedies for disease. Classifier should distinguish the healthy and 

diseased life images. The SVM classification method is used for categorization of textural feature of input image 

and identifies the disease of plant. 

3. Figures 

RGB to Grayscale is the most important factor in which input image with some pixels and output is only a 

single pixel will be representing the quantity of light which will be holding only the information of the intensity 

of images. It is a black-white image only having these two colors and shade of grey sometimes. It will be having 

black color at the lowest intensity contrast [12] and white at a very highest intensity contrast. 

• Scale Conversion from RGB to Gray 

While processing any image segmentation   process is very important tasks referred as surveillance purpose, 

image that can be used when we need and recognition of pattern. 

The main motive or objective of the segmentation is to get better understanding of the image while identify 

the region around the images. It is mainly used to figure out the lines and boundaries in the image for better 

processing purpose. It will also help in see the curve in the images its intensity [14] and texture for good analyze 

purpose. 
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             Fig 3.  a. Original Image                      Fig.3. b. Segmentation of Image            

  

 

V. RESULT 

 

The experimental work is carried out on the citrus species tree leaf. Different leaf having diseases shown over 

the surface of the leaf is selected for the image processing. 

1. Insect Pest Diseases Citrus Leaf Miner 

 

 
 

 

 
 

 

Fig.4 - a, b, c, d, e, f: - Citrus Leaf Miner original image, enhanced image, gray scale image, blur image, 

segmented image, final output with disease name, cause and remedy. 

 

2. Bacterial Disease Citrus Canker 

 

 

 

a.                                     b.                                   c.                               d. 

                             f.                                                       g. 
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Fig..5.   a, b, c, d, e, f: - Citrus Canker original image, enhanced image, gray scale image, blur image, 

segmented image, final output with disease name, cause and remedy 

 

3. Healthy Image : Not Infected Leaf 

 

 

 

 
 

Fig. 6. Citrus not infected leaf original image, enhanced image, gray scale image, blur image, segmented 

image, final output with disease name, cause and remedy. 

VI. CONCLUSION 

The accurate detection of the plant disease is very important for the successful cultivation of crop and this can 

be done using image processing. The method reported in the thesis can be used to design a plant disease detector 

for farmers for the early detection of plant disease infection and getting appropriate cure for the diseases. 

The research has been undertaken and motivated to help agriculture and horticulture fields. There are two 

modules in this project is the leaf name identification pertained to which plant and disease detection. Out of all 

available segmentation techniques, they are cost effective still there is chance to improve over the results. 

The proposed method presented in this research is the integrated approach of K-means clustering which is 

beneficial for the proper segmentation of the leaf diseases. The analysis has been done to explore the techniques 

effective in the segmentation of the citrus plants leaves. The analysis is carried out on the available leaves images 

by performing various segmentation methods with the help of Python implementation. We have correctly 

analyzed citrus leaf disease through image processing using python.  
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Abstract: A series of  Ca9Al(PO4)7:xEu3+  samples  was synthesized using energy efficient and ecofriendly  co-precipitation 

method. These samples were synthesized by varying Eu3+ concentrations (x=0.05mol %, 0.15mol %, 0.25mol %, 0.5mol %, 

2mol %, and 7mol %). The formation of the Ca9Al(PO4)7 and Ca9Al(PO4)7:Eu3+ compounds confirmed using X-ray 

diffraction (XRD) analysis. The results confirmed the formation of rhombohedral crystalline phase in both the compounds. 

Further, with increasing Eu3+ ion concentration the intensity of prominent peaks in the XRD patterns changed suggesting the 

doping had been taken placed in Ca9Al(PO4)7 host matrix. The synthesized samples were subjected to SEM and EDS 

mapping analysis to confirm their morphological characteristics and elemental composition respectively. A comparison 

between Ca9Al(PO4)7 and Ca9Al(PO4)7 :xEu3+  EDS data suggested the Eu3+ ions successfully doped into the Ca9Al(PO4)7  

host matrix. UV- Vis spectral studies determined the band gap energy for the host which was found to be 4.2 eV 

respectively. The Photoluminescence (PL) spectra of the emission was examined at wavelength 395nm. The 

photoluminescence spectra clearly depicted that the prominent emission peak was observed at 613 nm corresponding to 5D0 

→7F2 transitions. The highest luminescence emission intensity was obtained at 7mol % concentration of Eu3+ in the host 

matrix. The prominent red-orange emission observed for near UV-blue color wavelength excitation suggesting this phosphor 

can be used for red color light emitting devices. 
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I. INTRODUCTION 

 

Luminescence have wide range of applications in displays, scientific research, lighting, medical diagnostics, 

entertainment and security. Their ability to emit light in response to various stimuli makes them valuable in 

many technological and biological contexts. Currently, there is significant enthusiasm for the application of 

phosphors for advancement of display and lighting technologies [1,2]. Despite extensive research on lightning 

devices, the field of luminescence continues to offer opportunities for further exploration, particular in areas 

such as color tuning, energy conversion, quantum yield enhancement, persistent luminescence and intensity 

variation [3,4]. These are quite few models of the diverse research topics within the area of luminescence, and 

ongoing studies continue to advance our understanding and unlock new applications for luminescent materials 

and phenomena. Both the host and activator (dopant) contribute equally to determine these luminescent 

properties [5]. Various types of host materials, including aluminates, sulphates, phosphates etc. exist among 

which phosphates are regarded as particularly promising host materials, as they are easy to prepare and good 

chemically stable [6]. Calcium based host like Ca9Al(PO4)7 also known as Calcium Aluminium Orthophosphate 

have good thermal and chemical stability suggesting it can be act as a good luminescent host, making it 

valuable in phosphor applications for lighting , display technologies, catalysis, sensors and drug delivery 

systems[7].  

The other requirement for luminescent material is dopant or activators. Rare earth elements plays a crucial role 

in the field of inorganic phosphors especially nanophosphors. Rare earth elements are incorporated into these 

nanophosphors to produce various colors and properties suitable for the discussed luminescence applications. 

The size and shape of nanophosphor particles can be controlled during synthesis to optimize their luminescence 

properties. Smaller particles mostly exhibit different emission characteristics compared to larger one due to 

quantum size effects. The specific rare earth element and its concentration in the nanophosphor, as well as the 

choice of host material and synthesis method, all impact the optical properties and suitability for particular 

application. Trivalent europium (Eu3+) is mostly used dopant in the synthesis of nano- sized phosphors as a red 

color activator. When excited by blue or UV light, they emit red light, contributing to the full spectrum of colors 

in the display. Therefore, trivalent europium- doped nano-sized phosphors are valuable materials in the field of 

optoelectronics and are essential components in various technologies that rely on the emission of red light [8]. 

Phosphors containing rare-earth doped calcium aluminium phosphate are primarily made using a range of 

methods such as sol-gel, co- precipitation method, combustion and solid state reaction methods. In the synthesis 

of phosphates may require pre and post-heating treatments. It depends on the specific synthesis method and the 

desired properties of the phosphate material being produced. In this study, we employed the co- precipitation 

method for sample preparation due to its cost effectiveness, energy efficiency, and ability to yield finely crafted 

nanoscale products [9,14].  

In this article, we synthesized a range of nanophosphors doped with Eu3+ in Ca9Al(PO4)7 using co-precipitation 

method. Further, the synthesized sample were sent for various structural, micro-structural and optical 

characterizations. The structural and micro-structural analysis were performed using XRD and SEM analysis. 

However, the optical studies were carried out by performing UV-vis, FTIR and photoluminescence analysis.  

 

II. SYNTHESIS OF Ca9Al(PO4)7 AND Ca9Al(PO4)7 :xEu3+ NANOPHOSPHORS 

 

A range of nanophosphors with the composition [Ca9Al(PO4)7]:x%Eu3+ ( where x= 0.05%, 0.15%, 0.25%, 

0.5%, 2% and 7 % molar concentrations) were prepared via the co-precipitation technique. The Synthesis 

involved the use of Calcium Nitrate [Ca(NO3)2], Aluminium Nitrate [Al(NO3)3], Di-ammonium hydrogen 

phosphate [(NH4)2H(PO4)7] as precursors. The dopant precursor employed was Europium Oxide [Eu2O3]. Eu2O3 

was transformed into its nitrate form by adding a small amount of nitric acid [HNO3] and subsequently heating 

it for a 1-2 minutes. Each reagents were of Analytical reagent grade and were used in accordance with their 

stoichiometric ratios.  

The precursors Ca(NO3)2, Al(NO3)3, and (NH4)2H(PO4)7 was dissolved in distilled water in separate beaker and 

stirred magnetically for a duration of 15 to 20 minutes. Subsequently, Eu2O3 with HNO3, Ca(NO3)2, and 

Al(NO3)3 were combined to form a transparent mixture which  stirred on magnetic stirrer  for another 20 

minutes. Following this, solution of (NH4)2H(PO4)7 was added into the mixture to induce the formation of a 

precipitate. Then they were left undisturbed for 24hours to allow the precipitation process for the completion. 

Following that, the precipitates underwent filtration and were thoroughly rinsed with double distilled water 

multiple times to remove the impurities present in the obtained precipitation. Next, the samples were kept in an 

oven at 80℃ for a 24 hours. The resulting dried precipitates were collected, and crushed into a fine powder 

using a mortar and pestle for 1hr. The prepared samples were then annealed in muffle furnace at 700°C for 24 

hr. Once the samples were cooled to room temperature, they were further ground in mortar and pestle for 1hr. 

The samples are now prepared for further characterization.  
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The XRD (X-ray diffraction) data was collected using Rigaku’s Miniflex 600 benchtop X-ray diffractometer 

equipped with an advanced detector and Cu-K radiation, over a 2θ range spanning from 10° to 80° to identify its 

phase. The Scanning Electron Microscope (SEM) imaging was done through Carl Zeiss Model Supra 55. FTIR 

(Fourier Transform Infrared Spectroscopy) was carried out using the Bruker Alpha T FTIR spectrometer in the 

Attenuated Total Reflectance (ATR) mode. UV- Vis spectroscopy analysis was carried out to determine the 

band gap energy of the nanophosphor. The spectrum of optical absorption was determined with a UV-VIS-NIR 

spectrophotometer (Carry 100) in a range of 200-800nm. The Photoluminescence (PL) excitation – emission 

spectrum and lifetime were recorded using a fluorescence spectrophotometer (Horriba, Jobin Vyon – Fluorolog-

3 model) with a xenon lamp of 450W.  

 

III. RESULTS AND DISCUSSION 

A. XRD analysis 

The XRD (X-Ray diffraction) pattern of the Eu3+ doped Ca9Al(PO4)7 samples annealed  at 700°C, is displayed 

in Figure1.The obtained patterns were compared with Joint Committee on Powder Diffraction Standards 

(JCPDS) card no : 49-1791 for Ca9Al(PO4)7 compound. No additional phases were detected, resulting that 

obtained sample series are in single phase [10]. The position and intensities of observed peaks correspond well 

with the theoretical values further validating the phase purity and crystal structure of the synthesised compound. 

Its crystal structure is rhombohedral crystallised in trigonal R3C space group. The expected lattice parameters 

were a = 10.4318 Å, b = 10.4318 Å, c = 37.3330Å and predicted unit volume cell = 3518.37* 106 pm3 [11].  

It is evident from the XRD data that as the doping concentration of Eu3+ increases its intensity is decreased. 

This suggested that small variation in the lattice parameters occur as Eu3+ concentration in the host matrix was 

increased with increasing doping concentration. The obtained XRD results in comparison with JCPDS data 

conclusively demonstrate that the obtained Ca9Al(PO4)7 sample is of high purity and crystallinity, making it 

suitable for further applications and studies in various fields. 

 

B.  SEM analysis and EDS mapping 

 

Major outcome of Scanning Electron Microscopy (SEM) analysis is shown in Figure 2 (a) - (d) of Ca9Al(PO4)7 

and (e)-(h) Ca9Al(PO4)7:7%Eu3+.The SEM analysis of the synthesised Ca9Al(PO4)7:Eu3+ gives detailed insights 

of morphological characteristics of the Ca9Al(PO4)7 and (e) -(h) Ca9Al(PO4)7:7%Eu3+ nanophosphors. The SEM 

images shows that the particle possess a uniform and inhomogeneous distribution with not so well-defined 

shapes. Its microstructure shows typical agglomerated particles, which can exhibit a range of morphologies 

from spherical to irregular shapes. The average size of particle, obtained from SEM images falls within the 

range of 100nm to 1μm which indicates narrow size distribution. 

 

1.                          EDS mapping 

    Figure 3 (a)-(d) shows presence of Oxygen (O), Phosphorus(P), Calcium(Ca) and Aluminium(Al) in 

Ca9Al(PO4)7  host matrix. Further, Figure 3 (e)  shows Energy Dispersive X- Ray Spectroscopy (EDS) analysis 

conducted in conjunction with Scanning Electron Microscopy (SEM) to determine the elemental composition 

and distribution within synthesised Ca9Al(PO4)7 phosphor material. The EDS spectrum revealed the presence of 

calcium (Ca), aluminium (Al), phosphorous (P), oxygen (O), validating the formation of the Ca9Al(PO4)7. The 

presence of Europium (Eu) was also detected in EDS spectrum, as shown in Figure 3 (f). The Eu peaks were 

less intense compared to host elements, reflecting the doping concentration is very low compared to the other 

host elements typically required to achieve the desired luminescent properties. 

 

 

C.   FT- IR analysis 

 

Figure 4 displays FT-IR spectroscopy performed to evaluate the vibrational modes of chemical bonds in 

synthesised Ca9Al(PO4)7 and Ca9Al(PO4)7:Eu3+ nanophosphor monitored in 500-4000cm-1. It displays a range of 

characteristic absorption bands and other functional groups within the sample. The most efficient peaks 

observed in FTIR spectrum includes 1140, 1536, 931,934,722 cm-1. Ranging from 1000- 1200cm-1
 related to  

prominent peak at 1140cm-1 indicates  PO4 stretching vibrations of phosphate group. Peaks in the region ranging 

from  600-500cm-1 correspond to bending vibrations of phosphate tetrahedral structure of P-O. Peaks in the 

range of 700-800 cm-1 are corresponding to Al-O stretching vibration modes [12]. Most efficient peaks in the 

range 800-1000 cm-1 reported to be of Ca-O-Ca bonding in CaO phosphor [13]. Thus, FTIR results evaluate the 

phase purity and structural integrity of the material. 

 

D. Diffuse reflectance spectrum 

At room temperature, using a UV – Vis spectrometer, optical absorption spectrum of the Ca9Al(PO4)7 

compound was measured from 200 to 800 nm as shown in Figure 5. The UV-Vis absorption spectrum reveals 
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important information about electronic transitions and band gap energy of the material. The UV-vis absorption 

spectrum of Ca9Al(PO4)7 exhibits distinct absorption bands at specific wavelengths, indicative of electronic 

transitions within the compound [14] . This absorption indicates the transition from valence band to the 

conduction band, providing insight into the bandgap energy. By analysing the absorption data and using Tauc 

plot method, the optical band gap energy of Ca9Al(PO4)7 compound was calculated to be  4.2 eV. 

Equation used to calculate band gap energy is: 

𝐄𝐠 =  (𝐚𝐡𝛎)𝐫 

where, 

r = 1/2 for direct allowed transition 

r = 3/2 for direct forbidden transitions 

r = 3 for indirect forbidden transitions. 

 

E. Photoluminescence Studies 

Figure 6 shows the Photoluminescence Emission (PLE) spectra of Ca9Al(PO4)7:xEu3+ nanophosphors. The PLE 

spectra of Ca9Al(PO4)7:xEu3+ nanophosphors were observed to investigate the luminescent properties of the 

material. Upon excitation at a 395nm wavelength, PL spectra exhibits distinct emission peaks indicating the 

material’s strong luminescent behaviour [15]. The spectra reveal a prominent peak at 591 and 613nm were 

related to transitions 5D0→
7F1 and 5D0→

7F2 respectively. While the 5D0→
7F1 transition is widely acknowledged 

to be primarily a magnetic dipole transition when Eu3+ ions are in elevated symmetry positions, the 5D0→
7F2 

transitions are significantly electric dipole transitions that occur only in instances where the Eu3+ ions are in 

positions lacking inversion symmetry. Emission intensities of the peaks grows with the increase in doping 

concentration from 0.015mol% to 7mol % suggesting the increasing in available luminescent centers with the 

doping concentrations. It is mostly assumed that as the concentration of Eu3+ ion doping increases, PL will also 

increase [16]. The PLE spectra of the synthesized nanophosphors demonstrate its potential for applications in 

optoelectronic devices, phosphors for lighting, and display technologies, owing to its strong and stable 

luminescent properties [17]. 

 

IV. CONCLUSION 

The synthesis of Ca9Al(PO4)7:Eu3+ nanophosphors using co-precipitation method has been successfully 

employed with comprehensive characterization confirming the successful incorporation of Eu3+ ions into the 

Ca9Al(PO4)7 host matrix. XRD patterns confirmed the successful formation of rhombohedral crystalline phase 

with high purity. The observed peaks matched well with the standard data, indicating that Eu3+ doping did not 

significantly disturb the host lattice structure. SEM images provided insights into the morphological features of 

the synthesised phosphors and confirmed the formation of nanophosphors. The homogeneous dispersion of Eu3+ 

ions within the matrix was evident, verifying the efficiency of co precipitation method for doping. FTIR spectra 

results the characteristic vibrational modes of the phosphate groups in Ca9Al(PO4)7 structure and a comparison 

with the Ca9Al(PO4)7:7%Eu3+ indicated the presence of Eu3+ ion in the nanophosphors. The presence of 

additional peaks corresponding to Eu-O bonds further confirmed the incorporation of Eu3+ ions into the lattice.  

The estimated band gap value of the host matrix and nanophosphors are 4.2 eV. 

Photoluminescence (PL) spectra displayed the characteristic emission peaks of Eu3+ ions under 395nmexcitation 

wavelength evaluating strong red emission. The intensity and position of these peaks were consistent with the 

expected electronic transitions (5D0→
7F1 and 5D0→

7F )  of  Eu3+ , confirming its appropriate  incorporation and 

the sample’s potential as a red – emitting phosphor for various applications, including in display and lighting 

technologies. 
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Fig 2. (a)-(d) SEM images of  Ca9Al(PO4)7 magnified at100 K.X and 10 K.X and  (e)-(h) shows SEM images of Ca9Al(PO4)7:7%Eu3+  

magnified at 100K.X and 50.00 K.X respectively 
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Fig 3.  (a)-(e) EDS element mapping of pure Ca9Al(PO4)7 , and (f) EDS  mapping of 7% of Eu3+ doped Ca9Al(PO4)7. 
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Fig 4. FTIR spectra of Ca9Al(PO4)7 and Ca9Al(PO4)7 :7%Eu3+ nanophosphor  

 
Fig 5. (a) UV Visible absorption spectra of Ca9Al(PO4)7 compound and  (b)-(d) Tauc plots for  Ca9Al(PO4)7:Eu3+ nanophosphors. 
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Fig 6. Emission spectra of Ca9Al(PO4)7 :xEu3+ (x = 0.05%, 0.15%, 0.25%, 0.5%, 2% and 7 % molar concentrations) nanophosphor under 

395 nm excited wavelength. 
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Abstract: - In this study, we aim to synthesize MgFe2O4 spinel ferrite through the Sol-

Gel Auto-combustion method, employing various sintering temperatures. X-ray 

diffraction (XRD) analysis confirmed the material's single-phase crystalline structure, 

with lattice constants ranging from 8.246 to 8.514 Å. The crystalline size, estimated 

using the Debye-Scherrer formula, falls within the 100 nm scale. Scanning electron 

microscopy (SEM) characterization revealed the material's porous nature at lower 

sintering temperatures, with particle sizes ranging from 55 nm to 114 nm. 
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I.  INTRODUCTION 

 

Over the past few decades, magnetic materials, including ferrite, have seen extensive use 

across various industrial applications such as data storage devices, switching circuits, magnetic 

resonance imaging, and biomedical technologies, among others. Ferrite, with its broad spectrum 

of multidisciplinary applications, stands as a focal point for research endeavors. It is typically 

categorized into two groups: hard ferrite and soft ferrite, further classified into types like 

Hexagonal, Ortho, Garnet, and Spinel ferrite. Among these, Spinel ferrite falls under the soft 

ferrite category and serves as the focus of the current research module. 

The fundamental formula for Spinel ferrite, denoted as MgFe2O4, encompasses divalent 

cations represented by 'M' (e.g., Mg2+, Zn2+, Ni2+) alongside trivalent cation Fe3+. This research is 

centered on MgFe2O4 owing to its promising applications in various technological domains. 

Utilizing the sol-gel auto-combustion method, we synthesized MgFe2O4 nanomaterial and 

proceeded to examine its structural and magnetic properties across a range of sintering 

temperatures, spanning from 200°C to 1000°C over a 4-hour period. 

 

Our objective was to optimize the material for specific applications by understanding how 

varying sintering temperatures affect its properties. Previous studies, such as those conducted by 

Bhondare et al., have investigated the impact of sintering temperature on Mn-ferrite, revealing 

fluctuations in both structural and magnetic attributes. Additionally, research by Patil et al. 

explored the gas response properties of magnesium ferrite to diverse gases. 

In general, MgFe2O4 exhibits a mixed spinel ferrite composition expressed by the formula (Mg1-x 

Fex)T [Fe2-x Mgx]O O4, where 'T' and 'O' signify tetrahedral and octahedral sites respectively. The 

distribution of cations within these sites, determined using X-ray diffraction techniques, relies on 

factors like ionic radius, columbic interaction, and polarization order.[1, 2] 

The structural and magnetic properties of the material directly correlate with the distribution of 

cations and the nature of doping. Considering the synthesis method and temperature effects, we 

embarked on a systematic investigation to ascertain the influence of sintering temperature on 

MgFe2O4.[3, 4] 

II. EXPERIMENTAL  

For the Sol-Gel auto-combustion synthesis of MgFe2O4 nanoparticles, we utilized 

analytical grade raw materials including Magnesium nitrate Mg(NO3)2.6H2O, Ferric nitrate 

Fe(NO3)3.9H2O, and Urea NH2-CO-NH2. The stoichiometric ratio for producing 30 grams of 

MgFe2O4 involved 5.2543 grams of Magnesium nitrate, 16.5573 grams of Ferric nitrate, and 
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8.1965 grams of Urea. [5, 6]These reagents were dissolved in 100 ml of distilled water in a 

beaker, which was then heated on a hot plate at 80°C until gel formation occurred. 

Subsequently, the gel was subjected to microwave irradiation for 5 minutes at 800 M Watts, 

resulting in the formation of fluffy ash powder. This ash powder was then ground in a mortar 

and pestle for approximately 4 hours. The subsequent step involved sintering the sample in a 

furnace at 800°C. After sintering, the sample was crushed again in a mortar and pestle for 4 

hours to obtain the final product, ready for further characterization.[7, 8] 

III. RESULTS AND DISCUSSION 

1. Structural Analysis.   

The X-ray diffraction pattern of the synthesized sample, sintered at temperatures ranging 

from 200°C to 1000°C, is depicted in Figure 1. All observed diffraction peaks corresponding 

to planes (220), (311), (400), (422), (511), and (440) align with the standard pattern for 

MgFe2O4 as reported in JCPDS card No. 8-1935, confirming the formation of a single-phase 

cubic spinel structure with the space group Fd3m. The crystallite sizes (D) of the sintered 

magnesium spinel ferrites were calculated using the Debye-Scherrer formula [D = 

(0.94λ)/(β.cos θ)], employing the full width at half maximum (FWHM) of the most intense 

peak (311) in the XRD patter  From the X-ray diffraction data, it is evident that the lattice 

constant increases from 8.246 Å to 8.514 Å with increasing sintering temperature from 200°C 

to 1000°C, respectively. Furthermore, Figure 1 illustrates that the intensity of diffraction 

peaks increases while peak width decreases with rising sintering temperature, confirming the 

enhancement of crystallinity. This indicates a transformation from a low degree of 

crystallization to a high degree of crystallization with increasing temperature.[]9. 10] The 

lattice constant, crystalline size, and magnetization values are detailed in Table 1. Figure 2 

illustrates the random shifting of the 2θ position of the most prominent peak (311) plane. 

From 200°C to 400°C, peaks shift to higher θ positions, and subsequently, from 400°C to 

1000°C, they shift to lower θ positions. These lower and higher angle shifts in the 2θ position 

suggest non-uniform strain within the material. The compression and expansion of the 

material affect the d-value of the XRD data, which is inversely proportional to the 2θ value of 

the XRD results.[11, 12] 
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                                                                    Figure 1 XRD Pattern of MgFe2O4  

 

 

 

 

 

 

 

 

 

 

 

                                   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                     Figure 2 Stack XRD Pattern (311) Peak of MgFe2O4 
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Table 8 Lattice constant and Crystalline size 

Sr. No  Sample name  Lattice constant a(Å) Crystalline size D(nm) Ms (emu/g) 

1 200 DC 8.246 35 0.7580 

2 400DC 8.253 49 0.3323 

3 600DC 8.356 66 0.1676 

4 800DC 8.421 84 0.01242 

5 1000DC 8.514 98 0.01041 

                                  

                       B.   Morphological Analysis 

 

Figure 3 presents SEM (scanning electron microscopy) images used to examine the 

microstructure morphology of the prepared sample. In Figure 3, SEM images labeled as 

400°C, 600°C, 800°C, and 1000°C correspond to samples sintered at those respective 

temperatures. The particle size increases from the range of 50 nm to 100 nm as the sintering 

temperature rises. Additionally, it is evident from Figure 3 that at lower temperatures, the 

particles exhibit a higher degree of porosity compared to higher temperatures. At elevated 

temperatures, the removal of moisture from the material aids in the formation of molecular 

bonding during the sintering process. This results in higher crystallinity at higher 

temperatures, as observed in the X-ray diffraction study.[13,14, 15] 

 

The SEM results demonstrate that increasing the sintering temperature significantly 

enhances the crystallization of the MgFe2O4 spinel structure. The SEM images clearly show 

that the morphology and size of the materials are notably influenced by the sintering 

temperature. 

 

 

 

 

 

 

 

                          

 

 

 

 

 

 

 

 

Figure 3: Surface Morphology of MgFe2O4 
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C.     Magnetic Study  

 

The Vibrating Sample Magnetometer (VSM) study, illustrated in Figure 4, presents the B-

H curves for five samples sintered at temperatures of 200°C, 400°C, 600°C, 800°C, and 

1000°C, respectively. The VSM results indicate that magnetization increases with sintering 

temperature. This is attributed to the higher degree of crystallinity and the optimal distribution 

of cations in the octahedral (A) and tetrahedral (B) sites of the MgFe2O4 structure at elevated 

temperatures. Enhanced magnetic interactions among the A-A, B-B, and A-B sites are 

observed due to this improved crystallinity. All five samples exhibit superparamagnetic 

behavior, evidenced by a squareness ratio of less than 0.5 . The sample sintered at 200°C 

shows a larger B-H loop area, likely due to incomplete formation of the spinel structure at this 

lower temperature. This is corroborated by XRD characterization (Figure 1), which shows an 

additional peak at 2-theta position 32.1 in the 200°C sample, suggesting distortion in the 

material's lattice when subjected to an external magnetic field. SEM analysis reveals that the 

particles in the sample sintered at 400°C are denser compared to those in the 1000°C sample. 

When exposed to an external magnetic field, the particles in the 200°C sample are less free to 

align due to the dense neighboring particles, resulting in a larger B-H loop area compared to 

samples sintered at higher temperatures .[16, 17, 18] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                         Figure 4 VSM graph of MgFe2O4 
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IV. CONCLUSION  

Using the sol-gel auto-combustion method, we successfully synthesized single-phase 

MgFe2O4 spinel ferrite. X-ray diffraction analysis determined the lattice constant and 

crystalline size, both in the nanometer scale, confirming the material's nanoscale nature. We 

applied various sintering temperatures to the material and concluded that higher temperatures 

enhance crystallinity compared to lower temperatures. SEM images revealed greater porosity 

at lower sintering temperatures. The Vibrating Sample Magnetometer study indicated that the 

material is superparamagnetic, consistent with the XRD and SEM results. 
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Versatile low voltage power supply 

using manually driven DC motor 
 

 

 

Abstract: This research paper explores the development and application of a low voltage power supply using a manually driven DC 

motor. The primary focus is on the design, implementation, and performance evaluation of such a system. The manually driven DC motor 

serves as a renewable and sustainable energy source, capable of generating low voltage electricity suitable for small-scale applications, 

such as charging batteries, powering small electronic devices, and emergency lighting. The study examines the mechanical and electrical 

components involved, the efficiency of energy conversion, and potential use cases. The results demonstrate the feasibility of this approach 

and highlight the advantages and limitations of manually driven power generation systems. 

 The law of conservation of energy states that, “The energy can neither be created nor be destroyed, rather it can be transform 

from one form to another form”.  Using this principle, the whole scientific arena is taking much more efforts to explore the non-

conventional and renewable energy sources for the advancement of the growing human being. The current research work in electricity 

generation from mechanical efforts is in initial stages, but has wide scope in future for the development of renewable and non-

conventional energy resources. The undertaken research work describes the design aspect of such a non-conventional and renewable low 

power energy source in which manual efforts are used predominantly along with different electro-mechanical components. The designed 

low voltage power supply is state-of-the-art and provides multipurpose facilities in number of electrical applications. 

Keywords: Versatile, manually driven, renewable, non-conventional, low voltage power supply, DC motor. 

 

 

I. INTRODUCTION 

       In an era where sustainable energy solutions are increasingly critical, manually driven power generation 

systems offer a unique and practical alternative for low voltage and low power applications. A power supply is 

considered as an implanted circuit; which is able to converts unregulated AC into a constant DC supply. With the 

help of a rectifier, it converts AC supply into the DC supply. The type of stabilization used may be restricted to 

ensuring that the output remains within certain rated limits under various load and line conditions.  

    This paper elaborates and investigates a low voltage power supply system powered by a manually driven 

DC motor. The researcher has tried to make a versatile low voltage power supply which can be use in daily life. 

Most of the domestic electronic devices, that needs operating voltage up to 6 volts, can be operate effectively 

with the help of this versatile low power supply. Such systems can provide an immediate and reliable power 

source in the situations where conventional power sources are unavailable or impractical. Previous research has 

explored various methods of manually driven power generation, including pedal-powered generators, hand-crank 

generators, and flywheel energy storage systems. Studies have shown that manually driven systems can 

effectively convert mechanical energy into electrical energy with varying degrees of efficiency. These systems 

are particularly useful in remote areas, disaster recovery scenarios, and for educational purposes. 
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II. METHODOLOGY 

    The design of the manually driven low voltage power supply involves several key components as mentioned 

as follows:  

1. DC motor selection: A small, efficient DC motor capable of generating electricity when rotated manually. A 

motor with low starting torque and high efficiency is selected. If the achievable shaft speed does not reach a 

sufficient back EMF, a suitable gear reduction can be added to increase the speed at motor shaft. 

2. Mechanical drive assembly: A mechanism such as a crank, pedal or manually system to drive the motor. A 

hand-crank system can be considered to provide a consistent rotational force to the motor. 

3. Voltage regulation system: A rectifier and voltage regulator are designed to convert and stabilize the generated 

voltage. A voltage regulator circuit is needed to ensure stable voltage output.  

4. Energy storage system: Rechargeable batteries are integrated to store excess energy for later use. Batteries or 

capacitors can be used to store the generated electricity. 

5. Output Interface and connectors: Connectors or adapters to use the generated power. The system is tested 

under various conditions to measure output voltage, current, and overall efficiency. 

6. Testing and Calibration:  Number of trial-and-error basis readings has been taken for proper testing and 

calibration of the system.  

 

III.    REAL-TIME SETUP OF THE POWER SUPPLY 

 

 

        The below mentioned figure shows the real-time setup and related diagram of the versatile manually driven 

low voltage power supply. The descriptions of each block are explained in the succeeding section. 

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure:  Realtime setup of the versatile low voltage power supply 
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A manually driven or hand cranked DC motor with suitable geared arrangements is used as generator to 

produce electricity across its output terminals. Such a DC motor can effectively function as a generator, converting 

mechanical energy into electrical energy. At this stage, multiple gear system was attached with the help of 

mechanical handle to apply mechanical energy. 

A voltage regulator was designed to automatically maintain a constant voltage level. A voltage regulator may 

use a simple feed forward designs or may include negative feedback, if necessary. It may use an electro-

mechanical mechanism, or electronic components. Depending upon the designs, these may be used to regulate one 

or more DC voltage levels. 

Selection of the last stage utility has been prepared by using mechanical or electronic switch. For the sake of 

simplicity of the user, we have used here a mechanical ‘single pole multiple way’ switch with proper connections. 

Only one task will be selected and will be connected at any time of preferred position for the operation purpose. 

The generated as well as regulated dc voltage can be used to operate either of the device/gadget connected through 

the selector mechanism. For the sake of simplicity of the user as well as visitors, we have used here only limited 

utilities like DC fan or motor, LED bulbs or lights, mobile or cellphone set, chargeable battery, AM and/or FM 

radio set and any other low voltage operated electronic gadget. Many other number of available household devices 

can be connected as a load or a utility. 

 

IV.    SELECTION OF DC MOTOR 

 

The selected DC motor can be served as a required generator in producing electricity by utilizing the Faraday’s 

principle of electromagnetic induction. Which states that ‘as a DC motor is rotated, it will generate the magnetic 

field’. Such a magnetic field will induce the current in nearby conductor or coil, known as the armature coil for 

current flow. This current can be collected and used as the generated electricity. To enhance the electricity 

generation, a pair of permanent magnets can be added to the motor's coil or core, which will act as an auxiliary 

power source. Here the most common types depend on on the forces produced by magnetic fields. Almost all types 

of DC motors have typical internal mechanisms, might be either electro-mechanical or electronic, to intermittently 

change the direction of current flow in the motor.  Moreover, the motor used may be connected to secondary cell 

or the batteries, which can be charged by the rotating permanent magnets or by using the back-emf produce in the 

armature coil. By using such type of methods, a common type of DC motor can be excellently function as a 

generator, converting mechanical energy into an electrical energy. Multiple gear system was attached with the help 

of mechanical handle, to increase the number of rotations of the dc motor.  

The manually driven DC motor system successfully generated a low voltage power supply. The key findings 

include as below: 

1. Energy Conversion Efficiency: The system achieved an efficiency of approximately 80-90% under optimal 

conditions. 

2. Voltage Stability: The voltage regulation circuit maintained a stable output within a range suitable for small 

electronic devices. 

3. Usability: The hand-crank or manually driven mechanism provided a practical and user-friendly interface for 

generating low power. 

4. Applicability: The system proved effective in charging small batteries, powering LED lights, DC fans and 

running small electronic devices like AM and FM radios. 
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V.   AVAILIBILITY AND APPLICATIONS 

Various applications of such a low voltage power supply are mentioned as follows.  

1) It can operate DC fans and motors of low voltage ratings. 

2) LED bulbs and lighting loads can be easily operated.  

3) Different types of mobile phones can be charge manually. 

4) AM and/or FM radio sets can be operated as a real time loads. 

5) Rechargeable batteries and small power banks can charge properly. 

6)  Can be use as regulated power supplies in various low power appliances. 

7) Can be use as an emergency power supply in remote or rural areas. 

8) Any other low power electronic gadgets can operate using this power supply. 

    Such a low voltage power supply can be used as a variable supply with slight modifications in the voltage   

regulator circuit. 

VI.    ADVANTAGES AND LIMITATIONS 

a) Advantages are summarized as: 

• Renewable and sustainable: Utilizes human mechanical energy, reducing reliance on traditional power sources. 

• Mechanical atomization: Suggested circuitry can be attached to any mechanically automated driven system for 

continuous utilization of mechanical energy.  

• Portability: Compact and lightweight design makes it easy to transport and use in various settings. 

• Emergency use: Provides a reliable power source during power outages or in remote locations. 

 

b) Limitations are summarized as: 

• Limited power output: Suitable only for low voltage and low power applications. 

• Physical effort required: Continuous manual, physical or automated effort is needed to generate power. In 

absence of any kind of efforts, electricity generation will stop. 

• Efficiency losses: Energy conversion efficiency is relatively low compared to other power generation methods. 

 

VII.    CONCLUSION 

 

   The manually driven DC motor-based low voltage power supply is a viable solution for generating small 

amounts of electricity in an eco-friendly and sustainable manner. The undertaken research work describes the 

design aspect of one such non-conventional as well as renewable low power energy source in which manual or 

laborious efforts are used particularly along with different electro-mechanical components. The designed power 

supply is innovative and provides multipurpose utilities in number of applications. While it has limitations in 

power output and efficiency, its advantages make it a valuable tool for specific applications. Future work could 

focus on improving the efficiency of energy conversion and exploring hybrid systems that combine manual and 

other renewable energy sources. 
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On the Implementation of Linear 

Position Control using Fuzzy Logic 

Approach 
 

 

Abstract: - : This paper investigated a significant application of fuzzy set theory and fuzzy logic. The proposed work aimed to 

simulate Fuzzy Logic Controller (FLC) for linear position control. With this objective, an initiative is taken to design and simulate a 

Fuzzy Inference System (FIS) to control linear position in a computer-assisted environment. In this paper, the implementation of a 

Mamdani Fuzzy Inference System has been demonstrated with the application of controlling linear displacement. The design and 

simulation of conventional fuzzy logic controller (FLC) for a single input single output (SISO) system, is carried out. The system 

consists of a fuzzy logic controller that analyzes probable control situation based on the error distance and its error derivative. The 

controller determines the sufficient linear motion required to obtain the desired set-position while providing a smooth motion for the 

slider. The robustness of the proposed control scheme is verified by numerical simulation. The proposed scheme has better 

performance than the conventional method due to parameter variation and extraneous disturbance. To demonstrate its performance, 

the proposed control algorithm is applied to a real time position control system. 

Keywords: Centroid, Defuzzification, Fuzzification, Mamdani Inference System 

 

 

I.  INTRODUCTION  

Linear acceleration control is the main obligation of applications including machine tools and industrial 

machinery, in computer peripherals such as disk drives and printers, in space robotics, and in many other 

places where linear motion is required. It also used in the appliance requiring precise linear sliding 

movement and the wide range of linear motion products. The linear sliders provide advanced linear 

motion functionality in versatile linear motion solution. They are the component that ranges from ON/OFF 

devices with the simple linear controller to complex, user programmable modules that act as controllers 

within integrated multi-axis motion control systems. One of the major intricacies in realizing proposed 

Linear Position Control System (LPCS) is the controller design. Simple linear movement with simple 

velocity profile is relatively easy to design. The conventional position controller controls the position, not 

force while Fuzzy force controllers, regulate force without precise control of the movement trajectory. The 

hybrid position/force controllers, controlling position in one direction, have the advantage of 

simultaneously maintaining the desired movement path and force for the smooth movements. Several 

approaches were applied to model nonlinear system of LPCS. In present work, Fuzzy system modeling 

(model-based approach) has been used for our research purpose. Thus, the system had position control in 

one direction and speed-dependent force control in the opposite direction. One additional problem in 

designing the controller is the uncertainty about the subject and the nonlinear dynamics of the machine 

such as the Coulomb friction in the mechanism. In a classical design process, the control parameters are 

determined according to the system model. For a position control, the output load is also part of the 

dynamic system and the dynamic model of the subject is not as clear and invariable as the mechanical 

system. To solve this problem, fuzzy logic control is incorporated in the proposed LPCS. Fuzzy control is 

best known for tracking with nonlinear systems and systems that have uncertainty in its parameters. The 

uniqueness of a fuzzy modeling approach is its ability to utilize both qualitative and quantitative 
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information. Qualitative information is human modeling expertise and knowledge, which are utilized in 

the form of fuzzy sets, fuzzy logic and fuzzy rules [1]. Many researchers have tried to maintain the 

stability by fine-tuning by enhancing the fuzzy rule set, through a stable linear proportional, integral, and 

derivative (PID) controller. Designing a controller for position control is more difficult because the 

external disturbance itself is subjected to another unresolved controller (the human control).Here we have 

designed a fuzzy logic controller using fuzzy logic toolbox in MATLAB (Version 7.0.0.499 R2010a 32 

bit) software and simulate the designed model using the Simulink. 

A major portion of research work on designing the hardware mechanism for automatic control system 

invariably revolves around the study of DC position control system. The present study has been designed 

with the objective in mind despite the constrained like friction, dead zone, nonlinearities due to driver 

saturation , motor current limitation and low speed of response associated with any mechanical system. 

The main purpose of the current study is to construct a linear position control system specialized for 

regulating a vehicle brake. The system, incorporating hybrid position/force control and fuzzy logic, shall 

be able to assist the subject in performing movements along the straight path inside the cylinder with 

specified loads. The specific goals of current work include design and simulation with control algorithm 

implementation and performance analysis of the proposed system. The schematic diagram in fig.1 shows 

various built-in subsystems which are now discussed in subsequent sections of this paper. 

 

 
  Fig. 1 Position control system 

In [2] position control of a Brushless direct drive(BLDD) motor was proposed using a fuzzy logic 

controller(FLC), because of its simple structure and robust performance in a wide range of operating 

conditions. Although vehicle brake system is intrinsically nonlinear and its dynamics will be described by 

second order differential equations, it is often possible to obtain a linearized model of the system. If the 

system operates around target point and the error signals involved are small signals, a linear model that 

approximates the nonlinear system in the region of operation can be obtained. In [3] dynamics was derived 

using an integrated Fuzzy PID approach and the control was design by the equations linearized around 

steady-state value. Even though the controller is tested, but experimental results need to obtain to validate 

the simulation results and still not yet done. Thus, this paper presents investigations of performance 

comparison between conventional PID control and intelligent fuzzy logic control schemes for a position 

control experimentally. In this work, the LPCS was modeled to mimic the human mind to effectively 

employ modes of reasoning that are approximate rather than exact, to test controllers designed. 

Performances of both control strategy with respect to Error distance and Error derivative i.e. Error rate 

were examined if the error is being decreased with incremental error rate then motor speed should be 
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exponentially decreased. Comparative assessment of both control schemes to the LPCS system 

performance was analyzed and discussed. 

II      REVIEW OF LITERATURE 

The control objective is to achieve the desired position and direction while maintaining the MTWIP 

(Mean Time to Work in Process) in a balanced state. The utilization of a Takagi-Sugeno model is 

employed to accomplish this. The results clearly indicate that the IT2 FLS performs better in the presence 

of modeling uncertainty and external disturbances.  

Umesh Kumar Bansal [2] uses BLDD motor that has a PID controller to regulate its speed. The KP, KI, 

and KD gains of the PID controller are tuned based on fuzzy logic. The author noted that the specific 

characteristics of PID controllers and the adaptable characteristics of fuzzy controllers are both found in 

the fuzzy self-tuning PID controller. The simulation outcomes of the proposed work showed that the 

designed self-tuned PID controller achieved excellent dynamic characteristics of the BLDD motor. It 

revealed perfect speed tracking with minimal rise and settling time, minimal overshoot, minimal steady 

state error, and superior performance compared to a traditional PID controller. 

Ivana Todic and her colleagues [3] conducted a study that specifically examined the regulation of Electro 

Mechanical Actuators (EMA) for aerospace purposes. The EMA is controlled utilizing a position regulator 

and a control mechanism that combines position and speed regulation. The author's research indicates that 

the operational limits of varying-speed motor drives are determined by the operational limits of single 

speed motors. This results in the system being underutilized and increases the risk of high power losses for 

the motor. The primary aim of his suggested research is to mitigate power losses, minimize heating, and 

reduce current consumption in the entire system. 

Yongming Li and Shaocheng Tong [4] released a paper titled "Adaptive Fuzzy Control with Prescribed 

Performance for Block-Triangular-Structured Nonlinear Systems." This research utilizes fuzzy logic 

systems to ascertain the unidentified functions of nonlinear systems. A novel observer-based output-

feedback control scheme is formulated using the adaptive fuzzy control theory and the back stepping design 

technique. The suggested control method effectively addresses the issue of excessive complexity in the 

back stepping design and eliminates the limiting assumption that unknown nonlinear functions must adhere 

to a global Lipschitz condition. The suggested strategy ensures that the tracking errors gradually approach a 

minimal residual set, while adhering to the specified performance limit. The simulation results of the 

chemical process control system are shown to further illustrate the efficacy of the proposed control 

technique. 

In 2018, Bing Chen and his colleagues [5] conducted a study on the development of an observer and 

adaptive fuzzy control for nonlinear strict-feedback systems. The work proposed a robust fuzzy observer to 

estimate undetectable state variables of a system using the convex combination method. The proposed 

adaptive fuzzy output feedback controller ensures the convergence of the tracking error to a small region 

near the origin, while ensuring that all signals in the adaptive closed-loop system stay within specific 

constraints. We present the simulation's results to illustrate the efficacy of the proposed methodology. 

The publication "Fuzzy Logic Controllers for specialty vehicles" was authored by Lishu Qin et.al [6] in 

2017. Employing a fusion of phase plane analysis and the variable universe approach. Despite the small 
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amount of fuzzy rules in the rule base, it is possible to improve the accuracy of the fuzzy logic controller's 

performance. The application of Lyapunov stability theory ensures the stability of the closed-loop system. 

Implementing this design method can significantly alleviate the workload for fuzzy logic controller 

developers and reduce the time required for developing the fuzzy logic controller. 

The paper titled "Task Space Control of an Autonomous Underwater Vehicle Manipulator System by 

Robust Single-Input Fuzzy Logic Control Scheme" was published by Pandurang S. Londhe et.al [7] in 

2017. The numerical demonstration of the suggested control scheme's effectiveness is conducted on a 

planar undersea vehicle gripper system. The main goal of the proposed control strategy is to accurately 

follow the specified trajectory of the end-effector in the task space, even in the presence of external 

disturbances, ambiguities in the system, and internal sounds related to the AUVMS. Simulation outcomes 

have shown that the suggested control method enables the AUVMS to accurately follow the specified 

spatial trajectory and provide superior and reliable control performance. 

The paper titled "Feedback Error Learning Control of Magnetic Satellites Using Type-2 Fuzzy Neural 

Networks with Elliptic Membership Functions" was published by Khanesar et.al [8] in 2014. The learning 

process is grounded on the feedback error learning approach, which enhances both the stability of the 

learning itself and the stability of the entire system. Additionally, this method allows for the inclusion of 

additional components in the control scheme to provide robustness. The simulation findings demonstrate 

that the suggested control algorithm outperforms traditional control techniques in terms of reduced steady 

state error and faster response to transients. 

Haibo Du et.al [9] published a study on the development of a positioning-tracking device for a linear 

motion controller using vectorization technique. The primary aim of this work is to address the issue of 

position tracking control for a permanent magnet linear motor. This will be achieved by employing the 

discrete-time fast sliding mode control (SMC) method. An exhaustive analysis is presented to establish that 

the fast terminal sliding mode control law can provide superior precision compared to the conventional 

linear sliding mode control law. The suggested strategy is validated using computational simulations and 

empirical findings, which confirm its effectiveness and highlight the advantages of the discrete-time fast 

terminal sliding mode control (SMC) approach over previous methods. 

The publication "A Modular Implementation Scheme for Non singleton Type-2 Fuzzy Logic Systems with 

Input Uncertainties" was authored by Zaheer et.al [10] in 2015. The recommended implementation method 

encompasses a comprehensive approach that includes both the fuzzyfiers and the membership functions. In 

order to assess the efficacy of the suggested approach, kind-2 fuzzy logic controllers are implemented for 

three distinct applications: controlling the altitude of an airplane, enabling obstacle avoiding for an 

autonomous vehicle, and facilitating wall following for a robot. The proposed system effectively handles 

all three uses. Furthermore, the performance outcomes in all three application configurations demonstrate 

that NS fuzzyfication can enhance the resilience of kind-2 fuzzy logic systems against significant 

uncertainties. 

The paper titled "Adaptive Inverse Control of Cable-Driven Parallel System Based on Type-2 Fuzzy Logic 

Systems" was published by Tiechao Wang et.al [11] in 2015. The antecedents of the interval type-2 fuzzy 

nonlinear autoregressive model exogenous (NARX) forward models are constructed by establishing the 

monotonic property of the fuzzy NARX model. The antecedent parameters may then be derived based on 
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this property. In addition, the subsequent parameters of the advanced models are calculated offline using a 

constrained least squares approach. The experiment findings demonstrate that the suggested type-2 fuzzy 

control method successfully achieves the control objectives and exhibits excellent control performance. 

Shaocheng Tong et.al [12] released an article on the design of adaptive fuzzy tracking control for single-

input single-output uncertain non-strict feedback nonlinear systems. This work examines the topic of 

designing an adaptive fuzzy tracking control for the same system. The unified framework of adaptive back-

stepping control design encompasses both adaptive fuzzy state feedback techniques and observer-based 

outcome feedback control design approaches. The robustness of the closed-loop systems is demonstrated 

by the utilization of Lyapunov value theory. The simulation examples are presented to validate the efficacy 

of the provided control strategies. 

The publication "Observed-Based Adaptive Fuzzy Decentralized Tracking Control for Switched Uncertain 

Nonlinear Large-Scale Systems with Dead Zones" was authored by Shaocheng Tong et.al [13] in 2016. An 

adaptive fuzzy decentralized output-feedback tracking control strategy is created for the switched 

subsystem using the adaptive randomized back stepping implementation technique. The stability of the 

entire closed-loop system is demonstrated by the utilization of the Lyapunov function and the mean dwell-

time approaches. The simulated example is presented to demonstrate the efficacy of the proposed control 

methodology. 

Li Qiu and colleagues [14] have released a publication titled "Robust Cooperative Positioning Control of 

Composite Nested Linear Switched Reluctance Machines (LSRM)".The composite layered LSRMs across 

communication networks are represented as a Markov time-delay system to facilitate long distance 

movement and parallel close movement for industrial needs. The suggested robust collaborative positioning 

control system is tested through multiple experimental trials to confirm its effectiveness and practicality. 

The publication "Position Control for Magnetic Rod less Cylinders with Strong Static Friction" by Hongjiu 

Yang et al. [15] was released in 2018. This work proposes a resilient controller based on an adaptive 

extended state observer (AESO). The suggested controller combines the benefits of a sliding-mode 

controller and a linear active disturbance rejection controller to achieve accurate and reliable control. The 

experimental results demonstrate a substantial enhancement in both reaction rate and position accuracy 

through the utilization of the strategy presented in this research. 

Liang Sun and Zewei Zheng [16] published a paper titled "Disturbance Observer-Based Robust Layered 

Control for Spacecraft Proximity Makeovers." The papers present the design of a 6-DOF robust condition 

feedback saturated controller. This controller is capable of continuously monitoring relative position and 

synchronizing attitude. The stability of the closed-loop system that is used with this control method is 

rigorously established under mild presumptions. Furthermore, it is proven that both the relative position 

and with regard attitude converge to a small neighborhood around zero. The numerical simulation result 

provides evidence of the efficacy of the proposed strategy for designing controllers. 

Li Qiuet.al [17] released a study on the design of a Networked H∞ Controller for a Direct-Drive Linear 

Motion Control System. The network-induced random delay, which cannot be avoided, is represented by a 

Markov chain that has uncertain transition probabilities. This work presents a linear motion control system 

that utilizes a double-sided linear switched reluctance machine (DLSRM) in the experiments. The 
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experimental tests on the networked DLSRM system are conducted to validate the efficacy and feasibility 

of the proposed H∞ control approach for industrial applications of networked control systems. 

The 2015 paper by J. F. Pan et.al.[18] on high-precision dual-loop position control of an asymmetric 

bilateral linear hybrid switched reluctance motor, and the 2015 paper by Benoit Huard et.al.[19] on sensor-

less force/position control of a single-acting actuator, both show better performance and faster rise time 

compared to single-loop control strategies. 

Benoit Huard et.al [19] released a study titled "Linear Control of Switching Valve in Vehicle Hydraulic 

Control Unit (HCU) Based on Sensor less Solenoid Position Estimation." This study presents a novel 

approach to establish a real-time linear controller for the switching valve in the HCU. The approach 

involves integrating a new sliding-mode controller (SMC) with a nonlinear sliding-mode observer (SMO). 

The sensor less linear pressure controller's tracking capabilities was validated using simulations and 

experiments, which yielded findings that supported its performance across various conditions. This study 

offers a valuable approach to achieve real-time linear control of a high-frequency switching valve that is 

comparable to a high-performance proportional valve. 

 

III.      FUZZY LOGIC CONTROLLER 

The cornerstone of fuzzy logic is rooted in the simulation of human views and perceptions to regulate any 

system. One approach to simplifying complicated systems is to accept a certain degree of imprecision, 

ambiguity, and uncertainty [10]. An experienced operator creates a versatile control mechanism utilizing 

often used phrases such as "suitable," "not very suitable," "high," "little high," "much high," "far," and "too 

much high" that are regularly seen in people's daily lives. Fuzzy logic control is built upon these logical 

linkages. Fuzzy sets are utilized to represent linguistic variables. Zadeh created Fuzzy Sets Theory in 1965 

as a means to represent and manipulate imprecise knowledge [11, 12]. The relationship between fuzzy logic 

and fuzzy set theory is analogous to the relationship between Boolean logic and classical set theory. Fig.2 

depicts a fundamental construction of a Fuzzy Logic Controller (FLC).  

To enhance the performance of FLC, adjustments are made to the regulations and membership functions. 

The membership functions are modified by reducing the width of the membership functions in the vicinity 

of the ZE region, resulting in a higher level of control precision. Conversely, increasing the width of the 

area that is distance from the ZE zone results in a quicker response in terms of control. Furthermore, the 

performance can be enhanced by modifying the stringency of rules [4].  

 

IV.     EXPERIMENTAL MODEL DEVELOPMENT 

The following assumptions are prepared while developing the model 

1) Difference between Initial distance and stopping distance should not be zero. 

2) The drive gears of the position control system do not slip. 

3) The center of gravity of the position control system is at the center of the base. 

4) All damping is viscous in nature, no Coulomb friction is included. 

5) No backlash in the gears (DC motor) of the model. 
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                                                                                   Fig. 2 The proposed system architecture 

 

V. DESIGN OF FUZZY CONTROLLER 

The structure of the control system with the proposed real time implementation of fuzzy controller is shown 

in Fig.2. The proposed fuzzy controller based on Mamdani’s fuzzy technique is implemented as a position 

controller. 

 

 

                                                 Fig. 3 Structure of fuzzy logic controller 

The traditional Fuzzy Logic Controller usually works with input signals of the system error e and the 

derivative error ce in the error. The system error is defined as the difference between the reference point 

and the current output at the moment t: 

𝑒(𝑡) = 𝑟(𝑡) − 𝑦(𝑡)               (1) 

Hence the error derivative ce at the moment t will be: 

𝑐𝑒(𝑡) = 𝑒(𝑡) − 𝑒(𝑡 − 1)           (2) 

Proportional integral control technique is commonly using traditional control technique but the 

performance of the PID controller is mainly based on a suitable choice of the gains (Kp, Kd, Ki). Tuning of 

gains becomes the most difficult task. To overcome this problem a robust controller is needed. Fuzzy is one 

of these control technique which is robust about too many nonlinear procedures. The fuzzy controller uses a 

systematic method to control a nonlinear procedure based on human experience. This is defined as a 

heuristic method this can enhance the operation of closed loop system. The operation of the fuzzy 

controller is based on its capability to simulate several role implications at the same time, it results in the 

significantly comprehensive output. A well designed fuzzy controller can provide enhanced operation in 
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presence of variations in parameters, external perturbations, and load existence than conventional PID 

controllers. The design of fuzzy controller mainly consists of four building blocks: Fuzzyfication block, 

fuzzy knowledge-based (Membership Function and Fuzzy Rule Base) block, fuzzy Inference engine and 

Defuzzification block. 

 

 
 

Fig 4: Experimental setup of model 

 
 

Fig 5: LCD 40 x 4 Character Display 

1. Fuzzyfication 

The conversion of the crisp (classical) set to the fuzzy set is called the Fuzzification. Triangular fuzzifier is 

used among different fuzzifier such as Triangular, Trapezoidal, Singleton and Gaussian. By assigning some 

membership function to each and every input with the help of the fuzzifier is convert the input crisp value 

into the fuzzy set, [8, 9]. 

2. Membership Function 

A graph of input crisp value and membership value which varies from 0 to 1 is called the membership 

function. It provides impreciseness to the fuzzy logic. The triangular membership function is used among the 

different membership functions such as trapezoidal, Gaussian, sigmoid, piecewise linear. 

3. Fuzzy Rule Base 

Fuzzy rule bases have garnered considerable interest in diverse disciplines because of their capacity to 

manage ambiguity and imprecise data. By integrating fuzzy logic into decision support block, proposed 

system will more accurately simulate how technical operator might tackle intricate situations with 
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significant levels of ambiguity. The fuzzy model offers a more predictable approach to input, membership 

functions, and inference rules, resulting in enhanced accuracy rates in mapping task between input crisp 

values to output crisp value. The rules established and applied in the fuzzy model take into account the 

most important factors and aid in defining the membership functions. Hence, the utilization of fuzzy rule 

bases enables the development of a complex framework that can be employed for our predefined events, 

such as the mapping the error and change in error to output duty cycle. 

Table 9: The Fuzzy Rule Base 

 

 

 

4. Inference Engine 

Fuzzy inference engine consists of the knowledge base, in which the rules are framed. It can be broadly 

categorized into two types 

i. Mamdani method 

ii. Sugeno method 

Sugeno method is generally based on mathematical analysis and calculations. But in Mamdani method 

linguistic logic used to make the rules which are very simple compared to the Sugeno method. Mamdani 

method is computationally efficient when compared to the Sugeno method. The fuzzy sets have been 

determined as NL( negative large), NM( negative medium), NS( negative small) and  Z( zero), PS(Positive 

small), PM(positive medium), PL( positive large). 

5. Defuzzification 

Defuzzification is the last step of a fuzzy logic system, in which the fuzzy output of the inference engine 

gets converted into a precise value that can be received for further processing. This is achieved by 

identifying the most significant value or central point of the fuzzy output, which matches the level of 

membership in each fuzzy set. The interpretation of the outcomes of a fuzzy logic system and their use in 

implementation is a critical procedure. Converting the fuzzy output into a crisp value is an important step in 

the fuzzy logic system. This conversion allows for easy interpretation and utilization of the value in 

subsequent decision-making processes. 
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VI.    SIMULATION RESULTS 

The Mamdani control strategy using PI and Fuzzy logic is implemented for linear position control using real time custom 

hardware and results are presented in this section. The performance of the Fuzzy logic controller is analyzed by using Steady State 

Error and error derivative analysis. The main objective of the Mamdani controller is to achieve target distance with minimum 

steady state error. The reference distance to the linear position controller is taken as 10 mm. The performance analysis using 

Fuzzy logic controller are shown in figure 21 to fig 24 .The resulting PWM with Total Period of 43 µsec and frequency of 23.29 

KHz of rectangular wave form is examined using dual channel storage type oscilloscope 

Table 2: LCD Display Showing the Experimental results 

TON(µsec) TOFF(µsec) Duty 

Cycle 

Error Change 

in Error 

10.75 32.25 25% 4.62 -1.14 

20.64 22.36 48% 8.35 0.315 

33.11 9.89 77% 14.7 0.929 

41.71 1.29 97% 25 2.00 

 

 

Fig 6. Understanding Defuffyfication process                         Fig. 7 Defuzzyfied Output 
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VII. CONCLUSION 

This paper demonstrates the implementation and design of a fuzzy controller for linear position control of a 

mechanical plant. The structure of real-time implementation of the fuzzy controller has been introduced in this 

work. The Mamdani fuzzy technique is used to obtain the fuzzy controller. The fuzzy controller is developed as a 

two-term fuzzy controller using the system error and the derivatives of the error. This is evident from the 

obtained results, where the transient responses of the system output have shown an improvement after several 

rules with the implemented fuzzy controller. The experimental results realize a good transient behavior of the 

proposed system, it maintains a constant difference of target speed and output speed with a small system error 

and minimum error derivative. The system performance is satisfactorily verified with the validity and robustness 

of the proposed structure of the fuzzy controller. 
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Structural and optical 

characterization of 

polythiophene/polyindole/ferric 

chloride blended polymers for 

optoelectronic applications 
 

 

Abstract: - The present work reports the complex optical properties of polythiophene/polyindole/ferric 

chloride (PTh/PIn/FeCl3) blended polymers synthesized through novel one pot chemical oxidation 

copolymerization.  The result of X-ray diffraction (XRD) analysis depicts the amorphous nature of these 

synthesized blended polymers. Field emission-scanning electron microscopy (FE-SEM) ensured the 

morphology of prepared samples. The complex optical parameters have been analyzed using ultraviolet-

visible (UV-Vis) spectroscopy. The studied samples exhibited absorption around 240 - 300 nm. The 

optical band gap values were found to be 2.52 and 2.67 eV for 1:1:1 and 1:1:2 molar feed ratio of 

PTh/PIn/FeCl3 blended polymers. The estimated optical energy band gap validated that the studied 

material has potential applications in optoelectronic devices.     

Keywords: Chemical copolymerization, complex optical properties, optical conductivity. 

 

 

I.  INTRODUCTION  

Recently, investigations are going on over the organic conjugated polymeric materials due to the demand of 

digital life style, energy storage system, hybrid vehicles and flexible portable electronic devices [1, 2]. These 

conjugated polymeric materials shows their wide applications in solid-state device technology likely 

photovoltaic, organic solar cells, sensors, light emitting diodes, field effect transistors, electrochemical lithium 

batteries etc. [3-9]. The conjugated conducting polymers and their copolymers exhibit sufficiently high 

optoelectronic properties, such materials are usually offered in low-cost electronic and optical devices [10]. For 

the active performance, most of the above said solid-state devices have been based on the conjugated conducting 

polymers such as polythiophene (PTh) and polyindole (PIn) due to their excellent electrical characteristics, 

thermal and environmental stability and solubility [11-13]. 

The characterizations of the prepared materials play a very crucial role in understanding the physico-chemical 

properties in order to design and implementation of such materials for their intended potential applications [14]. 

The optical characterization gives insight to different physical properties such as absorption, transmission, 

extinction coefficient, refractive index, electronic excitation energy, optical band gap, optical conductivity, etc. 

UV-Visible spectroscopy is one of the dominant tools in order to understand the complex optical properties of 

materials and numerous studies have been conducted earlier starting different methods of characterization [15, 

16]. Using results of UV-Visible spectroscopy, by considering absorption, reflectance and other parameters, 

several models have been proposed to comprehend the properties of materials [17]. In light of this, we therefore 

describe the way to study the different complex optical properties of the prepared materials.  

Gupta et al. [18] have been reported the successful performance of copolymerization of carbazole and indole 

through potentiostatic polymerization and the influence of the monomer concentrations ratio on copolymer 

formation have been investigated and found that the current density- voltage characteristic of the schottky diode 

is consequential in extracting the electronic parameters and the charge transport mechanism of the devices. Zhao 

et al. [19] have been successfully designed and synthesized three series of cis/transisomers of benzidiimidazole-

thiophene copolymers (PBDIT) with different length of n-alkyl chains and illuminated the relationship between 

the configurational isomerism and the optical and electrical properties. Wadatkar et al. [20] have been reported 

the successful chemical copolymerization of monomers, i.e. thiophene and indole in aqueous solution using 

FeCl3 as an oxidant and studied the complex electrical behavior of as-synthesized copolymeric materials.  
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There are some reports concerning the copolymerization of thiophene and indole [21], but no report on the 

chemically oxidative copolymerization of thiophene and indole is found in aqueous solution. In this article, we 

report on the novel one pot chemical synthesis of these oligomers in aqueous solution using FeCl3 as an oxidant 

at room temperature. The as-synthesized PTh/PIn/FeCl3 blended polymers have been characterized through X-

RD, FE-SEM, and UV-Vis techniques. 

II.   EXPERIMENTAL  

In experimental part of this research work, thiophene, indole monomers, anhydrous iron (III) chloride 

(FeCl3), and other AR grade chemicals and reagents were purchased from commercial sources SD Fine, India 

and used without any further purification. The syntheses of blended polymers were done through in-situ chemical 

oxidative route. 0.1 M solution of thiophene and indole in deionized water has been mixed with variation of 

FeCl3 as 1:1:1, 1:1:2. In this, FeCl3 were used as an oxidant. 

III.    MATERIAL CHARACTERIZATIONS  

    The as-studied samples were characterized through XRD, FE-SEM and UV-Vis techniques to confirm the 

structural and optical properties. The XRD profile of powder samples were recorded on Rigaku miniflex-II X-ray 

diffraction using CuKα radiation (λ = 1.54 Å) in the 2θ range of 10-70°. The morphology of the samples was 

reported from FE-SEM (JEOL JSM-6360). The Characteristic UV-Vis analysis of as-synthesized samples was 

recorded on Perkin Elmer UV spectrophotometer in the range 200-800 nm. 

 

                                                                  IV.    RESULTS AND DISCUSSION 

 

 XRD analysis 

X-ray diffraction studies were carried out to examine the structure of studied samples. The patterns were 

recorded on Rigaku miniflex-II X-ray diffraction using CuKα radiation (λ = 1.54 Å) in the 2θ range of 10-70°. 

Fig. 1 depicts the XRD profile of PTh/PIn/FeCl3 blended polymers molar feed ratios as 1:1:1 and 1:1:2. The 

entire 2θ patterns do not shows any sharp peak, which is the characteristic of crystalline nature. Besides that 

patterns contains the broad humps between 20 and 30°, which pointed out the amorphous nature of synthesized 

samples of copolymer [20].  

 

 
Fig. 1. XRD profile of PTh/PIn/FeCl3 blended polymers with molar feed ratios as (a) 1:1:1 and (b) 1:1:2. 

 

 FE-SEM Analysis 

The physio-chemical properties are usually depends upon structure and morphology of materials. Conducting 

copolymers properties are correlated well with the morphology and structure. Thus, in order to analyze 

morphology of prepared samples, FE-SEM studies were carried out. Fig. 2 displays FE-SEM micrographs of 

PTh/PIn/FeCl3 blended polymers with molar feed ratios as 1:1:1 and 1:1:2. The micrographs of represents 

extremely rough, micro-globular porous structure and the surface particles are inhomogeneous in nature which 

attributes to random-ness in the structure of prepared samples [22].   
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Fig. 2. FE-SEM micrograph of PTh/PIn/FeCl3 blended polymers with molar feed ratios as (a) 1:1:1 and (b) 

1:1:2. 

 

UV-Vis Analysis 

Fig. 3 depicts the UV-Vis absorption spectra for PTh/PIn/FeCl3 blended polymers with molar feed ratios as 

1:1:1 and 1:1:2 in the range 200 - 800 nm. The absorption spectra are one of the strongly used tools to examine 

the linear absorption properties of studied materials. The organic molecule of studied materials shows the 

electronic transitions usually occurs between bonding and non-bonding orbitals towards the non-occupied 

antibonding orbitals [23, 24]. The highly intense absorption peak of the synthesized samples was observed at 280 

nm, frequently present in donor and acceptor in copolymer [25]. Peak ranging between 250-350 nm may ascribed 

due to the ԓ–ԓ* electronic transitions of the conjugated polymer backbones [26].  

 

 
Fig. 3. UV-Vis spectra of PTh/PIn/FeCl3 blended polymers with molar feed ratios as (a) 1:1:1 and (b) 1:1:2. 

 

Fig. 4 depicts the variation of extinction coefficient as a function of wavelength for PTh/PIn/FeCl3 blended 

polymers with molar feed ratios as 1:1:1 and 1:1:2. The plot clearly shows that extinction coefficient curve 

increases linearly with wavelength. The extinction coefficient represents the amount of trapping light [27]. Here, 

we conclude that wavelength beyond 240 nm trapped in the samples and there is a linear rise in the degree of 

trapping of light. Besides, the wavelength between 225 and 240 nm are not trapped in the samples. Since the 

variation of extinction coefficient between the wavelength range 225 and 240 nm is nearly constant. The highest 

value of extinction coefficient observed for the sample (b) having feed molar ratio as 1:1:2. 
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Fig. 4. Variation of extinction coefficient as a function of wavelength for PTh/PIn/FeCl3 blended polymers. 

 

Fig. 5 represents the variation of refractive index as a function of wavelength. The plot clearly shows that the 

samples offer low refractive index at smaller wavelength side, whereas the value of refractive index increases on 

higher wavelength side up to 560 nm. Beyond wavelength 560 nm, refractive index decreases gradually. The 

highest value of refractive index observed for the sample (a) having feed molar ratio as 1:1:1 at 560 nm. 

 

 
Fig. 5. Variation of refractive index as a function of wavelength for PTh/PIn/FeCl3 blended polymers. 

 

Fig. 6 shows the optical band gap curve for PTh/PIn/FeCl3 blended polymers with molar feed ratios as 1:1:1 

and 1:1:2. The relation between linear absorption coefficient (α) of material and incident photon energy (hν) is 

given by the well-known Tauc relation [28]: 

             αhν = C (hν -Eg)n                                               (1) 

where, Eg is the optical band gap energy of material, C is a proportionality constant and n is 0.5 for direct 

allowed transition and equal 2 for indirect allowed transition, respectively. The optical band gap values for the 
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studied samples were found to be 2.52 and 2.67 eV for 1:1:1 and 1:1:2 molar feed ratios, respectively. The 

optical band gap energy values obviously conclude that, the prepared samples have potential application in 

optoelectronics devices [29-31]. 

 

 
Fig. 6. Plot of (αhν)2 versus photon energy (hν) for PTh/PIn/FeCl3 blended polymers. 

 

The optical response of the materials is usually assessed in terms of the optical conductivity (σ) [30, 31]. 

Figure 7 shows the plot of the optical conductivity versus wavelength for samples PTh/PIn/FeCl3 blended 

polymers with molar feed ratios as (a) 1:1:1 and (b) 1:1:2. The plot illustrates that, the optical conductivity 

directly depends upon the absorption coefficient and refractive index of the samples. Also, the optical 

conductivity found more at lower wavelength side which ascribed to the excitation of electrons towards that 

wavelength side [32]. The values of the optical conductivity for the samples of PTh/PIn/FeCl3 blended polymers 

with molar feed ratios as (a) 1:1:1 and (b) 1:1:2 are estimated as 1.08×107 and 1.12×107 Scm-1 at 280 nm 

respectively.  

 

 
Fig. 7. Variation of optical conductivity for PTh/PIn/FeCl3 blended polymers as a function of wavelength. 
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IV. CONCLUSIONS 

 

In conclusion, we have studied the complex optical properties of PTh/PIn/FeCl3 blended polymers. The 

absorption spectrum of synthesized samples were analyzed ranges over 200 - 800 nm for the determination of 

optical parameters. The optical band gap values for the studied were found to be 2.52 and 2.67 eV for 1:1:1 and 

1:1:2 molar feed ratio of prepared blended materials, respectively. The optical conductivity shows their highest 

values around 280 nm for both samples. The critical analysis of results shows that all complex optical parameters 

vary with the concentration of oxidant. The estimated optical band gap energy has accepted value for 

photovoltaic activities and has potential for application in solar cells and optical devices. 
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Abstract :- 

       Supercapacitors have gained significant attention in recent years due to their high power density, rapid 

charging/discharging capabilities, and long cycle life. Polyaniline (PANI) and metal oxides have been 

extensively explored as electrode materials for supercapacitors. The combination of PANI and metal oxides 

in the form of nanocomposites has shown enhanced electrochemical performance. This review focuses on 

the fabrication, characterization, and supercapacitor application of PANI-metal oxide nanocomposites, 

highlighting their potential for energy storage devices. And focuses on their Current Trends and Future 

Directions. 
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Stability, Hybrid Nanocomposites.  

1. Introduction:- 

        Conductive polymers (CPs) have attracted great interest from academia and industry by offering the 

opportunity to combine the electrical properties of a semiconductor and metals with the traditional 

advantages of traditional polymers, such are polyaniline, polypyrrole, and polythiophene, together with their 

composites to improve the properties of conducting polymer materials. Conducting polymer possess 

conjugated bond system along the polymer backbone. They have been prepared through variety of 

techniques such as electrochemical oxidation/chemical oxidation of the conducting monomer. Polyaniline is 

one 

of the most extensively studied and used conducting polymer in supercapacitor or battery electrode 

material.  Inthis chapter, we explore conductive polymer-based composites for supercapacitors. For its 

applications in the field of energy storage, we critically review the application development and general 

design rules for energy storage devices, including supercapacitors, lithium and other ion batteries, and 

their limitations, current and future potential for moving forward. energy storage technologies. We Hope 

that this review can facilitate to enhance the data regarding this conducting polymer and consequently lead 

to new areas of research. 
 

1 *Corresponding author: Author 1 Affiliation 
2 Author 2 Affiliation 
Copyright © JES 2024 on-line : journal.esrgroups.org 



J. Electrical Systems Vol-Issue (2024): 1-12 

811 

Background : 

      Supercapacitors, also known as electrochemical capacitors or ultracapacitors, have gained significant 

attention in recent years due to their unique ability to generate high power density, quick charge-discharge 

cycles, and long cycle life. In contrast to traditional batteries, which store energy through chemical reactions, 

supercapacitors store energy by separating charges electrostatically. This basic difference enables 

supercapacitors to achieve substantially faster charge and discharge rates, making them ideal for applications 

needing brief bursts of energy, such as in electric vehicles, portable devices, and power backup systems . 

1.1 Importance of Materials in Supercapacitors: 

         The electrode materials used in supercapacitors have a significant impact on their performance. Of the 

materials studied, conductive polymers and metal oxides have shown promise; metal oxides, such as 

titanium dioxide (TiO₂), ruthenium oxide (RuO₂), and manganese oxide (MnO₂), offer high specific 

capacitance, excellent electrochemical stability, and ease of synthesis. Conductive polymers, such as 

polyaniline (PANI), offer high capacitance, flexibility, and ease of synthesis. 

Polyaniline (PANI) 

         According to its special qualities, including high conductivity, stability in the environment, and 

simplicity in synthesis and doping, polyaniline is one of the most researched conductive polymers. The 

primary factors influencing PANI's electrochemical behavior are its redox states, which are readily 

influenced by voltage and pH. Because of these qualities, PANI is a good option for supercapacitor 

electrodes. Unfortunately, PANI has limitations that restrict its practical applicability, such as poor cycle 

stability and mechanical degradation during long-term cycling. 

Metal oxides  

On the other hand, because of their many oxidation states, which promote quick and reversible redox 

reactions, metal oxides show exceptional capacitive behavior. For example, because of its low cost, 

environmental friendliness, and high theoretical capacitance, manganese oxide (MnO4) is utilized 

extensively. Comparably, ruthenium oxide (RuO₂) is well-known for its remarkable capacitance and 

conductivity, but its exorbitant cost prevents it from being used widely. The stability and mild capacitance of 

titanium dioxide (TiO₂) are highly valued characteristics. 

Polyaniline-Metal Oxide Nanocomposites: 

Researchers have created polyaniline-metal oxide nanocomposites to get around the drawbacks of individual 

components. By combining the benefits of both parts, these composites provide materials with improved 

electrochemical performance. Improved specific capacitance, energy density, power density, and cycle 

stability are the results of the interaction between PANI and metal oxides. To improve electron transport, 

increase structural integrity, and provide more active sites for redox reactions, metal oxides can be included 

into the PANI matrix.[1-9] 
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1.2 Objective  

The goal of this review is to present a thorough summary of the status of research on polyaniline-metal 

oxide nanocomposites for supercapacitors as it is right now. It will go through the several ways these 

nanocomposites are made, how they perform electrochemically, and how to characterize them. The 

assessment will also go over the difficulties encountered in this area and offer recommendations for future 

lines of inquiry to maximize these materials' usefulness. 

1.3 Overview of supercapacitors: 

Types of Supercapacitors 

Supercapacitors, also known as ultracapacitors or electrochemical capacitors, are classified into three main 

types based on their charge storage mechanisms: electrochemical double-layer capacitors (EDLCs), 

pseudocapacitors, and hybrid capacitors. 

Electrochemical Double-Layer Capacitors (EDLCs)  

EDLCs store energy through the electrostatic separation of charges at the interface between the electrode 

and the electrolyte. They rely on the formation of an electric double layer to accumulate charge without any 

faradaic reactions (chemical reactions involving electron transfer). Materials with high surface area, such as 

activated carbon, carbon nanotubes, and graphene, are typically used as electrodes in EDLCs due to their 

ability to provide extensive surface area for charge accumulation . 

Pseudocapacitors  

Pseudocapacitors store energy through fast and reversible faradaic reactions occurring at the electrode 

surface. These reactions involve the transfer of charge between the electrode material and the electrolyte, 

leading to higher specific capacitance compared to EDLCs. Common electrode materials for 

pseudocapacitors include conductive polymers (e.g., polyaniline, polypyrrole) and transition metal oxides 

(e.g., manganese oxide, ruthenium oxide) . 

Hybrid Capacitors  

Hybrid capacitors combine the mechanisms of EDLCs and pseudocapacitors to leverage the advantages of 

both types. They typically use a combination of materials, such as a carbon-based material for the EDLC 

component and a metal oxide or conductive polymer for the pseudocapacitive component. This combination 

enhances the overall performance, offering improved energy density and power density . 

Key Parameters of Supercapacitors 

Several key parameters are used to evaluate the performance of supercapacitors, including specific 

capacitance, energy density, power density, and cycle stability. 
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Specific Capacitance  

Specific capacitance (F/g) measures the amount of charge stored per unit mass of the electrode material. It is 

determined by cyclic voltammetry, galvanostatic charge-discharge, or electrochemical impedance 

spectroscopy. Higher specific capacitance indicates better energy storage capability . 

Energy Density  

Energy density (Wh/kg) represents the amount of energy stored per unit mass of the supercapacitor. It is 

influenced by the specific capacitance and the operating voltage window. Supercapacitors typically have 

lower energy density compared to batteries, but they offer higher power density . 

Power Density  

Power density (W/kg) indicates how quickly the stored energy can be delivered. Supercapacitors excel in 

delivering high power density due to their rapid charge-discharge capabilities. This makes them suitable for 

applications requiring quick bursts of energy . 

Cycle Stability  

Cycle stability refers to the ability of a supercapacitor to maintain its performance over repeated charge-

discharge cycles. A high cycle life, often in the range of tens of thousands to millions of cycles, is a crucial 

advantage of supercapacitors over batteries. Materials used in the electrodes should exhibit minimal 

degradation over extended cycling . 

1.4 Advantages and Applications of Supercapacitors 

Supercapacitors offer several advantages over traditional batteries, including: 

 Rapid Charging and Discharging: Due to their electrostatic storage mechanism, supercapacitors can 

be charged and discharged much faster than batteries. 

 Long Cycle Life: They can endure hundreds of thousands to millions of charge-discharge cycles with 

minimal capacity loss. 

 High Power Density: Supercapacitors can deliver high power outputs in short bursts, making them 

suitable for applications requiring quick energy release. 

 Wide Operating Temperature Range: They perform reliably over a broad range of temperatures. 

 These characteristics make supercapacitors ideal for various applications such as: 

 Energy Storage in Renewable Energy Systems: To smooth out intermittent energy supply from 

sources like solar and wind. 

 Power Backup Systems: For providing immediate power during outages and ensuring smooth power 

transitions. 

 Electric Vehicles (EVs): To assist in regenerative braking and provide rapid acceleration. 

 Portable Electronics: For quick charging devices such as cameras, laptops, and smartphones. 

 Industrial Applications: Where high power bursts are needed, such as in cranes, forklifts, and other 

heavy machinery. [10-19] 
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2 Polyaniline in supercapcitor : 

     2.1 Introduction to polyaniline  

          Polyaniline (PANI) is one of the most intensively researched conducting polymers due to its unique 

qualities, including high conductivity, environmental stability, simplicity of manufacturing, and tunable 

electrochemical properties. PANI can exist in three oxidation states: leucoemeraldine (completely reduced), 

emeraldine (partially oxidized), and pernigraniline (totally oxidised). The emeraldine salt form is very 

conductive and is commonly utilized in electrochemical applications. PANI's redox characteristics and high 

capacitance make it a desirable material for supercapacitor electrodes. 

2.2 Synthesis Methods 

The synthesis of PANI typically involves chemical or electrochemical polymerization of aniline monomers. 

Common methods include: 

Chemical Oxidative Polymerization: This method uses oxidizing agents such as ammonium persulfate to 

polymerize aniline in an acidic medium, resulting in a high yield of polyaniline with good conductivity . 

Electrochemical Polymerization: This approach involves the deposition of PANI onto a conductive 

substrate through electrochemical oxidation of aniline in an acidic electrolyte. This method allows for better 

control over the thickness and morphology of the PANI film . 

2.3 Electrochemical Performance 

PANI-based supercapacitors operate on the principle of pseudocapacitance, where charge storage occurs 

through fast and reversible redox reactions. The electrochemical performance of PANI can be characterized 

by its specific capacitance, energy density, power density, and cycle stability. 

Specific Capacitance: PANI exhibits high specific capacitance due to its redox-active nature. For instance, 

PANI electrodes can achieve specific capacitances ranging from 200 to 1000 F/g depending on the synthesis 

method and electrode configuration . 

Energy Density and Power Density: PANI-based supercapacitors generally offer moderate energy density 

but high power density, which is suitable for applications requiring quick energy delivery. For example, 

PANI can deliver energy densities of 10-20 Wh/kg and power densities up to 10 kW/kg . 

Cycle Stability: One of the main challenges with PANI is its cycle stability. The material tends to degrade 

over repeated charge-discharge cycles due to structural changes and mechanical stresses. However, 

strategies such as doping, composite formation, and using flexible substrates have been explored to enhance 

the durability of PANI electrodes . 

2.4 Polyaniline-Metal Oxide Composites 

To improve the performance and address the limitations of PANI, researchers have developed composites of 

PANI with various metal oxides. These composites leverage the high capacitance and conductivity of PANI 

with the stability and redox activity of metal oxides. Some notable examples include: 
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PANI-Manganese Oxide (MnO2) Composites: MnO2 is a popular choice for its high theoretical 

capacitance and environmental friendliness. PANI-MnO2 composites exhibit synergistic effects, resulting in 

enhanced specific capacitance and better cycle stability compared to pure PANI . 

PANI-Ruthenium Oxide (RuO2) Composites: RuO2 offers excellent capacitive properties, but it is 

expensive. Composites of PANI with RuO2 can achieve very high specific capacitance and conductivity, 

though cost remains a challenge for large-scale applications . 

PANI-Titanium Dioxide (TiO2) Composites: TiO2 is known for its stability and moderate capacitance. 

PANI-TiO2 composites benefit from the good cycling stability of TiO2 and the high capacitance of PANI, 

making them suitable for practical applications . 

2.5 Applications and Future Prospects 

PANI-based supercapacitors are being explored for various applications, including portable electronics, 

electric vehicles, and energy storage systems. The future of PANI in supercapacitors lies in overcoming 

challenges related to its mechanical stability and scalability. Continued research into nanostructuring, 

composite materials, and advanced fabrication techniques will be crucial in making PANI a viable option for 

commercial supercapacitors.[1,3,4,5,6,7,10,16,19] 

3. Metal oxides in supercapacitor: 

3.1 Introduction to Metal Oxides 

Metal oxides are among the most promising materials for supercapacitor electrodes due to their excellent 

electrochemical properties, multiple oxidation states, high theoretical capacitance, and relatively low cost. 

They contribute to charge storage through faradaic reactions, which enable higher specific capacitance 

compared to carbon-based materials. Commonly studied metal oxides for supercapacitors include 

manganese oxide (MnO₂), ruthenium oxide (RuO₂), titanium dioxide (TiO₂), and nickel oxide (NiO) . 

3.2 Types of Metal Oxides 

Manganese Oxide (MnO₂)  

Manganese oxide is widely studied due to its high theoretical capacitance (~1370 F/g), natural abundance, 

low cost, and environmental friendliness. MnO₂ stores charge through the following redox reaction:  

MnO2+H++e− ↔ MnOOH  

Despite these advantages, MnO₂ suffers from poor electrical conductivity and structural stability. 

Researchers have developed various strategies to address these issues, such as nanostructuring and 

combining MnO₂ with conductive materials like carbon nanotubes (CNTs) and graphene to enhance its 

electrochemical performance . 

Ruthenium Oxide (RuO₂)  

Ruthenium oxide is considered one of the best materials for supercapacitors due to its exceptional 

conductivity, high specific capacitance (up to 1700 F/g), and excellent cycle life. The charge storage 

mechanism involves the following redox reactions:                      
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       RuO2+H++e− ↔ RuO2(OH)  

However, the high cost of RuO₂ limits its large-scale application. Efforts to reduce costs include 

synthesizing RuO₂ at the nanoscale to increase surface area and combining it with other, more affordable 

materials to maintain high performance while reducing the amount of RuO₂ used . 

Nickel Oxide (NiO)  

Nickel oxide is another promising candidate for supercapacitor applications due to its high specific 

capacitance, environmental friendliness, and abundance. NiO stores charge through the following redox 

reaction:  

NiO+OH−↔NiO(OH)+e− 

NIO, like other metal oxides, suffers from low conductivity. To address this, NiO is often combined with 

conductive substrates or nanostructured to enhance its electrochemical performance . 

Titanium Dioxide (TiO₂)  

Titanium dioxide is known for its excellent chemical stability, low cost, and safety. While TiO₂ has a lower 

specific capacitance compared to MnO₂ and RuO₂, it provides good cycle stability and is often used in 

hybrid supercapacitors. Charge storage in  TiO₂ occurs mainly through intercalation of ions:  

TiO2+xLi++xe−↔LixTiO2  

TiO₂'s performance can be enhanced by nanostructuring and combining it with other active materials to 

improve conductivity and capacitance . 

3.3 Synthesis Methods 

Various synthesis methods are employed to produce metal oxide materials for supercapacitor electrodes, 

including: 

Hydrothermal Synthesis: This method involves the use of a high-temperature and high-pressure aqueous 

solution to grow crystalline metal oxide nanostructures. It allows for precise control over the morphology 

and size of the particles. 

Sol-Gel Method: In this process, metal alkoxides or metal salts are converted into a gel, which is then dried 

and calcined to form metal oxides. This method is useful for producing metal oxides with high purity and 

homogeneity . 

Electrodeposition: This technique involves the electrochemical deposition of metal oxides onto a 

conductive substrate. It is advantageous for creating thin films with controlled thickness and uniformity . 

Chemical Vapor Deposition (CVD): CVD is used to produce high-quality, thin metal oxide films by 

reacting gaseous precursors on a substrate. This method is suitable for creating well-adhered and uniform 

coatings . 

3.4 Electrochemical Performance 

The electrochemical performance of metal oxides in supercapacitors is evaluated based on several 

parameters, including specific capacitance, energy density, power density, and cycle stability. 
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Specific Capacitance: Metal oxides typically exhibit high specific capacitance due to their multiple 

oxidation states and the ability to undergo fast redox reactions. For example, MnO₂ can achieve specific 

capacitances ranging from 200 to 1370 F/g, depending on the synthesis method and electrode configuration . 

Energy Density and Power Density: Metal oxides generally offer high energy density due to their 

pseudocapacitive behavior. However, their power density can be limited by their relatively low conductivity. 

Combining metal oxides with conductive materials like carbon nanotubes or graphene can enhance both 

energy and power densities . 

Cycle Stability: The cycle stability of metal oxides is influenced by factors such as structural changes 

during cycling and dissolution of the active material. Strategies to improve cycle stability include 

nanostructuring, doping, and forming composites with other materials to provide mechanical support and 

prevent degradation . 

3.5 Metal Oxide Composites 

To enhance the performance of metal oxides in supercapacitors, researchers have developed various 

composites by combining metal oxides with other materials. These composites aim to synergize the 

advantages of each component, resulting in improved specific capacitance, conductivity, and cycle stability. 

Metal Oxide-Carbon Composites: Combining metal oxides with carbon-based materials like graphene, 

carbon nanotubes, and activated carbon improves the overall conductivity and provides additional surface 

area for charge storage. For instance, MnO₂-graphene composites exhibit enhanced specific capacitance and 

better rate capability compared to pure MnO₂ . 

Metal Oxide-Polymer Composites: Conductive polymers such as polyaniline (PANI) and polypyrrole 

(PPy) are often combined with metal oxides to enhance electrochemical performance. These polymers 

provide high capacitance and flexibility, while the metal oxides contribute to stability and redox activity. For 

example, PANI-RuO₂ composites show high specific capacitance and excellent cycle stability . 

Metal Oxide-Metal Oxide Composites: Combining different metal oxides can also yield superior 

performance by leveraging the unique properties of each oxide. For instance, NiO-MnO₂ composites benefit 

from the high capacitance of MnO₂ and the good cycle stability of NiO . 

3.6 Applications and Future Prospects 

Metal oxide-based supercapacitors are being explored for a wide range of applications, including energy 

storage systems, portable electronics, electric vehicles, and industrial equipment. The future of metal oxides 

in supercapacitors involves overcoming challenges related to conductivity, scalability, and cost. Advanced 

synthesis techniques, composite materials, and nanostructuring are key areas of focus to enhance the 

performance and practicality of metal oxide supercapacitors for commercial applications.[1,2,3,6,20,21] 
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4. Polyaniline metal-Oxide Nanocomposites for supercapacitor: 

4.1 Introduction 

Polyaniline (PANI)-metal oxide nanocomposites have emerged as promising materials for supercapacitor 

electrodes due to their synergistic properties. Combining PANI with metal oxides leverages the high 

capacitance and conductivity of PANI with the stability and redox activity of metal oxides, resulting in 

enhanced electrochemical performance. 

4.2 Synthesis and Properties 

Polyaniline can be combined with various metal oxides, such as manganese oxide (MnO₂), titanium dioxide 

(TiO₂), nickel oxide (NiO), and ruthenium oxide (RuO₂), to create nanocomposites with superior properties. 

4.2.1. PANI-Manganese Oxide (MnO₂) Composites : MnO₂ is a widely used metal oxide in supercapacitors 

due to its high theoretical capacitance and environmental friendliness. PANI-MnO₂ composites exhibit 

enhanced specific capacitance and better cycle stability compared to pure PANI or MnO₂. This improvement 

is attributed to the complementary redox activity and the conductive network formed by PANI, which 

facilitates efficient charge transfer and ion diffusion  

Synthesis Example:Chemical Co-Precipitation: Aniline monomers and MnO₂ nanoparticles are mixed in an 

acidic medium, followed by the addition of an oxidizing agent to polymerize aniline and form the composite 

. 

[23] 

Figure1: Synthesis of PANI-MnO2 Nanocomposites. 

4.2.2 PANI-Titanium Dioxide (TiO₂) Composites : TiO₂ is known for its chemical stability and safety. 

PANI-TiO₂ composites benefit from the good cycling stability of TiO₂ and the high capacitance of PANI. 

These composites are particularly suitable for applications requiring long-term stability and durability . 

Synthesis Example: 

Sol-Gel Method: Titanium alkoxide is hydrolyzed to form TiO₂ nanoparticles, which are then mixed with 

aniline monomers. Polymerization of aniline in the presence of TiO₂ nanoparticles results in the formation of 

the composite . 
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4.2.3 PANI-Nickel Oxide (NiO) Composites: NiO is valued for its high specific capacitance and abundance. 

PANI-NiO composites combine the pseudocapacitive behavior of NiO with the conductive properties of 

PANI, resulting in high performance supercapacitor electrodes . 

Synthesis Example: 

In-Situ Polymerization: NiO nanoparticles are dispersed in an aniline solution, and polymerization is 

initiated by adding an oxidizing agent. This method ensures a uniform distribution of NiO within the PANI 

matrix . 

4.2.4 PANI-Ruthenium Oxide (RuO₂) Composites: RuO₂ is one of the best performing metal oxides for 

supercapacitors due to its high specific capacitance and conductivity. However, its high cost limits its 

widespread use. PANI-RuO₂ composites can achieve very high specific capacitance and conductivity, 

making them suitable for high-performance applications . 

Synthesis Example: 

Electrochemical Deposition: RuO₂ is electrochemically deposited onto a conductive substrate, followed by 

the electrochemical polymerization of aniline to form the composite . 

4.3 Characterization Techniques for Polyaniline-Metal Oxide Nanocomposites: 

Characterizing polyaniline (PANI)-metal oxide nanocomposites is crucial to understanding 

their structure, morphology, and electrochemical performance. Here are some common characterization 

techniques used in the study of these nanocomposites: 

 4.31. Scanning Electron Microscopy (SEM) 

                      SEM is used to observe the surface morphology and particle size of the nanocomposites. 

   It provides high-resolution images by scanning the surface with a focused beam of electrons. It helps in 

understanding the distribution and uniformity of metal oxide particles within the PANI matrix.[3] 

  4.3.2. Transmission Electron Microscopy (TEM) 

                     TEM is used to analyze the internal structure and nanostructure of the composites. It offers 

detailed images of the internal composition and crystalline structure by transmitting electrons through an 

ultra-thin sample.[2] 

4.3.3.X-ray Diffraction (XRD) 

                   XRD is employed to identify the crystalline phases and crystallographic structures of the metal 

oxides and the nanocomposites.It provides information on the phase composition and crystallinity by 

measuring the diffraction patterns of X-rays interacting with the crystalline material.[9] 

4.3.4. Fourier Transform Infrared Spectroscopy (FTIR) 

                  FTIR is used to identify the functional groups and bonding interactions in the nanocomposites. 

   It measures the absorption of infrared light by the sample, providing information on the molecular 

vibrations and chemical bonds present.[1] 
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4.3.5. Thermogravimetric Analysis (TGA) 

                         TGA evaluates the thermal stability and composition of the nanocomposites. TGA measures 

changes in the sample weight as a function of temperature, indicating the thermal decomposition and 

stability of the materials.[15] 

4.3.6. Brunauer-Emmett-Teller (BET) Surface Area Analysis 

                          BET analysis determines the surface area and porosity of the nanocomposites. It measures 

the amount of gas adsorbed onto the surface of the material, providing insights into its surface area and 

porosity, which are critical for supercapacitor performance.[2] 

4.3.7. Cyclic Voltammetry (CV) 

                    CV assesses the electrochemical behavior and capacitance of the nanocomposites. It  measures 

the current response of the material to a cyclically varying voltage, providing insights into its redox behavior 

and electrochemical performance.[9] 

4.3.8. Electrochemical Impedance Spectroscopy (EIS) 

                     EIS evaluates the impedance and charge transfer resistance of the nanocomposites. It measures 

the impedance response of the material over a range of frequencies, providing information on the resistance, 

capacitance, and inductance of the system.[1] 

These techniques provide comprehensive insights into the structural, morphological, thermal, and 

electrochemical properties of polyaniline-metal oxide nanocomposites, helping researchers optimize their 

performance for supercapacitor applications. 

4.4 Electrochemical Performance: 

PANI-metal oxide nanocomposites typically exhibit superior electrochemical performance compared to their 

individual components. Key performance metrics include: 

Specific Capacitance:  

The specific capacitance of PANI-metal oxide composites is significantly higher than that of pure 

PANI or metal oxides. For example, PANI-MnO₂ composites can achieve specific capacitances of  500-

1000 F/g . 

Energy and Power Density:  

These composites offer higher energy and power densities due to the synergistic effects of PANI 

and metal oxides. For instance, PANI-RuO₂ composites can deliver energy densities of up to 50 Wh/kg and 

power densities exceeding 10 kW/kg . 

Cycle Stability:  

PANI-metal oxide composites generally show improved cycle stability compared to pure PANI, 

which tends to degrade over repeated cycling. The incorporation of metal oxides helps to stabilize the 

composite structure and maintain performance over many cycles . 
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Figure2: Specific Capacitance of Polyaniline-Metal Oxide Nanocomposites. [1,2,3,9] 

This graph compares the specific capacitance values of different nanocomposites, showcasing the superior 

performance of PANI-RuO₂ among the listed materials. 

4.5 Applications and Future Prospects 

PANI-metal oxide nanocomposites are being explored for various energy storage applications, including 

portable electronics, electric vehicles, and grid energy storage. The future of these materials lies in 

optimizing synthesis methods to enhance their electrochemical properties, scalability, and cost-effectiveness. 

Advanced techniques such as nanostructuring, doping, and hybridizing with other materials are expected to 

play crucial roles in the development of high-performance supercapacitor electrodes.[1,2,3,5,6,9] 

 

5. Performance of Polyaniline-Metal Oxide Nanocomposites Compared to Other Materials: 

Material  Specific 

Capacitance 

(f/g) 

Energy 

Density  

(Wh/kg) 

Power 

Density  

(kW/kg) 

Cycle Stability 

(Retention after 

1000 cycles) 

PANI-MnO₂ 

Nanocomposite 

500-1000 20-30 5-10 >90% 

PANI-TiO₂ 

Nanocomposite 

300-700 10-20 3-7 >85% 

PANI-NiO 

Nanocomposite 

600-800 15-25 6-8 >88% 

PANI-RuO₂ 

Nanocomposite 

1000-1500 40-50 8-12 >95% 

Pure Polyaniline 200-500 5-10 2-5 ~80% 
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Table:Comparison of Electrochemical Performance of Various Supercapacitor Materials.[1,2,3,5,6,9] 

5.1 Applications of Polyaniline-Metal Oxide Nanocomposites 

Polyaniline-metal oxide nanocomposites have garnered significant interest for a range of applications due to 

their superior electrochemical properties, including high specific capacitance, excellent energy and power 

densities, and good cycle stability. Below are some of the key applications of these nanocomposites: 

5.1.1. Energy Storage Systems 

Supercapacitors: 

- Portable Electronics: PANI-metal oxide nanocomposites are ideal for use in supercapacitors for portable 

electronic devices such as smartphones, laptops, and wearable technology. These devices require high power 

density and fast charging capabilities, which are efficiently provided by PANI-metal oxide supercapacitors . 

- Electric Vehicles (EVs): The high energy density and rapid charge/discharge capabilities of PANI-metal 

oxide supercapacitors make them suitable for use in electric vehicles. They can be used in conjunction with 

batteries to provide additional power during acceleration and to capture energy during regenerative braking . 

- Grid Energy Storage: PANI-metal oxide nanocomposites can be employed in grid energy storage systems 

to stabilize power grids and store energy from renewable sources like solar and wind. Their high cycle 

stability and ability to provide quick bursts of power are advantageous for maintaining grid reliability . 

Battery-Supercapacitor Hybrids: 

- High Energy Density Applications:PANI-metal oxide nanocomposites can be used in hybrid energy 

storage systems that combine the high energy density of batteries with the high power density of 

supercapacitors. This combination is useful for applications that require both high energy storage and rapid 

energy delivery . 

5.1.2. Sensors and Actuators 

Electrochemical Sensors: 

- Environmental Monitoring:The high sensitivity and selectivity of PANI-metal oxide nanocomposites make 

them suitable for detecting environmental pollutants such as heavy metals and toxic gases. For example, 

PANI-TiO₂ composites have been used to detect trace amounts of lead and mercury in water . 

(PANI) 

Manganese Oxide 

(MnO₂) 

200-1370 5-20 2-10 70-90% 

Nickel Oxide (NiO) 300-1000 10-30 3-6 80-90% 

Ruthenium Oxide 

(RuO₂) 

1000-1700 40-50 8-15 >95% 

Activated Carbon 100-300 5-10 3-7 ~90% 

Graphene 200-500 10-20 4-8 >90% 
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- Biomedical Sensors: These nanocomposites can also be used in biosensors for detecting glucose, 

cholesterol, and other biomolecules. The excellent electrochemical properties of PANI-metal oxide 

nanocomposites enable the development of highly sensitive and accurate biosensors . 

Actuators: 

- Artificial Muscles: The combination of flexibility and conductivity in PANI-metal oxide nanocomposites 

makes them suitable for use in artificial muscles and soft robotics. These materials can undergo significant 

deformation in response to electrical stimuli, mimicking the behavior of natural muscles . 

5.1.3. Electrocatalysis Fuel Cells: 

- Catalysts: PANI-metal oxide nanocomposites can be used as catalysts in fuel cells due to their high surface 

area and excellent electrochemical properties. For instance, PANI-RuO₂ composites have been investigated 

for their catalytic activity in oxygen evolution reactions (OER) and hydrogen evolution reactions (HER) . 

- Electrolyzers: These nanocomposites can also be employed in water electrolyzers to produce hydrogen fuel. 

Their high conductivity and catalytic activity enhance the efficiency of water splitting reactions . 

5.1.4. Flexible and Wearable Electronics 

Flexible Supercapacitors: 

- Wearable Devices: PANI-metal oxide nanocomposites can be used to fabricate flexible supercapacitors for 

wearable electronics. These devices require materials that are both flexible and capable of storing significant 

amounts of energy. PANI-metal oxide composites meet these requirements and are being used to develop 

next-generation wearable technologies . 

- Smart Textiles: Integrating PANI-metal oxide supercapacitors into textiles can lead to the development of 

smart clothing that can power electronic devices such as sensors and communication devices embedded in 

the fabric . 

5.1. 5. Electromagnetic Interference (EMI) Shielding 

EMI Shielding Materials: 

- Electronic Devices: The excellent electrical conductivity of PANI-metal oxide nanocomposites makes 

them suitable for EMI shielding applications in electronic devices. These materials can prevent 

electromagnetic interference from affecting the performance of sensitive electronic components . 

- Communication Systems:PANI-metal oxide composites can be used to protect communication systems 

from electromagnetic interference, ensuring reliable signal transmission.[1,2,3,5,6,9,20] 

6.Challenges and Future Directions for Polyaniline-Metal Oxide Nanocomposites 

6.1 Challenges: 

6.1.1. Material Stability: 

   - Degradation Over Time: One major challenge is the long-term stability of polyaniline (PANI). PANI 

tends to degrade over repeated charge and discharge cycles, which reduces the performance of 

supercapacitors. 
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  6.1. 2. Cost and Scalability: 

   - High Production Costs: Some metal oxides like ruthenium oxide (RuO₂) are expensive, making the large-

scale production of these composites costly. 

  6.1. 3. Complex Synthesis Methods: 

   - Difficult Manufacturing Processes: Synthesizing PANI-metal oxide nanocomposites often involves 

complex and time-consuming processes, which can be a barrier to commercial production. 

6.1.4. Electrochemical Performance: 

   - Optimization Needed: Achieving optimal electrochemical performance requires fine-tuning the 

composition and structure of the nanocomposites, which is a complex task. 

6.2 Future Directions: 

6.2.1. Improving Stability: 

   - Hybrid Materials:  Combining PANI with other polymers or materials can enhance stability and prevent 

degradation.. 

6.2.2. Cost-Effective Materials: 

   - Alternative Metal Oxides: Research into more abundant and cheaper metal oxides like manganese oxide 

(MnO₂) or nickel oxide (NiO) could reduce costs. 

6.2.3. Simplifying Synthesis: 

   - Innovative Methods:  Developing simpler and more scalable synthesis methods can facilitate commercial 

production. 

6.2.4. Enhancing Performance: 

   - Nanostructuring and Doping: Techniques like nanostructuring and doping with other elements can 

improve the electrochemical properties of the composites. 

  6.2.5. Exploring New Applications: 

   - Beyond Supercapacitors:PANI-metal oxide nanocomposites can be explored for other applications such 

as flexible electronics, sensors, and catalytic systems. 

Conclusion: 

Polyaniline (PANI)-metal oxide nanocomposites present a promising avenue for enhancing the 

performance of supercapacitors. These materials combine the high capacitance and conductivity of PANI 

with the stability and redox activity of metal oxides, resulting in composites with superior electrochemical 

properties. Despite the numerous advantages, several challenges such as material stability, production costs, 

complex synthesis methods, and the need for optimization remain. 

To address these challenges, future research should focus on improving the stability of these 

composites through hybrid materials, exploring cost-effective and abundant metal oxides, and developing 

simpler synthesis methods. Additionally, advanced techniques like nanostructuring and doping can further 

enhance the electrochemical performance of PANI-metal oxide composites. Beyond supercapacitors, these 
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materials also hold potential for applications in flexible electronics, sensors, and catalytic systems, 

broadening their scope and impact. 

Overall, PANI-metal oxide nanocomposites represent a versatile and effective solution for next-

generation energy storage devices, with ongoing research likely to overcome current limitations and unlock 

new applications. 
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Abstract: - The polypyrrole (PPy) was prepared by chemical oxidative polymerization route. X-ray diffraction (XRD), scanning 

electron microscopy (SEM) and ultraviolet-visible spectroscopy were used to evaluation the as-synthesized PPy sample. The SEM 

results showed that PPy sample was show accumulated nature with cotton like structure. PPy sensor was fabricated using screen 

printing method. The sensing response of PPy based resistive gas sensor was observed for both liquid petroleum gas (LPG) and 

carbon dioxide (CO2) gas. The PPy sensor was more selective towards carbon dioxide (CO2) gas. 

Keywords: Polypyrrole, Gas sensing, Oxidative polymerization  

 

INTRODUCTION 

           Conducting polymers, such as polypyrrole (PPy) have been used as room temperature operated gas sensors. The PPy have 

many better characteristics like high sensitivities, ease of synthesis, environmental stability, high conductivity and short response 

and recovery time at room temperature. It has various applications in sensors, batteries, optical and nanoelectronic devices etc.[1-

2].Carbon dioxide has greatest potential of all these gases to accelerate global warming. The two main causes of CO2 emissions 

into the atmosphere are the industrial revolution and the burning of fossil fuels. LPG is a fuel that can be utilized for a variety of 

purposes but mishandling LPG can lead to flames, explosions, and most importantly deaths. 

            A room-temperature, flexible, polymer-based chemiresistive CO2 gas sensor was fabricated by Zahra Shahrbabaki et al. [3] 

Waghuley et al prepared SnO2/PPy Screen-Printed Multilayer CO2 Gas Sensor for detection of CO2 gas at room temp for different 

concentration. This sensor exhibit improved stability with ~ 2 min response time and ~ 10 min recovery time [4]. Bulakhe et al. 

reported on a room temperature operating LPG sensor based on a PPy-TiO2 heterojunction [5].A titanium dioxide (TiO2)–

reduced graphene oxide (r-GO) composite LPG sensor was prepared by Navin Chaurasiya et al. to detect LPG gas at ambient 

temperature [6].  

            Polypyrrole have been successively synthesized using simple chemical oxidative polymerization route. UV–VIS 

spectroscopy and scanning electronic microscopy (SEM) were used to characterize the PPy.  Polypyrrole film was produced using 

the screen printing technique on a glass substrate that served as a PPy-based resistive gas sensor. The PPy sensor was then used to 

study CO2 and LPG gasses at room temperature (303K). 

 

EXPERIMENTAL 

In this work PPy sample prepared by chemical oxidative polymerization route using monomer pyrrole and ammonium persulphate 

in a 50:50 wt% ratio. Screen printing was the method used to deposit the PPy film. The two-probe method was used to calculate 

the value of the resistance change in the presence of gas. The sensing response of CO2 and LPG gas was studied at room 

temperature (303K) by varying their concentrations. The powdered PPy was investigating with SEM, and XRD and U-V 

spectroscopy. 

 

 

 

RESULT AND DISCUSSION 

XRD ANALYSIS 

The XRD patterns of as-synthesized PPy samples made with a 50:50 weight percent stoichiometry are displayed in Figure 1. 

Using a step height of 0.02 degrees, the XRD scanning was done in the 2θ range, which spans from 10 to 70. The pattern displays 

 
1 * Department of Physics, Shri Shivaji Arts, Commerce and Science College, Akot 444101,India. 
2 Department of Physics, Sant Gadge Baba Amravati University, Amravati 444 602, India 
Corresponding author e-mail: ashishchou78@gmail.com (A.R.Choudhary) 
 
 

mailto:ashishchou78@gmail.com


J. Electrical Systems Vol-Issue (2024): 1-12 

829 

nearly erratic forms with a few pointed peaks, which is indicate of PPy has semicrystalline structure. The wide hump peak in the 

region of 15–25°C also analyzes the semicrystalline nature [7]. Oriented amorphous polymers have a different X-ray diffraction 

pattern than unoriented polymers. The Sharp peaks in the XRD pattern, exhibits high degree of crystallinity and unoriented 

polymerization. 

 

                   Figure 1: XRD pattern of as-synthesized PPy sample  

          The average chain separation values play key role in altering physical properties of materials and it has a great impact on 

electrical properties of polymeric materials also. In present case, we were detecting presence of gas by resistive method so its 

estimation is must. 

Table 1: Average chain separation values and average particle size of as-synthesized sample 

Sample 

name 

Composition 

(wt %) 

Peak position of 

amorphous halo (2θ) 

Average chain 

separation (Ǻ) 

Average Particle size (nm) 

S1 50:50 16.92 1.027 15.93 

 

SEM 

          The surface morphology of as-synthesized PPy sample was investigated using SEM micrograph as shown in figure 2. An 

extended open interconnected network is formed when the surfaces of the collected samples are randomly connected to one 

another. The synthesized sample show accumulated nature with cotton like structure. This asymmetrical structure is appropriate 

for gas sensing application. 
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Figure 2: SEM micrographs of as-synthesized PPy sample 

 

UV- VIS SPECTROSCOPY 

           Plot of the optical band gap for PPy sample is shown in figure 3. Polymerization is an inconsistent process therefore there 

is no correlation between the concentration of oxidant or monomer and the optical band gap values. This happens is due to 

monomers are joined in random numbers to a polymeric chain. Thus there is no obvious correlation between the concentration of 

the oxidant or monomer and the physical properties of organic materials. 

 

Figure 3: UV-VIS Spectra of as-synthesized PPy sample  

 

GAS SENSING RESPONSE 

               Figure 4 shows the selectivity response of as-fabricated sensors. Selectivity is the ability of a material to detect a specific 

gas. Fabricated sensors have optimum response towards CO2 gas than LPG for dose of 500 ppm at room temperature. The sensing 

response of sensors to CO2 gas is better than that of LPG at 500 ppm dose at room temperature. When the sensing response is 

measured, it is found that resistance of film increases in the presence of CO2 gas whereas, resistance decreases in the presence of 

LPG. It indicates that the materials being studied for gas sensing are n-type, or electron-rich. When exposed to CO2 gas, the as-

synthesized PPy sensing materials exhibit a high sensing response. 

 

Figure 4: Selectivity responses of PPy sample towards the 500 ppm LPG and CO2 gas concentration at RT 

 

          Figure 5 demonstrates sensing behavior PPy-based sensors towards CO2 gas in terms of sensing. Up to 1000 ppm, the 

sensor response was found to be almost linear. The resistance of sensing film rise in the presence of CO2 gas (oxidizing gas), 
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indicating the n-type behavior of sensing materials. The prepared sample exhibits a better sensing response due to the high degree 

of polymerization. 

 

Figure 5: Gas sensing response of PPy sample towards the CO2 gas at RT 

 

CONCLUSIONS 

           In present work, we effectively synthesized PPy sample utilizing ammonium persulphate as an oxidant and pyrrole in a 

50:50 wt% ratio, employing a chemical oxidative polymerization technique. The UV spectroscopic study describes the chemical 

composition of the as-prepared sample, which prominently demonstrates formation of PPy. The XRD pattern shows essentially 

erratic forms with a few sharp peaks, indicating a semicrystalline structure of PPy. Using XRD data, average polymer chain 

separation of as-synthesized PPy was determined which is found to be 1.027 Å, with an average particle size of 15.93 nm. The 

SEM micrograph shows accumulated nature with cotton like appearance. This asymmetrical structure is appropriate for gas 

sensing application. The sensor linear response curve is highly dependent on CO2 gas concentration. 
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Abstract: - Due to the ever increasing need for the development of highly sensitive and 

selective gas sensors, various semiconductor metal oxides have gained special attention. 

In this paper, different methods of synthesis of pure and modified SmFeO3 along with 

advantages and disadvantages are reviewed in brief.  Structural, electrical and gas 

sensing properties of SmFeO3 are discussed together with its gas sensing principle. 

Being p-type semiconducting metal oxide, gas response of SmFeO3 is attributed to the 

formation of electron-hole accumulation layer near the sensor surface and the change in 

concentration of holes in accumulation layer in presence of various gases. The physico-

chemical properties of SmFeO3 are associated with grain size and surface morphology. 

Effects of various dopants on morphology and gas sensing properties of SmFeO3 are 

highlighted. Future scopes for improving the gas sensing performance of nanocrystalline 

SmFeO3 are suggested. 
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I.  INTRODUCTION 

From past few decades, air pollution has been recognized globally as a serious issue. 

Various hazardous gases emitting continuously from the industrial exhausts have major 

impacts on air quality. Therefore, the need of detection of these gases in order to control air 

pollution has led the development of different gas sensors. In particular, semiconductor metal 

oxide (SMO) based gas sensors have always been attracted the researchers owing to their high 

sensitivity, selectivity, stability and reproducibility [1-2]. In fact, these gas sensing properties 

are related to the surface morphology and the physical and chemical properties of SMO. Till 

date, variety of SMOs including have been tested for their gas sensing potential. Meanwhile, 

SmFeO3 has also gain a considerable attention due to its technological versatility. Potential of 

SmFeO3 in the fabrication of chemoresistive gas sensors for the detection of oxidizing as well 

as reducing gases is highlighted by many researchers. In this paper, physico-chemical 

properties, different synthesis methods and the gas sensing properties of SmFeO3 are 

reviewed. 

II. CRYSTAL STRUCTURE AND PHYSICO-CHEMICAL PROPERTIES 

SmFeO3 belongs to the ABO3 -type perovskite structure (A: rare earth, B: transition metal). 

It has orthorhombic crystal structure with the Pnma space group and mmm point group [3]. 

Sm3+ cations are present at the body centre and each Sm3+ cation is coordinated by 12 oxygen 

atoms. Fe3+ cations are present at each corner of unit cell and each Fe3+ cation is coordinated 

by 6 oxygen atoms to form the octahedron [4]. This FeO6 octahedron is tilted towards the 

centre of the Sm3+ cation to maintain Sm3+-O2- bonding. The distorted structure of SmFeO3 

can be explained through Goldschmidt tolerance factor [3-4]. 

III. METHODS OF SYNTHESIS 

Since methods of synthesis of nanomaterial strongly influence the microstructure, different 

synthesis techniques have been adopted by researchers for the synthesis of SmFeO3.  M. C. 

Carotta et al synthesized ultrafine SmFeO3 powder by thermal decomposition method [5]. S. 

M. Bukhari et al, reported that Sm0.95Ce0.05Fe1−xCoxO3−δ (x=0–0.10) compounds prepared by 

thermal decomposition method were found to be stable even at 1350°C in air [6]. Z. Anajafi 

prepared SmFeO3/ZnO nanocomposite by thermal treatment method and obtained 

orthorhombic and wurzite phases for SmFeO3 and ZnO respectively [7].  

T. Han et al fabricated SmFeO3 nanofibers by electro-spinning route [8]. As prepared 

SmFeO3 nanofibers possessed the rough surface which increases contact area between target 

gases and material. Preparation of ultrafine SmFeO3 nanofibers (diameter 220 nm) by electro-

spinning method was also reported by Q. Hu et al [9]. 
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M. Mori et al synthesized nano-sized SmFeO3 particles by pyrolysis method at 6000C in 

ozone [10]. The obtained fine particles possessed high specific surface area with bimodal 

volume distribution which increased further with unimodal volume distribution by further 

classification of these fine particles.  

Sol-gel method is one of the simple and cost-effective method used by many researchers 

for the synthesis of fine SmFeO3 powder. Sol-gel method involves the preparation of separate 

metal nitrate solutions and citric acid solution and their mixing followed by drying, grounding 

and calcination. Owing to its various advantages, sol-gel method was adopted by many 

researchers for the synthesis of pure nanocrystalline SmFeO3 [11-14]. S. Hernández et al, 

prepared Sm1−xCaxFeO3 (0.1≤x≤0.5) compounds by sol–gel based Pechini method at low 

temperatures and the resulting XRD data revealed a pure phase with perovskite structure for 

each composition [15]. Fig. 1 represents the procedure for preparation of SmFeO3 by sol-gel 

method [14]. 

 

 

 

Fig. 1: Synthesis of SmFeO3 by sol-gel method. 

IV. GAS SENSING POTENTIAL 

SmFeO3 has been reported for the detection of various oxidizing gases such as O3 and 

NO2. M. C. Carotta et al synthesized ultrafine SmFeO3 powder by thermal decomposition 

method and reported that screen printed SmFeO3 thick films were sensitive to the NO2 gas 
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[5]. G. Martinelli et al also reported NO2 gas sensing properties of SmFeO3 thick films and 

observed the increased in sensitivity with   increase in NO2 concentration [16]. Considering 

microstructure affects sensitivity, H.T. Huang et al, fabricated porous hallow microspheres of 

SmFeO3 with diameter of 2 µm and showed that SmFeO3 microsphere exhibited higher 

sensitivity, selectivity and shorter response and recovery time towards NO2 gas [17]. This 

enhanced sensing behavior was attributed to special morphology of the microsphere.  

Y. Hosoya et al examined that SmFeO3 based gas sensor was sensitive to ozone in 

sub-ppm levels at the temperatures above 2400C [18]. M. Mori et al also reported potential of 

SmFeO3 for the detection of ozone in air [19].  

In addition to oxidizing gases, SmFeO3 has been also explored for the detection of 

various volatile organic compounds. H.T. Giang et al examined the response of SmFeO3 

towards methane (CH4), propane (C3H8) and n-hexane (C6H14) gases and observed that 

SmFeO3 exhibited the highest sensitivity to n-hexane [11]. The extreme sensitivity of 

SmFeO3 to n-hexane was attributed to the oxygen adsorption that depends on the relative 

structural distortions of the SmFeO3 lattices as well as the strength of carbon–hydrogen 

bonds in n-hexane compound. M. Mori also examined the effect of different VOCs with 

small concentrations (below 10 ppm) on the sensing properties of SmFeO3 based gas sensor 

in temperature range 3500C to 5000C and concluded that the sensing behavior was 

characterized by power law [20]. SmFeO3 nanofibers were fabricated by T Han et al by 

electrospinning route for detection of ethylene glycol [8]. The as-prepared SmFeO3 

nanofibers showed good response and selectivity to ethylene glycol (18.19 to 100 ppm and 

2.18 to 5 ppm) at 240 0C. The improved gas response was due to the rough surface of 

SmFeO3 nanofiber which increases contact area between gases and material surface. In 

another work, T Han also investigated the effect of Ho doping on the sensitivity of SmFeO3 

nanofiber and concluded that Sm0.95Ho0.05FeO3 based sensor exhibited improved response to 

ethylene glycol (26.12 to 100 ppm and 10.20 to 5 ppm) at 2000C [21].  

The gas sensing performance of can also be improved by nanocomposite. Z. Anajafi 

et al reported the gas sensing properties of SmFeO3/ZnO nanocomposite and demonstrated 

that, SmFeO3/ZnO nanocomposite based sensor presented the high sensitivity towards low 

concentration of acetone and its enhanced performance was attributed to the formation of p-n 

heterojunction [7]. 

     The available literature on gas sensing properties of SmFeO3 for reducing gases 

revealed that the optimal operating temperature is very high. This high operating temperature 

has adverse effect on stability of sensor. Therefore, SmFeO3 has rarely been explored for the 

detection of reducing gases like H2, ethanol, CO etc. If attempt is made to achieve stability 
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by reducing sensor temperature, poor response will be the result. Hence, the practical and 

effective way to increase stability in reducing condition is the incorporation of dopants to 

SmFeO3. It has been proposed for ABO3-type perovskite oxides that, A-site cation generally 

affects stability and conductivity whereas B-site cation strongly influences the conductivity. 

S. M. Bukhari et al demonstrated that the partial substitution of Sm by Ce within the 

solubility limit prevents it from decomposing under reducing gas. Additionally, Co doping at 

Fe site to form Sm0.95Ce0.05Fe1−xCoxO3−δ (x=0–0.10) had increased the electrical 

conductivities with cobalt concentration [6]. The higher conductivity in air was reported due 

to oxygen vacancies created as a result of cobalt doping and under reducing conditions (5% 

v/v H2/N2) stability is up to 800°C. Ma Zhao et al prepared SmFe1-xCoxO3(x= 0–1.0) samples 

with a single-phase orthogonal perovskite structure and studied the effect of Co doping on 

microstructure, electrical and ethanol-sensing properties [13]. The results revealed that 

SmFe0.7Co0.3O3 has the maximum response (S = 80.78) to 300 ppm ethanol at 215 0C. Also, 

the decrease in lattice constant, unit cell volume and average grain size was reported with an 

increase in the CO concentration due to forming oxygen vacancies. 

     In another investigation, S. M. Bukhari et al prepared Sm0.95Ce0.05Fe1−xNixO3 powders 

by a sol–gel citrate method and reported that materials with low Ni content (x = 0–0.05) 

show n-type conducting behavior while those of high Ni content (x = 0.07–0.10) show p-type 

conductivity [12]. The improved electrical conductivity for hydrogen detection is due to Ni 

doping. To study the effect of Ni dopants, Linfu Chen et al synthesized SmFe1-xNixO3 

nanocrystalline powder by a sol–gel citrate method [22]. Higher conductivities and lower 

optimal operating temperatures were obtained for SmFe1-xNixO3 samples. The highest 

response was 57.8 for SmFe0.95Ni0.05O3 based gas sensor at 2600C. It was also observed that 

sensitivity of SmFe1-xNixO3 based sensor decreased for higher Ni concentrations. 

   The effect of Mg doping in SmFeO3 was investigated by Xing Liu et al [23]. The 

highest response was reported to 300 ppm acetone gas for SmFe0.9Mg0.1O3 based gas sensor 

at 2600C and its response increased with an increase in acetone gas concentration.  

Instead of volume doping, as reported above, surface modification of SmFeO3 by dipping 

method is also feasible. Our previous publications demonstrated the gas sensing potential of 

surface modified SmFeO3 sensor. Co-modified SmFeO3 sensor (dipping time 3 min) 

exhibited the highest response towards 50 ppm ammonia gas at 2000C [14].Ce-modified 

SmFeO3 sensor (dipping time 5 min) exhibited the excellent response towards 60 ppm 

ethanol gas at 1000C [24]. 
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V. GAS SENSING MECHANISM 

Being p-type semiconducting material, electron-holes are the majority charge carriers in 

SmFeO3. In ambient air, oxygen species are adsorbed on the surface of SmFeO3 sensor. These 

adsorbed oxygen species extract electrons from bulk SmFeO3 due to their strong electron 

affinity. The adsorbed oxygen species are now converted to highly reactive atomic or 

molecular species 𝑂2
−,  2𝑂− 𝑎𝑛𝑑 𝑂2−  depending on temperature. The conversion reactions are 

given below. 

O2(gas) →  O2(ads) 

O2(ads) +  e−  →  O2
−(ads) 

O2
−(ads)  +  e−  →  2O−(ads) 

O−(ads) +  e−  →  O2− (ads) 

The extraction of electrons increases the concentration of holes and hole-accumulation 

layer is formed near the surface and sensor resistance decreases. When reducing gas is 

introduced, gas molecules interact with active species at the surface of sensor and the 

extracted electrons are returned back. Therefore accumulation layer gets elevated and sensor 

resistance increases. This change in resistance determines gas response. In case of oxidizing 

gas, more electrons are extracted and sensor resistance further decreases.  

 

VI. CONCLUSION 

SmFeO3 is p-type semiconducting metal oxide which has orthorhombic crystal structure 

with the Pnma space group. Nanocrystalline SmFeO3 can be synthesized by sol-gel method, 

thermal decomposition method, electrospinning method etc. It has potential to detect 

oxidizing and reducing gases. ABO3 -type perovskite structure of SmFeO3 allows its 

modification for tailoring its properties in order to enhance gas sensing performance. Thus 

nanocrystalline SmFeO3 is potential candidate in the fabrication of chemoresistive gas sensor 

for environmental monitoring. 
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Abstract: - The present study examines and evaluates the UV data of nano-crystalline transition metal complexes: Complex - I - 

Ni(0.8)Cu(0.2)Fe2O4 and Complex – II - (Ni(0.8)Co(0.2)Fe2O4. The bandgap value and band-edge structure play pivotal roles in the 

processes of excitation, movement, and the subsequent transition of photogenerated electrons. The band gap energy is determined 

through use of a Tauc plot method and analysis. The calculation of Tauc plot method has been done in Origin software under the 

head - First of all draw raw absorbance spectrum for the sample, then smoothed the data and taking the baseline procedure. Finally, 

calculated the energy (hυ), absorbance coefficient (α), the factor αhν(1/γ) and the curve of αhν(1/γ) versus energy(hυ). From the 

comparison of our results, which is obtained by the direct method and indirect method, we found that the band gap energy not 

affected in both cases. From this calculation, we found that the band gap energy of studied complex I and II are Eg = 1.425 eV and 

Eg = 3.201 eV respectively. 

Keywords: Nano-crystalline, transition metal, band gap. 
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I.  INTRODUCTION 

Bandgap, which is also known as the forbidden bandwidth, refers to the energy difference between the 

bottom of the conduction band and the top of the valence band. With the increases in the bandgap value, solid 

materials are classified as metal conductors, semiconductors, and insulators. The bandgap value and band-edge 

structure play pivotal roles in the processes of excitation, movement, and the subsequent transition of 

photogenerated electrons. Based on these effects, bandgap engineering is proposed as a feasible method to control 

and modulate the macroscopic optical, electrical, and photoelectric properties of materials. According to the light 

energy, the absorption signal could be expanded from the Ultraviolet–visible (UV–Vis) region to the Infrared 

(IR) region. It should be noted that UV–Vis absorption spectroscopy has widespread applied in semiconductor 

investigations for the detection of band edge structure, bandgap value, and new band generation within the 

forbidden gap [1-3].  

The present study examines and evaluates the UV data of nano-crystalline transition metal complex: 

Ni(0.8)Cu(0.2)Fe2O4 and Ni(0.8)Co(0.2)Fe2O4. The transition metals—copper, nickel, and ferric—make up the 

majority of these complexes. The word "nano" comes from the prefix "one billionth part," Particles smaller than 

100 nanometres are referred to as nanoparticles. The stronger of one gram of nanoparticles is around ten times 

that of one gram of bulk material Consequently, nanoparticles differ entirely from the original material in terms 

of their mechanical, electrical, physical, chemical, biological, electronic, etc. Properties of nano particles are 

completely different from the original material [4]. 

II. MATERIALS AND METHODS 

Chemicals were used without additional purification after being purchased from well-known as renowned 

companies like E. Merck, Fluka, and Aldrich. For synthetic work, all solvents were utilised exactly as obtained, 

with an A.R. grade. Aldrich provided metal salt, whereas E. Merck provided Quinoline, Carbamide, 

Thiocarbamide, Melanic acid, and Dibenzoyl methane [5]. 

1. Synthesis of complexes 

The chemical root method is used to synthesise nano-crystalline ferrites. To maintain the molar metal nitrate, 

a 1:3 ammonia solution is applied [6-10]. In this formula [M=Cu (II), Co, Ni], [X= 0.2, 0.4, 0.6, 0.8, ……], 

Chemical AR grad are used 99 % are nickel nitrate, ferric nitrate, copper nitrate, cobalt nitrate and citric acid are 

used for the synthesis. 

2. UV visible spectroscopy 

 The Copper complex was characterized by namely UV-Visible Spectroscopy. The wavelength range of UV 

radiation is 200 nm- 400 nm. There are mainly two types of UV region. 1. 200 nm - 400 nm that is called near 

ultraviolet region. 2. Below 200 nm that is called far ultraviolet region. The wavelength of visible radiation is 

400 nm- 800 nm. Wavelength in UV and visible region is expressed in nanometers or in angstroms. Absorption 

is expressed in terms of wave number (cm-1). These data were analyzed by computer software Origin. 

III. RESULTS AND DISCUSSION 

Before you begin to format your paper, first write and save the content as a separate text file. Keep your text 

and graphic files separate until after the text has been formatted and styled. Do not use hard tabs, and limit use of 

hard returns to only one return at the end of a paragraph. Do not add any kind of pagination anywhere in the 

paper. Do not number text heads-the template will do that for you. 

Finally, complete content and organizational editing before formatting. Please take note of the following 

items when proofreading spelling and grammar: 

1. Band gap Measurement 

 Traditionally, the band gap energy is determined through use of a Tauc analysis, by which the band gap 

energy is related to the absorption coefficient through the following equation, 

(α.hν)1/γ = B(hν – Eg) 

 where h is the Planck constant, ν is the photon’s frequency, Eg is the band gap energy, and B is the slope of 

the linear portion of the Tauc plot and γ factor depends on the nature of the electron transition and is equal to 

1/2 or 2 for the direct and indirect transition band gaps, respectively, α is the absorption coefficient. The Tauc 

plot is constructed by reporting the collected spectrum as αhν(1/γ) vs. energy (eV). As absorbance is proportional 

to α through Beer’s law, the collected absorbance can be used in place of the absorption coefficient to develop 
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the curve. The energy axis is determined by converting the analysed wavelength spectrum to energy through 

following equation 

E = hν = hc/λ 

 where photon energy is represented by hv, the speed of light by c and E is the converted energy. By 

convention the calculated energy is converted from Jule to eV. From the curve a tangent line can be fit to the 

linear section of the data. The intersection of the tangent line with the X-axis denoted the estimated band gap 

energy of the material [11-13]. 

 Using the methodology described earlier, Tauc Plots were constructed from the measurements for this 

samples. [Ni(0.8)Cu(0.2)Fe2O4] has been studied and has a well-defined indirect band gap for the crystal 

structure analyzed here in. From the Tauc analysis, Eg was found to be 1.425 eV for studied complex.  

In this section we present our result for calculating the band gap energy of nanomaterial based on Tauc Plot 

method. The calculating of Tauc Plot method in Origin software is given in Fig. 1 and Fig. 3 with respect to 

copper and cobalt complexes, which is raw data graph between wavelength and absorbance. First of all, we use 

the experimental data of absorbance spectrum for the samples. Now we smoothed the data and taking the 

baseline procedure and the results is given Fig. 2 and Fig. 4. We then calculated the energy (hυ), absorbance 

coefficient (α), the factor αhν(1/γ) and the curve of αhν(1/γ) versus energy(hυ). The result is given in Fig. 3 and 

Fig. 6 with respect to Complex I and II. From this calculation, we found that the band gap energy of studied 

complexes, i.e., complex I and complex II are Eg = 1.425 eV and Eg = 3.201 eV respectively. From the 

comparison of our results, we found that the band gap energy of complex I is less than complex II. It means that 

when we replace the copper metal by cobalt metal whereas the other environment of complex remains same 

then the band gap energy increases. Hence, we can say that cobalt metal enhances the band gap energy and 

copper metal suppresses it.   

 

  

Fig. 1 - Raw data graph (absorption vs. 

wavelength) 

Fig. 2 – Smothed and baseline corrected graph 

(absorption vs. wavelength) 

 

Fig. 3 –  Indirect band gap (absorption factors vs. energy) 
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Fig. 4 - Raw data graph (absorption vs. 

wavelength) 

Fig. 5 – Smothed and baseline corrected graph 

(absorption vs. wavelength) 

 

Fig. 6 –  Indirect band gap (absorption factors vs. energy) 

 

Table 1 – Band gap energy of transition metal copper and cobalt complexes 

S. No. Complex Molecular formula Band gap energy (eV) 

1. Complex I [Ni(0.8)Cu(0.2)Fe2O4] 1.425 

2. Complex II [Ni(0.8)Co(0.2)Fe2O4] 3.201 

 

CONCLUSION 

 Using Origin Lab, we were able to derive the band gap energy based on the Tauc plot method under the 

three steps i.e., raw absorption graph, smoothed graph and baseline corrected graph. We then calculated the 

energy (hυ), absorbance coefficient (α), the factor αhν(1/γ) and the curve of αhν(1/γ) versus energy(hυ). The band 

gap energy of studied complexes, i.e., complex I and complex II are Eg = 1.425 eV and Eg = 3.201 eV 

respectively. On comparing the results, we found that cobalt metal enhances the band gap energy and copper 

metal suppresses it. 
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Green route: Nanoparticles Synthesis, 

Characterization, a Sustainable Future 

 

 

Abstract: - Nanotechnology nowadays is promising a sustainable future. Nanotechnology is 

eco-friendly and Sustainable due to its bioactive efficacy and resistance against various 

microbes its green route synthesis of different types of metal and metal oxide from leaf 

extracts, eggshells, moringa oleifera, fruit peels, and many more, proves itself a promising 

future of non-poisonous synthesis, and less harmful to the environment and mankind too. 

Nanotechnology is concerned with the method of synthesizing and manipulating particles of 

sizes between 1 and 100 nm. Nanoparticles (NPs) are often synthesized using a variety of 

processes, including laser ablation, chemical reduction, milling, sputtering, etc. Some 

traditional methods, including the chemical reduction method, which uses a variety of 

harmful chemicals to create NPs, because of their toxicity, present a variety of health issues 

and give rise to serious environmental problems, while other techniques are expensive and 

require a lot of energy. However, the biogenic synthesis technique used to produce NPs is 

ecologically friendly and free of chemical contaminants, making it ideal for medicinal 

applications where purity is a top requirement. Nature has devised various processes for the 

synthesis of nano and Micro-length scaled inorganic materials which have contributed to the 

development of the relatively new and largely unexplored area of research based on the 

biosynthesis of nanomaterials. In this article, more attention is given to ZnO nanoparticle 

synthesis as Zinc oxide is a chemical compound found naturally in the mineral called 

zincite and has attracted much attention in recent times due to its low cost and because it 

can be obtained by simple techniques. ZnO crystallizes in the typical wurtzite hexagonal 

structure where oxygen and zinc atoms are spatially arranged in a way that O atoms are 

arranged in a closed hexagonal structure, while the Zn atoms occupy the center of the 

distorted tetrahedron structure. Moreover, it is a semiconductor material of the II-VI group 

with a large energy gap around Eg = 3.2 eV, a large range of excitation energy, and 

controlled electrical conductivity, and when doped with transition metals exhibits the 

ferromagnetic phenomenon at room temperature, and because of that it has attracted much 

interest due to their potential applications in “spintronics”. The ZnO is insoluble in water 
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and ethanol but is soluble in dilute mineral acids and is a fine powder, white or slightly 

yellow. In large quantities and high purity, it is recommended for use in the pharmaceutical, 

food, and cosmetic industries. Characterization is done with methods such as FTIR, UV-

visible, DLS, SEM, TEM XRD, EDX, etc. 

Keywords: ZnO Nanoparticles, Synthesis, Characterization. Anti-microbial 

Activity. 

 

                                                                                                                            INTRODUCTION  

A nanoparticle or ultrafine particle is usually defined as a particle of matter that is between 1 and 100 

nanometres (nm) in diameter. The term is sometimes used for larger particles, up to 500 nm, or fibers and 

tubes that are less than 100 nm in only two directions. At the lowest range, metal particles smaller than 1 nm 

are usually called atom clusters instead. In general, the small size of nanoparticles leads to a lower 

concentration of point defects compared to their bulk counterparts, but they do support a variety of 

dislocations that can be visualized using high-resolution electron microscopes. However, nanoparticles 

exhibit different dislocation mechanics, which, together with their unique surface structures, results in 

mechanical properties that are different from the bulk material. Nanoparticles occur in a great variety of 

shapes, which have been given many informal names such as nanospheres, nanorods, nanochains, nanostars, 

nanoflowers, nano reefs, nanowhiskers, nanofibers, and nanoboxes.  The shapes of nanoparticles may be 

determined by the intrinsic crystal habit of the material, or by the influence of the environment around their 

creation, such as the inhibition of crystal growth on certain faces by coating additives, the shape of emulsion 

droplets and micelles in the precursor preparation, or the shape of pores in a surrounding solid matrix. Some 

applications of nanoparticles may require specific shapes, as well as specific sizes or size ranges.  

ZnO Nanoparticles 

Zinc oxide is a chemical compound found naturally in the mineral called zincite and has attracted much 

attention in recent times due to its low cost and because it can be obtained by simple techniques. ZnO 

crystallizes in the typical wurtzite hexagonal structure where oxygen and zinc atoms are spatially arranged 

in a way that O atoms are arranged in a closed hexagonal structure, while the Zn atoms occupy the center of 

the distorted tetrahedron structure. Moreover, it is a semiconductor material of the II-VI group with a large 

energy gap around Eg = 3.2 eV, a large range of excitation energy, and controlled electrical conductivity, 

and when doped with transition metals exhibits the ferromagnetic phenomenon at room temperature, and 

because of that it has attracted much interest due to their potential applications in “spintronics”. The ZnO is 

insoluble in water and ethanol but is soluble in dilute mineral acids and is a fine powder, white or slightly 

yellow. In large quantities and high purity, it is recommended for use in the pharmaceutical, food, and 

cosmetic industries. 
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 Zinc oxide is a transition metal and semi-metal that can react with both acids and bases providing water and 

salt. Because ZnO presents intermediate properties between acid and basic oxides it can behave as both acid 

and basic oxide. It is an intrinsic n-type semiconductor material that crystallizes in the hexagonal crystal 

system; it is relatively inexpensive, presents low toxicity, and is very effective in protecting against UV rays. 

ZnO is an excellent material for the manufacture of sunscreen because it absorbs ultraviolet (UV) rays and 

combat the potential problems associated with sun exposure. The search for nanostructured ceramic 

materials that result in high-performance materials has led to the development of several chemical methods 

on a laboratory scale. Among the various methods of chemical synthesis, there are the sol-gel method, spray 

pyrolysis, liquid combustion reaction, hydrothermal synthesis, spray drying, and the Pechini method, 

highlighting the combustion reaction method, which makes use of redox reactions between the 

decomposition products of nitrate and a fuel, such as urea.  

Properties 

 Depending on end-use, ZnO may be considered as a bulk chemical or as a specialized semi-conductor. It 

has specific optical, electrical and thermal properties that are attractive for a range of very diverse 

applications. For example, its high refractive index (1.95–2.10) was useful in pigment applications, it can be 

an electrical conductor when suitably doped, and it is thermally stable to extremely high temperatures (at 

least ∼1800 ◦C). The physical and chemical properties of ZnO powder ensure a large off-take as an additive 

in rubber. Alternatively, the high specific surface area of the ‘active’ grades permits them to be used in 

desulfurization processes in chemical plants. As a semiconductor, ZnO has applications in opto-electronics 

and in transparent conducting films. Awareness of its various properties is important, both for selection of 

this material for specific applications, and as input information for the producers of ZnO in its various 

forms.  

1) Toxicology 

 Zinc oxide is generally categorized as a non-toxic material. Zinc oxide does not cause skin and eye irritation 

and there is no evidence of carcinogenicity, genotoxicity and reproduction toxicity in humans. However, the 

powder can be hazardous by inhalation or ingestion because it causes a condition known as zinc fever or 

zinc ague. The symptoms of this syndrome are chills, fever, cough, and tightness in the chest. Therefore 

appropriate safety precautions should be observed when preparing, packaging, transporting and handling 

ZnO. According to the recent EU hazard classifications, zinc oxide is classified as N; R50-53 (very toxic for 

the aquatic environment or ecotoxic). Therefore packages of ZnO in these jurisdictions must be labelled 

“UN3077-Class 9, Environmentally Hazardous Substance”. Soluble zinc compounds are considered 

ecotoxic for aquatic organisms despite them being necessary for humans, animals and plants in trace 

amounts. The human body, for example, contains around 2 g of Zn and a daily intake of 10–15 mg is 

required for metabolism. It has been shown that the ecotoxicity of ZnO to the model aquatic protozoan 

Tetrahymena thermophila is caused entirely by its solubilized fraction, i.e .the Zn2+ ion]. Toxicities of bulk 
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ZnO, nano-ZnO, and soluble Zn2+ are similar once their different solubilities are taken into account, with 4-

h effect concentration (EC50) values of about 4 or 5 mg bio-available Zn/L (5 ppm). These values are an 

order of magnitude lower than for soluble Cu2+] By comparison, the naturally occurring amount of Zn ions 

in seawater is three orders of magnitude smaller (5 ppb). Zinc oxide has a long history of use in sunscreen 

compositions to block UV radiation, with the nanoparticulate form having been introduced for this 

application in the late 1990s. There have been occasional concerns voiced about possible adverse effects on 

human health or the environment. However, the current evidence shows that ZnO particles or nanoparticles 

do not penetrate viable skin cells and remain on the outer layer of undamaged skin (the stratum corneum) 

with low systemic toxicity Toxicity to the aquatic environment would depend on whether any ZnO washed 

off sunbathers was solubilized in, for example, the seawater, and whether the local environmental 

concentration of Zn2+ could thereby exceed the roughly 5 ppm threshold mentioned earlier. 

2)Crystal structures 

There are three crystal structures of ZnO: hexagonal wurtzite, cubic zinc-blende structure, and a rarely-

observed cubic rock-salt (NaCl-type). Under ambient conditions, the most thermodynamically stable 

structure is the wurtzite form. The zinc-blende structure is metastable and can be stabilized only by epitaxial 

growth on cubic substrates while the cubic rock-salt structure is usually only stable under extreme pressure 

(∼2 GPa). 

3) Surface properties 

 The surface properties of ZnO particles or thin films play a significant role in diverse fields, for example in 

sensing, catalysis, or optoelectronics. As a result, the topic has been extensively studied. Absorption of 

molecules onto the ZnO surface has been examined with some attention focused on the adsorbates for 

methanol synthesis from syn-gas (H2, CO, CO2). The wettability of ZnO surfaces has also been examined; 

flat ZnO substrates exhibit the maximum water contact angle of 109◦. Super-hydrophobic ZnO has been 

prepared by surface treatment with fatty acids and reversibly switchable wettability between super-

hydrophilicity and super-hydrophobicity has been observed by alternation of UV irradiation or oxygen 

plasma treatment. The hydrophobicity of ZnO additives is an important issue in polymer blending when 

seeking to obtain a homogeneous particle distribution or grafting of monomers onto the metal oxide. Since 

most polymers are hydrophobic and ZnO is hydrophilic, the surface of the surface of the particles may be 

modified for better compatibility with the polymer matrix. 

 

Experimental  Method 

The zinc oxide nanostructure was synthesized by using the sol-gel method. In order to prepare a sol, 20 g of 

Zn acetate dihydrate is mixed into 150 ml of distilled water and stirred for about 20 minutes at 350 c to 

produce a zinc acetate solution. Then 80 gm of NaOH powder is mixed into 80 ml of distilled water and 

stirred for around 20 min at 350 c to form NaOH solution. After mixing both solutions, the titration reaction 
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by the addition of 100ml ethanol in a drop-wise manner accompanied by vigorous stirring for 90 minutes to 

obtain a gel-like product. Dry the gel at 800 c overnight and calcify in an oven at 2500 c for 4hr and we get 

Zno nanoparticle. 

 

Synthesis of Zinc Oxide 

 Nanostructure Synthesizing Zinc Oxide nanostructure via sol-gel technique in this research includes the use 

of several materials such as Zinc Acetate Dihydrate (Zn(CH3COO)2.2H2O) ≥99% purity, Sodium 

hydroxide (NaOH) ≥98% (Sigma Aldrich), Ethanol and distilled water. Zinc Acetate Dihydrate was used as 

a precursor and Ethanol was used as a reagent. Distilled water was used as a solvent medium. 

Zinc Oxide Nanostructures 

 Based on the experimental work that has been done, there are a series of chemical reaction that takes place. 

The complete hydrolysis of zinc acetate with the aid of NaOH in an ethanolic solution should result in the 

formation of a ZnO colloid. The final product was obtained as a result of the equilibrium between the 

hydrolysis and condensation reaction. Due to the heating, Zinc Acetate within the solution undergoes 

hydrolysis forming acetate ions and zinc ions. The abundance of electrons in the oxygen atoms makes the 

hydroxyl groups (-OH) of alcohol molecules bond with the zinc ions5. The overall chemical reaction to form 

ZnO nano-powder when sodium hydroxide was used as a solvent is stated as follows in Eq. (1):  

 

(Zn(CH3COO)2.2H2O) + 2NaOH                                    ZnO + 2NaCH3COO + H2O                  (1)            

                                                                                                                               

Zinc hydroxide acetate is an intermediate product of the hydrolysis reaction, formed in the presence of H2O 

and OH ions. It can be easily transformed into ZnO at higher temperatures and with prolonged refluxing. 

Sodium acetate is water soluble and could therefore be removed from the end product. High purity ZnO 

nano-powder could therefore be obtained successfully by sol-gel technique6. 

Synthesis of ZnO nanoparticles with different concentrations. 

Sr.No Amount of Zn acetate Normality of NaOH 

1 20g 0.1N 

2 20g 0.2N 

3 20g 0.3N 

 

Characterization 

 

Characterization of powders was determined by X-ray diffraction (XRD). The crystal structural analysis was 

analyzed by X-ray diffraction (XRD) with diffraction angles 2Ө from ranging 10° to 90° and with Cu Kα 
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radiation (ʎ = 1.5406 Å) as the radiation source. And antimicrobial activity. The synthesized calcium oxide 

nanoparticles were screamed for antimicrobial activity. 

Antimicrobial Activity:-Antibacterial analysis: 

The bacterial culture for E. Coli was obtained from the department of Microbiology of Shri 

Shivaji Science College, Nagpur. The bacterial culture was incubated at 37°C for 24 hours 

by inoculation into nutrient agar. ZnO was stored dry at room temperature and Dissolved 

20mg/ml in distilled water. The antibacterial activities of each compound were evaluated by 

the agar well-diffusion method. Mueller Hinton Agar Media was poured into the Petri 

dishes and allowed to solidify. After the spreading is complete allow the plate to dry for 5 

minutes. Prepare an antibiotic solution of Zinc Oxide. Prepare wells of 10mm diameter with 

the help of a cork borer and add 20μL of each prepared antibiotic into wells. Incubate for 24 

hours at 37°C. After incubation, the diameter of inhibition zones formed around each well 

was measured and expressed in millimeters (mm) to evaluate the antimicrobial activity. 

  

 

 

Sr. 

no 

NaOH 

 

 

Bacteria 

E. Coil 

(Zone of inhibition) 

1. 0.1N 11 mm 

2. 0.2N 14 mm 

3. 0.3N 8 mm 

 

(Table-1) 

  

 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

851 

 

 

Zone of Inhibition against E. Coil 

 

X-ray diffraction pattern of ZnO 

A series of XRD diffractograms of sample 1 as shown in Fig.1. Cu K radiation (1.5406 Ao) was used to 

record the X-ray diffraction results. Data on intensity were gathered throughout a 20 range between 20 and 

80. Using the diffraction strength of the (101) peak, the Scherrer equation was used to estimate the average 

grain size of the samples. The synthesized materials were proven to be ZnO with wurtzite phase by x-ray 

diffraction examinations. All of the diffraction peaks corresponded with the reported JCPDS data15, and no 

distinctive peaks other than ZnO were seen. Using Scherrer equation16, the average grain size (D) of the 

particles was calculated from the XRD line broadening measurement.  

                                 D=0.89λ / (βCosθ)  

Where is the diffraction angle, is the ZnO (101) line's full width at half-maximum (FWHM), and is the 

wavelength (Cu K). The diffraction peaks' distinct line broadening is a sign that the synthesized materials 

are in the nanoscale range. Depending on the growing conditions, it was discovered that the grain size 

ranged from 7 to 24 nm. Additionally, the predicted lattice parameters concurred with the reported values.  

The reaction temperature greatly influences the particle morphology of as-prepared ZnO powders. Figure 1  

shows that the XRD patterns of ZnO nanoparticles synthesized at various temperatures with 0.1N NaOH for 

6 h. As the  

reaction temperature increases, FWHM decreases. Thus the size of ZnO nanoparticles increases as the 

temperature for  
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the hydrothermal synthesis increases. This is due to the change in growth rate between the different 

crystallographic  

planes. 

 
Fig. 1. XRD patterns of ZnO nanoparticles synthesized from 0.1N NaOH at various temperatures for 6 h.  

Figure 2 and Figure 3 show the variation of FWHM and grain size of ZnO nanoparticles synthesized from 

0.2 and  0.3  NaOH. 

 

 
 

Fig.1 The XRD Diffractogram of sample 1 

 
The reaction temperature greatly influences the particle morphology of as-prepared ZnO powders. Figure 1 

shows that the XRD patterns of ZnO nanoparticles synthesized at various temperature with 0.1N NaOH for 

6 h. As the reaction temperature increases, FWHM decreases. Thus the size of ZnO nanoparticles increases 

as the temperature for the hydrothermal synthesis increases. This is due to ZnO structures with different 

grain sizes can be obtained bycontrolling the concentration of the precursors. ZnO nanoparticles were 

synthesized by keeping the concentration of Zn(CH3COO)2.2H2O as 0.1 N in all reactions, the 

concentration of NaOH was varied from 0.2 N to 0.5 N at 200o C for 12 h. Figure.2 and Figure.3 shows the 

XRD pattern of ZnO nanoparticles synthesized by varying the concentration of precursors. All the peaks 

match well with the standard wurtzite structure and the FWHM of the (101) diffraction peak increases with 

the decreasing concentration of the NaOH.  

These results reveal that the molar ratio of OH- to Zn2+ is a dominant factor for the formation of the ZnO 

nanoparticles. The change of growth rate between the different crystallographic planes. 
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Fig.2 The XRD Diffractogram of sample 2 

 
 

 
 
Fig.3 The XRD Diffractogram of sample 3 

 
Antimicrobial activity result:- 

          The result of the antibacterial screaming of the Zinc oxide nanoparticles at a concentration of 20 

mg/ml against bacteria has been found. The inhibition zones were measured in mm and the results are shown 

in (Table). The result of antimicrobial screaming indicates that ZnO shows significant activity against the 

Escherichia coil. When we increase concentration, the area of inhibited growth also increases. 

 

Conclusion:- 

The zinc oxide nanostructure was successfully synthesized by using the sol-gel method. The results showed 

that the ZnO rod-like structure was successfully synthesized by the sol-gel method in the nano-size range of 

about 84.98nm. The synthesized ZnO nano-powder obtained exhibits good crystallinity. 
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Effect of Li+−ion on enhancement of 

photoluminescence in Sm3+ doped 

CaSnO3 phosphor  

 

Abstract: - Photoluminescence (PL) study of Sm3+ doped CaSnO3 phosphor and the effect of Li+‒ion on PL property of 

CaSnO3:Sm3+ were investigated. The phosphors were prepared by simple co-precipitation method using oxalic acid and annealed at 

1100ºC. The prepared phosphors were characterized using XRD, SEM and photoluminescence (PL) techniques. The result of x-ray 

powder diffraction (XRD) analysis confirmed the formation of single phase CaSnO3. Photoluminescence measurements showed that 

the CaSnO3:Sm3+ phosphor exhibited bright orange-red emission at about 610 nm attributed to 4G5/2 → 6H7/2 transition of Sm3+ ion 

under UV excitation. After introducing Li+ ion in CaSnO3:Sm3+ phosphor, the luminescence efficiency enhanced due to the charge 

compensation. The PL study reveals that the prepared phosphors are useful in near UV excited LED, optoelectronic display 

devices and related applications. 

Keywords: CaSnO3, photoluminescence, Sm3+, co-precipitation. 

 

 

I. INTRODUCTION 

Host materials and active centers play a pivotal role in the process of luminescence [1,2]. Over the years, 

oxide phosphors are attracted more attention than the sulfide or halide phosphors due to their physical and 

chemical stability. SnO4
4− anions are reported to be optically-inert, and could be a candidate for host materials. 

Alkaline earth stannates (MSnO3, M = Ca, Sr, Ba), as a type of perovskite material, have garnered significant 

attention due to their potential applications in various fields such as display related application, thermally stable 

capacitors, photocatalysts, anode materials for lithium-ion batteries, and in many technical applications [3-6]. 

The luminescence properties of rare earth‐doped alkaline earth stannates have been extensively documented, 

including examples such as CaSnO3:Tb3+, MSnO3:Eu3+ (M = Ca, Sr, and Ba), CaSnO3:Sm3+,  CaSnO3:Er3+,Bi3+, 

CaSnO3:(Eu3+, Pr3+, Tb3+), SrSnO3:(Eu3+, Tb3+, Mg2+), Ca2SnO4:Eu3+, Sr2SnO4:(Eu3+, Eu3+, Ti4+) and 

Ba2SnO4:Eu3+ [7-19] phosphors. The Sm3+ ion is widely recognized as a crucial activator for a wide range of 

inorganic lattices, resulting in the emission of reddish-orange light due to its 4G5/2 → 6HJ (J = 5/2, 7/2, 9/2, 11/2) 

transitions [20]. 

This study delves into the synthesis and luminescence property of CaSnO3:Sm3+ phosphor, with a specific 

focus on investigating the enhancements in its emission when co‐doped with Li+ ions. 

II. MATERIALS PREPARATION AND ANALYSIS 

A series of Sm3+ doped CaSnO3 phosphors and co-doped with Li+ ions were synthesized by co-

precipitation method. For synthesis, initially stoichiometric amount of strontium chloride, stannic chloride 

and dopant (Samarium chloride) were dissolved separately in de-ionized water. Then the solutions were 

mixed. Ammonium carbonate (NH4)2CO3 solution was then added slowly to the mixture. Precipitate thus 

obtained in carbonate form was separated by filtering, dried and thoroughly crushed to yield fine powder. 

The obtained white precipitate was decomposed by heating in air at 1100°C for 3 hour to yield              

Ca(1−x)SnO3:xSm3+ phosphors.  

X-ray diffraction patterns were recorded on Philips PANalytical X’pert Pro diffractometer with Cu-Kα 

radiation (λ= 1.5409 nm) over an angular range of 10˚ to 80˚ in 2θ. Photoluminescence (PL) spectra in the 

spectral range 220-700 nm were recorded at room temperature on Hitachi F-4000 spectro-fluorimeter with a 

Xenon flash lamp (150 W) and spectral slit widths of 1.5 nm. The sample surface morphology was imaged 
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using a S-3400, SEM (Hitachi, Japan). The color chromaticity coordinates were obtained according to 

Commission International de I’Eclairage (CIE) using Radiant Imaging color calculator. 

III. RESULTS AND DISCUSSIONS 

A XRD and Crystal Structure 

The XRD pattern of the synthesized CaSnO3:Sm3+(1mol%) phosphor is presented in Fig. 1, which exhibit 

sharp diffraction peaks. The obtained XRD patterns matched well with the standard data JCPDS file No. 77-

1797, which indicating orthorhombic structure with space group Pbnm (62) with cell parameters a =5.52399 Å 

b = 5.69628 Å, c = 7.90708 Å, α = β = γ = 90˚, and the unit cell volume V =248.8057Å3.  

Fig. 2 shows crystal structure of CaSnO3 compound. CaSnO3 is orthorhombic perovskite structured and 

crystallizes Pbnm space group. In this structure, Ca2+ atom has 4c site symmetry and is bonded to eight O2− 

atoms to form CaO8 polyhedron. The Ca−O bond distances ranging from 2.31-2.7 Å. Sn4+ atom occupy 4b site 

in the lattice and is bonded to six O2− atoms to form corner-sharing SnO6 octahedra. The corner-sharing 

octahedral tilt angles range from 33-34°. The Sn−O bond length ranges from 2.049-2.054 Å. 

 

 
Fig.1. Powder XRD patterns of CaSnO3:Sm3+(1mol%) 

 

 

Fig.2. Crystal structure of CaSnO3 compound 
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B SEM analysis 

The surface morphology of synthesized material was studied by scanning electron microscopy (SEM) is 

presented in Fig. 3. The SEM images reveal that the particles were relatively agglomerated and non-uniform in 

nature. The grain size distribution is broad and the average particle size ranges from 1 m to 10 m. The small 

particles are agglomerated forming bigger crystallites.  

 

 
Fig.3. SEM images of CaSnO3:Sm3+ 

C Photoluminescence of CaSnO3:Sm3+and CaSnO3:(Sm3+,Li+) 

Fig. 4 shows results of PL excitation and emission spectra of CaSnO3 doped with (1mol%) Sm3+. At 409 

nm excitation, the phosphor exhibits characteristic broad emission lines at 566, 574, 609, 616 and 660 nm. 

The 566 and 574 nm emission peaks can be attributed to 4G5/2 → 6H5/2 transition of Sm3+ ion, which is 

originated due to purely magnetic dipole (MD) moment. The most intense emission peaks at 609 and 616 nm 

attributed to the transition of Sm3+ ion from 4G5/2 → 6H7/2. The 4G5/2 → 6H7/2 transition is magnetic dipole 

allowed but electric dipole (ED) nature is more dominant with selection rule ΔJ = ±1, therefore it is allowed as 

both partially MD and partially ED. The least intense emission peak at 660 nm corresponds to 4G5/2 → 6H9/2 

transition, which is originated due to purely ED transition with selection rule ΔJ = ±2 and is sensitive to the 

crystal field [21-23]. The emission intensity corresponds to 4G5/2 → 6H9/2 transition (660 nm) is weak when 

the Sm3+ ions are in the symmetric site and is strong when Sm3+ ions are in the asymmetric site. A PL 

spectrum indicates that 660 nm peak is weaker than other peaks i.e. most of the Sm3+ ions are in the 

symmetric site [24]. At 609 nm emission, the phosphor exhibit broad excitation band centered at 258 nm 

attributed to charge transfer band of Sm3+–O2−. The excitation spectra also shows series of sharp peaks at 

348, 365, 380, 409, 422, 470 nm attributed to the transitions of Sm3+ ions from ground state 6H5/2 →4K15/2, 
4D3/2, 6P7/2, 6P3/2, 4G9/2, and 4I13/2 respectively [25,26]. The nature of excitation band in near-UV region 

suggests that the prepared phosphor can be effectively excited by UV LED chip and can be useful for solid state 

lighting application. The effect of Sm3+ concentration on PL emission intensity is presented in Fig. 5. It is 

observed that the emission intensity rises as the concentration of Sm3+ increases from 0.3 mol% to 1.3 mol%. 

However, beyond 1.3 mol%, the emission intensity falls due to concentration quenching effect in which the 

excitation energy is lost via non-radiative decay process. No changes have been observed in the shape and peak 

position of PL excitation and emission curve with varying doping concentration.  

It is anticipated that Sm3+ ions will take the place of Ca2+ ions in the CaSnO3 host lattice. However, due to 

the difference in charge between Sm3+ and Ca2+ ions, maintaining charge balance in the lattice is challenging. 

As a result, Sm3+ ions are unable to be fully incorporated into the Ca2+ ion sites and form pairs by trapping an 

interstitial O2− ion to maintain charge balance. In this study, Li+ ions were selected as charge compensators due 

to their small ionic radius, which allows them to easily enter the lattice and conveniently provide charge 

compensation. Through the addition of Li+ ions, it is possible for Sm3+ ions to fully occupy the Ca2+ ion sites in 

the lattice, leading to improved luminescence properties of the CaSnO3:Sm3+ phosphor. The impact of the 
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addition of Li+ ion in the CaSnO3:Sm3+(1.3 mol%) phosphor is depicted in fig 6. It is evident from the figure 

that the incorporation of Li+ ion in CaSnO3:Sm3+ phosphor resulted in an increased intensity of the phosphor. 

 
Fig. 4. PL excitation emission spectra of CaSnO3 doped with (1mol%) Sm3+. 

 

 
Fig. 5. Variation of emission intensity as a function of Sm3+concentration  

 
Fig. 6. Effect of addition of Li+ in CaSnO3:Sm3+ 
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D Color chormaticity 

The color of the phosphor is very important in the field of luminescence and therefore the chromaticity 

diagram and CIE coordinates are calculated using PL data and interactive CIE software (CIE coordinate 

calculator). The CIE color coordinates for CaSnO3:Sm3+ phosphor was found to be (0.5902, 0.4091) as shown in 

Fig. 6.  

 
Fig. 6. CIE chromaticity diagram 

IV. CONCLUSION  

To summarize, a series of Ca(1-x)SnO3:xSm3+ (x=0.3 to 1.6 mol%) phosphors were successfully synthesized 

via co-precipitation method. The XRD analysis of the resulting compound matches well with the standard 

JCPDS file. CaSnO3:Sm3+ shows bright orange-red luminescence with a dominant emission peak at 609 nm 

attributed to 4G5/2 → 6H7/2 transition of Sm3+ ion under near UV excitation. After addition of Li+ ion in 

CaSnO3:Sm3+ phosphor, the luminescence intensity enhanced significantly due to the charge compensation. 

Through the addition of Li+ ions, it is possible for Sm3+ ions to fully occupy the Ca2+ ion sites in the lattice. The 

PL study reveals that the prepared phosphors can be useful in near UV excited LED, optoelectronic 

display devices and related applications. 

 

REFERENCES 
 

 [1] Z. Yu, Z. Xia, C. Su, R. Wang, Q. Liu, “Effect of Gd/La substitution on the phase structures and luminescence 

properties of (La,Gd)Sr2AlO5:Ce3+ solid solution phosphors,” J. Mater. Chem. C, vol. 3, pp. 11629, 2015, 

https://doi.org/10.1039/C5TC02325D. 

[2]  R. Cao, K. Chen, P. Liu, C. Cao, Y. Xu, H. Ao, P. Tang, “Tunable photoluminescence properties of Sr1-yCayMoO4: 

Sm3+ phosphors (0 ≤ y < 1),”Luminescence, vol. 30, pp. 962, 2015, https://doi.org/10.1002/bio.2845. 

[3]  A. Canimoglu, J. Garcia-Guinea, Y. Karabulut, M. Ayvacikli, A. Jorge, N. Can, “Catholuminescence properties of rare earth 

doped CaSnO3 phosphor,” Appl. Radiat. Isotopes, vol. 99, pp. 138, 2015, https://doi.org/10.1016/j.apradiso.2015.02.026 

[4]  S. Saha, S. Das, U. K. Ghorai, N. Mazumder, D. Ganguly, K. K. Chattopadhyay, “Controlling Nonradiative Transition 

Centers in Eu3+ Activated CaSnO3 Nanophosphors through Na+ Co-Doping: Realization of Ultrabright Red Emission along 

with Higher Thermal Stability,”  J. Phys. Chem. C, vol. 119, pp. 16824,  2015, https://doi.org/10.1021/acs.jpcc.5b03500. 

[5]  X. Y. Chen, C. Ma, S. P. Bao, H. Y. Zhang, “Novel porous CaSnO3:Eu3+ and Ca2SnO4:Eu3+ phosphors by co-precipitation 

synthesis and postannealing approach: A general route to alkaline-earth stannates,” J. Alloys Compd., vol. 497, pp. 354, 

2010, https://doi.org/10.1016/j.jallcom.2010.03.065. 

[6]  X. L. Pang, C. H. Jia, G. Q. Li, W. F. Zhang, “Bright white upconversion luminescence from Er3+–Tm3+–Yb3+ doped 

CaSnO3 powders,” Opt. Mater., vol. 34, pp. 234, 2011, https://doi.org/10.1016/j.optmat.2011.08.019. 

[7]  B. Lei, B. Li, H. Zhang, W. Li, “Preparation and luminescence properties of CaSnO3:Sm3+ phosphor emitting in the reddish 

orange region,” Opt. Mater., vol. 29, pp. 1491, 2007, https://doi.org/10.1016/j.optmat.2006.07.011. 

[8] Z. Liang, J. Zhang, J. Sun, X. Li, L. Cheng, H. Zhong, S. Fu, Y. Tian, B. Chen, “Enhancement of green long lasting 

phosphorescence in CaSnO3:Tb3+ by addition of alkali ions,” Phys. B, vol. 412, pp. 36, 2013, 

https://doi.org/10.1016/j.physb.2012.12.013. 

https://doi.org/10.1039/C5TC02325D
https://doi.org/10.1002/bio.2845
https://doi.org/10.1016/j.apradiso.2015.02.026
https://doi.org/10.1021/acs.jpcc.5b03500
https://doi.org/10.1016/j.jallcom.2010.03.065
https://doi.org/10.1016/j.optmat.2011.08.019
https://doi.org/10.1016/j.optmat.2006.07.011
https://doi.org/10.1016/j.physb.2012.12.013


J. Electrical Systems Vol-Issue (2024): 1-12 

860 

[9]  Z. Fu, W. Li, S. Du, H. Yang, J. H. Jeong, “Hydrothermal Synthesis and Luminescent Properties of Uniform 

CaSnO3:Eu3+  Microcrystals with Controlled Morphology,” J. Electrochem. Soc., vol. 156, pp. J308, 2009, 

DOI 10.1149/1.3190536. 

[10]  X. Pang, Y. Zhang, L. Ding, Z. Su, W. F. Zhang, “Upconversion Luminescence Properties of Er3+–Bi3+ Codoped 

CaSnO3 Nanocrystals with Perovskite Structure,”J. Nanosci. Nanotechnol., vol. 10, pp. 1860,  

https://doi.org/10.1166/jnn.2010.2135. 

[11]  Z. Lu, L. Chen, Y. Tang, Y. Li, “Preparation and luminescence properties of Eu3+-doped MSnO3 (M = Ca, Sr and Ba) 

perovskite materials,” J. Alloys Compd., vol. 387, pp. L1–L4, 2005, https://doi.org/10.1016/j.jallcom.2004.06.036. 

[12]  Z. Liu, Y. Liu, “Synthesis and luminescent properties of a new green afterglow phosphor CaSnO3:Tb,” Mater. Chem. Phys., 

vol. 93, pp. 129–132, 2005, https://doi.org/10.1016/j.matchemphys.2005.02.032. 

[13]  B. Lei, B. Li, H. Zhang, L. Zhang, Y. Cong, W. Li, “Synthesis and Luminescence Properties of Cube-Structured 

CaSnO3 ∕ RE3+  ( RE = Pr , Tb )  Long-Lasting Phosphors,” J. Electrochem. Soc., vol. 154 pp. H623–H630, 2007, 

DOI 10.1149/1.2734775. 

[14]  K. Ueda, T. Yamashita, K. Nakayashiki, K. Goto, “Green, Orange, and Magenta Luminescence in Strontium Stannates with 

Perovskite-Related Structures,” Jpn. J. Appl. Phys., vol. 45, pp. 6981–6983, 2006, DOI 10.1143/JJAP.45.6981. 

[15]  Y. C. Chen, Y. H. Chang, B.-S. Tsai, “Synthesis and the luminescent properties of europium-activated Ca2SnO4 phosphors,” 

Opt. Mater., vol. 27, pp. 1874–1878, 2005, https://doi.org/10.1016/j.optmat.2004.12.006. 

[16]  H. M. Yang, J. X. Shi, M.L. Gong, “A novel red emitting phosphor Ca2SnO4:Eu3+,” J. Sol. State. Chem., vol. 178, pp. 917–

920, 2005, https://doi.org/10.1016/j.jssc.2004.12.022. 

[17]  H. M. Yang, J. X. Shi, M. L. Gong, “A new luminescent material, Sr2SnO4:Eu3+,” J. Alloys Compd., vol. 415, pp. 213–215, 

2006, https://doi.org/10.1016/j.jallcom.2005.04.221. 

[18]  Y. C. Chen, Y. H. Chang, B. S. Tsai, “Influence of processing conditions on synthesis and photoluminescence of Eu3+-

activated strontium stannate phosphors,” J. Alloys Compd., vol. 398, pp. 256–260, 2005, 

https://doi.org/10.1016/j.jallcom.2005.02.019. 

[19]  H. Gao, Y. Wang, “Photoluminescence of Eu3+ activated Ba2SnO4 under ultraviolet–vacuum ultraviolet excitation,” J. Mater. 

Res., vol. 21, pp. 1857–1861, 2006,  https://doi.org/10.1557/jmr.2006.0230. 

[20]  B. Lei, Y. Liu, J. Liu, Z. Ye, C. Shi, “Pink light emitting long-lasting phosphorescence in Sm3+-doped CdSiO3,” J. Solid 

State Chem., vol. 177, pp. 1333, 2004, https://doi.org/10.1016/j.jssc.2003.11.006. 

[21] V. Naresh, S. Buddhudu, “Analysis of energy transfer based emission spectra of (Sm3+, Dy3+): Li2O–LiF–B2O3–CdO 

glasses,” J. Lumin., vol. 147, pp. 63–71, 2014,  https://doi.org/10.1016/j.jlumin.2013.10.035. 

[22] M. G. Ha, M. R. Byeon, T. E. Hong, J. S. Bae, Y. Kim, S. Park, H.-S. Yang, K.S. Hong, “Sm3+-doped CaTiO3 phosphor: 

Synthesis, structure, and photoluminescent properties,” Ceram. Int., vol. 38, pp. 1365–1370, 2012, 

https://doi.org/10.1016/j.ceramint.2011.09.015. 

[23] D.R. Taikar, “Synthesis and luminescence property of SrY2O4:M (M = Eu3+, Tb3+, Sm3+, Ce3+, Bi3+) phosphors,” J. Lumin., 

vol. 204, pp.24–29, 2018, https://doi.org/10.1016/j.jlumin.2018.07.040.  

[24] S. Selvi, K. Marimuthu, G. Muralidharan, “Structural and luminescence behavior of Sm3+ ions doped lead boro-telluro-

phosphate glasses,” J. Lumin., vol. 159, pp. 207–218, 2015, https://doi.org/10.1016/j.jlumin.2014.11.025. 

[25]  W. T. Carnall, P. R. Fields and K. Rajnak, “Electronic Energy Levels in the Trivalent Lanthanide Aquo Ions. I. Pr3+, Nd3+, 

Pm3+, Sm3+, Dy3+, Ho3+, Er3+, and Tm3+,” J. Chem. Phys., vol. 49, pp. 4424–4442, 1968, https://doi.org/10.1063/1.1669893. 

[26]  E. Pavitra, G. Seeta Rama Raju, Yeong Hwan Ko and Jae Su Yu, “A novel strategy for controllable emissions from Eu3+ or 

Sm3+ ions co-doped SrY2O4:Tb3+ phosphors,” Phys. Chem. Chem. Phys., vol. 14, pp. 11296–11307, 2012, 

https://doi.org/10.1039/C2CP41722G. 

 

 

 

  

https://doi.org/10.1166/jnn.2010.2135
https://doi.org/10.1016/j.jallcom.2004.06.036
https://doi.org/10.1016/j.matchemphys.2005.02.032
https://doi.org/10.1016/j.optmat.2004.12.006
https://doi.org/10.1016/j.jssc.2004.12.022
https://doi.org/10.1016/j.jallcom.2005.04.221
https://doi.org/10.1016/j.jallcom.2005.02.019
https://doi.org/10.1557/jmr.2006.0230
https://doi.org/10.1016/j.jssc.2003.11.006
https://doi.org/10.1016/j.jlumin.2013.10.035
https://doi.org/10.1016/j.ceramint.2011.09.015
https://doi.org/10.1016/j.jlumin.2018.07.040
https://doi.org/10.1016/j.jlumin.2014.11.025
https://doi.org/10.1063/1.1669893
https://doi.org/10.1039/C2CP41722G


J. Electrical Systems Vol-Issue (2024): 1-12 

861 

1 C. T. Londhe 
 

Regular paper 

Study of potential energy curves of 

diatomic zirconium oxide molecule 

 
 

Abstract: - The spectrum of diatomic zirconium oxide was recently reported and the 𝐵1𝛱 → 𝑋1∑1 transition is analyzed by Jason J. 

Sorensen and Peter F. Bernath using a high resolution Fourier Transform Spectrometer. The zirconium oxide was produced using a carbon 

tube furnace that contained a few grams of ZrO2, charged 110 Torr helium and heated to 2390 K. The molecular constants derived in this 

analysis are used for the construction of RKRV, Hulbert- Hirschfelder (H-H), and Generalized potential energy function. The percentage 

deviations from RKRV curves are drawn at the same abscissa scale. The error curve shows that that both potential energy curve deviation 

is less than 2 % error with dissociation limit. 

Keywords: Potential energy curve, zirconium oxide, Hulbert- Hirschfelder Potential, Generalized potential energy 

function. 
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I.  INTRODUCTION 

The potential energy function is a mathematical expression which represents the potential energy curve. The 

potential energy functions which play very important role in the determination of fundamental molecular 

constants that are related to the molecular structure [1]. In the calculations of Franck Condon factors, dissociation 

energies and thermodynamic quantities etc, the studies of potential energy curves are necessary [2]. The empirical 

potential energy functions like Morse [3], Rydberg [4] Varshni [5], Lippincott [6] and Hulbert-Hirschfelder [7] 

are usually applied and the potential energy curves are drawn. For all these calculations the Rydberg Klien Rees- 

Vanderslice RKRV [8-12] curves are essential. Naturally to compute the turning points of various vibrational 

levels the accurate spectroscopic constants are required. The empirical potential functions also require these 

molecular constants. 

Zirconium oxide molecule has astrophysical significance as it is observed in M and S type stars. The 

electronic band structure of zirconium oxide is complicated and possesses many strong bands which are 

characteristic of S type stars [1] as first reported by Merrill [13] and confirmed by Van Eck et al [14] in 2017. 

Zirconium oxide has been studied theoretically by Langhoff and Bauschlicher [15] in 1990 and reported 

spectroscopic constants. The review of zirconium oxide gives by Mc Kemmish et al [16]. In the present study the 

potential energy curves for the ground electronic states are constructed for the diatomic zirconium oxide molecule. 

The constants of ground state of Zirconium oxide are taken from Jason J. Sorensen and Peter F. Bernath [1] and 

reported in table 1. 

Table 1: Molecular constants of the ground state of zirconium oxide molecule 

               
        

 

 

 

 

 

Note: All constants are in cm-1 except re, which is in Å and μ, is in amu 

 

II. THE POTENTIAL ENERGY FUNCTIONS 

The method of drawing potential energy curves based on the spectroscopic constant like ωe, ωexe, Be, αe, re 

etc was developed by Rydberg, Klien and Rees [8-10,]. Further it was modified by Vanderslice [11, 12]. A brief 

account of RKR calculation is also given by Castano et al [17].A programme for computing the turning point is 

developed by Le Roy [18]. 

1. Generalized potential energy function:  

Surkus [19-29] has suggested a potential function which is known as GPEF. This function has the form 
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Where p ≠ 0, n≠ -1 

And s(p) = 1 if p>0, s)p) =-1 if p<0 

W(R|-1,0) yields Dunham potential function 

W(R|1,0) yields SPF potential function 

W(R|P,0) yields Thakkar potential function 

W(R|1,1) yields Ogilvie-Tipping potential function 

Thus all four potentials namely Dunham, Simon Parr Finlan (SPF), Thakkar and Ogilvie –Tipping are included 

in generalized potential energy function. The different parameters used in generalized potential energy function are 

calculated using turbo basic programme and shown in table 2. 

2. The Hulbert-Hirschfelder potential function: 

This function [7] is an extension of a Morse function and is defined as follows, 

μ 13.5790 Be 0.4235669076442719 

ωe 976.40869 αe 0.001918 

ωexe 3.44152 De 63800 

ωeye 0.00052 re 1.71199 
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UH-H (r) = De { [ 1- exp (-x) ]2 + cx3 (1 + bx ) e –2x }           …………….. (3)  

        Where   x = x1(r – re ) ; x1 = (ωexe / Be)1/2  / re 

                      c= 1 +  a1( De/ ao )2 ; b = 2 – {[(7/12 ) – ( De – (a 2  / a o )) ] /c } 

                      a o = ωe
2 / 4 Be ;  a1 = - 1 -  {ωexe / (6Be)2 }and    

                      a2 =  (5/4) a1 – (2/3) (ωexe/Be)  

This function employees the spectroscopic constants like ωe , ωexe , Be  and De etc. The potential energies UH-H 

could be calculated by substituting the values of the constants and r values obtained from the RKRV data and the 

relevant parameters. 

III. COMPUTATIONAL PROCEDURE 

The data of turning points i.e. rmin and rmax values obtained from RKRV curves of these molecules are substituted in 

equations 1 and 3 respectively for Generalized potential and Hulbert- Hirschfelder (H-H) potential energy function 

along with the corresponding parameters shown in Table 2.  
Table 2 : Parameters of Generalized potential and Hulbert- Hirschfelder (H-H) potential 

energy function for the ground state of zirconium oxide molecule 

Generalized potential energy function 

p 4.348 g4 0.4352067 

n 
1 

g5 
-0.3485827 

g0 117688.869 g6 2.09569 

g1 

-0.957269 
g7 

-1.7358797 

g2 0.6875689 Ck 46572.55 

g3 -0.6346356 re(A0) 1.71199 

Hulbert-Hirschfelder potential function 

a0 562705.625 c 0.07728 

a1 2.74028 b=  0.27603 

a2 3.96971 X1=  1.73471 

The potential energies obtained plotted against r values yield a potential energy curve for that potential for that 

particular molecule. For comparison purposes all the potential energy curves of each molecule are drawn on same 

scale along with their respective RKRV curve. The error curves i.e. the % deviation from RKRV energies which are 

calculated by formula [(URKRV – Upotential) / De] x 100. 
 

 

IV. RESULTS AND DISCUSSION 

The RKRV curves are plotted for the ground states of zirconium oxide molecule to the extent of 60 % of their 

dissociation energies. The potential energy curves drawn using Generalized potential energy functions are shown in 

Figure 1 and below these curves the % deviations from RKRV curves are drawn as shown in Figure 2.  The average 

deviation of RKRV reported by Londhe et al.[30]. From the graph it is clear that both the potentials show good 

performance over a wider range. In case of the Hulbert- Hirschfelder potential energy curve almost overlap the 

RKRV curves of the ground state of zirconium oxide molecule to high v values and show 1 % error to dissociation 

limit. On the other hand the Generalized potential energy function deviate from RKRV with higher v values and 

show 2 % error to the dissociation limit. 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

864 

 
Figure 1: RKRV, Generalized potential and Hulbert- Hirschfelder (H-H) potential energy curves 

for the ground state zirconium oxide molecule 

 
Figure 2: % Deviation of Generalized potential and Hulbert- Hirschfelder (H-H) potential energy 

curves for the ground state zirconium oxide molecule  

 

V. CONCLUSION 

The Generalized potential and the Hulbert-Hirschfelder potential energy function are almost overlap the 

RKRV curves of the ground state of zirconium oxide molecule to high v values and show very little deviation 

from RKRV potential.  
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Abstract: - Glasses with different weight proportions of Al2O3 have been synthesized by melt-quench method. Prepared glasses were 

given two stage heat treatment to convert them into glass-ceramics. In these glass-ceramic samples it is observed that the density, 

room temperature dielectric constant and percentage of lead titanate phase increased with Al2O3 addition. These glass-ceramic 

samples have shown ferroelectric property and it has been observed that the value of remnant polarization increased with Al2O3 

addition. The enhancement in the values of remnant polarization was due to increase in the volume fraction of PbTiO3 phase as 

measured from XRD. 
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I.  INTRODUCTION 

In 1950, Lead titanate was reported to be ferroelectric on the basis of its structural properties compared with 

BaTiO3. The high transition temperature around 490◦C [1] exhibited by PbTiO3 make this material useful for 

high temperature applications. Controlled crystallization of glasses led to a development of polycrystalline 

solids known as glass-ceramics [2]. These materials can be used as an insulator for high voltages, substrates for 

electronic circuits, dielectric and piezoelectric devices [2-3]. Lead titanate (PbTiO3) is a typical ferroelectric 

material having perovskite structure with Tc ~ 490 0C. It is difficult to prepare the undoped lead titanate ceramic 

material due to large anisotropy. The glass-ceramic route, therefore, offers the possibility of fabricating lead 

titanate without cracking [4]. The lead titanate based glass-ceramic have been studied widely. However very 

few reports are available on the effect of Al2O3 addition on structural, dielectric and ferroelectric properties of 

lead titanate containing glass-ceramic.  

In this work systematic addition of Al2O3 at the cost of B2O3 was done to enhance the dielectric and 

ferroelectric properties of these glass-ceramics. 

 

II. EXPERIMENTAL 

The glasses with composition 60PbO : 25TiO2 : (15-X)B2O3 : XAl2O3 (with X= 0, 2.5, 5, 7.5 and 10 mol% ) 

were prepared from highly pure chemicals. The mix dry powders with different weight proportions were 

transferred to 5 different 50 ml alumina crucibles, which then heated up to 1250-1300 0C. The melt was soaked 

for 1 h and homogenized by stirring it before quenching into the copper mould at room temperature. The 

resultant glass samples were annealed at 400 0C for three hours to remove the residual stresses. The glass 

transition temperature Tg and crystallization temperature Tc for the glass were determined from DTA. The glass 

samples were converted to glass-ceramics by following the two stage heat treatment. The glass samples were 

nucleated for 16 h and crystallized for 16 h, at 425 0C and 480 0C respectively. The density of these glass-

ceramics was measured by Archimedes principle with toluene as an emersion liquid.  

The XRD patterns of glass-ceramics were recorded with Xpert PANalytical diffractometer. In glass-ceramic 

samples it was desired to have maximum percentage of formation of perovskite PbTiO3 phase. Therefore its 

(PbTiO3) volume fraction was calculated from XRD. The room temperature dielectric constant of glass-ceramic 

samples was measured using high resolution dielectric alpha analyzer. The ferroelectric hysteresis measurements 

were performed using automatic PE loop tracer. 

 Times is specified, Times Roman or Times New Roman may be used. 

 If neither is available on your word processor, please use the font closest in appearance to Times. Avoid 

using bit-mapped fonts if possible. True-Type 1 or Open Type fonts are preferred. Please embed symbol fonts, as 

well, for math, etc. 

III. RESULTS AND DISCUSSION 

Density of the glass-ceramic samples has been observed to increase with Al2O3 addition. The maximum 

density 6.55 gm/cm3 was obtained for 10 mol % Al2O3 containing glass-ceramic sample The increase in density 

with Al2O3 addition may be due to higher mass of Aluminum compared to that of Boron which increases the 

rigidity of glass-ceramic samples.  

The XRD patterns of the glass-ceramic samples have been depicted in figure 1. XRD results shows that lead 

titanate is the major crystalline phase in the glass-ceramic samples. All the major peaks matched very well with 

the tetragonal lead titanate phase (JCPDS file no-78-0298). The volume fraction of lead titanate phase was 

calculated by comparing the integral intensities of amorphous, glass-ceramic and completely crystalline samples 

from X-ray diffraction patterns [5]. The volume fraction of PbTiO3 phase is (shown in table 1) observed to 

increase with Al2O3 addition. The replacement of B2O3 by Al2O3 led to enhance the perovskite PbTiO3 content in 

glass-ceramics as confirmed from XRD.  
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Fig 1.  XRD Patterns for Glass-ceramic samples. 

 

The room temperature dielectric constant of the glass-ceramic samples has been measured at 1 kHz which 

shows increasing trend with the Al2O3 addition (Table 1). The values of dielectric constant obtained in the present 

work are higher than those reported in the literature for PbTiO3 containing glass-ceramics [6, 7]. The increase in 

dielectric constant may be correlated to the increased volume fraction of formation of tetragonal PbTiO3 phase in 

glass-ceramic samples.  

The ferroelectric hysteresis measurements were carried out at room temperature. The samples were poled at 5 

kV for 30 minutes. The values of remnant polarization is given in table 1. From the table 1 it is observed that 

there is an increase in the values of remnant polarization with Al2O3 addition. 

 

  

 
 

Fig 2.  Representative PE Hysteresis Loop for 7.5 Al2O3 containing Glass-ceramic sample. 

 

The observed increase in remnant polarization for glass-ceramic samples may be attributed to the formation 

of tetragonal lead titanate phase whose content was observed to increase with Al2O3 addition. Fig.2 shows the 

ferroelectric hysteresis loop for the 7.5 mol % Al2O3 containing glass-ceramic sample. The non-saturated loops 

were observed in all the samples which could be due to the presence of residual glass phase and the stress applied 

by the rigid glass matrix [8, 9]. The ceramic-glass interface plays an important role in causing the non-saturated 

hysteresis loops. This phenomenon is believed to be due to interfacial polarization [10, 11]. 

These are preliminary results, and further enhancement in Pr can be obtained by optimizing the processing 

parameters of the glass-ceramics. 
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TABLE 1. Values of Room Temperature Dielectric Constant, Volume Fraction of PbTiO3, Remnant Polarization and 

Coercive Field for Glass-ceramic Samples. 

Mol % Al2O3 Dielectric 

Constant at 1 kHz 

Volume Fraction of PbTiO3 

(%) 

Pr (µC/cm2) 

0 113 54.19 0.010 

2.5 117 55.02 0.015 

5 120 57.68 0.018 

7.5 129 58.11 0.038 

10 134 58.69 0.049 

 

 

IV CONCLUSION 

 

The density, dielectric constant and volume fraction lead titanate increases with Al2O3 addition. The presence of 

ferroelectricity in these glass-ceramic samples makes them useful for transducers applications for which further 

investigation is needed. 
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Abstract: Thin film solar cells offer several benefits over conventional first-generation technologies including lighter weight, 

flexibility, and a wider range of optoelectronic tunability.[1] This article provides an overview of the material properties of Nano 

crystalline cadmium sulphide (CdS), silver sulphide (Ag2S) and CdS-Ag2S thin films, the structural, microstructural, optical, and electrical 

characteristics of the thin films have been compared and reviewed  for these  nanocrystalline CdS and Ag2S and  CdS- Ag2S.  Nano 

crystalline cadmium sulphide (CdS), silver sulphide (Ag2S )and   CdS- Ag2S thin films prepared from aqueous medium onto corning glass 

substrates and fluorine doped tin oxide (FTO) coated glass substrates using chemical bath deposition (CBD) and modified chemical bath 

deposition (M- CBD) methods has been discussed in detail in this paper [2]. This paper provides overview  of characterization of the thin 

films deposited onto glass substrate. These thin-film solar cells' high absorption coefficient and appropriate band gap have also been 

shown to contribute to their comparatively good light management, according to analysis. Overall, this study offers background 

information on material properties and device performance and proposes primary research avenues to address the constraints.    
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I.  INTRODUCTION  

In the science and technology thin films have become increasingly important due to their potential and technical 

importance. These thin films can be single or multi-component, compound, alloy, or multilayer coatings. To understand aspects of 

the subject these thin film materials are very important in modern technology, providing applicatory information. Thin film 

nanotechnology of films has modernized optics and electronics, manufacturing electronic components for high-speed digital, 

communications, computing, and automotive markets. Thin film nanotechnology used in various products, which includes delay 

lines, equalizers, filters, termination networks, précised resistors, inductors, and capacitors. For unconventional energy sources, 

researchers are exploring a thin-film solar energy conversion device which includes semiconductor-liquid (S-L) junction solar 

cells. These cells have built-in storage capacity, making them attractive over solid state solar cells, also prompts further research 

on their potential [3]. 

II.  Cadmium Sulphide CdS Thin Films Research history 

Wide band gap Group II-VI wide band materials produce thin films with appropriate blue and green crystal regions. It 

shows unique properties and performing amorphous polycrystalline materials, particularly at the nano range (20-80 nm). The II-IV 

group comprises cadmium sulfide, a yellow semiconductor with a 2.42 eV band gap that can exist in two crystal forms: cubic zinc 

blende and hexagonal wurtzite. CdS solar cells use its nano crystalline thin films, which belong to the cadmium chalcogenide 

family, as window material. [4-8]CdS, with its direct band gap, is highly valuable in solid state solar cells, optical coatings, light-

emitting diodes, optoelectronic devices like gas sensors, transducers, photoconducting cells, photosensors, optical wave-guides, 

and non-linear integrated optical systems, [9-10] and is used to enhance dye-sensitized photoelectrochemical cells [11-12].  

III. Silver Sulphide (Ag2S) Thin Films Research History 

Due to the potential applications in research and technology Silver sulfide (Ag2S) Chalcogenide Substance, 

nanocrystalline semiconducting chalcogenide thin films have attracted attention [13]. Ag2S observed in two primary allotropic 

modifications: cubic argentite (β-Ag2S) and monoclinic acantite (α-Ag2S). These thin, black solids are having applications in 

photoconductors, electrochemical storage cells. [14],and solar cells [15]. They are soluble in strong acids but destroyed in 

solvents. Its band gap ranges from 1-2 eV. Ag2S thin films have been produced chemically by researchers in both acidic and 

alkaline solutions, making them an important resource for a variety of applications. 

AgNO3, thiourea, EDTA, and ammonia were used to create the Ag2S thin films, which have been reported to have high 

absorbance, low reflectance, a fairly high refractive index, and a band gap of 1.8 eV by A. Ezenwa et al. [16].These films can be 

applied to photovoltaic materials with evenly dispersed grains, antireflection coatings, and solar energy collecting. Ag2S thin films 

were electrodeposited on an ITO substrate by Xing-Yu Guo et al. [17]; the best crystallization occurred at a deposition potential of            

-0.25 V. Ag2S nanoparticles, with a mean particle diameter of 8.4 nm, were prepared by Rui Chem et al. [18] by the reaction of 

silver nanoparticles with sulphide gas. 

Ximbo Wang et al. [19] produced hexagonal nano sulphide at room temperature by using AgNO3 Sulphur in 

diethylamine both with and without PVP, which produces Ag2S with crosswise lengths ranging from 100 to 120 nm. Sourich 

Banergy and associates  [20] observed a decrease in resistivity with rising temperatures after depositing Ag2S nanocrystals within 

a silica matrix. T. Ben Nasrallah et al. [21] conducted a physical investigation on Ag2S thin films, revealing a solar efficiency of 

0.11% synthesized by sequential thermal evaporation. Nahass et al. [22] deposited the thin films on glass and quartz substrates, 

enlightening a polycrystalline structure with a monoclinic structure of the thin films. As the thickness of the thin film increases 

dark electrical resistivity decreases.  

IV. History of CDS-Ag2S Thin Films Research 

It has proven possible to create metal, metal sulfide, and ceramic Nano composites [23-25] with crystalline, amorphous, 

and polycrystalline materials that have special mechanical, chemical, magnetic, electrical, and optical properties. Silver and 
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cadmium sulphides are semiconducting materials that can be utilized in PEC for the conversion of solar energy. By employing 

these materials separately, all ECPV requirements might not be satisfied yet. In order to get around this multilayer and 

heterostructure films can adjust the band gap to match the solar spectrum. Hota et al. [26] synthesized CdS-Ag2S composite 

nanoparticles, by using an AOT/n-heptane/water micro emulsion, which were observed to be well-defined and spherical in shape. 

Due to their importance in optoelectronic devices, wide band gap nanocrystalline materials have many uses nowadays. These 

materials' physico-chemical characteristics vary depending on the synthesis technique and substrate type. Large-area II-VI and I-

VI compound nanocrystalline materials are economically attractive for producing a variety of devices. High absorption coefficient 

and an ideal band gap enable nanocrystalline CdS, Ag2S, and CdS-Ag2S thin films to handle the full solar spectrum. 

 

V. Thin film deposition techniques 

  By using very thin layers of semiconductor materials thin film solar cells a type of solar panel that is made. Onto a 

substrate, like glass or plastic, using a thin film deposition technique these materials is applied. In the formation of solid-state 

microelectronic devices modern technology is heavily reliant on thin films, and the process of film deposition holds significant 

importance. There are numerous thin-film deposition techniques, but they are all atomistic in nature—that is, they grow films 

atom by atom. The methods employed for thin-film deposition can be divided into two groups based on the nature of the 

deposition process namely, physical and chemical as shown in fig.1.  

 

 

Fig. 1: Classification of deposition techniques [27] 

 

V-a . Chemical Bath Deposition Method 

Chemical Bath Deposition (CBD) method is a solution growth technique method which involves mixing of cationic and 

anionic solutions, which causes precipitation to form nuclei. This method is simple, inexpensive and for the large area deposition 

this method is very convenient. Precipitation is controlled using chemical equilibrium and metal complexing agents by the 

condensation of metal and oxide/sulfide/selenide/ ions over the substrate surface thin films are formed. Chalcogen ions and 

Complexation of metal ions are provided by reagents. So the stable concentration of metal cation for controlled homogenous 

precipitation on the solid substrate is possible. [28-29] 

It does not require sophisticated instruments, like vacuum systems and other expensive equipments. It can be carried out 

in a glass beaker. A hot plate or a stirrer is the equipments needed. The starting chemicals are easily available and low cost. Using 
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CBD, a large number of substrates can be coated in a single run with a proper jig design. Electrical conductivity of the substrate is 

not a necessary requirement in chemical deposition unlike the electrodeposition [30]. Hence, any insoluble substrate to which the 

solution has free access will be a suitable for deposition. The low temperature deposition avoids oxidation and/or corrosion of 

metallic substrates. Chemical deposition results in pinholes free and uniform deposits as the solution from which these are 

deposited, always remains in touch with the substrates. It is possible to obtain Stoichiometric deposits easily since the basic 

building blocks are ions instead of atoms [31]. The film growth can take place, ion-by-ion condensation of the materials or by 

adsorption of colloidal particles from the solution on the substrate. There are no organo-metallic solvents and no toxic or pyrolated 

gases are evolved. The initial parameters are easily controllable and improved grain structure, better orientation can be obtained 

[32].Depending upon the deposition conditions such as, bath temperature, pH of solution, speed of rotation, concentration and 

reaction time period can be controlled to obtain uniform and adherent film deposition at low temperature [33]. This method can be 

used for the deposition of II-VI, I-VI, III-V, and IV-VI semiconducting thin films. 

 

V-b.   Modified Chemical Bath Deposition (M-CBD)      

For the deposition of metal chalcogenide a relatively new and novel method firstly introduced; modified chemical bath 

deposition by Nicolau [34-35]. During last three decades, modified chemical bath deposition (M-CBD) commonly known as 

successive ionic layer adsorption and reaction (SILAR) method, has emerged as one of the solution methods to deposit a variety 

of compound materials in thin film form [36]. It is based on immersion of glass substrate into separately placed anionic and 

cationic precursors and rinsing between every immersion in double distilled water to avoid homogeneous precipitation technique, 

when substrate is immersed in cationic precursor, cations are adsorbed on the substrate surface. Rinsing the substrate in double 

distilled water can separate the unabsorbed or excess ions out and avoid homogeneous precipitation. When this substrate is 

immersed in anionic precursor solution, anions react with preadsorbed cation. The unreacted or powdery material can be removed 

by rinsing the substrate again in double distilled water. These steps are considered as one complete cycle. After repeating such 

appropriate number of cycles, multilayer film formation takes place. Thickness and Quality of the thin film depends mainly upon 

preparative parameters [37]. To obtain the good quality thin film the M-CBD method is inexpensive, simple and convenient The 

initial requirements to obtain good quality thin films is the optimization of preparative parameters viz. concentration of the 

precursors, nature of complexing agent, pH of the precursor solutions [ 38-39]. 

  

VI Structural, Elemental, Microstructure, Optical, and Electrical properties of the Thin Films synthesized by the CBD 

method [40-41] 

                The optical absorption of thin films studied in the wavelength range 350 – 800 nm shows optical behavior in the visible 

range.  The room temperature electrical resistivity of Nano crystalline thin film was 107 Ὡ-cm. from the electrical resistivity 

measurement, it was seen that the resistivity decreases with increase in temperature indicating semiconducting nature of the film. 

The structural, optical and electrical properties of thin film deposited by CBD and M-CBD method for CDS and Ag2S are listed in 

Table 1. The thermoemf studies showed n-type behavior of the thin films. It is now well known that thin film solar energy 

conversion devices have become important and are eco-friendly, non-conventional alternative sources of energy.  
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Table 1: The structural, optical and electrical properties of CdS and Ag2S thin films deposited by CBD and M-CBD 

Sr.

No 

Parameters CdS thin film Ag2S thin film 

CBD M-CBD CBD M-CBD 

1 Crystal structure Cubic Hexagonal monoclinic 

(acanthite) 

monoclinic 

(acanthite) 

2 Grain size (nm) 40  38  25.61 21 

3 Electrical resistivity (-cm.) 6.463 x 107 5.78 x 106 4.8 x 105 2.76 x 106 

4 Thickness (nm) 250  240  140  135 

5 Band gap (eV) 2.46 2.20 1.76 2.09 

 

VII. Electrochemical Photovoltaic (ECPV) Solar Cells 

Solar cells at present provide the most important long duration power supply for our day to day life. Solar cells have been 

successfully employed in many fields of science and technology. The solar cell is a major alternative for obtaining energy from 

sun as it converts sunlight directly into electricity. It can provide nearly permanent power at low operating cost and is pollution 

free. It is now well known that thin film solar energy conversion devices have become important and are eco-friendly, non-

conventional alternative sources of energy. There are several methods of converting solar energy in to electrical energy via 

photovoltaic, electrochemical photovoltaic, photochemical and photosynthetic using thin film. Thin film based electrochemical 

photovoltaic (ECPV) solar cells have wide applications due to their low fabrication cost, simple processing technique and ease of 

junction formation with the electrolyte. Photovoltaic conversion of solar energy is one of the most promising alternatives. The use 

of Photovoltaic for direct conversion of solar energy into electricity is the need at present. In such conversion, there is no direct 

contamination of environment. Solar cell utilizing semiconductor–liquid junction (S-L) is the simplest way suggested for solar 

energy conversion. The most attracting feature of an S-L junction solar cell over a solid state junction solar cell is that it has in-

built storage capacity. Therefore S-L junction solar cells are being extensively studied. Solar cells of polycrystalline metal 

chalcogenide thin films of cadmium, zinc, silver and mixed cadmium are extensively studied in photovoltaic cells. Mixed metal 

chalcogenide are considered as semiconductor material due to manipulation of band gap to match solar energy spectrum. 

The energy conversion by solid-liquid junction is now a subject of intensive research due to its several advantages over 

the solid-state counterpart. The electrochemical photovoltaic cell (ECPV) has the following advantages over conventional devices 

[ 43-47]; 

1)  Easy and simple to construct.  

2)  Easy to form junction on immersion of semiconductor in the electrolyte solution. 

3) A transparent epitaxial layer to reduce electron-hole recombination losses at the surface is not required. 

4) Anti-reflecting coating for semiconductor is not required in ECPV cells. 

5) It can be used for chemical storage.  
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Fig.17: Construction of the ECPV cell 

          In ECPV solar cells, light energy may be converted into electrical and/or chemical energy, as shown in figure 2. In figure 

Red and Ox are reduced and oxidized species respectively, in the electrolyte and R represents the resistance in the external circuit 

or load. The performance and effectiveness of a solar cell device mainly depend upon its design and the properties of the 

photovoltaic materials included especially the light absorbers and their connections to the external circuit. The choice of the 

charge mediator involved may also be crucial.  

  

 

 

 

 

 

 

 

 

Fig. 18: The process of light-to-electrical energy conversion in electrochemical photovoltaic (ECPV) solar cell. 

Light can be pictured as a stream of photons, energy packages of definite size or quantum’s of electromagnetic wave 

energy, whose energy depends upon the frequency or color. Whenever light is absorbed by matter, photons transfer their energy 

and electrons are excited to higher energy states, usually followed by relaxation to their ground state. In a photovoltaic device, the 

relaxation may be avoided as the energy stored in the excited electrons is here quickly transferred to an external circuit, in order to 

do electrical work. 

The development of thin films of compound of II-VI group has emerged as one of the alternative energy source due to 

their high absorption coefficient and matching band gap. Mixed metal chalcogenides are considered as important semiconductor 

material because of manipulability of band gap to match with solar distribution. 

Many researchers have reported electrochemical photovoltaic properties of nanocrystalline as well as microcrystalline 

thin films of II-VI compounds [48-51]. Due to the small size of nanocrystallites, the mechanism of the space charge separation in 

these systems is very different from that in the conventional electrochemical photovoltaic cells using single or polycrystalline 

semiconductors, where the space charge layer controls the charge separation. In nanocrystalline film, it has been proposed that 

interfacial charge transfer kinetics controls the charge separation [52-55]. 
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  During the last few years, photoconversion processes at semiconductor-electrolyte and semiconductor-

semiconductor have found new interest because of their solar and nonsolar applications. Cadmium sulphide and silver sulphide are 

promising semiconducting materials in the conversion of solar energy into electrical energy by means of photoelectrochemical and 

solid state conversion processes. However if each of them is considered separately it is impossible to fulfill all the desired 

requirement of semiconductor to be used because of the band gap of CdS (2.42eV) and Ag2S (1.1eV) don’t lie close to solar 

energy spectrum maximum. In this respect new solar energy materials need to be considered, which satisfy technical properties, 

such as maximum band gap match with solar spectrum, high mobility, life time of the charge carriers and low cost. It is found that 

by the formation of multilayer and heterostructure films by combination of two semiconductors, we will get better results in solar 

conversion. By the combination of CdS and Ag2S it will tune the band gap between 2.42eV and 1.1eV so that it can match bang 

gap which is necessary towards solar energy conversion.  

The ECPV cells have the following configuration:   

FTO/CdS/polysulphide/Platinum, 

FTO / Ag2S / polysulphide / Platinum 

FTO /n-CdS-Ag2S/polysulphide /Platinum  

 Nanocrystalline CdS, Ag2S and CdS80Ag2S20 films deposited by CBD method showed n-type electrical conductivity. The 

performance parameters such as current density (Jsc), open circuit voltage (Voc), series resistance Rs, shunt resistance Rsh, fill 

factor (FF) and efficiency (η) are analyzed from the I-V characteristics of these thin films under dark and illuminated conditions. 

In general the electrochemical photovoltaic cell (ECPV) properties of CdS, Ag2S and CdS80Ag2S20 thin films deposited by CBD 

are listed in Table 2. From Electrochemical photovoltaic (ECPV) studies, it is seen that the CdS, Ag2S and CdS80Ag2S20 

photoelectrodes deposited by CBD method are photoactive. 

Table 10: Electrochemical photovoltaic (ECPV) properties of CdS, Ag2S and CdS80Ag2S20 thin films 

Sr.No. Parameters Thin films 

CdS Ag2S Cd80Ag2S20 

1 Current density Jsc (mA/cm2) 2.135 0.285 0.115 

2 Open circuit voltage Voc (V) 0.347 0.300 0.154 

3 Series resistance Rs (Ὡ) 51.38 2181 52.28 

4 Shunt resistance Rsh  (Ὡ) 466.52 1855 855 

5 Fill factor FF (%) 30 44.4 36 

6 Efficiency  (%) 0.222 0.038 0.0006 

7 Type of conductivity n n n 

 

VIII.  Results and Conclusions 

The nanocrystalline CdS thin films deposited by CBD method were superior in adherence, uniformity than that of 

deposited by M-CBD method. There was no significant difference in other properties such as crystallite size, electrical resistivity 

etc.is observed. The nanocrystalline Ag2S thin films deposited by CBD method were good quality and adherent to the substrate 

than that of deposited by M-CBD method. The crystallite size, and electrical resistivity obtained in the Ag2S films deposited by 

M-CBD method were slightly less than the films deposited by CBD method. There is no significant change in the properties of 

CdS-Ag2S films deposited by CBD method and that of CdS-Ag2S films deposited by M- CBD method. The nanocrystalline CdS, 

Ag2S and CdS80Ag2S20 films deposited by CBD method show photoactivity in polysulphide electrolyte.  
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➢ Characterization of nanocrystalline CdS thin films by chemical bath deposition (CBD) 

method [42]. 

 

 

 

 

 

 

Fig. 4: Variation of 
absorbance of CdS with thin 
film with wavelength (λ) 

 

Fig. 5: Variation of (αhυ)2 

verses hυ of as-deposited CdS 

thin film     

Fig. 6: Variation of electrical 
resistivity inverse of  absolute 
temperature 

➢ Characterization of nanocrystalline CdS thin films by modified chemical bath 

deposition (M-CBD) method [41]. 

  
 

Fig. 7: The variation of 

optical absorption ‘αt’ with 

of wavelength ‘λ 

Fig.8: : Variation of (αhυ)2 

verses hυ   as-deposited CdS  

thin film on glass substrate  at 

room temperature. 

 

Fig. 9:  The variation of 
logarithm(log ρ) with the inverse 
temperature (1000/T) 

 

➢ Characterization of nanocrystalline Ag2S thin films by chemical bath deposition (CBD) 
method [41] 

 

 

 

  

Fig.10: Variation of ‘αt’ with 
of wavelength ‘λ 

 

Fig.11: Variation of (αhυ)2 

verses hυ    
Fig. 12: The variation of log ρ with 
inverse of absolute temperature. 

 

 

 

 

 

 

 

 

 

 

 

 

➢ Characterization of nanocrystalline, Ag2S modified chemical bath deposition (M-CBD) 
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method [41]. 

 

 
 

 

 

Fig. 13: Variation of (‘αt)  
against λ 

Fig. 14: Variation of (αhυ)2 verses hυ    Fig.15: variation of logarithm 

of resistivity (log ρ) with the 

 inverse temperature (1000/T) 

 

 

 

➢ Characterization of nanocrystalline CdS-Ag2S thin films by chemical bath deposition 

(CBD) method [42] 

 

 

Fig. 16: Variation of (αt) against (λ) for CdS-Ag2S thin 
films:(a) CdS20Ag2S80, (b) CdS40Ag2S60, (c) CdS60Ag2S40 

and (d) CdS80Ag2S20. 

Fig.17:Variation of log ρ with 1000/T for 
CdS-Ag2S thin films 

 

 

➢ Characterization of nanocrystalline CdS-Ag2S thin films by modified chemical bath 

deposition (M-CBD) method [41]. 

 

 

Fig. 18: Variation of (αt) against (λ) for CdS-Ag2S 
thin films: (a) CdS20Ag2S80, (b) CdS40Ag2S60, (c) 
CdS60Ag2S40 and (d) CdS80Ag2S20.  

Fig. 19: The variation of logarithm of 
resistivity (log ρ) with the inverse 
temperature (1000/T) CdS80Ag2S20 thin film. 
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Abstract: -  Cardiac disease is the primary cause of death globally. Diagnosis and accurate prediction of cardiac illness are difficult 

tasks. The mortality rate due to cardiac disease can be significantly decreased by routine monitoring and early detection of cardiac 

disease. The medical industry is seeing a considerable advancement in the application of machine learning techniques. Improved 

accuracy in predicting cardiac diseases has been obtained by interpreting the analyses done using this methodology. It has been 

demonstrated to explicitly attempt to uncover significant aspects of heart disease by giving ML. The classification algorithm 

Random Forest (RF) is used to train the model. 
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I.  INTRODUCTION  

An essential organ in the human body is the heart. It supplies blood to every bodily part. In the event that it 

malfunctions, the brain and several other organs will stop functioning, and the person will pass away in a matter 

of minutes. Any ailment that affects the heart might be collectively referred to as heart disease. Heart disease 

encompasses several disorders such as heart valve disease, cardiomyopathy, coronary heart disease, elevated 

blood pressure, cardiovascular disease, heart failure on one side, pulmonary failure, and more conditions. Heart 

disease risk factors can be acquired or inherited, and they can manifest at any age. Additionally, eating foods high 

in fat, like eggs or trans fats, smoking, overindulging in junk food, being overweight, abusing alcohol or soft 

drinks, living a sedentary lifestyle, diabetes, smoking, high blood pressure, and obesity are all contributing 

factors. 

 

As per the article published by The Economic Times on September 29, 2023 [13], in India, cardiovascular 

diseases have turned into a silent epidemic of sorts and account for at least 27 percent of deaths. 

II.  LITERATURE REVIEW 

 The paper published by Sree et al., 2023 [1], presented a comprehensive analysis of risk prediction for heart 

disease using four machine learning algorithms. They had trained the model using four classification algorithms: 

Decision Tree (DT), K-Nearest Neighbors (K-NN), Random Forest (RF), and Support Vector Machine (SVM). 

They had measured four algorithms performance in a number of ways, including recall, accuracy, precision, and 

specificity. It has been demonstrated that SVM offers the best performance in this approach. 

 

Jummelal, 2023 [2], presented a machine-learning method for identifying chronic heart failure using ECG 

recordings. The method, which includes filtering, segmenting, and feature extraction, outperforms a majority 

classifier by 15 percentage points and has an 87% recall rate among those with chronic heart failure. 

 

The work presented by Alkurdi, 2023[3], used the Heart Disease UCI dataset to train machine learning 

models for heart disease diagnosis. Using preprocessing techniques like MEAN, normalization, SMOTE, and 

correlation, the data is pre-processed, and then this pre-processed data is forwarded to decision Tree, Random 

Forest, SVM, and k-NN classification algorithms. The methodology that has been suggested yields encouraging 

outcomes that distinctly underscore the importance and worth of preparing data. The obtained accuracy, 

precision, recall, F1 score, and ROC AUC scores all clearly demonstrate this. 

 

Swain et al., 2023 [4], employed IoT to assess risk variables that are comparable to improperly managed 

cardiac conditions. They said that there has been a significant technological divide between researchers studying 

healthcare, patients, doctors, and machine learning architects. They have conducted an intense review of machine 

learning with the aim of taking advantage of new, cutting-edge technologies. 

The research work presented by Swain et al., 2023[5], describes how an ML model can predict whether or not 

an individual would be at risk of CHD in the following ten years based on medical data and personal habits. They 

aim to determine the most accurate model for heart disease prediction using a variety of machine learning (ML) 

classification techniques, including random forests (RF), logistic regression (LR), artificial neural networks 

(ANNs), and decision trees (DT), where they have found out that RF has the best accuracy. 

 

Zabeeulla et al., 2023[6], presented a machine learning algorithm to diagnose cardiac problems in which they 

achieved 98.8% accuracy. They have used a heart disease data set from Kaggle, which is open to all, and the 

dataset contained thirteen features. Finding out if the patient has a 10-year risk of developing coronary heart 

disease" (CHD) was the ultimate goal of their study.  

 

To ascertain the effectiveness of various machine learning algorithms in categorization tasks, a thorough 

investigation is carried out by Hadianti, 2023 [7]. The experimentation dataset comes from a variety of patient 

populations, which increases the findings' generalizability. The study aims to determine the best machine learning 

approach for accurately predicting cardiac disease through thorough review and validation. Using Optuna's 

optimization technique, the author was able to increase the accuracy of heart disease forecasts. 
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Nayeem et al., 2022[8], used supervised machine learning algorithms to predict heart disease in patients. 

They had employed mean value and info-gain feature selection techniques to handle null values and remove 

unnecessary features. K-Nearest Neighbors, Naive Bayes, and Random Forest are used to calculate prediction 

accuracy, precision, recall, F1-score, and ROC. Out of all the models, Random Forest has the highest 

classification accuracy (95.63%), with the following values for precision, recall, F1-score, and ROC: 0.93, 0.92, 

0.92, and 0.9. 

 

The authors, Rindhe et al., 2021[9], performed the simulation on a dataset available in the UCI Machine 

Learning repository, which consists of 303 samples with fourteen input features and one output feature. They 

have used supervised machine learning algorithms like random forest and support vector machine as well as 

Artificial Neural Network. The web scraper responsible for gathering data for the model is programmed in 

Python. The accuracy achieved by them is 84.0%, 83.5%, and 80.0% for Support Vector Classifier, Neural 

Network, and Random Forest Classifier respectively. 

 

Ruqiya, 2023[10], presented detailed review of the Cleveland Heart Disease Dataset using Machine Learning, 

and from the review, they suggested increasing the number of samples in the dataset for evaluation and 

implementing the deep learning approach after increasing the number of samples in the data set, as well as 

considering more features for classification. 

 

The author, Handan Tanyildizi-Kökkülünk, 2023 [11], presented the work on Prediction of Heart Disease 

Using Machine Learning with Data Mining. Using multiple linear regressions (MLR), a machine learning 

technique, the categorization was achieved using the R Studio software. By employing the Akaike information 

criterion to identify characteristics that significantly contribute to the prediction, machine learning has been 

enhanced. The MLR model that was employed had an accuracy of 88%, a precision of 93%, a sensitivity of 86%, 

and a specificity of 91%. 

 

Anusuya & Gomathi, 2021[12], presented a method that involved preprocessing, followed by feature 

selection, Eigen vector extraction, and classification. Moreover, multi-objective-based Ant Colony Optimization 

(MO-ACO) is used to choose the best features from the extracted features in order to increase the classification 

and clustering. The suggested approach was contrasted with the current methodology in terms of accuracy, recall, 

precision, NMI, and execution time, and came to the conclusion that the solution was more accurate for datasets 

of all sizes. 

 

III. METHODOLOGY 

The system flow for heart disease prediction is as shown in Figure 1. It involves steps like data preprocessing 

of the input data set, feature extraction, feature selection, splitting of data into test and train data sets, 

classification, and the output of the classifier, which is the prediction of heart abnormality. 
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Fig 1: System flow for prediction of heart disease 

 

The online data set from the github website [14] is used, which has 1025 data samples, and these data 

samples are used to train the random forest classifier. The various parameters like age, sex, CP, trestbps (the 

person's resting blood pressure), cholesterol, fbs (fasting blood sugar), restcg (resting electrocardiographic 

measurement), thalach (maximum heart rate), exang (exercise-induced angina), oldpeak, and slope are considered 

in the data set. 

We have designed the GUI model using Python programming, in which the user has to provide various 

inputs like age, male or female. Chest pain type, blood pressure, cholesterol level, fasting blood sugar, resting 

ECG, max heart rate, exercise angina, ST depression, and slope of ST. Depending on the input provided by the 

user, the random forest classifier will give a prediction, either the possibility of heart disease or no heart disease. 

IV. RESULTS  

In order to assess the effectiveness of our created model, 21 inputs with varying parameter ranges were 

evaluated, and the outcomes were compared to the actual output. The model's output is displayed in Table No. 1 

below. 
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creenshot of the predicted output as no heart disease for input sr. no. 1 from table no. 1, and Figure 3 shows the 

predicted output as the possibility of heart disease for input sr. no. 2 from table no. 1. 

 

 
   Fig 2: Screenshot showing the predicted output as no heart disease   

 

Sr. 

No

. 

Age Sex Cp Trestbps Chol Fbs Restecg Thalach Exang Oldpeak Slope 
Target 

Output 

Achieved 

Output 

1 24 1 2 152 150 1 2 200 1 5 2 0 0 

2 25 1 3 200 500 1 2 200 1 5 1 1 1 

3 29 1 1 130 204 0 0 202 0 0 2 1 1 

4 35 1 0 120 198 0 1 130 1 1.6 1 0 0 

5 39 0 2 138 220 0 1 152 0 0 1 1 1 

6 40 1 0 152 223 0 1 181 0 0 2 0 0 

7 45 0 0 138 236 0 0 152 1 0.2 1 1 1 

8 46 0 2 142 177 0 0 160 1 1.4 0 1 1 

9 49 0 1 134 271 0 1 162 0 0 1 1 1 

10 50 1 2 140 233 0 1 163 0 0.6 1 0 0 

11 55 0 1 135 250 0 0 161 0 1.4 1 1 1 

12 61 0 0 130 330 0 0 169 0 0 2 0 0 

13 61 1 0 120 260 0 1 140 1 3.6 1 0 0 

14 62 0 0 140 394 0 0 157 0 1.2 1 1 1 

15 63 0 0 124 197 0 1 136 1 0 1 0 0 

16 63 1 3 145 233 1 0 150 0 2.3 0 1 1 

17 64 1 2 140 335 0 1 158 0 0 2 0 0 

18 65 0 2 140 417 1 0 157 0 0.8 2 1 1 

19 70 1 0 145 174 0 1 125 1 2.6 0 0 0 

20 70 1 2 160 269 0 1 112 1 2.9 1 0 0 

21 77 1 0 125 304 0 0 162 1 0 2 0 0 
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      Fig 3: Screenshot showing the predicted output as possibility of heart disease 

 

 
                  Fig 4: Graphical Representation of Target output to Achieved output. 

 

 

A total of 21 inputs were tested on the model, out of which 11 were of no heart disease patience and 10 

were of the possibility of heart disease patience, and our model accurately identified the same, which is shown 

in figure 4. 

 

 

 

 

 

V. CONCLUSION 

One of the newest and most popular technologies is machine learning. The application of machine learning in 

the healthcare sector to forecast health issues in people is growing quickly and is essential to saving lives. The 

Using the Python programming language, we have created a GUI-based model for predicting heart illness based 

on a random forest method for this study, and the results show that we are getting 100% accuracy. The output 

response time of the GUI-based model is quite low, and it is very simple to comprehend and use. 
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Abstract: Fourier transform infrared (FT-IR) and X Ray Diffraction (XRD) spectroscopy 

measurements for Polymethyl Methacrylate (PMMA) and Ethyl Cellulose (EC) polyblends 

(1:1 and 1:2) doped with different percentages (0%, 5% and 10%) of Oxalic Acid in 

tetrahydrofuran (THF) at room temperature were prepared using isothermal evaporation 

techniques. Polymers like Ethyl Cellulose (EC) and Poly Methyl Methacrylate (PMMA) 

being essentially insulating materials, the number of free charge carriers is very small and 

their mobility is very low. These measured spectra were then used to evaluate the optical 

energy gap in relation to blend composition. X-ray diffraction (XRD) was used to identify 

the molecular interaction arising in the mentioned polymer blend films. The peculiar 

deviation confirms the structural changes in the prepared samples.  

 

Keywords: EC, PMMA, Oxalic Acid, Tetrahydrafuron, FT-IR, XRD 

 

 

I. Introduction 

Blending between two or more polymers can modify the structural and physical properties of polymers to 

specific requirements. So,the attention of material researchers has been attracted to polymers blend [1,2]. It 

involves physical mixing of biopolymers; leading to creation of a new material having some desirable 

properties that are superior to any one of the component polymers [3-5].Polymer blending is an attractive 

route for producing new polymeric materials with tailored properties without having to synthesize totally 

new materials. Other advantages for polymer blending are versatility and simplicity [6]. There are many 

investigations on polymer blending. The most important of the cellulose ethers is ethyl cellulose (EC). Its 

electrical, mechanical and weathering properties are good in comparison with other cellulosic’s, but not 

generally outstanding.  Poly Methyl Methacrylate) (PMMA) is a hard, rigid, transparent thermoplastic, 

which has good outdoor weatherability and is more impact resistant than glass. Poly Methyl Methacrylate 
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(PMMA) is weakly polar [7]. The interest in organic and polymeric semiconductors has arisen, particularly 

because of their electro photo graphic and solar cell applications. The changes in the values of the optical 

energy gaps, dielectric constants, and the refractive index under different frequencies and blending ratio 

were related to the effects of structural changes in the amorphous domains, impurities, and space charge 

existing in the interfaces between the mixed phases [8-10]. 

In the past decades much effort has been devoted to investigating metal-polymer system, by the attachment 

of inorganic components and the performance of polymer matrix will be greatly enhanced with respect to 

electrical, mechanical, thermal and especially optical properties [11-13]. They have wide range of 

application in various sectors such as electronic devices, conductive composites, non-liner optical materials 

and so on [14]. Poly (methyl methacrylate) (PMMA) is one of the important transparent polymeric materials 

and it is used in various applications as dielectric in organic thin films, opto-elctronic devices, optical lenses 

in cameras, optical fibers and advanced electronic devices [15, 16].  Several researchers are focused on 

thermal and electrical properties of heterogeneous materials have gained momentum in recent years [17]. 

In the present work samples of different mass fractions (PMMA/EC) were prepared and their physical 

properties were studied by ordinary FT-IR and XRD with different glimpse. A new route for inquest the 

degree of miscibility was introduced depending on a spectroscopic quantitative measurement. 

II. Experimental 

A. Sample Preparation 

In the present work, Isothermal Evaporation Technique has been used, as it is best suited to the laboratory. 

Polymers of Ethyl Cellulose (EC) and Poly Methyl Methacrylate (PMMA) were obtained from S.d. Fine 

Chem Ltd, Mumbai, India. The different quantities of given substances have been used for preparing film of 

thickness. The two polymers PMMA, EC were taken in pure form and in the ratio 1:1 were dissolved in the 

common solvent Tetrahydrofuran (THF).The solution was kept for 3-4 days to allow polymers to dissolve 

completely to yield uniform solution. A glass (15 cm X 15 cm) thoroughly cleaned with water and later with 

was used as a substrate. To achieve perfect levelling (and uniformity in thickness of the film), a pool of 

mercury was used in a plastic tray. The solution was poured on the glass plate and was allowed to spread 

uniformly in all directions on the substrate. The whole assembly was placed in a dust free chamber at room 

temperature. The solvent in the solution was thus allowed to evaporate completely and get air-dried. The film 

on the glass substrate was then removed and cut into small pieces of suitable sizes. In this way the films were 

prepared by isothermal evaporation technique. Further it was dried for 3 days to remove any traces of 

solvent.  The dry film was removed from the plate and cut into pieces (samples) of desired size. The films of 
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other samples were prepared by the same method.The 0 %, 5 % and 10% of oxalic acid (doping) were taken 

and dissolved in the pure PMMA and EC and mixture of (1:1and 1:2) PMMA/ EC solution.  

 

B. Characterization  

1.  FT-IR analysis:    

 The FT-IR spectrum introduces information about the molecules present in the Specimen. The infrared (IR) 

spectra of the polymer were recorded on IRAffinity 1 model FTIR spectrophotometer in the region 400– 

4000 cm−1. 

2.  X-Ray Diffraction:      

In order to study the constitutional properties, the structure is resolve with a Rigaku Miniflex 600 model X-

ray diffractometer used in this present work for identification and conformation of the compounds formed. 

III. Results and Discussion 

A.  FT-IR Spectra:  

FTIR spectra of PMMA and EC doeped with different concentration of Oxalic Acid are depicted in Figure 1-

6. From the figures it is apparent that the synthesized polymer blend contains characteristic transmittance 

vibration bands of polyblends PMMA/EC appear at range 1700 cm-1 (C=O) and 1400 cm-1 (C–O). The bands 

at 3000 and 2900 cm-1  correspond to the C–H stretching of the methyl group (CH3) while the bands at 1300 

and 1450 cm-1  are associated with C–H symmetric and asymmetric stretching modes, respectively. The 1200 

cm-1 band is assigned to torsion of the methylene group (CH2) and the 1100 cm-1 band corresponds to 

vibration of the ester group C–O, while C– C stretching bands are at 1000 and 800 cm-1 [18] The PMMA/EC 

with dopant 5%, 10% FTIR spectrum variation showed similar absorption peaks of functional groups, 

namely –CH Sp3, C=O ester, and C-O-C (ether). And other details of functional group are shown in table 1.   

B. XRD 

Figures 7-12 show the XRD pattern of the prepared pure PMMA/EC thin film and with dopant PMMA/EC 

films at Oxalic Acid concentration 5% and 10 wt%. From Figure 7 and 10 it seems clear that Pure 

PMMA/EC thin film possesses no crystalline structure therefore, we can say that amorphous structure. Some 

new peaks were observed in XRD patterns by doping with Oxalic Acid as shown in figures 8,9,11 and 12. 
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The 5% of oxalic acid in PMMA and EC polyblends in 1:1 and 1:2 proportions show microcrystalline nature 

but 10% of Oxalic Acid in PMMA and EC polyblends in 1:1 and 1:2 proportions show sharp peaks. And in 

10% of 1:2 sample refraction provided by the three main peaks at 2θ = 14.99, 24.33 and 28.79◦ which are 

assigned to the lattice planes (1 0 1), (1 1 0) and (0 2 1). Oxalic Acid has crystalline nature and in present 

investigation by adding dopant the new peaks obtained this peak confirms the presence of Oxalic Acid and 

this behavior agrees with reference [19]. 
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Fig.2. FT-IR spectra of 5% of PMMA/EC (1:1) 

 

 

 



J. Electrical Systems Vol-Issue (2024): 1-12 

892 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.4. FT-IR spectra of 0% of PMMA/EC (1:2) 
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Fig.5. FT-IR spectra of 5% of PMMA/EC (1:2) 

 

 

Fig.6. FT-IR spectra of 10% of PMMA/EC (1:2) 

 

 

Fig.7. X- ray diffraction scans of 0% of PMMA/EC (1:1) 
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Fig.10. X- ray diffraction scans of 0% of PMMA/EC (1:2) 

 

Fig.11. X- ray diffraction scans of 5% of PMMA/EC (1:2) 

 

 

Fig.11. X- ray diffraction scans of 5% of PMMA/EC (1:2) 
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Vibrational modes Pe
ak   No. 

Wave Number (Cm-1) 
PMMA/EC with Oxalic Acid 

1:1                     1:2 

Sample Code  0% 5% 10% 0% 5% 10% 

-CH3 stretching 1 3008 3000 3006 3010 3004 3002 

-CH3 stretching + 
-CH2 symmetric stretching 

2 2961 2965 2973    

-CH2 antisymmetric 
Stretching 

3 2823 2775 2740 2858 2862 2868 

C=O stretching 4 1760 1777 1778 1744 1764 1763 

C-H antisymmetric stretching 5 1484 1460 1496 1474 1470 1468 

C-H deformation 6 1434 1401 1439 1430 1433 1433 

C-H symmetric stretching 7 1385 1371 1372 1363 1365 1365 

-CH2 twist 8 1200 1233 1213 1267 1237 1263 

C-O-C stretching 9 1190 1172 1192 1192 1192 1190 

C-O stretching 10   1115    

C-C stretching 11   992 988 990 990 

 
Table1.  Vibrational Modes observed in the PMMA/EC blends with dopant 
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(GaAs) Semiconducting Quantum 

Plasma System 
 

 

Abstract: - The study investigates the impact of electron-phonon and hole-phonon collisions on the lower hybrid waves (LHWs) 

instability induced by an external electron beam in a magnetized Gallium Arsenide (GaAs) semiconductor quantum plasma system. 

Utilizing the Quantum Hydrodynamic (QHD) model, we derive the dispersion relation by incorporating the collision term alongside 

various quantum corrections, such as quantum statistical pressure, exchange-correlation potential, and Bohmian force. Our analysis 

reveals that the inclusion of collision terms significantly influences the growth rate of LHWs instability. Additionally, the effects of 

propagation angle and beam streaming speed on the real part of frequency (phase speed) and growth rate of LHWs are thoroughly 

examined, showing that both parameters significantly affect the growth rate. 

Keywords: Semiconductor plasma, QHD model, lower hybrid waves, collision, instability. 
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I.  INTRODUCTION 

The resonant interaction of Lower-hybrid waves (LHWs) with both ions and electrons, distinguish them from 

other electrostatic waves with lower-frequencies. The propagating frequencies of these waves lies between the 

ion and electron gyro frequencies. This distinctive feature allows LHWs to be effectively utilized for the heating 

and acceleration of plasma particles in both space and laboratory environments. Their ability to interact 

resonantly with a wide range of plasma constituents makes them particularly useful in various applications, 

including plasma heating, current drive-in fusion devices, and space plasma experiments [1-3]. Ion dynamics 

significantly influence the propagation of lower-hybrid waves (LHWs). At the lower-hybrid frequency, ions can 

move more freely across the magnetic field, whereas electrons are more affected by the magnetic field, resulting 

in distinct behaviors for the two types of particles. A diverse array of low-frequency electrostatic oscillations can 

be observed in semiconductor plasma [4], in the presence of a uniform magnetic field. Due to its high dielectric 

response function, the semiconductor is regarded as a plasma. Gaseous plasmas [5], composed of ions and 

electrons, exhibit electric fields that extend over significant distances. However, in semiconducting plasma 

system, plasma waves [6] arises due to interaction between electrons and holes, resulting in coherent motion that 

gives rise to acoustic modes. 

Rasheed et. al. [3] investigated LHWs instability in semiconducting plasma. The study examines how various 

factors impact the phase speed and growth rates of LHWs, including the electron beam temperature, ratio of 

electron-to-hole number density, propagation angle, streaming speed, and cyclotron frequency. It's observed that 

higher streaming speed and electron number density intensify the instability. Similarly, decreasing the 

propagation angle alongside the magnetic field yields similar effects. However, the study did not take into 

account the impact of electron-phonon and hole-phonon collisions. Iqbal et. al. [7] investigated LHWs instability 

in a spin polarized degenerate plasma. The study reveals that beam streaming speed and electron spin 

polarization diminish both the k-domain and growth rate. Conversely, propagation angle and beam density 

amplify both parameters. Furthermore, the inclusion of the Bohm potential intensifies the growth of the 

instability. These observations suggest significant implications for instability and wave phenomena in spin-

polarized plasmas. The ion-beam driven non-linear study of LHWs has been studied by Koshkarov et. al. [8]. 

They have examined the LHWs instability in both linear and nonlinear regimes through numerical simulations. 

Maslennikov et. al. [9] investigated the decay instability of LHWs. The study demonstrates that the decay 

instability is predominantly influenced by two factors: the propagation angle of the LHWs and external magnetic 

field, and the scattering angle of the wave. Depending on these angles, the instability is primarily controlled 

either by the plasma's nonlinear response to the propagating LHWs or by the oscillatory motion of electrons 

relative to ions. 

Based on the literature review, it has become evident that lower hybrid waves (LHWs) have not been 

thoroughly investigated in semiconducting quantum plasma, particularly regarding the influence of electron-

phonon and hole-phonon collisions. Therefore, this study aims to fill this gap by examining the instability of 

LHWs induced by an external electron beam while considering collision effects, along with various quantum 

phenomena such as the quantum statistical pressure, exchange-correlation potential, and Bohmian force. In this 

study, we propose to derive a normalized linear dispersion relation for LHWs in a collisional magnetized 

semiconducting quantum plasma system using the quantum hydrodynamic (QHD) model. This dispersion 

relation will be analyzed graphically to assess the impact of collision effects, propagation angle, and beam 

streaming speed on the growth rate of LHWs instability. Through this comprehensive investigation, we aim to 

provide a deeper understanding of the behavior of LHWs in semiconducting quantum plasma, shedding light on 

their potential applications and underlying physics. 

 

II. MATHEMATICAL FORMULATION 

In our investigation, we explore a semiconductor quantum plasma setup comprising both electrons and holes. 

We introduce an external magnetic field B0 along the z-direction and an electron beam traveling parallel to B0 

with a velocity 𝑣0. This beam of electrons, characterized by an equilibrium number density 𝑛𝑏0, serves as a 

source of free energy driving the instability. Throughout our analysis, subscripts e, b and h represent the 

electrons, beam electrons, and holes within the semiconductor plasma system, respectively. The effective masses 

of holes and electrons are denoted by 𝑚ℎ
∗  and 𝑚𝑒

∗   respectively. To derive the dispersion relation, we employ the 

quantum hydrodynamic (QHD) model, treating each plasma species as an independent fluid. The governing 

equations are given by [12]; 
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(
𝜕

𝜕𝑡
+ 𝒗𝟎. 𝛁) 𝒗𝒋 =

𝑞𝑗

𝑚𝑗
∗ (𝑬 +

1

𝑐
𝒗𝒋 × 𝑩𝟎) −

1

𝑛𝑗0𝑚𝑗
∗ 𝛁𝑃𝑗 +

ℏ2

4𝑛𝑗0𝑚𝑗
∗2 𝛁(∇2𝑛𝑗1) −

𝛁(𝑛𝑗1)𝑉𝑗,𝑥𝑐

𝑛𝑗0𝑚𝑗
∗ − 𝜉𝒗𝒋   (1) 

𝜕𝑛𝑗1

𝜕𝑡
+  𝛁. (𝑛𝑗0𝒗𝒋) = 0           (2) 

∇2𝜙 = −4𝜋 ∑ 𝑞𝑗𝑛𝑗𝑗            (3) 

 

Here, 𝑃𝑗 =
𝑚𝑗

∗𝑣𝐹𝑗
2 𝑛𝑗1

3

3𝑛𝑗0
2 , 𝑣𝐹𝑗

2 = ⌈
6

5

𝑘𝐵𝑇𝐹𝑗

𝑚𝑗
∗ {1 +

5

12
𝜋2 (

𝑇𝑗

𝑇𝐹𝑗
)

2

}⌉  and 𝑇𝐹𝑗 =
ℏ2(3𝜋2𝑛𝑗𝑜)

2/3

2𝑚𝑗
∗  denotes the statistical 

pressure, Fermi speed and Fermi Temperature of 𝑗𝑡ℎ  species respectively. Here,  𝑇𝑗  and 𝒗𝒋  denotes the 

temperature and speed of 𝑗𝑡ℎ species. 𝑉𝑗,𝑥𝑐 =
0.985

3
(

𝑒2

𝜀
)𝑛𝑗0

1/3
+

0.985∗0.034

3 𝑎𝐵𝑗
∗ (

𝑒2

𝜀
)

18.37𝑎𝐵𝑗
∗ 𝑛𝑗0

1/3

1+18.37𝑎𝐵𝑗
∗ 𝑛

𝑗0
1/3  denotes the exchange 

correlation potential. The third term on the right side of Equation (1) depicts the Bohmian force arising from the 

Bohm potential [11]. The final term in Equation (1) accounts for momentum transfer due to collisions. Here, 𝜉  

denotes the effective collision frequency encompassing both electron-phonon and hole-phonon collisions [12-14]. 

All the perturbed quantities responsible for the propagation of LHWs are proportional to 𝑒[−𝑖(𝜔𝑡−𝑘𝑥𝑥−𝑘𝑧𝑧)] where 

k and 𝜔 and are the wave number vector and the angular frequency. 

Solving (1), (2) and (3) gives the expression for velocity of the 𝑗𝑡ℎ species given by, 

𝒗𝒋 = 𝚽
𝑞𝑗

𝑚𝑗
∗(𝜔∗+𝑖𝜉)

[
(𝜔∗+𝑖𝜉)2

(𝜔∗+𝑖𝜉)2−𝜔𝑐𝑗
2 𝑘𝑥𝑖̂ + 𝑖

𝜔𝑐𝑗𝜔∗

(𝜔∗+𝑖𝜉)2−𝜔𝑐𝑗
2 𝑘𝑦𝑗̂ + 𝑘𝑧�̂�]        (4) 

Where, 𝑣𝑡𝑗
2 = 𝑣𝐹𝑗

2 +
ℏ2

4𝑚𝑗
∗2 𝑘2 +

𝑉𝑗,𝑥𝑐

𝑚𝑗
∗  and  𝚽 = 𝜙 +

𝑚𝑗
∗

𝑞𝑗
(𝑣𝑡𝑗

2 𝑛𝑗1

𝑛𝑗0
)  gives the effective speed and  the effective 

potential due to various quantum corrections and 𝜔∗ = (𝜔 −  𝒌. 𝒗𝟎) is the doppler shifted frequency.  

Now from (2), and using (4) we get the expression for perturbed particle density, given by; 

𝑛𝑗1 =  𝜙
𝑞𝑗𝑛𝑗0

𝑚𝑗
∗

[
𝑘𝑥

2
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2 +

𝑘𝑧
2

𝜔∗(𝜔∗+𝑖𝜉)
]

(1−
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2

𝜔∗
(𝜔∗+𝑖𝜉) 

(𝜔∗+𝑖𝜉)2−𝜔𝑐𝑗
2 𝑘𝑥

2−
𝑣𝑡𝑗

2

𝜔∗(𝜔∗+𝑖𝜉)
𝑘𝑧

2)

         (5) 

 

 

 

The usual expression of 𝑛𝑗1 of the dielectric medium is given by [15]; 

 

𝑛𝑗1 = −𝜒𝑗
𝑘2𝜙

4𝜋𝑞𝑗
          (6) 

where, 𝜒𝑗  is the dielectric susceptibility of 𝑗𝑡ℎ species. Now, comparing equation (5) and (6) gives, 
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 = 
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2
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]
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2
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2

𝜔∗(𝜔∗+𝑖𝜉)
𝑘𝑧

2)

 

Which gives, 

𝜒𝑗 = −
𝜔𝑝𝑗

2

𝑘2

[
𝑘𝑥

2

𝜔∗
(𝜔∗+𝑖𝜉) 

(𝜔∗+𝑖𝜉)2−𝜔𝑐𝑗
2 +

𝑘𝑧
2

𝜔∗(𝜔∗+𝑖𝜉)
]

(1−
𝑣𝑡𝑗

2

𝜔∗
(𝜔∗+𝑖𝜉) 

(𝜔∗+𝑖𝜉)2−𝜔𝑐𝑗
2 𝑘𝑥

2−
𝑣𝑡𝑗

2

𝜔∗(𝜔∗+𝑖𝜉)
𝑘𝑧

2)

         (7) 

 

Expressed through the dielectric susceptibilities, the dispersion relation  𝐷(𝜔, 𝑘) regulating Lower Hybrid 

Waves in a semiconductor quantum magneto plasma can be written as [3]; 

1 + 𝜒𝑏 + 𝜒𝑒 + 𝜒ℎ = 0           (8) 

 

With the assumption of the condition that the phase speed of LHWs is much smaller comparing to that of 

beam electrons i.e., the condition 𝒌. 𝒗𝟎 ≫ 𝜔  and 𝜔𝑝𝑒 , 𝜔𝑐𝑒 ≫, we find the values of dielectric susceptibilities 

𝜒𝑏 , 𝜒𝑒  and 𝜒ℎ from equation (7) as, 

𝜒𝑏 = −
𝜔𝑝𝑏

2

𝑘2

1

(𝑣0
2−𝑣𝑏

2)−
𝜉2

𝑘2

          (9) 
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𝜒𝑒 =
𝜔𝑝𝑒

2

𝑘2

𝑘𝑥
2

(𝜔𝑐𝑒
2 +𝑣𝑡𝑒

2 𝑘𝑥
2+𝜉2 )

         (10) 

𝜒ℎ = −
𝜔𝑝ℎ

2

𝑘2

𝑘𝑥
2

(𝜔2−𝜔𝑐ℎ
2 −𝑣𝑡ℎ

2 𝑘𝑥
2−𝜉2)

         (11) 

 

Putting these values of 𝜒𝑏 , 𝜒𝑒  and 𝜒ℎ  in (8), we get the following dispersion relation for LHWs in a 

collisional magnetized semiconducting plasma system; 

 

𝜔2 = 𝜔𝑐ℎ
2 + 𝑣𝑡ℎ

2 𝑘𝑥
2 + 𝜉2 +

(𝜔𝑐𝑒
2 +𝑣𝑡𝑒

2 𝑘𝑥
2+𝜉2 )𝜔𝑝ℎ

2 𝑘𝑥
2

𝑘2(𝜔𝑐𝑒
2 +𝑣𝑡𝑒

2 𝑘𝑥
2+𝜉2 )−𝜔𝑝𝑏

2 (𝜔𝑐𝑒
2 +𝑣𝑡𝑒

2 𝑘𝑥
2+𝜉2 )((𝑣0

2−𝑣𝑏
2)−

𝜉2

𝑘2)

−1

+𝜔𝑝𝑒
2 𝑘𝑥

2 

   (12) 

 

The presence of collision is evident in dispersion relation (12) through the collisional term 𝜉.  

Normalizing (12) in the scale of 𝜔𝑝ℎ
2  gives; 

 

𝜔′2 = 𝜔𝑐ℎ
′2 + 𝑣𝑡ℎ

′2𝑘′2𝑐𝑜𝑠2𝜃 + 𝜉′2 +
(𝜔𝑐𝑒

′2+𝑣𝑡𝑒
′2𝑘′2 𝑐𝑜𝑠2𝜃+𝜉′2 )𝑘′2 𝑐𝑜𝑠2𝜃

𝑘′2(𝜔𝑐𝑒
′2+𝑣𝑡𝑒

′2𝑘′2 𝑐𝑜𝑠2𝜃+𝜉′2 )−𝜔𝑝𝑏
′2 (𝜔𝑐𝑒

′2+𝑣𝑡𝑒
′2𝑘′2 𝑐𝑜𝑠2𝜃+𝜉′2 )((𝑣0

′2−𝑣𝑏
′2)−

𝜉′2

𝑘′2)

−1

+𝜔𝑝𝑒
′2 𝑣𝑡𝑒

′2𝑘′2 𝑐𝑜𝑠2𝜃

          

(13) 

  Where, we have considered 𝑘𝑥 = 𝑘 𝑐𝑜𝑠𝜃 , 𝜔′2 =
𝜔2

𝜔𝑝ℎ
2  , 𝜔𝑐ℎ

′2 =
𝜔𝑐ℎ

2

𝜔𝑝ℎ
2  , 𝜔𝑐𝑒

′2 =
𝜔𝑐𝑒

2

𝜔𝑝ℎ
2  , 𝑣0

′2 =
𝑣0

2

𝑣𝐹ℎ
2  , 𝑣𝑏

′2 =
𝑚ℎ

∗

𝑚𝑒
∗

𝑇𝑏

𝑇𝐹𝑒
,    

𝜔𝑝𝑒
′2 =

𝜔𝑝𝑒
2

𝜔𝑝ℎ
2 , 𝜔𝑝𝑏

′2 =
𝜔𝑝𝑏

2

𝜔𝑝ℎ
2  , 𝑘′2 =

𝑣𝐹ℎ
2 𝑘2

𝜔𝑝ℎ
2 , 𝑣𝑡ℎ

′2𝑘′2 =
𝑣𝑡ℎ

2 𝑘2

𝜔𝑝ℎ
2 , 𝑣𝑡𝑒

′2𝑘′2 =
𝑣𝑡𝑒

2 𝑘2

𝜔𝑝ℎ
2  , 𝑣𝐹ℎ

2 =
𝑘𝐵ℏ2(3π2𝑛ℎ𝑜)

2/3

𝑚ℎ
∗2   is the Fermi   

speed of hole at equilibrium.  

 

III. RESULTS AND DISCUSSIONS 

For the numerical and graphical analysis of the LHWs instability, we used 𝜔′ =  𝜔𝑟 + 𝑖𝛾 in equation (13), 

where 𝜔𝑟 denotes the real part of the frequency, indicating the phase speed, and 𝛾 represents the growth rate of 

the LHWs. Our investigation focused on a GaAs semiconductor plasma system with an external electron beam. 

The standard value of various parameters of GaAs semiconductor [3] is given by 𝑛𝑒0 = 4.7 × 1016𝑐𝑚−3, 
𝑚𝑒

∗

𝑚𝑒
=

0.067, 
𝑚ℎ

∗

𝑚𝑒
= 0.5 and dielectric constant 𝜖 = 12.8. Figures 1-3 below provides a graphical representation of how 

the growth rate and phase speed vary with different parameters. In these figures, solid lines depict the growth 

rates (𝛾) while the dashed lines represent the real part of the frequency (𝜔𝑟). 
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Figure 1: 𝜔′  versus 𝑘′  curve to denote the effect of collision. For without collision 𝜉′ = 0 and for with 

collision 𝜉′ = 0.5. 𝜃 = 100, 𝑣0
′ = 5, 𝑣𝑏

′ = 3 for all the curves. 

 

Figure 1 illustrates the variation in the real part of frequency (𝜔𝑟) and growth rate (𝛾) with respect to the 

normalized wave number (𝑘′). The figure demonstrates that the combined effects of electron-phonon and 

hole-phonon collisions significantly influence both the growth rate and the real part of the frequency. 

 

When the collision term is not considered (𝜉′ = 0), the real part of the frequency is not observable at 

smaller values of 𝑘′. However, at larger values of 𝑘′, the real part of the frequency is present and decreases 

with increasing 𝑘′. Conversely, when the collision term is included (𝜉′ = 0.5), the real part of the frequency 

is observable at both smaller and larger values of 𝑘′ , decreasing in both ranges as 𝑘′ increases. Notably, at 

higher 𝑘′ values, the real part of the frequency (𝜔𝑟)  is higher in the collisional system compared to the non-

collisional system. The figure also shows that the growth rate (𝛾) reduces with the inclusion of collisional 

effects. The trend of the growth rate's increase is similar in both the collisional and non-collisional systems, 

with a sharp increase beginning at (𝑘′ = 0.6). The reduction in the growth rate in the collisional system can 

be attributed to the redistribution of energy within the system, likely caused by the collisions. 
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Figure 2: 𝜔′ versus 𝑘′ curve to denote the effect of propagation angle 𝜃.  𝜉′ = 0.5, 𝑣0

′ = 5, 𝑣𝑏
′ = 3 for all 

the curves. 

 

Figure 2 depicts the variation in the real part of frequency (𝜔𝑟) and growth rate (𝛾) with respect to the 

normalized wave number (𝑘′) for three different propagation angles (𝜃). The data indicates that the real part 

of the frequency consistently decreases as the wave vector increases, across both the lower and higher ends 

of the wavelength range. In the higher wavelength range (corresponding to smaller 𝑘′ values), 𝜔𝑟 increases 

with increasing 𝜃. Conversely, in the shorter wavelength range, 𝜔𝑟decreases with increasing  . This behavior 

highlights the influence of the propagation angle on 𝜔𝑟. Furthermore, the growth rate (𝛾) is observed to 

decrease with increasing 𝜃. This trend suggests that larger propagation angles are more detrimental to lower 

hybrid wave (LHW) instabilities. The rapid redistribution of energy at lower angles likely enhances the 

conditions favorable for such instabilities to develop. Overall, the figure elucidates how propagation angle 

affects both the growth rates and the  real part of the frequency, demonstrating that lower propagation angles 

facilitate a more rapid energy distribution, thereby promoting instability in the system. 
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Figure 3: 𝜔′ versus 𝑘′ curve to denote the effect of beam streaming speed 𝑣𝑜

′ .  𝜉′ = 0.5, 𝜃 = 30𝑜, 𝑣𝑏
′ = 3 

for all the curves. 

 

Figure 3 illustrates the variation in the real part of frequency (𝜔𝑟)  and growth rate (𝛾)  with respect to the 

normalized wave number (𝑘′ ) for three different values of beam streaming speed (𝑣𝑜
′ ). The observed 

behaviour of 𝜔𝑟 is similar to that noted in previous analyses, where 𝜔𝑟  decreases with increasing 𝑘′ across 

the spectrum. The growth rate (𝛾)  increases with higher values of streaming speed. This indicates that higher 

streaming speeds introduce more energy into the system, thereby amplifying the instabilities. The figure also 

reveals that with increasing streaming speed, the resonance shifts towards the lower wavelength range.  

 

  

 

 

IV. CONCLUSION 

In this article, we have investigated the instability of Lower Hybrid Waves in a collisional magnetized GaAs 

semiconducting quantum plasma system. Using the Quantum Hydrodynamic (QHD) model, we derived a linear 

dispersion relation. Our findings suggests that the collisional term significantly affects the growth rate of the 

instability, specifically by decreasing its value. Additionally, consideration of the collisional term results in an 

increase in the real part of the frequency. We also investigate the effects of propagation angle and beam 

streaming speed on the system. Our results suggest that an increasing propagation angle reduces the growth rate, 

while a higher beam streaming speed increases the growth rates. These findings provide a deeper understanding 

of the dynamics within collisional magnetized GaAs semiconducting quantum plasma systems. 
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I. INTRODUCTION 

Transition-metal oxide nanoscale materials have sparked significant research interest due to their adaptive 

chemical, physical, and mechanical properties, which provide superior performance when compared to bulk 

materials [1,2]. The finite size, high surface-to-volume ratio, and possible appearance of quantum effects have a 

dramatic effect on nanomaterial properties [3]. Tin dioxide (SnO2), an n-type semiconductor metal oxide, with a 

wide band gap (Eg=3.65 eV at 300 K) and a high excitation binding energy of 130 eV at ambient conditions [4,5]. 

With its remarkable physical and chemical characteristics, SnO2 finds extensive utilization in various fields such 

as solar cells [6], gas sensors [7], transparent electrodes [8], transistors [9], batteries [10], and more. Several 

techniques have been used to prepare SnO2 nanostructures, including sol-gel [11], hydrothermal [12], SILAR 

[13], precipitation [14], combustion-assisted sol-gel method [15], and microwave [16] among others.  

Solution combustion method is a versatile, rapid, cost-effective, self-sustaining, energy efficient and scalable 

approach for the synthesizing of ultra-fine and uniform nanoscale materials [17,18]. This self-sustaining 

exothermal process involves the combustion of a uniform mixture of oxidizers (such as metal nitrates, metal 

sulfates, and carbonates) and fuels organic compounds like carboxylate and aliphatic amines (like urea, glycine, 

sucrose, and hydrazides) to produce a fine powder [17, 19]. In this study, we present the structural and optical 

properties of SnO2 nanoparticles synthesized using a rapid and cost-effective solution combustion method. 

II. EXPERIMENTAL:  

2.1 Synthesis Of SnO2 Nanoparticles 

All the chemical reagents were analytical grade and used as purchased without further purification. Tin 

chloride pentahydrate (SnCl4.5H2O) and urea (CO(NH2)2) was purchases form Sigma Aldrich. Ammonia 

solution (35%) was obtained from S. D. Fine Chemicals, India. Urea was used as a fuel.  

In a typical solution combustion method, 15 ml of 1M solution of SnCl2.5H2O were added to 150 ml of 

distilled water. The solution was stirred with a magnetic stirrer for 30 minutes at room temperature. Next, urea 

was added in the stoichiometric ratio under continuous stirring to the above solution and stirred for another hour 

to obtain a homogenous solution. The ammonia solution was used to adjust pH = 7, and the solution was stirred 

for 4 hours at 100 oC. Then, the resulting sol was further heated with magnetic stirring to remove the presence 

of water in the sol until a viscous gel was formed. The viscous gel was ignited by increasing the temperature up 

to 200 oC, and a brownish-gray powder of the sample was obtained. After cooling the powder to ambient 

temperature, it was delicately ground using an agate mortar and pestle. Finally, the powder was calcined at 500 
oC for 5 hours to obtain tin oxide nanoparticles. 

2.2 Characterization:   

The crystal structure, purity, and phase identification of SnO2 nanoparticles were examined using X-ray 

diffraction (XRD) using a Rigaku Miniplex-II instrument operating with Cu-Kα radiation (λ=1.5405 Å) in the 

20–80◦ (2θ) range. A UV-visible spectrophotometer (Shimadzu Corporation, Kyoto, Japan) was used to 

characterize the optical properties of the product. The spectral range used was 200-800 nm. FT-IR spectra of 

dried samples were acquired with an Affinity-1S IR spectrometer (Shimadzu Corporation, Kyoto, Japan) over 

the 4000–500 wavenumber 

III. RESULT AND DISCUSSION: 

3.1 XRD Studies: 

The presence of distinct peaks in the XRD pattern of the SnO2 nanoparticles at 2θ = 26.60, 33.83, 37.97, 

51.79, 54.78, 57.81, 61.91, 65.99, 71.27, and 78.74° can be attributed to the (110), (101), (200), (211), (220), 

(002), (310), (301), (202), and (321) planes respectively [20]. All of the diffraction peaks can be indexed to the 

tetragonal rutile phase (P42/mnm) of SnO2 (PDF Card No.: 1000062) [21]. The absence of any additional 

secondary phases of SnO2 suggests that the synthesized product exhibits a high level of purity. The calculated 

mean lattice parameters, a = b = 4.7357 Aoand c = 3. 1873Ao, exhibit a strong agreement with the standard 

values [22]. The average crystallite size of nanoparticles (D, nm) was calculated from Debye-Scherrer’s 

equation [23]. 

0.9 (1)
cos

D 
 

= − − − − − − − − − −  

  where D is the size of a particle; λ is the wavelength of X-rays, which is equal to 0.154059 nm; β 

is a full width half maximum (FWHM) of the corresponding peak and θ is a diffracting angle. The average 

crystallite size of the SnO2 nanoparticles synthesized in this method was obtained to be 11.47 nm. An overview 

of the structural parameters associated with the tetragonal SnO2 lattice is listed in Table 1. These include unit 
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cell volume [24], lattice strain [25], dislocation density (δ), lattice distortion [26], number of unit cells per unit 

volume [27], specific surface area [28]. The quality of the synthesized SnO2 nanoparticles appears to be fine, as 

δ is small and η is large compared to values reported in the literature [29]. 

                 
                            Fig.1: XRD pattern of SnO2 nanoparticles                          Fig. 2: UV-Vis. absorption spectrum of SnO2 Nanoparticles  

Table 1: Unit cell volume, strain, dislocation density, lattice distortion, number of unit cells per unit volume    

               and specific surface area of SnO2 nanoparticles. 
 

Lattice Constant Average 
Crystaline 

Size (nm) 

Unit Cell 
Volume 

2 3( )V a c m=  

Lattice 
Strain 

4 tan
 =



 

Dislocation 
Density 

δ= 1/D2 
lines/m2 

Lattice 
Distortion 

aU
c

=  

Unit Cells 
Per Unit 

Volume
3

6
Dn

V
p=  

Specific 
Surace Area 

3

2

6 10

/

S
D

m g

r
= ´  a=b (Ao) c (Ao) 

4.7357 3. 1873 11.47 71.48 
2.156 × 

10-3 

7.601 × 

1016 
1.485 11.07 ×103 75.27 

 

3.2 UV- Visible Study: 

To examine the optical characteristics using UV-Vis. absorption spectroscopy, SnO2 nanoparticles were 

dispersed in a solution containing 2-propenol and ethylene glycol in a 3:2 proportion. Fig. 4 shows the UV-Vis 

absorption spectra for tin oxide nanoparticles. The observed spectrum (Fig.2) exhibited a sharp absorption peak 

at 272 nm, at a shorter wavelength compared to bulk SnO2 (344 nm) [30]. The band gap energy was estimated 

by analyzing the Tauc plot (Fig. 3) and was measured to be 3.74 eV. 

 

        

Fig. 2: Optical band gap of SnO2 nanoparticles                     Fig.:4 FTIR Spectra of SnO2 nanoparticles 
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3.3 Fourier transform infrared spectra (FTIR): 

The FTIR spectrum of the dry SnO2 nanoparticles sample is shown in Fig.4. The band noticed at 3364 and 

3205 cm-1 are due the O-H stretching O-H bending vibrations of water molecules reabsorbed from the ambient 

atmosphere by SnO2 nanoparticles [29]. Bands at 1648 and 1518 cm-1 were observed due bending vibration of 

H-O-H from water molecules entrapped inside the SnO2 nanostructures [31]. The band area around 2955 and 

2418 cm−1 indicates the presence of C–H group [30]. The transmission in the region near 525 cm-1 and 1108 cm-

1is related to the vibration of Sn–O and Sn-OH bonds [32]. The O-Sn-O asymmetric stretching of SnO2 

appeared at 663 cm-1 and ensured the existence of the SnO2 crystalline phase [33]. 

IV. CONCLUSION: 

SnO2 nanoparticles were synthesized using straightforward solution combustion synthesis. The X-ray 

diffraction pattern confirms the formation of the tetragonal rutile system of SnO2. The observed average size of 

the crystallites is 11. 47 nm. UV-Vis. analysis showed an absorption peak at 272 nm, at a shorter wavelength 

compared to bulk SnO2 (344 nm), confirming the blue shift. The band gap calculated using the Tauc relation is 

3.74 eV, which is larger than that of bulk SnO2. The asymmetric stretching vibrations of the O-Sn-O bond at 663 

cm-1 in the FTIR spectra ensure the formation of SnO2. The Fourier transform infrared spectroscopy analysis 

indicated that water molecules were present on the nanoparticles as a result of reabsorption from the ambient 

atmosphere. 
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Abstract: - Green Synthesis is going on more use full and advance technique in resent year. It is nature preventive technique because 

less use of chemical and carry out in a simple manner. Development of green synthesis is eco-friendly and low  cost method for bio 

synthesis of nano partical of 0.1 M Copper sulphate solution and papaya extract was made . 50 ml of papaya leaf extract and 150 ml 

Copper sulphate weare taken. In Papaya extract we constant adding Copper sulphate solution with constant starring at 50-60O C. It 

was observed that there was formation of nano particles of  Copper. After the product was culled brown dark product gained. The 

bio synthesizes nano particle of copper sulphate  are characterized by IR and XRD. At bond strength 3421.87 inert molecular H 

bond present in given sample. 3306.13 shows bond of NH it means amine group present in it. 2932.89 show saturated alkane present 

in this phytochemicals. 2155.54, 1655.00 shows conjugated nitriles and amide group present in given sample. 1337.69 bond strength 

shows nitro group present in it. 1154.45 shows alcohol phenol group present in copper nanoparticles. 664.51, 515.98 bond linkage in 

between given phytochemicals and nanoparticles.    

Keywords: Green Synthesis, Nano Particle of Copper, Copper Sulphate, Papaya Leaf,   

V. INTRODUCTION  

Resent years green synthesis is become a more advance technique for synthesis of new compounds. Green synthesis use 

for the preparation of nano particle from various plants. Many physical and chemical methods are use for the synthesis of metal 

nano particles. Green synthesis of nano particle is clean, nontoxic and environmentally friendly procedures. Green synthesis of 

plant material provide an innovative research for the production of nano particles[1]. Plants provide better platform for the 

preparation for metal nano particles as they are free from the toxic chemicals as well as provide natural capping agents[2]. The 

extract of plants contains various organic compounds such as terpenoids which is surface active molecules that helps to stabilize 

the nano particles[3].  Copper nano particle is referred as effective bactericidal metal, it is non toxic to animal cell and there for 

consider to be safe for human being in the accept of food packaging and water treatment[4]. In literature survay the synthesis of 

copper nano particles from various methods such as vapour Deposition [5], electrochemical reduction[6], radiolysis[7], thermical 

decomposition[8], chemical reduction of metal salt[9], at room temperature synthesis using hydrazine hydrate and  starch [10]  In 

resent year green synthesis of Cu- nano particles was synthesis by using plant extract [11]   

II Methods And material     

Preparation leaf extract.  

Papaya (Carica ) leaves was used. Healthy leaves were collected and wash in running tap water and than by distilled 

water. The leaves were  dried with absorbent paper. These papa leaves cut with a sterile knife. Take 50 gram of leaves and 100ml 

of distilled water in 250 ml beaker. This was boil at 60o C for 45 minutes. After completion of it was cool at room temperature 

and then filter with Whatmann filter paper the plant extract was collected in beaker.  

Preparation of Copper Solution  

 Copper sulphate solution was prepare by adding 24.98 gm in 1000 ml distilled water, it is of 0.1 M solution of Copper 

Sulphate.    

Preparation Cu- nano Partial 

 For the Synthesis of Cu-nano particle take 50 ml of papaya leaf extract in 250 ml beaker. Heat the solution about 60o C to 

80o C and add gradually 0.1 M copper sulphate solution into the hot solution by continuous starring. As result of colour of the 

solution changes gradually from greenish blue to green an heattiong was continue until dark green past was formed. The dark 

green past was cooled at room temperature. The collected powder was send to characterization using various analytical tools.     

    III Result And Discussion  

 The structural analysis of Cu-nano particle was analyze by XRD technique. Figure 1 represent the XRD pattern of green 

synthesis of Cu-NPs The specific diffraction peaks at 2- theta  14.30(2), 24.26(8), 30.07(4), 32.04(3), 37.19(13), 40.11(2), 42.508(19, 

46.15(2), 49.34(3) and 67.177(19)   The synthesized Cu-NP were well crystalline that was confirm by high intensity diffraction 

reflection peak. The crystal size was calculated D=0.9λ/ (Bcosθ) [12] 
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Table 1 XRD Of Cu-Papaya Nano Particle  

No. 
2-theta d Height FWHM Int.I Size 

(deg) (ang.) (counts) (deg) (countsdeg) (ang.) 

254 14.30(2) 6.189(9) 87(9) 2.12(9) 347(8) 39.5(17) 

255 24.26(8) 3.666(11) 45(7) 0.51(8) 30(4) 168(25) 

256 30.07(4) 2.969(4) 21(5) 0.8(3) 35(5) 107(34) 

257 32.04(3) 2.791(2) 91(10) 0.38(4) 50(3) 228(23) 

258 37.19(13) 2.415(8) 21(5) 0.83(18) 30(4) 105(23) 

259 40.11(2) 2.2460(13) 35(6) 0.45(7) 19(3) 198(31) 

260 42.507(19) 2.1250(9) 18(4) 0.26(4) 5.8(7) 349(55) 

261 46.15(2) 1.9655(9) 22(5) 0.34(14) 13.6(14) 267(114) 

262 49.34(3) 1.8454(9) 15(4) 0.29(5) 7.2(7) 311(57) 

263 67.177(19) 1.3924(4) 16(4) 0.20(5) 3.5(9) 486(121) 

 

 
Figure No  1 XRD Of Cu-Papaya Nano Particle  

 FTIR spectroscopy analysis was carried out to for the identification of functional group involved in the formation of Cu-

nano particle of papaya. The Figure 2 shows the spectra of Papaya nano particle. The FTIR spectra of biosynthesized Cu-nano 

particle showed the high intense sharp absorption peak at 515 cm-1, 1337 cm-1 ,664 cm-1, shows the O-H bending functional group 

Starching of C-O was identified by 1082 cm-1,. Absorption band at 1545.05 cm-1 and 1655 cm-1 show the presence of primery 

Amide group. The presence of primary Amide group contributed from the protein content of the papaya which provide the protein 

in the fruit peel. The absorption band at 3306.13 cm-1 and 3421.87 cm-1 show the O-H stretching . Other beak 2155 cm-1, 2295.39 

cm-1 ,show the C-H streaching band.    

   Table 2 FTIR  Of Cu-Papaya Nano Particle 

No. Peak Intensity Corr.Inte Base(H) Base(L) Area Corr.Are 

1 515.98 0.6654 0.0537 621.11 406.03 464.874 3.9665 
2 664.51 0.6821 0.0507 903.69 622.07 592.5568 2.9818 

3 1082.11 0.6751 0.0788 1136.12 904.65 488.8063 4.4439 

4 1154.45 0.7018 0.0094 1284.65 1137.09 315.2335 0.4135 

5 1337.69 0.7297 0.0547 1486.22 1285.61 424.6372 3.7937 
6 1545.05 0.7251 0.0518 1577.84 1487.18 192.0611 1.3568 

7 1655 0.6034 0.3554 1990.62 1578.8 802.3108 22.5348 

8 2155.54 1.8576 0.0174 2219.2 1991.59 393.5132 0.675 

9 2295.39 1.8113 0.0193 2323.36 2220.16 179.1996 0.2236 
10 2932.89 0.7016 0.3233 3019.69 2324.32 1329.560 18.4905 

11 3306.13 0.6856 0.0698 3404.51 3020.66 810.6994 5.8283 

12 3421.87 0.7013 0.0832 3807.65 3405.47 768.723 26.3214 
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Figure No  2 FTIR Of Cu-Papaya Nano Particla  

 

IV Conclusion  

 We Synthesis Cu Nano particle by using Papaya leaf and Copper Sulphate Solution. The characterization of this nano 

particle by XRD and FTIR technique. We observed that there were band observed  2- theta  14.30(2), 24.26(8), 30.07(4), 32.04(3), 

37.19(13), 40.11(2), 42.508(19, 46.15(2), 49.34(3) and 67.177(19) shows the Cu-nano particle formation. The FTIR absorption band  at 515 

cm-1, 1337 cm-1 ,664 cm-1, shows the O-H bending, starching of C-O was identified by 1082 cm-1, 2155 cm-1, 2295.39 cm-1 ,show 

the C-H streaching band. The band 3306.13 cm-1 and 3421.87 cm-1 show the O-H stretching, 1545.05 cm-1 and 1655 cm-1 show the 

presence of primary Amide group. The presence of primary Amide group contributed from the protein content of the papaya 

which provide the protein in the fruit peel. From this we can say that their presence of O-H, C-O, C-H and amide functional 

group.   
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Groundnut seeds 
  

Abstract: - In this study, the groundnut seeds ( Arachis hypogaea L. ) were exposed to He-Ne laser. We had taken four varieties of 

groundnut seeds(TAG24,SB11&G2), each varieties were divided into four groups. First group was the controlled group and received 

no radiation. Second, third and fourth group were irradiated 2, 4 and 6 minutes respectively by He-Ne laser with wavelength 

632.8nm. from a distance of 45cm. Exposure with He-Ne laser gave significant results in increasing of germination percentages and 

vigour index but electrical conductivity has been decreased. 

Keywords: Laser irradiation, germination rate, vigour index and electrical conductivity. 
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I.  INTRODUCTION 

Light plays a major role in growing of plant. The effect of light during plant growth and germination process 

is undeniable. Laser can emit a high density of photons at small solid angle. The characteristics of the laser 

radiation, such as monochromatic, polarization, coherence and high density, can be used not only in all spheres of 

engineering but also in biology and plant growth [1-3]. The growing need for ecological agricultural products 

together with the increased demand of crop materials for food production as well as for other branches of 

industry imposes the necessity for searching new, safer decisions for raising the agricultural production [4-7]. 

Sustainable agriculture is a management system for renewable natural resource for food production income and 

livelihood for present and future generations [7-9]. Physical factors such as microwave and laser radiation are 

useful for plants enable to vegetable at higher energy level. It is based on the fact that physical methods increase 

the energy account by internal transformation of energy [10]. The germination of seed is dependent on both 

internal and external conditions. One of the most important external factors is light, which plays vital role in 

photosynthesis and non-photosynthesis processes involving action of light [11-15]. 

 The previous studies showed that LED light and He-Ne laser presented a positive role in acceleration the 
plant growth, metabolism and increase their resistance to diseases, which suitable applications of laser irradiation 
improved germination capacity of plant seeds [4,16,17]. 

 Laser irradiation is considered as a new branch in agriculture. This work aimed to study the effect of laser 

irradiation and exposure time on germination, vigour index and electric conductivity of groundnut seeds. 

Groundnut are the most important commercial crop playing a key role in economical and social affects of world 

continues to be acclaimed as king of oil seed. 

 

II. MATERILAS AND METHOFDS 

2.1. Seed materials:  

Groundnut seeds (Arachis hypogae L.) used in this work were supplied by college of agricultural 

engineering and technology, Marathwada Krishi Vidyapeeth, Parbhani, India. The experiment were carried out at 

the department of physics , Shri Shivaji College, Parbhani. 

2.2. Treatments:  
Continuous laser irradiation at λ =632.8nm was obtain from He-Ne and intensity of beam is 5mW/mm2.The 

groundnut seeds of three verities (TAG24, SB11, G2), each having 800 seeds were taken. Each varieties of seeds 
were divided into four groups. The first is the controlled (no irradiation) and rest of were irradiated to 2, 4, 6 
minutes to He-Ne laser. The irradiation treatment of the seeds were performed in the dark room to avoid the 
influence of the Sun rays. 
2.3. Germination test:  

After the treatments, irradiated and controlled seeds were placed in water saturated towel paper. In each 
towel paper contained 200 seeds which were treated with time period of 0 min., 2min., 4min. and 6min. Sprayed 
the distilled water two times in a day to germination of groundnut seeds and count daily the number of seeds 
were germinated. 
2.4. Seed Vigor Index:  

Seed vigor index were calculated by determining the germination percentage and seedling length of the same 
seed lot. We were selected randomly 10 germinated seeds and measured seedling length. 
The seed vigor index was calculated by using the formula 
Vigor Index=germination % x Average seedling length (in mm) 
2.5. Electrical conductivity test:  

A seed sample of 10gm was sterilized with distilled water for 2-3 minutes. The clean sample was immersed 
in 100ml  of water at 25±10C temperature for 10-12hr. After that the seeds were removed by a clean forcep. The 
steep water left was decanted and was termed as leachate. The conductivity meter was warmed about 30 minutes 
before testing by deeping in distilled water. First the conductance of distilled water was measured, then  leachate 
was measured. The formula for calculate the electrical conductivity of seed extract was as follows. 
E.C.=[Actual E.C. meter reading –E.C. of distilled water]x Cell constant factor. 

Ammonia solution (NH₃·H₂O): Used for pH adjustment. 
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III. RESULT AND DISSCUSSION 

3.1: GERMINATION PERCENTAGE 

The results of germination test for all varieties based on irradiation time as shown in table. 

        Table (1) No. of seeds germinated per day for controlled and irradiated seeds of TAG24 variety 

No. of Days No. of seeds germinated per day 

Controlled Irradiation time period 

2 min. 4 min. 6 min. 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 15 22 

5 26 32 31 39 

6 39 31 45 34 

7 47 56 34 33 

8 49 49 48 57 

Total 161 162 172 175 

% 80.5% 81% 86% 87.5% 

 

Graph 1) Germination % for TAG 24  Variety Vs irradiation time 

From graph it was seen that as the time period of irradiation increases the germination percentage also increased from 

80.5% for controlled seed to 87.5% for 6min. irradiated seed. 

 
 

 
 

Table (2) No. of seeds germinated per day for controlled and irradiated seeds of SB11 variety 

No. of Days No. of seeds germinated per day 

Controlled Irradiation time period 

2 min. 4 min. 6 min. 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 0 12 14 

5 19 28 25 26 

6 24 25 24 34 

7 40 42 41 38 

8 48 47 46 42 

Total 131 142 148 154 

% 65.5% 71% 74% 77% 
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Graph 2) Germination % for SB 11  Variety Vs irradiation time 

From graph it was seen that as the time period of irradiation increases the germination percentage also increased 

from 65.5% for controlled seed to 87.5% for 6min. irradiated seed. 

 
Table (3) No. of seeds germinated per day for controlled and irradiated seeds of G2 variety 

No. of Days No. of seeds germinated per day 

Controlled Irradiation time period 

2 min. 4 min. 6 min. 

1 0 0 0 0 

2 0 0 0 0 

3 0 0 0 0 

4 0 9 12 15 

5 21 26 32 24 

6 26 33 31 30 

7 36 34 28 35 

8 42 36 32 40 

Total 125 128 135 144 

% 62.5% 64% 67.5% 72% 

 

 
 

Graph 3) Germination % for G2 Variety Vs irradiation time 

 

 From graph it was seen that germination % increases from 62.5% for controlled seed to 72% for 6min. irradiated seed. 

He-Ne laser irradiation enhanced the germination percentage of groundnut seed, after eight days germination % increases 

7-11% of irradiated seed as compared to controlled seed. Germination rate of TAG24 variety were more than SB11 and G2 

varieties. 

 

3.2. Vigour Index 

 

The vigour test of the groundnut seed also shows the deflection in the vigour index of the controlled and irradiated seed. 

The seeds treated for more time  period were more vigours than the controlled seed. 
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Table 4) Vigour index for TAG24 Variety 

Seed sample Controlled 

(0min.) 

2min. 4min. 6min. 

Germination % 80.5 81 86 87.5 

Seedling Length 

(mm) 

75 80 82 85 

Vigour Index 6037.5 6480 7052 7437.5 

 
Table 5) Vigour index for SB11 Variety 

Seed sample Controlled 

(0min.) 

2min. 4min. 6min. 

Germination % 65.5 70 74 77 

Seedling Length 

(mm) 

68 77 76 79 

Vigour Index 4454 5467 5624 6083 

 
Table 5) Vigour index for G2 Variety 

Seed sample Controlled 

(0min.) 

2min. 4min. 6min. 

Germination % 62.5 62 67.5 72 

Seedling Length 

(mm) 

62 70 73 77 

Vigour Index 3875 4340 4927.5 5544 

 

The vigour index in all varieties i.e. TAG24, SB11 and G2 increases with the irradiation time period. For 

TAG24, the vigour index was increased from 6037.5 to 7437.5. For SB11, the vigour index was increases from 4454 to 

6083. For G2, the vigour index was increases from 3875 to 5544. It was seen that as irradiation time increases Vigour 

index also increases. 

3.3. Electrical Conductivity Test of Leachates. 

The electric conductivity (E.C.) of the groundnut seed extract was measured by a digital electrical conductivity meter in 

mu.mhos/cm/gm. 

Electrical conductivity of distilled water=3.8 (mu.mhos/cm/gm.). 

Cell constant factor=1.28 

 
Table 7) . Electrical Conductivity of Leachates forTAG24,SB11 and G2 verities of groundnut seed. 

Variety Sample Actual meter 

reading 

Calculated E.C. 

 

TAG24 

0min. 6.0 2.816 

2min. 5.8 2.56 

4min. 5.2 1.792 

6min. 4.9 1.408 

 

SB11 

0min. 5.8 2.56 

2min. 5.5 2.176 

4min. 5.0 1.536 

6min. 4.8 1.28 

 

G2 

0min. 5.9 2.688 

2min. 5.4 2.408 

4min. 5.2 1.792 

6min. 4.7 1.152 

 

Weakening of cell membrane is poor vigour seeds causes leakage of water soluble compounds like suger, amino 

acids electrolytes etc. when immersed in distilled water. It was seen that irradiation time increases , electrical 

conductivity goes on decreasing. It means that less water soluble compounds leakage for more time of irradiation. 
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IV. CONCUSION 

In the irradiation process the nucleus cell membrane of the DNA stands break and repairs the DNA stand. 

Because of reassembling of DNA stand the germination capacity and seed vigour index increases. Many 

researchers observed that irradiation of laser reduces seed born pathogen. Due to that significant increases in 

germination percentage and vigour index of all varieties of groundnut seed. 

 The time period of irradiation increases the electrical conductivity of irradiated seed was decreases. If the 

electrical conductivity is less the germination capacity of seed is more. The groundnut is one of the important oil 

seed. The area under groundnut is decreases day by day. To increase the groundnut production the irradiation 

treatment is used. 
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Enhanced Ammonia Sensing 

Performance of NiO-WO3 Metal 

Oxide Composite Gas Sensors 
 

 

Abstract: - The detection and monitoring of ammonia gas have significant implications in various fields, including agriculture, 

environmental safety, and industrial processes. This abstract presents a comprehensive study of the utilization of NiO-WO3 metal 

oxide composite gas sensors for the detection of ammonia. Nickel oxide (NiO) and tungsten trioxide (WO3) are promising 

semiconducting materials known for their high sensitivity to reducing gases. The synergistic combination of these oxides in 

composite structures has garnered attention due to their enhanced sensing properties, such as improved selectivity, sensitivity, and 

response/recovery times. This study discusses the synthesis methods employed to fabricate NiO-WO3 composites and highlights the 

influence of various parameters on the sensing performance, such as composition, morphology, and operating temperature. 

Moreover, the mechanisms underlying the gas-sensing behavior of NiO-WO3 composites, including surface reactions and charge 

transfer processes, are elucidated. Furthermore, recent advances in nanostructuring and functionalization strategies to further 

enhance the gas-sensing performance of these composites are explored. Finally, the potential applications and future prospects of 

NiO-WO3 composite gas sensors for ammonia detection are discussed, addressing challenges and opportunities for 

commercialization and widespread deployment in real-world sensing applications. 

Keywords: NiO-WO3 Composite ,Ammonia gas sensor , Sensitivity, Selectivity ,Response time and Recovery time. 
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I.  INTRODUCTION 

The detection and monitoring of ammonia (NH3) gas are of paramount importance in a wide range of 

applications spanning agriculture, environmental monitoring, and industrial processes[1- 4]. Ammonia, a 

colorless and pungent gas, is extensively used in fertilizers, refrigeration, and various chemical industries. 

However, its release into the atmosphere can pose serious health hazards to humans and animals, contribute to air 

pollution, and lead to environmental degradation. Therefore, the development of highly sensitive, selective, and 

reliable gas sensors for the detection of ammonia is crucial for mitigating its adverse effects and ensuring 

environmental safety. 

Metal oxide semiconductor gas sensors[5-7] have emerged as promising candidates for detecting a variety of 

gases due to their high sensitivity, rapid response, and low cost. Among them, nickel oxide (NiO) and tungsten 

trioxide (WO3) have garnered considerable attention owing to their semiconducting properties and affinity 

towards reducing gases such as NH3. Individually, NiO and WO3 exhibit moderate sensitivity towards ammonia 

gas, but their composite structures have demonstrated enhanced gas-sensing performance attributed to synergistic 

effects. 

The combination of NiO and WO3 in composite gas sensors offers several advantages over single-component 

sensors, including improved sensitivity, selectivity, and stability. Moreover, the tunable properties of metal oxide 

composites enable the optimization of sensor performance for specific applications. Various synthesis methods, 

including sol-gel, hydrothermal, and co-precipitation techniques, have been employed to fabricate NiO-WO3 

composite gas sensors with tailored morphologies and compositions. 

In this paper, we present a comprehensive review of the recent advancements in NiO-WO3 metal oxide 

composite gas sensors for enhanced ammonia sensing performance[8-15]. We discuss the synthesis strategies, 

structural characterization techniques, sensing mechanisms, and factors influencing the gas-sensing properties of 

these composites. Furthermore, we highlight recent developments in nanostructuring and functionalization 

approaches aimed at further improving the sensitivity and selectivity of NiO-WO3 composite gas sensors. Finally, 

we discuss potential applications and future directions in the field of metal oxide composite gas sensors for 

ammonia detection, emphasizing the importance of addressing challenges and optimizing sensor performance for 

real-world applications. 

II. MATERILAS AND METHOFDS 

2.1 Materials 

The following chemicals were used in the synthesis of NiO-WO₃ composite nanomaterials: 

Nickel nitrate hexahydrate (Ni(NO₃)₂·6H₂O): Purchased from Sigma-Aldrich, used as the nickel precursor. 

Ammonium tungstate ((NH₄)₁₀[H₂W₁₂O₄₂]·xH₂O): Purchased from Sigma-Aldrich, used as the tungsten 

precursor. 

Citric acid (C₆H₈O₇): Purchased from Merck, used as a complexing agent. 

Ethanol (C₂H₅OH): Analytical grade, used as a solvent. 

Deionized water (H₂O): Used in all aqueous solutions. 

Ammonia solution (NH₃·H₂O): Used for pH adjustment. 

2.2 Synthesis of NiO-WO₃ Composite Nanomaterials 

The NiO-WO₃ composite nanomaterials were synthesized using a sol-gel method, followed by calcination. 

2.2.1 Preparation of Precursors 

Nickel Precursor Solution: Dissolve 0.01 mol of Nickel nitrate hexahydrate in 50 mL of deionized water under 

contant stirring to form a clear Ni²⁺ solution. Tungsten Precursor Solution: Dissolve 0.01 mol of Ammonium 

tungstate in 50 mL of ethanol under constant stirring to form a W⁶⁺ solution. 

2.2.2 Mixing and Gel Formation 

Gradually add the tungsten precursor solution to the nickel precursor solution under vigorous stirring. Add 

0.02 mol of citric acid to the mixed solution to act as a complexing agent and stabilize the mixture. Slowly add 

ammonia solution dropwise to the mixture until the pH reaches 7-9, promoting the formation of hydroxides. 

Continue stirring the solution until a gel is formed. This process may take several hours, depending on the 

temperature and concentration. 

2.2.3 Aging and Drying 

Allow the gel to age for 24-48 hours at room temperature to enhance network formation. Dry the aged gel at 100-

120°C in an oven for several hours to remove solvents and water, resulting in a xerogel. 
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2.2.4 Calcination 

Calcine the dried gel at 500°C in an air atmosphere for 3 hours. This step decomposes the nitrates and converts 

the hydroxides to oxides, forming the NiO-WO₃ composite nanomaterial. Allow the calcined material to cool to 

room temperature naturally. 

2.3 Characterization 

The synthesized NiO-WO₃ composite nanomaterials were characterized using the following techniques: 

2.3.1 X-ray Diffraction (XRD) 

XRD analysis was performed using a Bruker D8 Advance diffractometer with Cu Kα radiation (λ = 1.5406 

Å). Scans were recorded in the 2θ range of 10-80° to determine the crystalline phases and estimate the crystallite 

size. 

 
 

Fig. 1. XRD patterns of pure WO3 and NiO–WO3 composite sample 

The phase composition and crystal structures of the synthesized pure WO₃ and NiO–WO₃ composite sample 

were analyzed using X-ray diffraction (XRD), as shown in Figure 1. The XRD patterns exhibit a series of strong 

diffraction peaks for all samples, which match well with the crystalline monoclinic WO₃ phase (JCPDS no. 43-

1035) 

The diffraction peaks for all NiO–WO₃ composite sample are broader compared to those of pure WO₃, 

suggesting smaller crystallite sizes in the composite material. The mean grain sizes were calculated using the 

Scherrer equation. The mean grain sizes for pure WO₃, 70NiO–30WO₃, 65NiO–35WO₃, and 40NiO–60WO₃ 

composite sample are 15.2 nm, 9.2 nm, 8.2 nm, and 10.3 nm, respectively. Clearly, the NiO–WO₃ composite 

sample have smaller grain sizes compared to pure WO₃. This reduction in grain size can be attributed to the NiO 

phase inhibiting the grain growth of WO₃ during heat treatment. Consequently, the 40 NiO–60WO₃ sample 

exhibit larger grain sizes than the 70NiO–30WO₃ and 65NiO–35WO₃, sample. Smaller mean grain sizes allow 

for more oxygen species to be adsorbed on the surface of the thick film. 

2.3.2 Scanning Electron Microscopy (SEM) 

SEM images were obtained using a JEOL JSM-7500F field emission scanning electron microscope. Samples 

were sputter-coated with a thin layer of gold to improve conductivity before imaging. The detailed morphology 

and microstructure of the pure NiO, WO3 , 65 NiO-35 WO3 were investigated by SEM. Fig. 2 (a), (b) and (c) the 

morphology of the pure NiO shows sand like structure, WO3 shows candy with smooth surface structures, 

65NiO-35WO3 appears to be small spherical structure and the average particle size is below 10 nm. 65NiO-

35WO3 composite material is more porous and therefore more sensitive to ammonia gas. 
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Figure 2: SEM image of (a) Pure NiO (b) Pure WO3 and (c) 65NiO-35WO3 composite sample 

2.4 Gas Sensing Measurements 

The gas sensing performance of the NiO-WO₃ composite nanomaterials was evaluated using a custom-built gas 

sensing setup. 

2.4.1 Sensor Fabrication 

Thick films of semiconductor sensors were fabricated using standard screen printing method. So as to 

prepare these films, inorganic metal oxides was added to organic binder solution in the ratio of 70:30. Binder 

solution was prepared by using Butyl carbitol acetate (BCA) and ethyl cellulose (EC) in fixed ratio of 8:92. Metal 

oxides and binder solution were mixed meticulously for 30 minutes using mortar and pestle. This gave us 

stoichiometric slurry to make stable thick films over glass substrates.  

Further small amount of BCA was mixed to above slurry drop wise to get gel like paste. This jelly paste is 

applied as thick film with dimension of 1 X 0.5 cm over clean and dry glass substrate. After the application of 

composite coat on glass, these films were dried in air for 20 minutes and subsequently under IR light for 30 

minutes. Afterward these composite loaded glass plates were heated in muffle furnace at 1000 C for 

approximately 2 hrs. After cooling these thick films were used for the study of its electrical properties using 

screen printed silver electrode for electrical contact with the circuit.  

 

 

2.4.2 Gas Sensing Setup 

Thick film sensors of metal oxide composites were examined for electrical characterization and gas detection. 

The gas detection execution was evaluated by a home-made gas sensor system as shown in fig 3. 
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Fig.3.Gas sensor system 

DC resistance of these composite sensor was measured, in the atmosphere of various temperatures with fair 

reliability.  The temperature sensed by thermocouple was intentionally recorded by a digital thermometer. The 

gas is injected at ppm level inside the glass chamber by using a Syringe. The constant DC voltage was applied to 

the circuit. Sample resistance was measured in the ambient air and also in the presence of testing gas atmosphere 

at various temperatures. In this method, the resistance of R = 1M was connected in series with the material and 

used DC Power supply (0-5V).(Fig 4).  

 
Fig. 4 Measurement of sample resistance 

Sensitivity of gas sensor in terms of resistance of sensors can be given by an equation 

𝑆𝑒𝑛𝑠𝑖𝑡𝑖𝑣𝑖𝑡𝑦(𝑆) =
𝑅𝑁𝐻3

− 𝑅𝐴𝑖𝑟

𝑅𝐴𝑖𝑟

 

Where RNH3 is the electrical resistance of thick film in presence of Ammonia gas (NH3) and RAir is electrical 

resistance of thick film in ambient air.  

 

III. RESULT AND DISSCUSSION 

1. Gas sensitivity  

The variations of sensitivity of Pure NiO ,Pure WO3 and 65NiO: 35WO3 compositions with concentration of 

ammonia gas at room temperature are shown in Fig.5. 

From Fig. 5, it is observed that for Pure Oxide Samples like Pure NiO and Pure WO3 sensitivity is less. It is 

observed from the cure sensitivity increases for composite samples and becomes maximum for 65NiO:35WO3 

composition. From SEM picture, it is found that porosity of 65NiO:35WO3 composition is large as compared to 

other Pure NiO and Pure WO3, thus active surface area is more. Also the average crystallite size of 

65NiO:35WO3 composition is small and it means large active surface area. That’s why sensitivity of 

65NiO:35WO3 composition is large as compared to other compositions and pure samples.  

 

 
Fig. 5. Variation of sensitivity of Pure NiO,Pure WO3 and 65NiO:35WO3 system with NH3 gas concentration (ppm) at room temperature (303 K). 
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2. Stability of optimise sample 

Sensor stability is expressed in terms of measurement of resistance with time. It is defined as the change in 

resistance of sensor with time  [8,9].The resistance values of optimize sensors, measured with time at room 

temperatures it gives stable response from fig 6. 

 

 
Fig. 6. Variation of resistance of sensors with time in air 

 

3. Static response of optimise sample 

Fig 7. Static response under static condition, it is observed that response is fast for 65NiO:35WO3. It is also 

observed that recovery time for all sensors is very slow than the response time. The response and recovery time 

for all sensors for 50 ppm Ammonia gas concentration are calculated. Response time for optimize sensor i.e 

65NiO:35WO3 is 75 S and recovery time is 155S  

 

 

 

IV. CONCUSION 

The gas-sensing properties of NiO:WO3 films towards Ammonia Gas have been investigated and compared 

to those of single oxide WO3 and NiO. The pure thick film of NiO and WO3 sensors showed low response than 

the composite films to NH3.In general, the best performances in terms of response, recovery, sensitivity and low 

detection limit were found in 65NiO:35WO3 sensor. This sensor showed higher sensitivity than pure WO3 and 

NiO. 
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Highly efficient green light-

emitting KSr(Gd, Y)(PO4)2: Tb3+  

phosphor for Mercury Free 

Fluorescent Lighting and PDPs  

Abstract: - The phosphors KSr(Gd, Y)(PO4)2: Tb3+ were synthesized using the co-

precipitation method. The vacuum ultraviolet (VUV) spectroscopical properties of these 

phosphors were studied. The outcomes illustrated that the efficient energy transfer (ET) 

from Gd3+ to Tb3+ happens in this system. The ET and visible quantum harvesting 

phenomenon was detected in a high Tb3+ concentration doped sample. The ET efficiency 

rises with growing Tb3+ doped concentrations, which is showed by the emission intensity 

of Gd3+ decreasing with increased the Tb3+ doping concentrations. In addition, it is found 

that by erratic the doping concentration of Tb3+, the emission color of KSr(Gd, Y)(PO4)2: 

Tb3+  phosphors was transformed from blue to yellowish-green. The Phosphor 

KSrGd0.5(PO4)2: 0.5Tb3+ illustrated the stoutest emission, which is about 75% of the 

profitable green-emitting phosphor Zn2SiO4: Mn2+ (ZSM) under the 172 nm excitation. 

This indicates that phosphor is a latent application for mercury-free fluorescent lighting 

(MFFL), Plasma display panels (PDPs), and Three-dimensional display. 

Keywords: Quantum Cutting (QC), Vacuum Ultraviolet (VUV), Down-conversion, 

Mercury Free Fluorescent Lighting and PDPs 

 

I.  INTRODUCTION  

The development of mercury-free fluorescent lightning such as Hg-free lamps, 3D displays, and 

plasma display panels (PDPs) has led to important research into the optical properties of luminescent 

materials under the VUV region (147 or 172 nm excitation wavelength).[1] In these devices, the materials 

absorbed VUV radiation and then were converted into visible light. [2] However, there have been many 

restrictions to achieving high quantum efficiency [absorbing one VUV photon and converting one visible 

photon], mostly because of intrinsic energy loss involved in the nonradiative relaxation processes present in 

most of the phosphors.[3] A visible quantum cutting (QC) is a phenomenon that a phosphor absorbs one 

VUV photon and emits two visible photons, and energy conversion efficiency can reach doubled i.e. 200% 

in theory, as a consequence, most of the effort has been taken to synthesize phosphor that could realize QC. 

[4,5] The strong visible emission can be realized in a suitable host lattice doped with Tb3+ ion under the 

VUV excitation due to spin-allowed 4f–5d transitions.[6] The process of QC has been established in some 

fluorides and oxides by using the combination Tb3+–Gd3+ ions pair such as K2GdF5: Tb3+, [7] BaGdF5: Tb3+, 

mailto:srjaiswal07@gmail.com


J.ElectricalSystemsVol-Issue(2024):1-6 

926 

[8] GdPO4:Tb3+, Sr Gd (PO4)3: Tb3+, [9] and GdBO3: Tb3+. [10] In these systems, the QC is understood via 

CRET by transitions lower 4f5d–5D3 and 7F6–5D4 of Tb3+ ions. In the interim, the incidence of CRT 

between 5D3 to 5D4 and 7F6 to 7F0, will result in tunable Tb3+ emissions from the blue to green regions, which 

is dependent on the doping concentration of Tb3+ and the host lattice. [11,12] It is generally considered that 

the 4f–4f absorption lines of Tb3+ overlapped well with the emission of the Gd3+ 6PJ – 8S7/2 transition 

located at 273– 274 nm, so the incorporation of Gd3+ could improve the luminescence of Tb3+ by energy 

transfer (ET). [13,14] The crystal structure of KSrGd(PO4)2 has comparable with hexagonal LaPO4, 

excluding that the large eight-coordinated K+ inhabits only half of the tunnel sites with the coordination 

polyhedron [KO8], and Gd3+ or Sr2+ ions statistically occupy the La3+ position. [15–17] Zhang et al [16] 

reported the VUV–UV spectroscopic properties in the system of KM Ln (PO4)2 (M = Ca, Sr; Ln = Y, La, 

Lu) doped with Ce3+, Tb3+, Tm3+, Dy3+, and Eu3+. This work shows strong absorption of material below 200 

nm wavelength. Motivated by this work, investigated the Gd3+–Tb3+ ET and examined the possibility of QC 

in KSr(Gd, Y)(PO4)2: Tb3+. 

II. EXPERIMENTAL 

All the phosphors were successfully synthesized by the co-precipitation method. The preliminary 

chemicals Y2O3 (99.99%, AR), Gd2O3 (99.99%, A.R.), KNO3, SrNO3, and Tb4O7 (99.90%, AR) were mixed 

together in a china clay basin. A small quantity of double-distilled water (D.D.W.) was added and paste was 

formed. The HNO3 was added drop by drop and the mixture was heated gradually at 60⁰C, till the paste 

dissolved completely. The solution was further heated to get the excess acid boiled off. A little quantity of 

D.D.W. was added again. Subsequent the solution was considered as K Sr (Y Gd) (NO3)3: Tb, to this soluble 

solution, the transparent solution of (NH4) HPO4 (A.R.) was added drop by drop to get precipitate. The 

precipitate was filtered and washed three to four times to remove extra impurities. The whole pest was then 

dried to obtain a dried powder.  The dried precursor was finally crushed and heated at 1000 °C up to 4 hr to 

get white crystalline powder of KSr(Gd, Y)(PO4)2: Tb3+. The similar procedure has been constant for 

KSrGd(PO4)2: Tb3+ phosphor. The comprehensive process intricate in the reaction was signified as a flow 

chart in Fig. 1. 
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Fig. 1. Flow chart represented the complete synthesis process 

The crystal structure of the phosphor powders was characterized by XRD analysis by using a Rigaku 

mini flex II X-ray diffractometer with a scan speed of 2.000°/min and Cu Kα (λ = 0.15406 nm) radiation in 

the range of 10° to 80°.  The PLE and PL spectra in the VUV region were measured at the 4B8-VUV 

spectroscopy experimental station on the beamline of the Beijing Synchrotron Radiation Facility (BSRF), 

P.R. China. All the measurements were performed at room temperature. 

III.          RESULTS AND DISCUSSION 

A. Powder XRD Characterization 

The figure 2 displays the XRD patterns of KSrGd0.5Y0.49(PO4)2:0.01Tb3+ and KSrGd0.5(PO4)2:0.5Tb3+ 

samples and the reference data of JCPDS Card No. 34-0118 for pure KSrGd (PO4)2. It was testified that 

KSrGd(PO4)2 had a hexagonal crystal structure with the space group P6222. [15,16]. Associated with 

standard data, all the samples show the peaks of pure hexagonal phase. In the XRD patterns, no second 

phase is detected, inadequate the successful doping of Y3+ and Tb3+ in KSrGd(PO4)2. 
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Fig. 2.  XRD pattern of of KSrGd0.5Y0.49(PO4)2:0.01Tb3+ and KSrGd0.5(PO4)2:0.5Tb3+ phosphors  

 

B. Photoluminescence Properties and Tunable Emission 

Figure 3 shows the VUV excitation spectra of KSrY0.50(PO4)2:50%Tb3+, 

KSrGd0.50(PO4)2:50%Tb3+, and K Sr (Gd0.5, Y0.49) (PO4)2:1%Tb3+.  

 

Fig. 3. VUV excitation spectra of KSrY0.50(PO4)2:50%Tb3+, KSrGd0.50(PO4)2:50%Tb3+, and K Sr 

(Gd0.5, Y0.49) (PO4)2:1%Tb3+. phosphors monitored at 543 nm. 

These three excitation spectra show similar features but different intensities and are composed of 

several bands and broad bands. The first band in the range 125–180 nm is ascribed to the host absorption 

band, which is probably in connection with the transition from the valence band to the conduction band or 
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the absorption due to near excitation in the host. [16] The other two broad bands (maximized in 203 and 220 

nm) in the range 180–250 nm is due to the split of the 5d excitation state of Tb3+ and assigned to the 4f8–

4f75d1 spin allowed transitions of Tb3+. When one electron of Tb3+ is promoted from the ground states 4f8 to 

the 4f75d1 excited state, it can produce two kinds of 4f8–4f75d1 transitions: spin-allowed and spin-forbidden 

transitions. Some of the sharp and weak bands near 275 nm are attributed to the 8S7/2→
6IJ transition of Gd3+. 

The presence of Gd3+ excitation line in the excitation spectrum of KSrGd(PO4)2: Tb3+ measured by 

monitoring Tb3+ emission, indicating the occurrence of Gd3+–Tb3+ ET. [18] 

 

Fig. 4.  PL emission spectrum of KSrGd0.5Y0.5-x(PO4)2: xTb3+ (0.01 ≤ x ≤ 0.5) phosphors monitored at 

172 nm. 

 

Figure 4 shows the emission spectra of samples KSrGd0.5Y0.5-x(PO4)2: xTb3+ (0.01 ≤ x ≤ 0.5) under 

172 nm excitation. The emission spectra are a collection of emissions from 5D3 and 5D4 levels of Tb3+. The 

emission from the 5D3 excited level is mainly blue and the emission from the 5D4 excited level is mainly 

green. With the increase of Tb3+ concentration, the distance of neighboring Tb3+ decreases, and the cross-

relaxation process between 5D3 to 5D4, and 7F6 to 7F0 become more and more efficient, resulting in the 

quenching of 5D3 emission. In this system, the emission intensity ratio of 5D3 to 5D4 decreases with 

increasing Tb3+ contents, which is attributed to the enhancement of the Tb3+ concentration-dependent cross-

relaxation process between 5D3 to 5D4, and 7F6 to 7F0 correspondingly. [19] At about 1.0 mol% Tb3+ content, 

the intensity of 5D3 emission is almost the same as that of 5D4 emission. Then, the 5D4 emission increases 

fast, and the 5D3 emission decreases rapidly. Therefore, the color of samples KSrGd0.5Y0.5-x(PO4)2: xTb3+ 
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(0.01 ≤ x ≤ 0.5) is turned from blue to yellowish-green when Tb3+ doping concentration is varied from 0.01 

to 0.5. Figure 5 (a) and (b) show the Spectral Power Distribution (SPD) and CIE chromaticity diagram, in 

which the CIE chromaticity coordinate position and luminescence photos of different samples are indicated. 

 

Fig. 5 (a) show the Spectral Power Distribution (SPD) 

 

Fig 5 (b): CIE 1931 xy Coordinates of KSrGd0.5Y0.5-x(PO4)2: XTb3+ (0.01 ≤ x ≤ 0.5) 

C. Energy Transfer from Gd3+ to Tb3+ 

To prove ET from Gd3+ to Tb3+ happens in KSrGd0.5Y0.5-x(PO4)2: xTb3+ (0.01 ≤ x ≤ 0.5), the 

emission intensity of Gd3+ is measured as a function of Tb3+ doping concentration, and the consequences 

were shown in Fig. 6. Upon direct excitation Gd3+ to its 6IJ level by using a photon with wavelength at 274 
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nm, emission peak at 312/311 nm that attributed to the 6PJ–
8S7/2 of Gd3+ decreases with increasing Tb3+ 

doping concentrations as shown in Figs. 6 (a) and (b), which suggests the occurrence Gd3+ to Tb3+ ET. 

 

Fig. 6 (a) Emission spectra and (b) emission intensities of Gd3+ 6PJ to 8S7/2 transition under 274 nm 

excitation as a function of x values in KSrGd0.5Y0.5-x(PO4)2: xTb3+ (0.01 ≤ x ≤ 0.5) phosphors 

D. Quantum Cutting 

For Tb3+, there are two different kinds of CRET processes, one is the CRET process between the 5D3 

to 5D4 and 7F6 to 7F0 transitions, which will quench Tb3+ 5D3 emission (blue) and increase Tb3+ 5D4 emission 

(green) and result in Tb3+ emission tuned from blue emission at low Tb3+ concentrations to green emission at 

higher Tb3+ doping concentration. The other is the CRET process between the transition from lower 4f5d to 

5D3 and 5D4 to 7FJ, which will result in the QC effect. Figure 7 shows the emission spectra of 

KSrGd0.5(PO4)2:0.5Tb3+ and KSrGd0.5Y0.49(PO4)2:0.01Tb3+ upon 8S7/2 – 6IJ excitation (274 nm) on Gd3+ and 

the excitation (172 and 222 nm) on Tb3+. We have observed that in the sample KSrGd0.5(PO4)2:0.5Tb3+ the 

relative intensity of the emission spectra at 172 and 222 nm excitation wavelength is much stronger than 

emission spectra under excitation 274 nm, indicating that QC occurs in the sample. But in the sample 

KSrGd0.5Y0.49(PO4)2:0.01Tb3+ the relative intensity of the emission spectra at 172 and 222 nm excitation 

wavelength is comparable with emission spectra under excitation 274 nm and hence it is a very small change 

of QC occurs in the sample.  
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Fig. 7 The emission spectra of KSrGd0.5(PO4)2:0.5Tb3+ and KSrGd0.5Y0.49(PO4)2:0.01Tb3+ upon 8S7/2 – 

6IJ excitation (274 nm) on Gd3+ and the excitation (172 and 222 nm) on Tb3+. 

For more clarification regarding the QE, we calculate the extra QE corresponding to cross-relaxation 

can be calculated by the emission spectra using the formula [20-24] proposed by Wegh et al. [4] and later 

modified by Chen et al [7] 
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Fig. 8 Shows comparison of the emission spectra of KSrGd0.5(PO4)2:0.5Tb3+ with commercial green-

emitting phosphor Zn2SiO4: Mn2+ (ZSM) under 147 nm excitation 

To further evaluate the application potential of KSrGd (PO4)2: Tb3+, we have compared the emission 

spectra of KSrGd0.5(PO4)2:0.5Tb3+ with that of the commercial green-emitting phosphor Zn2SiO4: Mn2+ 

(ZSM) under 147 nm excitation (Fig 8). The integrated emission intensity of KSrGd0.5(PO4)2:0.5Tb3+ is 

about 70% of ZSM under 147 nm excitation. KSrGd0.5(PO4)2:0.5Tb3+ shows a relatively strong emission 

band under 147 nm excitation, which indicates the phosphor could be a potential application in Hg-free 

fluorescent lamps, PDPs, and 3D displays. 

IV.      CONCLUSIONS 

The phosphors KSr(Gd, Y)(PO4)2: Tb3+ were synthesized using the co-precipitation method.  In these 

phosphors, tunable emission from the blue to yellowish-green was obtained by varying the Tb3+ contents 

cross relaxation under 172 nm excitation. The CR efficiency for the phosphor KSrGd0.5(PO4)2:0.5Tb3+ 

excited at 222 and 172 nm was found to be 1.55 and 0.015 respectively. Therefore, the resulting value of 

quantum efficiency was calculated as 255% and 101% at the excitation of 222 and 172 nm respectively.  

Under 147 nm excitation, the emission intensity of KSrGd0.5(PO4)2:0.5Tb3 is around 70% of that commercial 

green-emitting phosphor Zn2SiO4: Mn2+, which could make it a potential application for mercury-free 

fluorescent lighting, Plasma display panels (PDPs), and Three-dimensional display. 
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EXAFS studies of some Cu (II) 

complexes using Synchrotron 

Radiation Source 
 

 

Abstract: - Extended X-ray absorption fine structure (EXAFS) analysis of Cu (II) complexex (E)-2-(2-(2-hydroxybenzylamino) 

phenylimino)-1,2-diphenylethanone with other ligands bromide, sulphate, acetate, and nitrate have been studied using EXAFS 

technique. EXAFS spectra have been recorded at the K-edge of Cu (II) using the energy dispersive EXAFS beam line at 2.5GeV   

Indus - 2 synchrotron source at RRCAT, Indore, India.  Fourier analysis of experimental EXAFS data of the copper (II) complexes 

have been also done. Using Fourier transform of the data metal-ligand bond lengths have been obtained. These bond lengths have 

been compared with the bond lengths obtained from several other known methods viz., Levy's, Lytle's and Lytle, Sayers and Stern's 

(LSS). The results of bond lengths obtained by different methods compare well. The values of chemical shifts obtained in the present 

studies for these samples suggest oxidation state +2. 

 

Keywords: EXAFS, Fourier transform , Bond lengths, Chemical Shift. 

 

I.  INTRODUCTION  

 

 

 The first transition metal series includes many metals of which Vanadium, Chromium, Manganese, Iron, 

Cobalt, Nickel, Copper and Zinc complexes have been earlier studied by using X-ray absorption 

spectroscopy. Even today one of these, Copper occupies very significant position and many research workers 

are engaged in studying complexes of  copper having oxidation states +1, +2 and +3. The beauty of copper is 

its ability to form coordination compounds or complexes with ligands and it is found in all living organisms 

as a component of respiratory exnymes, blood pigments, muscles and bones. Copper ores available in nature 

(only 0.6 %) are chalcopyrite (CuFeS2), Bornite (Cu5FeS4), Covellite (CuS) and Chalcocite (Cu2S). Copper 

has possibilities of various valence states due to 3d incomplete shell. Its electronic configuration is 3d104s1, 

as such several kinds of samples with oxidation state +1, +2 and +3 may be investigated. In the present paper 

the X-ray absorption spectra at the K-edge of copper of a series of mixed ligand complexes having (E)-2-(2-

(2-hydroxybenzylamino)phenylimino)-1,2-diphenylethanone ligands with bromide, sulphate, acetate and 

nitrate have been investigated. The X-ray spectra are best recorded using     X-ray from synchrotrons. We 

have recorded the spectra using 2.5 GeV  synchrotron facility named Indus-2. This facility is available at 

Raja Ramanna Centre for Advanced Technology (RRCAT), Indore. The beamline which is suitable for 

recording X-ray absorption spectra is named as  BL-8  dispersive EXAFS beamline. 
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II. EXPERIMENTAL DETAILS 

A.  Preparation of Complexes :  

A solution of o-phenylenediamine (0.005 mol) in alcohol was added to a mixrture of 2-

hydroxybenzylamno and -1,2-diphenylethanone (0.005 mol) and salicyaldehyde (0.005 mol) in 20 ml 

alcohol. The mixture was refluxed for about 30 minutes. The mixture was cooled in ice. The resulting 

precipitate was then filtered, washed with ethanol and dried [1-2]. To an ethanolic solution of the Schiff base 

ligand with ethanolic solution of the metal copper bromide was added in molar ratio (1:1). The mixture was 

refluxed for about 30 minutes. The mixture was cooled in ice. The resulting precipitate was then filtered, 

washed with ethanol and dried. The same procedure was carried out for the other three samples. 

I.   [Copper(II) (E)-2-(2-(2-hydroxybenzylamino)phenylimino)-1,2-diphenylethanone]bromide 

II.  [Copper(II) (E)-2-(2-(2-hydroxybenzylamino)phenylimino)-1,2-diphenylethanone]sulphate 

III. [Copper(II) (E)-2-(2-(2-hydroxybenzylamino)phenylimino)-1,2-diphenylethanone]acetate 

IV. [Copper(II) (E)-2-(2-(2-hydroxybenzylamino)phenylimino)-1,2-diphenylethanone]nitrate 

         The X-ray absorption spectra at the K-edge of these complexes have been recorded at BL-8 

Dispersive EXAFS beamline. On this beamline, the X-ray intensities I0 and It  are obtained as the CCD 

outputs without and with the sample, respectively. Using the relation, It = I0e-µx, where µ is the absorption 

coefficient and x is the thickness of the absorber, the absorption µ(E) corresponding to the photon energy (E) 

are obtained [3]. The experimental data have been analyzed using the available computer software packages 

Origin 6.0 professional and Athena. Firstly, the normalized µ (E) versus E spectra are obtained, then χ(k) 

versus k spectra are obtained, and finally, the Fourier transforms of the latter are obtained [4-7]. 

III. RESULTS AND DISCUSSION 

A.  Bond lengths : 

The normalized absorption spectrum for complexes studied in this paper are shown in Figs. 1.1 (a), 

(b), (c) and (d) respectively for complexes I, II, III and IV. Similarly derivative of  EXAFS spectrum  for 

these complexes are shown in   Figs. 1.2 (a), (b), (c) and (d). Further χ(k) versus k curves  for these 

complexes are shown in Figs. 1.3 (a), (b), (c), and (d). the bond lengths have been determined for the copper 

complexes with the help of three methods, i.e., Levy’s [8] Lytle’s [9] and Lytle, sayers and stern’s (L.S.S) 

[10] methods and the results are given in  Table (1.1). 
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Fig. 1.1 The normalized absorption spectrum  for complexes I, II, III and IV. 
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Fig. 1.2 Derivative of XAFS spectrum for complexes I, II, III and IV. 
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Fig. 1.3 χ(K) versus k curve for complexes  I, II, III and IV. 

 

Table 1.1 Determination of the Bond Lengths Using different Methods 

S.No. Complex 
Phase corrected 

 
Phase uncorrected 

Levy’s method R1 Lytle’s method RS L.S.S. method (R1 – α1) F.T. method R 

1 I 1.92 1.53 1.35 1.23 

2 II 2.25 1.83 1.67 1.99 

3 III 2.03 2.05 2.18 2.06 

4 IV 2.00 1.73 1.51 1.29 

 

B.  Chemical Shift : 

The position of the absorption edge has been found to be sensitive to the metal oxidation state and 

environment [11,12]. As the electronegativity of the ligands increases, the edge position moves to higher 

energy. Furthermore, for a given set of ligands, the edge moves to higher energy as the metal oxidation state 

increases. For complexes involving highly polarisable ligands (e.g. cyanides and sulphur - containing 

ligands) this shift becomes very small ~ 1 eV or less per oxidation state change. Extensive studies have been 

reported [13,14] on chemical shifts of X-ray absorption edges. Two main factors contribute to be observed 

for high energy shifts of X-ray absorption edges, i.e., 

 

(I) The tighter binding of the core level because of the change of the effective charge (or screening) of 

the nucleus caused by the participation of the valence electron in the chemical bond formation. 

(II) Appearance of the energy gap Eg when we go from a metal to a compound or complex. 
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In general, the chemical shift is towards the high energy side of the metal edge [15] increasing 

progressively with increase of the valence of the cation. Of course the shift may also be suppressed by the 

covalent character of the bond or enhanced by the formation of metal – metal bonding.  A perusal of Table 

1.2 shows that the chemical shift values lie between 4.5 to   7.4 eV. 

It is appropriate to compare data of chemical shifts as reported by earlier. workers       [16-18]. They 

have reported chemical shifts for various copper complexes and these values have been found to lie in the 

range 4.5 to 8.5 eV, and all these sample have been suggested to have oxidation state +2. Our chemical shift 

values also lie in the range 4.5 to 7.4 eV, and on this basis it is obvious that these complexes also possess 

oxidation state +2. The sequence of variation of chemical shifts follows the trend :  

Complex IV >  Complex I >  Complex II >  Complex III 

    (7.4)     (5.3)        (5.2)          (4.5) 

this also indicates the relative ionic character of the bonding in these complexes. 

 

Table 1.2 Data of chemical shifts of Copper (II) complexes. 

Complexes 
EK1 

(eV) 

EK2 

(eV) 
EA 

Chemical Shift           

ΔEK=(Ecomplex -Emetal) 

Complex – I 8985.8 8991.1 9003.9 5.3 

Complex – II 8985.7 8987.8 9006.0 5.2 

Complex – III 8985.0 8987.0 9005.3 4.5 

Complex – IV 8987.9 8990.3 9000.9 7.4 

 

Copper Metal K-edge energy 8980.5 eV. 

 

IV. CONCLUSION 

It has been observed that the values of the bond lengths as determined from different methods are in 

good agreement. The values of the chemical shifts suggest that copper is in oxidation state +2 in all of the 

complexes. Further the sequence of variation of chemical shift values may be taken as representative of the 

relative ionic character of the bonding in these complexes. 
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Effect of Sugarcane bagasse ash on 

the phase transformation and optical 

properties of Zinc-Borate glass 

 

Abstract: - The aim of this research is fabrication and characterization of zinc-borate glass system derived from ZnO, Borate and 

sugarcane bagasse ash (BA) as a silica sources. The utilization of sugarcane bagasse ash generated in thermal power plants presents 

an innovative approach to sustainable glass production. Sugarcane bagasse ash, rich in oxides such as SiO2, Al2O3, Fe2O3, and 

CaO, serves as a valuable raw material for glass formation. The ZnO-Borate glass system was prepared by melt-quench technique. 

This study investigates the incorporation of sugarcane bagasse ash into Zinc-Borate glass systems, specifically Zinc-Borate 

sugarcane bagasse ash glass. The impact of progressive addition of sugarcane bagasse ash  on phase transformation and optical 

properties of the resultant glass was examined through various analytical methods, density assessments, X-ray diffraction, FTIR 

studies and UV-VIS optical absorption technique. X-ray diffraction analysis of the zinc borate glasses shows that the glassy state of 

the zinc borate glasses increased along with the increment of BA, The vibrational band due to the presence of tridymite was found in 

the Fourier transform infrared spectroscopy (FTIR) at lowest BA content supporting the XRD result and glass system also shows the 

formation of zinc borate glasses with the presence of SiO4 and B-O-B bending vibration of glass. Using UV-VIS spectroscopy 

optical absorption and transmission characteristics of glass system were discussed.  

Keywords: Sugarcane bagasse ash, optical properties, zinc-borate glass  

 

I.  INTRODUCTION  

Glass is an amorphous material having short range order. It is a transparent and brittle material which has 

practical; numerous electrical, technical and house hold usages. Glass is also called as super cooled liquid due to 

its viscosity at room temperature. There are different types of glass depending upon chemical composition, there 

are different types of glasses with different chemical and physical properties there are various types of glasses 

which are divided under different categories according to their applications. On the basis of chemical 

compositions, glasses can be classified as-borate glasses, vanadate glass, alkali borate glasses, silicate glasses, 

phosphate glasses and zinc-borate glass. Zinc- Borate glass is having low expansion coefficient. This property of 

zinc borate glass makes it useful in various applications like heat resistant material [1-2 ].Addition of silica in 

zinc borate glass makes it a material having varied properties. In this research an attempt to be made to use 

sugarcane bagasse ash as a source of silica in glass formation. The making of glass involves three basic types of 

ingredients. They are a glass former, a flux, and a stabilizer. Silica is the main ingredient of glass, which is a glass 

former compound. It is found that sugarcane bagasse ash contains large amount of silica. Silica in the form 

sugarcane bagasse ash serve as one of the glass former [3 ]. Sugarcane bagasse ash contains other metal oxides 

along with silica. Study revealed that as compared to other sources sugarcane bagasse contain near about 60% 

silica [ 4].A study explore the possibility of using industrial fly ash waste as a silica source and prepared coloured 

glass from coal ash which is by product of coal run thermal power plant[5]. Romero M et al has tried to 

crystallize SiO 2 -Cao-N 2 O glass from sugarcane bagasse and reports the feasibility results of recycling sugar 

huge amount of surface area, smaller amount of metal impurities and low density [6]. Research reported 

formation of glass and glass composites from industrial waste and agriculture waste like coal ash, rice husk ash 

etc. As glass former the roles of B2O3 is very important and were explored by previous studies. In addition of 

B2O3and SiO2 other metal oxide like ZnO is also important. 

II. MATERIAL AND METHODS  

The sugarcane bagasse ash (BA) used here was procured from thermal power plant running on biomass fuel, 

‘Purti Power and Sugar Limited’, Bela, District Nagpur (MS) India. The ash was subjected to chemical analysis 

to confirm the presence of silica form ANACON LAB Nagpur. The percentage of silica, alumina and other fly 

ash components is as listed in Table1. 

 

Table-1 Chemical analysis of Sugarcane Bagasse Ash 
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The glasses were prepared by using BA, Zinc oxide and Boric Oxide (AR grade). The molar composition of 

the glass sample (with increasing percentage of sugarcane bagasse ash) was taken. The  powders  were weighed 

on a monopan K Roy balance digital balance having accuracy 0.0001gm.The powder were mixed for 30 minutes 

thoroughly by repeated grinding in an agate mortar and pestle. Then mixture was transfer in a fire clay crucible in 

an electrically heated furnace under ordinary atmospheric conditions at a temperature of about 10000C for 3 h to 

homogenize the melt. The melted mixture was poured on 2×1 cm2 stainless-steel mould to form bulk glass. The 

glasses were prepared by the melt quench method. The chemical composition of glass sample is given in Table-2. 

 

 

 

 

 

Table-2 Glass composition 

 
The quenching rate is 9000C/minute the glasses were immediately transferred to annealing furnace 

maintained at 3230C for 1 hour. The glass sample polished to form parallel faces to study ultrasonic properties. 

The density of the glass samples were measured using Archimedes’ principle. The amorphous nature of glass 

sample confirmed by XRD spectra. FTIR of glass samples were studied for confirming the presence of silica and 

alumina in the glasses [7 ]. 

III. RESULTS AND DISCUSSION  

1. X-Ray Diffraction 

The X-ray diffraction patterns of all glass systems are shown in Fig 1. The X-RD pattern of all glass samples 

shows no Bragg’s peak, but only a broad diffuse humps around low angle region, this is the clear indication of 

amorphous nature of glass structure [8].  
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Figure 1 X-ray Diffraction Pattern of bagasse ash glass system  

2. Infrared Spectroscopy  

The infrared spectra of some selected sample of glass system in the IR region are shown in infrared spectra of 

glass sample is studied in the range of 400-4000 cm-1on Perkin Elmer-467 IR spectrometer by using Kbr 

technique shown in Fig 2. 

 
Figure 2: FTIR of Bagasse ash glass sample 

 The absorption 20 peaks were obtained in glass sample. The peak assignment is consistent with other 

published work [9]. Absence of peak around 806 cm–1, indicate that borate network does not contain any 

boroxol ring [10]. The peak near 450cm-1 shows Si-O-Si stretching modes [11]. Presence of peak 440-770cm-1 

gives the B-O-B bonding of  borate network.1330-1400cm-1 gives the B-O bond stretching of tetrahedral BO4 

units.1446-1826 cm-1 is due to presence of Zn2+,peak 2100-2730cm-1 is due to –OH group present in the glass 

system. Peak at 3565-3747 cm-1suggest the presence of hydroxyl group. The strong bands around at 1200-1600 

cm-1 is due to the asymmetric stretching relaxation of B-O bonds of trigonal BO3 units [12]. Sharp but low 

intensity peak in the region of 700cm-1 is assigned to the bending vibration of various borate segments. 

Remarkable changes were observed in the range 800-1800 cm-1upon increasing the content of BA and RHA in 

the glass network. The vibrations around 806-1442 cm-1 is due to anti-symmetric vibrations of Si-O-Si bonds of 

[SiO4] units [13]. In general, it is concluded that sugarcane bagasse ash was become the part of the borate 

network. Another component in glass network is ZnO which also affects the glass structure.  

 

IV. DENSITY AND MOLAR VOLUME 

Density of the sample was measured using Archimedes’ principle using Eq 1 

ρ= xd
WbWa

Wa









− ………………….(1)

 

Distilled water is used as a buoyant liquid. The molar volume explains the glass structure. Change in molar 

volume suggests the change in glass network. The density of glass depends upon the number of ions and the way 
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how they enter in to the glass structure [14].Inverse relation between density and molar volume is as shown in 

figure 3. In present glass system BA is in increasing percentage in glass network whereas the B2O3 is constant 

and the ZnO is varied accordingly. Thus the variation in ZnO convert BO3 triangle in to BO4 tetrahydral or vice 

a versa producing non-bridging oxygen. Thus this formation of asymmetric unit is denser than B2O3.In addition 

to the ZnO and silica in the form of BA was also responsible for the formation of asymmetric unit inB2O3. These 

asymmetric units increase density of the glass system. This indicates that the system is in single phase with 

random glass structure. Fig 3 shows the inverse variation of density and molar volume.   

 
Figure 3: Density and Molar volume of BZB glass system 

1. UV-VIS Absorbance  

The optical measurement was made in the range of 200 to 800 nm. UV-Visible spectrophotometer 

(Shimadzu, Japan), was used to measure the optical absorbance in UV region. Absorbance edges were obtained 

in the ultraviolet region 200-400nm as shown in Fig 4 and transmission spectra of glass system is shown in Fig 5 

 
Figure 4: Absorption Spectra of BZB glass system 

 

Figure 5: Transmission spectra of BZB-glass system

 
            Both absorption and transmission spectra shows that absorption edges were not so sharp. Which 

indicates the glassy or amorphous nature of all samples [15 ]. It is also observed that with addition of biomass ash 

the position of the fundamental absorption edge and cut-off wavelength shifted towards higher side. Absorption 

and transmission spectra are complimentary in nature. The spectra show that the high absorption region for all 
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glass sample in the ultraviolet range shifts to longer wave length. The prominent increase in the absorption must 

be shows the formation of hole centres like OHC (oxygen hole centre) or BOHC (Boron –oxygen hole centre). 

Measurement of optical absorption particularly absorption edge is important in case of electronic structure of 

amorphous material. The absorption characteristics of this entire glass sample described and discussed with the 

general qualitative understandings that the absorption edge is determined by the oxygen bond strength in glass 

forming network. In this present glass system the shift of absorption edge at higher wavelength is justified as, 

with the addition of silica rich BA and RHA the oxygen environment increases resulting into the formation of 

bridging oxygen (BO4) is increases [16 ].The absorption edge of the plot observed in UV region. This plot can be 

divided in two regions depending on the value of the absorption coefficient α for glassy and amorphous material. 

This nature of absorption edge suggests the forbidden indirect transition for amorphous material and shows an 

excellent correlation for the glasses prepared and is consistent with the validity of the relation  

………………….(2) For describing indirect transition [17 ]. 

 The first region of the graph usually knows as Urbach tail, which is generally characterized with the value of 

α and depends exponentially upon the photon energy [ ].Glass samples prepared using sugarcane bagasse ash is 

shown in Fig 6. [18] 

 
Figure 6: BZB glass samples  

V. CONCLUSION  

Density of glass sample found to increase with increase in biomass ash content; this is very well associated 

with the formation of bridging oxygen atoms. Increase in density indicates the formation of network. Molar 

volume of glass sample varies inversely with the density of glass samples [19].Optical parameters of glasses 

strongly depend on glass structure. 

 An attempt has been made to explain the role of bagasse ash as glass former. Bagasse ash used in the present 

study consist of number of oxides as glass former and glass modifier such as silica. Use of bagasse ash helps in 

preparation of glass. Addition of bagasse ash as glass former along with borate and zinc oxide leads to change in 

borate network and resulted in formation of borate and silicate structural units by contributing silica. The results 

obtained are in agreement with those obtained by other structural properties. Addition of bagasse ash leads to 

creation of defects, thereby changing the optical band gap [20]. The decrease in optical band gap is also due to 

decrease of non-bridging oxygen atoms. Bridging oxygen atoms were found to be responsible for the absorption 

characteristics. Change in value of width of tail emphasizes the degree of disorder in the glass network. From the 

theoretical fitting of the experimental absorption coefficient for the entire glass sample, it is concluded that the 

present glass system behaves as an indirect band gap semiconductor and from optical band gap values it is 

concluded that the present glass system can be used as a UV-ray blocker. Thus the glass composition in present 

study may be used as new non-linear optical material. 
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Abstract: - In this research, the antibacterial activity of one pot synthesized zinc oxide (ZnO) nanoparticles (NPs) against clinically 

extracted Gram-negative and Gram-positive bacteria is determined. Escherichia coli (E. coli) and Staphylococcus aureus (S. aureus) were 

used as test microorganisms. The NPs of ZnO were synthesized by one pot chemical precipitation method using hexamethylenetetramine 

(HMT). The particle size was found to be 38.78 nm with lattice strain of 0.0095. This was confirmed from SEM analysis. The 

antibacterial activity of NPs was studied using bacteriological tests of well diffusion agar method. These tests were performed in nutrient 

broth and nutrient agar following standard method. The minimum inhibitory concentration (MIC) was determined using three different 

concentrations of ZnO NPs including 0.1, 0.3 and 0.5 mg/ml. The MIC value for both E. coli and S. aureus was found to be 0.1 mg/ml. 

The results showed that ZnO NPs have antibacterial inhibition zone of 13 and 15 mm at the concentration of 0.5 mg/ml against E. coli and 

S. aureus, respectively. From statistical analysis, it was found the rejection of the null hypothesis. This shows the unequal variances of the 

two bacteria (E. coli and S. aureus). ZnO NPs was found to be efficient in killing E. coli isolate as compared to S. aurues at lower 

concentration, while, reverse effect was observed at high concentration. 

Keywords: Nanoparticles; Zinc oxide; Antibacterial activity; Well diffusion method. 
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1. Introduction 

The nanoparticles have different physical and chemical properties in comparison with their bulk size counterparts. 

Nanoparticles (NPs) are extra known for their account in biological applications including nanomedicine and food safety 

[1]. As an aliment additive, it is a lot of frequently acclimated zinc antecedent in the barricade of cereal-based foods. 

Because of its antimicrobial properties, zinc oxide (ZnO) has been congenital into the linings of aliment cans in bales for 

meat, fish, corn, and peas to bottle colors and to anticipate spoilage [2]. 

The nanotechnology has potential power of applications in the many aspects of food industry such as disease treatment 

delivery methods, food safety, new tools for molecular and cellular biology, novel materials for pathogen detection and 

environment protection. ZnO NPs are not only stable under high temperatures and pressures that are typically needed in 

food-processing conditions, but also generally regarded as safe for human beings and animals relative to organic materials 

[3].  

Emami-Karvani et al. [4]  have carried out the antimicrobial activity of ZnO nanoparticles against Gram-negative (E. 

coli) and Gram-positive (S. aureus) bacteria. They have prepared ZnO NPs by multistage chemical method. Mahamuni et 

al. [5] have reported that facile polyol mediated synthesis and characterization of ZnO NPs and their antimicrobial activities 

against pathogenic microorganisms. They have prepared ZnO NPs ZnO by by applying different approaches, i) regular 

synthesis in polyols, ii) in presence of sodium acetate, iii) increasing reaction time. In their study, ZnO synthesized by 

refluxing zinc acetate precursor in DEG for 3 h in absence of sodium acetate with particle size ~ 15 nm shows maximum 

activity against S. aureus and Proteus vulgaris. Siddiqi et al. [6] have written the review article on properties of ZnO NPs 

and their activity against microbes. They concluded that the ZnO NPs have great potential as a safe antibacterial drug, 

which may replace antibiotics in future. Alekish et al. [7] have evaluated the antibacterial effects of ZnO NPs and its 

possible alternative use for the treatment for mastitis in sheep and to determine the minimum inhibitory concentration 

(MIC) and minimum bactericidal concentration (MBC) of ZnO NPs against multidrug-resistant S. aureus and E. coli strains 

isolated from subclinical mastitis cases in sheep. They have synthesized ZnO NPs by multistage chemical method. Also, 

MIC and MBC values of ZnO NPs are significantly lower for S. aureus than that for E. coli. 

The researchers have studied ZnO NPs as antibacterial agents against E. coli, S. aureus, B. subtilis etc. But they are 

made ZnO NPs by using very complex route. A single report is not found for antibacterial activity of ZnO NPs synthesized 

by using one pot method. Also, antibacterial activity of NPs against clinically extracted Gram-negative and Gram-positive 

bacteria is not observed during literature survey. This is the novelty of the present research work.  

This work deals with synthesis of ZnO NPs by one pot chemical precipitation method for the application of antibacterial 

activity against clinically extracted Gram-negative (E. coli) and Gram-positive (S. aureus) bacteria through the collection of 

catheters aseptically in sterile containers.. 
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2. Material and methods 

The materials, zinc nitrate Zn(NO3)2  98% (Merck), Hexamethylenetetramine (HMT) C6H12N4  99% (SD Fine), 

Nutrient agar, E. coli and S. aureus, and doubled distilled water were used in this study. In NPs synthesis, metal nitrates of 

Zn and HMT with a molar ratio of 1:1 were dissolved in doubled distilled water. The solutions were stirred with a magnetic 

stirrer at 60 °C. Stirring continues till the formation of gel for approximately 2 hours. As the gel was formed, it was 

allowed to burn at 100 °C. A light fluffy mass was obtained as a result of combustion, which was further annealed at 200 

°C for 1 hour to obtain the respective crystalline metal oxide NPs. The metal oxide nanoparticles thus obtained were 

characterized by X-ray diffraction (XRD) 

Antimicrobial activity of the synthesized Zn NPs was tested individually against both Gram-negative (E. coli) and 

Gram-positive (S. aureus) bacteria. These microbial were isolated clinically. The isolates; E-coli and S-aureus were 

collected from P.D. Medical College and Hospital Laboratory and Microbiology Post Graduate Laboratory, SGB Amravati 

University, Amravati. They were purified by sub culturing several times to obtain pure cultures. Few biochemical tests 

were carried out to confirm these isolates before being used for the work. The biochemical tests include; Coagulase test, 

Mannitol salt agar test, Indole test, Oxidase test, Citrate test and Staining test. The antibacterial activity was evaluated by 

the agar well-diffusion method. 

The method of bacterial extraction was done clinically which follows the collection of catheters aseptically in sterile 

containers. Small sections 1-2 cm and 3-4 cm from tip of catheter were cut, followed by washing with sterile distilled water 

and were aseptically suspended in 10 ml Quarter strength Ringers solution. This was subjected to sonication for 5 min at 35 

KHz in a transonic water bath and vortexed for two minutes to attain disruption of colonizing bacterium. Bacteria were 

inoculated on UTI chromogenic media (Himedia make). Predominant bacteria characterized belonged to E. coli and S. 

aureus. Fresh bacterial cultures with standardized dilutions were spreaded on Muller Hinton Agar (MHA) plates. Plates 

were allowed to stand for 10-15 min so that bacteria adhere to the agarized media. The detail is explained in reference [8]. 

Wells of 6 mm diameter were made in each plate and three dilutions; 01, 0.3 and 0.5 mg/ml (fig. 1.) of ZnO NPs were 

added.  

Zone of inhibition (ZOI) was measured in comparison to tetracycline as positive control and distilled water as negative 

control. Inoculated plates were incubated for 24 h at 37 °C, ZOI was recorded and size of zones was measured. Likewise 

three dilutions ZnO NPs were tested against each bacterial pathogen. In this way, minimum inhibitory concentration (MIC) 

was measured against each bacterial pathogen. 

 

 

Fig. 1. The three dilutions (0.1, 0.3 and 0.5 mg/ml) of ZnO NPs with doubled distilled water. 

3. Results and Discussion 

In the XRD pattern of ZnO NPs, prominent peaks were observed and they were very well matched with standard data as 

shown in fig. 2. 

 

 

 

 

 

 

 

 

Fig. 2. XRD pattern of one pot synthesized ZnO NPs. 

 

XRD can be utilized to evaluate peak broadening with crystallite size and lattice strain due to dislocation [9]. 

XRD pattern of ZnO NPs  confirms wurtzite crystal structure of the ZnO. The Lattice constants (a = b = 0.32 nm and c = 

0.52 nm) and diffraction peaks corresponding to the planes <100>, <002> and <101> obtained from X-ray diffraction data 

are consistent with the JCPDS data of ZnO. The crystallite size of the ZnO NPs was determined by the X-ray line 

broadening method using the Scherer equation: D= k/ cos, where D is the crystallite size in nanometers,  is the 
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wavelength of the radiation (=1.54056 Å for CuK radiation), k is a constant equal to 0.94,  is the peak width at half 

maximum intensity, and  is the peak position. The average crystallite size and lattice strain were found to be 38.78 nm and 

0.0095, respectively. The morphology of ZnO NPs was studied by using the SEM, which revealed a flake like shape as 

shown in fig.3.  

 

 

 

 

 

 

 

 

 

Fig. 3. SEM image of one pot synthesized ZnO NPs. 

 

It clearly shows that the typical SEM image of nano-sized ZnO flakes have large quantity of flake shape with a 

narrow size distribution. This reveals that the products have uniform flake shape [9]. This may be due to the particle-size 

broadening from the finite extent and particular morphology of the coherently diffracting domains within the grains. The 

microstrain broadening may be due to local variations of the d-spacing produced by non uniform crystalline stresses. The 

flake size observed from morphology exactly matched with XRD. 

The antibacterial activity of ZnO NPs was tested by the well diffusion agar methods. The presence of an inhibition 

zone was clearly indicated the antibacterial effect of ZnO NPs as in photographs of fig. 4. It was seen that by increasing the 

concentration of ZnO NPs in wells, the growth inhibition has also been increased. The size of inhibition zone was different 

according to the type of bacteria. 

 

 

 

 

 

 

 

 

 

 

Fig. 4. Antibacterial activities of ZnO NPs against E. coli and S. aureus. 

 

The antibacterial action of ZnO NPs against E. coli and S. aureus bacteria is displays as ZOI as shown in table 1. 
Agar well diffusion method was used to test the antimicrobial sensitivity. The two clinical isolates i.e. E.coli and S. aureus 

were selected which are the Gram negative as well as Gram positive species. These clinical isolates were inhibited by ZnO 

NPs at the minimum concentration of 0.1 mg/ml. The zone of clearance was on an average 11 mm deep for two isolates. 

Maximum zones of inhibition (ZOI) were observed at 0.5 mg/ml ranging from 13 to 15 mm (table 1 and fig. 4). The 

minimum inhibitory concentration (MIC) was observed to be equal to both the bacteria. 

 
Table 1. Antibacterial action of ZnO NPs against E. coli and S. aureus bacteria. 

ZnO NPs concentration in 

wells (mg/ml) 

Zone of inhibition (ZOI) 

(mm) 

E. coli S. aureus 

0.1 09 08 

0.3 11 10 

0.5 13 15 
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The statistical analysis was tested by using F-Test. The F-Test is used to test the null hypothesis that the variances of 

two bacteria are equal. The F-Test of Two-Bacteria; E. coli and S. aureus for variances as displayed in table 2. 

 

Table 2. F-Test of E. coli and S. aureus for variances. 

F-Test Two-Bacteria for Variances  E. coli S. aureus 

Mean 11 11 

Variance 4 13 

Observations 3 3 

df 2 2 

F 0.307692  

P(F<=f) one-tail 0.235294  

F Critical one-tail 0.052632  

 

F-Test shows that variance of E. coli is lower than the variance of S. aureus. The F value was obtained as 

0.307692, which is the ratio of E. coli/ S. aureus. If F > F Critical one-tail then this reject the null hypothesis. In this case, 

0.307 > 0.052. Therefore, the null hypothesis is rejected. The variances of the two bacteria (E. coli and S. aureus) in this 

study are unequal.  

Existence of efflux mechanism in some bacteria is reported as the cause behind antimicrobial resistance to 

nanoparticles [8]. ZnO NPs were efficient in killing E.coli isolate as compared to S.aurues at lower concentration. 

Whereas, at high concentration, efficient in killing S.aurues isolate. 

4. Conclusions 

One pot synthesis method is the simple and cost effective method to prepare of ZnO NPs. The XRD analysis 

shows that the average crystallite size and lattice strain found to be 38.78 nm and 0.0095, respectively. SEM image shows 

the uniform flake shape. There may be a particle-size broadening from the finite extent and particular morphology of the 

coherently diffracting domains within the grains. The antibacterial activity shows the average 11 mm deep for two isolates 

from zone of clearance. Maximum zones of inhibition (ZOI) observed at 0.5 mg/ml ranging from 13 to 15 mm for both the 

isolates. From statistical analysis it is clear that rejection of the null hypothesis, which shows unequal variances of the two 

bacteria (E. coli and S. aureus). ZnO NPs found to be efficient in killing E. coli isolate as compared to S. aurues at lower 

concentration while at high concentration, shows reverse effect. 
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Abstract: -  

 Nanotechnology,  contrary to its name,  has massively revolutionized industries around the world. This paper predominantly deals with 

data regarding the applications of nanotechnology in the modernization of several industries. A comprehensive research strategy is 

adopted to incorporate the latest data driven from major science platforms. Resultantly,  a broad-spectrum overview is presented which 

comprises the diverse applications of nanotechnology in modern industries. This study reveals that nanotechnology is not limited to 

research labs or small-scale manufacturing units of nanomedicine,  but instead has taken a major share in different industries. Companies 

around the world are now trying to make their innovations more efficient in terms of structuring, working, and designing outlook and 

productivity by taking advantage of nanotechnology. From small-scale manufacturing and processing units such as those in agriculture, 

food, and medicine industries to larger-scale production units such as those operating in industries of automobiles, civil engineering, and 

environmental management,  nanotechnology has manifested the modernization of almost every industrial domain on a global scale. With 

pronounced cooperation among researchers, industrialists, scientists, technologists, environmentalists, and educationists, the more 

sustainable development of nano-based industries can be predicted in the future. 

Keywords:  

Nanotechnology, nano industries, agriculture, foods, medicine, textile, biotechnology, construction, environment, automobiles, cosmetics 

industry. 

 

 

VI.  INTRODUCTION  

 

Nanotechnology has slowly yet deeply taken over different industries worldwide. This rapid pace of 

technological revolution can especially be seen in the developed world,  where nano-scale markets have taken 

over rapidly in the past decade. Nanotechnology is not a new concept since it has now become a general-purpose 

technology. Four generations of nanomaterials have emerged on the surface and are used in interdisciplinary 

scientific fields; these are active and passive nano assemblies,  general nano systems,  and small-scale molecular 

nano systems . 

This rapid development of nanoscience is proof that,  soon,  nano-scale manufacturing will be incorporated 

into almost every domain of science and technology. This review article will cover the recent advanced 

applications of nanotechnology in different industries,  mainly agriculture,  food,  cosmetics,  medicine,  

healthcare,  automotive,  oil and gas industries,  chemical,  and mechanical industries. Moreover,  a brief glimpse 

of the drawbacks of nanotechnology will be highlighted for each industry to help the scientific community 

become aware of the ills and benefits of nanotechnology side by side. Nanotechnology is a process that combines 

the basic attributes of biological,  physical,  and chemical sciences. These processes occur at the minute scale of 

nanometers. Physically the size is reduced; chemically,  new bonds and chemical properties are governed; and 

biological actions are produced at the nano scale,  such as drug bonding and delivery at particular sites. 

Nanotechnology provides a link between classical and quantum mechanics in a grey area called a mesoscopic 

system. This mesoscopic system is being used to manufacture nano assemblies of nature such as agricultural 

products,  nanomedicine,  and nanotools for treatment and diagnostic purposes in the medical industry. Diseases 

that were previously untreatable are now being curtailed via nano-based medications and diagnostic kits. This 

technology has greatly affected bulk industrial manufacturing and production as well. Instead of manufacturing 

materials by cutting down on massive amounts of material,  nanotechnology uses the reverse engineering 

principle,  which operates in nature. It allows the manufacturing of products at the nano scale,  such as atoms,  

and then develops products to work at a deeper scale. 

Worldwide,  millions and billions of dollars and euros are being spent in nanotechnology to utilize the great 

potential of this new science,  especially in the developed world in Europe,  China,  and America. However,  

developing nations are still lagging behind as they are not even able to meet the industrial progression of the 

previous decade. This lag is mainly because these countries are still fighting economically,  and they need some 
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time to walk down the road of nanotechnology. However,  it is pertinent to say that both the developed and 

developing world’s scientific communities agree that nanotechnology will be the next step in technological 

generation. This will make further industrial upgrading and investment in the field of nanotechnology 

indispensable in the coming years. 

With advances in science and technology,  the scientific community adopts technologies and products that are 

relatively cheap,  safe,  and cleaner than previous technologies. Moreover,  they are concerned about the financial 

standing of technologies,  as natural resources in the world are shrinking excessively. Nanotechnology thus 

provides a gateway to this problem. This technology is clear,  cleaner,  and more affordable compared to previous 

mass bulking and heavy machinery.  

Moreover,  nanotechnology holds the potential to be implemented in every aspect of life. This will mainly 

include nanomaterial sciences,  nanoelectronics,  and nanomedicine,  being inculcated in all dimensions of 

chemistry and the physical and biological world. Thus,  it is not wrong to predict that nanotechnology will 

become a compulsory field of study for future generations. This review inculcates the basic applications of 

nanotechnology in vital industries worldwide and their implications for future industrial progress. 

 

VII. APPLICATIONS OF NANOTECHNOLOGY IN MODERN ERA : 

 

2.1        Nanotechnology and Renewable Energy Solar Industries 

2.2        Nanotechnology and Computer Industries 

2.3        Nanotechnology and Bioprocessing Industries 

2.4        Nanotechnology and Agriculture Industries 

2.5        Nanotechnology and Food Industries 

2.6        Nanotechnology, Poultry and Meat Industries 

2.7        Nanotechnology - Fruit and Vegetable Industries 

2.8        Nanotechnology and Winemaking Industries 

2.9        Nanotechnology and Packing Industries 

2.10        Nanotechnology and Construction Industry & Civil Engineering 

2.11        Nanotechnology and Textile Industries 

2.12        Nanotechnology and Transport & Automobile Industries 

2.13        Nanotechnology, Health Care and Medical Industries 

2.14        Nano Industry and Dentistry 

2.15        Nanotechnology and Cosmetics Industries 

2.16        Nanotechnology Industries and Environment 

2.17        Nanotechnology - Oil and Gas Industries 

2.18        Nanotechnology and Wood Industries 

2.19        Nanotechnology and Chemical Industries 

                       etc. 

 

VIII. NANOTECHNOLOGY AND RENEWABLE ENERGY SOLAR INDUSTRIES : 

 

Renewable energy sources are the solutions to many environmental problems in today’s world. This makes 

the renewable energy industry a major part of the environmental industry. Subsequently, nanotechnology needs 

to be considered in the energy affairs of the world. Nanotechnologies are increasingly applied in solar, hydrogen, 

biomass, geothermal, and tidal wave energy production. Although, scientists are convinced that much more needs 

to be discovered before enhancing the benefits of coupled nanotechnology and renewable energy. 

Nanotechnology has procured its application way down the road of renewable energy sources. Solar 

collectors have been specifically given much importance since their usage is encouraged throughout the world, 

and with events of intense solar radiation, the production and dependence of solar energy will be helpful for 

fulfilling future energy needs. Research data are available regarding the theoretical, numerical, and experimental 

approaches adopted for upgrading solar collectors with the employment of nanotechnologies. 

These applications include the nanoengineering of flat solar plates, direct absorption plates, parabolic troughs, 

and wavy plates and heat pipes. In most of these instruments and solar collection devices, the use of nanofluids is 

becoming common and plays a crucial role in increasing the working efficiency of these devices.  
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A gap, however, exists concerning the usage of nanomaterials in the useful manufacturing design of solar 

panels and their associated possible efficiencies which could be brought to the solar panel industry. Moreover, 

work needs to be done regarding the cost-effectiveness and efficiency analyses of traditional and 

nanotechnology-based solar devices so that appropriate measures could be adopted for the future generation of 

nano solar collectors. 

 

CLOSING REMARK : 

 

Nanotechnology,  within a short period,  has taken over all disciplinary fields of science,  whether it is 

physics,  biology,  or chemistry. Now,  it is predicted to enormously impact manufacturing technology owing to 

the evidential and proven benefits of micro scaling. Every field of industry,  such as computing,  information 

technology,  engineering,  medicine,  agriculture,  and food,  among others,  is now originating an entire new 

field in association with nanotechnology. These industries are widely known as nano computer,  

nanoengineering,  nano informatics,  nanobiotechnology,  nanomedicine,  nano agriculture,  and nanofood 

industries. The most brilliant discoveries are being made in nanomedicine,  while the most cost-effective and 

vibrant technologies are being introduced in materials and mechanical sciences. 

As every new technology is used in industries,  linked social,  ethical,  environmental,  and human safety 

issues arise to halt the pace of progress. These issues need to be addressed and analyzed along with improving 

nanotechnology so that this technology easily incorporates into different industries without creating social,  

moral,  and ethical concerns. Wide-scale collaboration is needed among technologists,  engineers,  biologists,  

and industrials for a prospective future associated with the wide-scale application of nanotechnology in 

diversified fields. 

 

CONCLUSION : 

 

Highly cost-effective and vibrant nanotechnologies are being introduced in materials and mechanical 

sciences. A comprehensive overview of such technologies has been covered in this study. This review will help 

researchers and professionals from different fields to delve deeper into the applications of nanotechnology in 

their particular areas of interest. Indeed,  the applications of nanotechnology are immense,  yet the risks attached 

to unlimited applications remain unclear and unpronounced. Thus,  more work needs to be linked and carefully 

ascertained so that further solutions can be determined in the realm of nanotoxicology. Moreover,  it is 

recommended that researchers,  technicians,  and industrialists should cooperate at the field and educational level 

to explore options and usefully exploit nanotechnology in field experiments. Additionally,  more developments 

should be made and carefully assessed at the nano scale for a future world,  so that we are aware of this massive 

technology. The magnificent applications of nanotechnology in the industrial world makes one think that soon,  

the offerings of nanotechnology will be incorporated into every possible industry.  

However,  there is a need to take precautionary measures to be aware of and educate ourselves about the 

environmental and pollution concerns alongside health-related harms to living things that may arise due to the 

deviant use of nanotechnology. This is important because the aspect of sustainability is being increasingly 

considered throughout the world. So,  by coupling the aspect of sustainability with nanotechnology,  a prosperous 

future of nanotechnology can be guaranteed. 
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Abstract: - Nanocomposites of conducting polyaniline with CdS nanoparticles have been synthesized by 

insitu polymerization method. A series of nanocomposites have been synthesized by varying the weight 

percentage of CdS. DC conductivity of the pure PANI polymer and doped with different wt. % of CdS was 

measured in the temperature range 308 to 328K by using Ohms law. Polyaniline doped with the 5 wt. % 

CdS shows the maximum value of dc conductivity. Impedance spectroscopy (AC Conductivity) is widely 

used for investigating the electrical behavior of material over the wide range of frequency and temperature. 

This helps to separate the real and imaginary components of electrical parameters. The impedance of 

polyaniline doped with different wt. % of CdS samples was measured at various temperatures over a wide 

range of frequencies from 0.1-200 KHz. Thermal properties of  pure PANI and PANI- CdS nanocomposite 

were evaluated by TG/DTA in the temperature range 0 oC to 500 oC. The PANI-CdS composite based thin 

film solar cell device structure consists of glass/ITO/PANI-CdS/Ag. The I-V characteristics is studied to 

calculate efficiency of the solar cell. 

 

Keywords: Polyaniline, CdS, TG/DTA, DC, Impedance Spectroscopy, Photovoltaic Cell 

 

I.  INTRODUCTION  

   Conducting polymers combine the electronic and optical properties of semiconductors and metals 

with the attractive mechanical properties and processing advantages of polymers. CPs possesses many 

advantageous properties in chemical, electrical, physical and optical aspects, compared to normal polymers.  
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  These properties cover high conductance, luminescence, electrochromic and high thermal stability. 

Polyaniline (PANI) is probably the most important industrial CP today. This is due to its facile synthesis and 

processing, environmental stability and low cost. In addition, PANI has two attractive properties: -intrinsic 

redox state and reversible doping/de-doping of acid/base. The importance of conducting polymer was 

celebrated in the form of Nobel Prize in chemistry in 2001 to MacDiarmid, Heeger and Shirakawa [1]. The 

polymerization mechanism [2], processability [3], and transport mechanism [4] are the main points of 

academic and scientific attraction. Technological applications include biosensors [5], gas sensors [6], 

electrochromic [7,8], electromagnetic shielding [9], light emitting devices [10] and photovoltaic applications 

[11]. Polyaniline is an extensively studied polymer because of its high electrical conductivity, oxidative 

properties, environmental stability and ease of preparation etc. [12,13]. One of the surprising quotation given 

by Prof. A.G. MacDiarmid that” there are as many different types of  PANI as there  are people who 

synthesize it” [14]. Therefore, the way of synthesis decides the conductivity, band gap, chemical structure, 

polymerization mechanism and case of attachment and detachment of different functional groups. 

Toward the start of nineteenth century, polymer was emerging as the best media for protection. Their 

wide application as a protective material is the reason they are considered and created in any case. Indeed, 

these materials are usually utilized for encompassing copper wires and assembling the external structures of 

electrical machines that keep people from coming in coordinate contact with power. Roughly in 1950 it was 

polymer can be changed into a conducting structure when electrons are expelled from the spine bringing 

about cations or added to the spine bringing about anions. Anions and cations go about as charge bearers, 

bouncing starting with one site then onto the next affected by an electrical field, therefore expanding 

conductivity.  

Among conducting polymers, polyaniline (PANI) is presumably the most generally examined because of its 

few interesting properties [15,16]. It is simplicity of arrangement, light weight, ease, better electronic, 

optical properties, exceptionally stable in air and dissolvable in different solvents, and great processibility 

[17-19]. Then again it very well may be utilized in numerous applications, for example, electromagnetic 

obstruction (EMI) protecting, electro-impetuses, battery-powered battery, light-producing diodes (LEDs), 

solar cell, chemical sensor, biosensor, erosion gadgets and microwave ingestion [20,21].  

         Polyaniline-CdS nanocomposite has been as of now utilized in photovoltaic application yet 

arrangement of ionic side-effects (in the response amid the synthesis that impacts the electrical properties of 

coming about material), demonstrated a few restrictions in planning of nanocomposites. There are a few 

reports depicting nanocomposites of polyaniline with semiconducting particles, for example, TiO2, PbS and 

CdS [22].  

      Various metal and metal oxide particles have been epitomized into the conductive polymer to 

shape nanocomposites (NCs). The NCs show blend of properties like conductivity, electrochemical, 

reactant and optical properties. The NCs are utilized in applications like electrochromic gadgets, light-
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emanating diodes, electromagnetic impedance protecting, optional batteries, electrostatic release 

frameworks, chemical and biochemical sensors [23]. The photovoltaic marvel has been perceived since 

1839, when French physicist Edmond Becquerel could create power by lighting up a metal electrode in a 

feeble electrolyte arrangement. The photovoltaic impact in solids was first concentrated in 1876 by Adam 

and Day, who made a sunlight-based cell from selenium that had a proficiency of 1– 2%. The 

effectiveness of original silicon cells was around 6%, which is extensive lower than that of contemporary 

sun-based cells (around 14– 20%). Among such polymers, PANI has been examined broadly and is 

finding expanding utilizes in different fields of innovation, for example, in hostile to consumption 

coatings, gas sensors, actuators and light emanating shows (LEDs) [24-27]. PANI is known as a 

semiconducting polymer, with high tunable bandgap, high chemical soundness, processability with a 

potential application in different fields. 

II.  Materials and methods 

2.1 Materials used 

The Aniline hydrochloride (AR grade) and Ammonium Persulphate (AR grade), all received from 

S.D. Fine Chemicals Mumbai, (India), Acetone, Cadmium Nitrate Tetrahydrate (AR garde) all are obtained 

from Loba Chem. Mumbai, (India). Ammonium Sulphide (AR grade), Double distilled (DD) water. All the 

chemicals were used as received. 

2.2 Synthesis of pure PANI 

  Polyaniline (PANI) nanoparticles were prepared by chemical   oxidative polymerization method 

[28]. The synthesis was based on mixing aqueous solutions of aniline hydrochloride 0.2M and ammonium 

persulfate (APS) 0.25M at room temperature, followed by the separation of PANI hydrochloride precipitate 

by filtration and drying. 

2.3 Synthesis of CdS 

CdS nanoparticles were grown by simple chemical precipitation reactions in aqueous medium at 

room temperature [29].100 ml aqueous solution of Cd(NO3)2 (0.085M) was taken in One beaker and100 ml 

aqueous solution of (NH4)2S (0.1M) was in another beaker.Aqueous Solution of Cd(NO3)2 (0.085M)  was 

added drop wise to 100 ml aqueous solution of (NH4)2S (0.1M) with vigorous stirring. Stirring continued for 

5 h. The dark yellow precipitate of CdS nanoparticles was obtained.   

2.4 Synthesis of PANI-CdS nanocomposites 

Synthesis steps of PANI/CdS nanocomposite are similar to the synthesis method of PANI. Different 

amount of CdS were dispersed into the APS solution and stirred for 1 h prior to the addition of aniline. 

Aniline (0.4 mol) stirred with 0.4M H2SO4 in 100 ml of distilled water were added drop-wised using burette 

into the APS-CdS solution and stirred vigorously to form homogeneous dispersion. For convenience, PANI 
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Composites were prepared with different weight percentages of CdS [30]. The same synthesis conditions 

were maintained for all composites as that of pure PANI.    

 

III.  Characterization 

3.1 Thermogravimetric (TG) / Differential   Thermal Analysis (DTA): 

Thermogravimetric Analysis or thermal gravimetric analysis is a sort of testing performed on tests 

that decides changes in weight in connection to a temperature program in a controlled atmosphere. Such 

analysis relies on a high degree of precision in three measurements: weight, temperature, and temperature 

change. TGA is commonly employed in research to determine characteristics of materials, degradation 

temperatures, absorbed moisture content of materials, the level of inorganic and organic components in 

materials,   decomposition points of explosives and solvent residues. Thermal Gravimetry Analysis / 

Differential Scanning Calorimetry is useful for the determination of changes in weight in relation to change 

in temperature [31]. TGA/DSC study for PANI-CdS Nanocomposites was done at Govt. Vidarbha Institute 

of Science and Humanities Amaravati Thermal properties of pure Polyaniline polymer and PANI doped with 

Cadmium Sulphide (CdS) were evaluated by TGA/DTA in the temperature  range 0 ºC to 500 ºC at a heating 

rate of 10 ºC /min. 

 3.2 DC Conductivity: 

The DC conductivity of the samples was measured by two probe methods [32], in which resistance 

of the sample was noted. Samples under investigation were sandwiched in between two silver electrodes for 

good ohmic contact. Sample was placed in sample holder. A constant dc voltage was applied to the sample 

and corresponding current was noted. Resistance of the sample is calculated by Ohm’s law.  DC 

conductivity is carried out at Department of Physics, Government Vidarbha Institute of Science and 

Humanities, Amravati. 

3.3 Impedance Spectroscopy : 

An impedance measurement provides more detailed information on the electrical properties of a 

system [33]. Impedance measurements are performed by applying a small sinusoidal potential or current to 

an electrochemical cell and measuring its current or potential response over a wide range of frequencies. The 

optimized samples were selected for AC conductivity measurement. AC conductivity of the samples was 

recorded on LCR meter (Wayne Kerr, UK) having range of frequencies from 0.1-200 KHz at different 

temperature. 

IV.  Results and discussion 

 

 

 

http://en.wikipedia.org/wiki/Accuracy_and_precision
http://en.wikipedia.org/wiki/Explosives
http://en.wikipedia.org/wiki/Solvent
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4.1 Thermogravimetric (TG) / Differential   Thermal Analysis (DTA): 

Thermal properties of pure Polyaniline polymer and PANI doped with Cadmium Sulphide (CdS) 

were evaluated by TGA/DTA in the temperature  range 0 ºC to 500ºC at a heating rate of 10ºC/min 

(Fig.1). 

 

 

 

 

                                    (a) 

 

                                       (b) 

                                        

                                                   

                                                                                       (c) 

Fig.1 TGA thermographs of  PANI doped with wt % of Cadmium Sulphide CdS 

 

TGA thermograph of PANI-CdS nanocomposites shows two step degradation. In the first step the 

initial weight loss was observed between 35 to 2000C and was attributed to the loss of moisture and low 

molecular weight compounds in polymer composite. In the second step, a major weight loss was observed 

form 200 to 450oC and was due to the degradation of polymer composite. Figure 1 shows the two-step 

degradation of PANI-CdS nanocomposite having 60-65% of its weight loss when it was heated to 5000C. It 

indicates that 60-65 % of the sample consists of polymers and softeners. The residual about 35-40 % was 

considered to account for metallic compounds, added as sulphide and dopant. 

-10

10

30

50

70

90

110

0 200 400 600

w
e

ig
h

t 
%

Temperature

PANI-CdS 5%

0

20

40

60

80

100

120

0 200 400 600

W
e

ig
h

t 
%

Temperature

PANI-CdS 10%

0

20

40

60

80

100

120

0 100 200 300 400 500

W
e

ig
h

t 
%

Temperature

PANI-CdS 15%



J. Electrical Systems Vol-Issue (2024): 1-12 

962 

     

 

                                    (a) 

   

    

                                       (b) 

                                        

                                                   

                                                                                       (c) 

Fig.2 DTA Curve of  pure PANI and PANI doped with weight % of Cadmium Sulphide CdS 

 

Figure 2 shows DTA curves of pure Polyaniline and PANI doped with CdS. In DTA curve, the 

endothermic peak appearing at ~ 70-80 0C is probably due to the melting point of PANI that identified as 

melting of crystalline phase of polymer. The sample PANI-CdS nanocomposite shows the strong and broad 

exothermic peak in the range 340 to 400 oC accompanied by rapid weight loss can be ascribed to the 

decomposition of PANI-CdS nanocomposite. This study indicated that polyaniline is thermally stable up to 

343 oC. 

4.2 DC Conductivity: 

DC conductivity of the pure PANI polymer and doped with different wt. % of CdS was measured in 

the temperature range 308 to 328K by using Ohms law. The resistance of the samples was measured. It is 

observed that the value of resistance depends on temperature as well as on composition.  

The variation of dc conductivity with different wt. % of CdS is shown in fig 3 As compared to pure 

Polyaniline the conductivity increases with CdS wt. % . Polyaniline doped with the 5 wt. % CdS shows the 

maximum value of dc conductivity.  
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                                       Fig.3 Variation dc conductivity as a function of wt. % of CdS 

The variation of dc conductivity as a function of inverse temperature for Polyaniline polymer 

doped with the different wt. % CdS was estimated. The nature of plots is shown in Figure 4, over the 

temperature range 308 to 328 K. It can be observed that the dc conductivity for all the compositions of 

PANI doped with the different wt. % CdS increases with increasing temperature for the entire range. 

It tends to be seen that the Arrhenius plots for every one of the examples show a comparative 

behavior. The dc conductivity esteems increment with the different wt. % CdS at various temperatures. 

                            

                                       

 Fig 4: Arrhenius plots of the dc conductivity of   PANI-CdS composite for different wt. % of CdS 

 

As the temperature builds, versatility of the ions expands, which results the rise in conductivity. 

Uppermost curves belong to 5 wt % of CdS for which conductivity is maximum. The conductivity versus 

temperature curves of all synthesized samples shows the increase in conductivity. The rate of increase of 
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conductivity is linear for the composite, which may be due to the segmental motion of the ions in the 

polymer [34]. 

The natures of the curves are consistent with Arrhenius type charge conduction in polymer 

composites and the conductivity relationship follows the equation, 

 

                                                     σ = σ0 ex (-Ea/kT)               (1) 

 

Where Ea is the activation energy, σ0, is the pre-exponential factor and k is the Boltzmann’s constant. The 

slope of each straight line gives the activation energy which lies between 0.039 and 0.36 eV. From figure 

5, DC parameters are calculated and noted in table 5.1. 

                        

                                              

       

 

                 

 

         

Sr.No. 
CdS  wt % 

 

Activation 

Energy Ea 

(eV) 

Conductivity  

σ (S/cm) 

1 5 0.039 3.2833 x 10-6 

2 10 0.146 6.3232 x 10-8 

3 15 0.135 8.4481 x 10-8 

4 20 0.201 1.3852 x 10-8 

5 
25 0.364 1.0162 x 10-8 

 

                                        Table 1: DC parameter for the PANI-CdS Nanocomposite 

  Plot of activation energy with different wt. % of CdS is illustrated in figure 5.8, which shows that 

activation energy Ea is found to be maximum for the 25 wt % of CdS. The value of activation energy 

increases with wt. % CdS. 

                                                 

                                    Fig. 5 Variation Activation Energy as a function of wt. % of CdS 

4.3 Impedance Spectroscopy: 

Impedance spectroscopy (AC Conductivity) is widely used for investigating the electrical behaviour 

of material over the wide range of frequency and temperature. This helps to separate the real and imaginary 

component of electrical parameter. Hence provides better understanding of material characteristics.     
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The variation of imaginary part of impedance with real part of impedance as a function of frequency 

gives Cole-Cole plots. The impedance of polyaniline doped with different wt. % of CdS samples was 

measured at various temperatures over a wide range of frequencies from 0.1-200 KHz. 

The entire cole-cole plot shows the same trends in the temperature range 308-328K. Many 

researchers [35-38] reported a similar conductivity isotherm. The impedance spectrum of PANI-CdS 

nanocomposite with different wt. % of CdS is found to consist of only one arc (fig. 6.) which may be taken 

to mean that the conduction processes have identical time constants [39]. Also, it may be argued that as the 

temperature increases the arc of semicircle reduces, indicating the increase in conductivity. 

 

      

                                    (a) 

   

                                         (b) 

                                        

                                                   

                                                                                       (c) 

Fig.6   Cole-Cole plots for Polyaniline (PANI) doped with different wt. % of CdS 
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      Table 2:  Bulk resistance (Rb) and Bulk Capacitance (Cb) of Polyaniline doped with Cadmium 

Sulphide (CdS) at different temperature 

 

The basic features of the spectra seem to be qualitatively like those obtained by Johnson et al. [40] 

for polythiophene films and Komura et al. [36] for polypyrrole polystyrene sulfonate composite films in a 

similar configuration. The arcs are found to be depressing for all films for different temperatures which 

indicate the distribution of relaxation times [41]. 

The Bulk resistance (Rb) and bulk capacitance (Cb) can be calculated from the impedance plots and 

are tabulated in table 1. It is well known from the theory of complex impedance plane analysis that the value 

of Rb is obtained from the real axis intercept. The capacitance value is obtained from the frequency values 

corresponding to the maximum of the semicircle in the Impedance plot, using the relation RbCb=l [42].    

From table 2 it is observed that the bulk resistance of the sample decreases with the increase in 

temperature. 

The Cole–Cole plots (Fig. 6) show that well-defined semicircles were obtained. The single 

semicircular plot for a given temperature suggests that the device can be considered as a parallel 

combination of bulk resistor (Rb)–bulk capacitor (Cb) network only as the plot starts from origin. The 

impedance plots suggest Debye type behaviour and single relaxation mechanism. 

 

V.  Application as a Photovoltaic Cell 

The PANI-CdS composite based thin film solar cell device structure consists of glass/ITO/ PANI-

CdS/Ag is shown in figure 6. The I-V characteristic is studied to investigate the solar cell parameters. 

                                              

                                              

 

 

 

 

 

 

                      Fig. 7: Schematic diagram of solar cell device with PANI-CdS nanocomposite 
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The parameters used to calculate the efficiency of the solar cell are the maximum power (Pmax), 

energy conversion efficiency (η) and the fill factor (FF). These points are illustrated in Figure 6, which 

shows a typical forward bias I-V curve of an illuminated PV cell. The maximum power (Pmax) is the product 

of the maximum cell current (Imax) and the voltage (Vmax) where the power output of the cell is maximum. 

This point is situated at the "knee" of the bend. The fill factor (FF) determines how much the I-V 

characteristics of an actual PV cell differ from those of an ideal cell. I-V response of fabricated PV Cell was 

done using incandescent light bulb (60W) radiating light power of 3.49 mW/m2, measured using Lux meter. 

The bulb and Photovoltaic cell separation was 30 cm.  The fill factor is defined as [43]. 

FF = 
Imax x Vmax

Isc × Voc
 

Where, 

         Imax is the current at the maximum power output (A), Vmax is the voltage at the maximum power output 

(V), Isc is the short-circuit current (A) and Voc is the open-circuit voltage (V).  

         The fill factor is the ratio of the maximum power (Pmax = Imax.Vmax) to the result of the short circuit 

current (Isc) and the open circuit voltage (Voc). The ideal solar cell has a FF=1 but losses from series and 

shunt resistance decrease the efficiency. Another critical parameter is the transformation efficiency (η), the 

most extreme power yield to the power contribution to the cell. 

 

η = 
Pmax X FF

Pin
 × 100 

Where 

Pmax is the maximum power output (W) and Pin is the power input to the cell defined as the total radiant 

energy incident on the surface of the cell (W). 

                                                                       

   

   Fig. 8: IV characteristics of PANI-CdS nanocomposite 
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The maximum value of short circuit current (Isc) was found to be 334.8 μA for optimized PANI-CdS 

nanocomposite. Similarly, the maximum value of open circuit voltage Voc is 1000 mV. The value of 

Maximum current and maximum voltage is 287.1 μA and 500 mV respectively. The power conversion 

efficiency (η) of PANI-CdS composite is 4.1 %. The less efficiency of the PV cell is due to the poor surface 

morphology of the PANI-CdS composite which absorbs less light limits the electron hopping transport. 

VI. CONCLUSION 

In this work as compared to pure Polyaniline the conductivity increases with CdS wt. %. Polyaniline 

doped with the 5 wt. % CdS shows the maximum value of dc conductivity. TGA shows the two-step 

degradation of PANI-CdS nanocomposite having 60-65% of its weight loss when it was heated to 5000C. In 

DTA curve, the endothermic peak appearing at ~ 70-80 0C is probably due to the melting point of PANI that 

identified as melting of crystalline phase of polymer. PV Cell of PANI-CdS nanocomposite has less 

efficiency and fill factor value. The efficiency of PANI-CdS is found to be 4.1 % under light illumination 

3.49 mW/m2. The less efficiency caused due to poor absorber morphology which limits the electron hopping 

transport. The low value of FF is associated with the high value of series and shunt resistances. Such 

nanocomposite photovoltaic system can be further improved for higher efficiency and more stability of PV 

cell. 
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Abstract: - Nanotechnology is one of the reasons in the development of today’s world. The things are becoming smaller, thinner and 

lighter, due to the inventions of new materials and the depositions methods. Researchers are developing new devices which are 
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numeous applications. The present research reviews, thin films of indium tin oxide deposited by using different deposition methods, 

deposition substrates and their characterizations. 
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I.  INTRODUCTION 

Transparent conductive oxides (TCOs) are unique semiconductors with two fundamental properties: crystal 

clear materials for light transmission and electricity conducting ones for sensitiveness to light for optical circuits 

and uses, and for electrical usage respectively. As for TCO, indium tin oxide, namely ITO, is a n-type 

semiconductor with the big band gap of more than 3. 4 eV. ITO has features such as: electrical conductivity and 

high transparency in visible light, high UV absorption, high infrared reflection, and good surface adhesion to 

other materials. These qualities depend on the nature of the substrate, the method of deposition, the conditions 

under which deposition is performed and the heat treatment of the film. 

ITO is in wide use in various applications of electronics and optoelectronics like, flat panel display, LED’s, 

heat reflecting mirrors, AR coating, gas sensors, solar cells. In addition, the ITO is also applied as the transparent 

conductive layer for photocells because the variations in the refractive indices lead to generation of optical losses 

and ensures that the light transmits through the absorber layer thus enhancing the conversion efficiency.  

Various methods were used in the deposition of ITO thin films, these included; Electron Beam evaporation, 

Sputtering, Pulsed laser deposition, Thermal vacuum evaporation method, Ion beam assisted deposition 

technique, Sol – gel, Spin-coating , Chemical vapor deposition, and Spray Pyrolysis. However, the techniques 

that rely on the conditions of vacuum, like RF-DC sputtering are well capable of depositing high quality thin 

films because of the many benefits these have over the others: the deposition can be carried out at low 

temperatures, the process is highly reproducible and most importantly, it has relatively high growth rate. The type 

of thin films and coatings is characterized not only by composition but also by the method of deposition and the 

conditions of their formation. 

This present research reviews, indium tin oxide thin films prepared by various deposition techniques on 

different deposition substrates, with different deposition temperature and their characterization (Table 1). 

                   Table1: Literature survey for indium tin oxide thin films prepared by various deposition techniques. 

 

Sr. 

No. 

Method for 

deposition 
Temp. 

Electrical 

Resistivity 

Optical 

Transparency 
Material 

used 
Substrate 

Ref. 

No. 

1 

Electron 

beam 

evaporation 

technique 

50°C 

to 

350°C 

 

3×10-6 Ω m 

 

92% In2O3 and 

SnO2 
Glass substrates 1 

2 
Pulsed laser 

deposition 
300°C 

 

4×10−4 Ω cm 

 

85% In2O3 and 

SnO2 
Glass substrates 2 

3 
Pulsed laser 

deposition 
30°C  

 

3.3×10−4Ω 

cm 

 

Above 90% 
ITO pellet 

containing 5 

wt.% SnO2 

Glass substrates 3 

4 

Pulsed DC 

magnetron 

sputtering 

200°C 

 

2.5×10−4Ω 

cm 

 

87% In2O3 and 

SnO2 
Glass substrates 4 

5 

Thermal 

vacuum 

evaporation 

method 

350°C 

 

-- 

 

 

88% 

In2O3 and 

SnO2 
Glass substrates 5 

6 

Ion beam 

assisted 

deposition 

technique 

30°C 

 

 

-- 

 

 

92% 

ITO powder 

pellet 
Glass substrates 6 

7 

Rf 

magnetron 

sputtering 

150°C 

 

2.05×10−3  

Ω cm 

 

-- In2O3 and 

SnO2 
Glass substrates 7 

8 
Sol-gel 

process 

Above 

400°C 

 

1.5×10−3 

Ω cm 

 

 

Above 80% 
InCl3 and 

SnCl4 

Quartz glass 

substrates 
8 
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9 Spin coating 300°C 

 

4.59×10−3 

Ω cm 

 

 

90% 
In2O3 and 

SnO2 
Glass substrates 9 

10 
Sol–gel spin 

coating 

Post 

Annea

led 

500°C 

 

4.14×10−3 

Ω cm 

 

 

85.12% 

Metal indium 

and 

SnCl4·5H2O 

Glass substrates 10 

11 
Sol–gel spin 

coating 

Post 

Annea

led 

450°C 

-  

550°C 

 

 

-- 

 

 

80% 

indium (III) 

nitrate 

pentahydrate, 

tin (IV) 

chloride  

Glass substrates 11 

12 Spin-coating 

Annea

led 

550°C    

Sheet 

Resistance 

4 kΩ/sq. 

 

 

91.6% 

InCl3 and 

SnCl4 
Glass substrates 12 

13 
  Spin 

coating 

Post 

Annea

led 

120°C 

-  

450°C 

 

 

8.7×10−3 

Ω cm 

 

 

 

92.66% 

ITO Nano 

powder water 

dispersion 

and  Sol-gel 

ITO solution 

Glass substrates 13 

14 
Dip-coating 

method 

Annea

led 

550°C    

 

Sheet 

Resistance 

17.5kΩ/sq. 

 

 

 

90.7% 

InCl3, SnCl4 

and NH3 

Solutions 

Glass substrates 14 

15 

DC 

magnetron 

sputtering  

300°C 

 

281 × 10-6 

Ωcm 

 

97.1% In2O3 and 

SnO2 
Glass substrates 15 

16 

DC 

magnetron 

sputtering 

350°C 

 

2 × 10−4  

Ω cm 

 

 

80% In2O3 and 

SnO2 

Fused silica and 

molybdenum 

substrates 

16 

17 

DC 

magnetron 

sputtering  

50°C 

 

9× 10-4 Ωcm 

 

94% 
In2O3 and 

SnO2 

Polyimide and glass 

substrates 
17 

18 

RF and DC 

magnetron 

sputtering 

30°C 

 

6.19× 10-4 

Ωcm 

 

91% In2O3 and 

SnO2 

Polyethylene 

terephthalate (PET) 
18 

19 

 

Rf -

magnetron 

sputtering 

250°C 

 

1.51 × 10-3 

Ωcm 

 

86% In2O3 and 

SnO2 

Fluorphlogopite 

substrate 
19 

20 

 

Rf -

magnetron 

sputtering 

30°C 

1.51 × 10-3 

Ωcm       (at 

156W) 

and 

2.93× 10-2 

Ωcm 

 (at 276W) 

 

 

87.5% 

and  

92.6% 

In2O3 and 

SnO2 

Flexible 

fluorphlogopite 

substrate 

20 

21 

Rf -

magnetron 

sputtering 

30°C 

 

2.52×10−4 

Ω cm 

 

 

86.6% In2O3 and 

SnO2 
Ceramic substrate 21 

22 

Rf -

magnetron 

sputtering 

30°C 

 

-- 

 

80% 
In2O3 and 

SnO2 

Glass and Si 

substrates 
22 

23 

 

Rf -

magnetron 

sputtering 

30°C 

 

2.43 × 10-5 

Ωcm 

 

 

80% In2O3 and 

SnO2 
Glass substrates 23 

24 Rf - 40°C   In2O3 and Glass substrates 24 
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 magnetron 

sputtering 

1.3 × 10-1 

Ωcm 

 

60% SnO2 

 

25 

Rf -

magnetron 

sputtering 

30°C 

  

85% (glass) 

79% (PET) 

In2O3 and 

SnO2 

Glass and PET 

substrates 
25 

26 

Rf -

magnetron 

sputtering 

70°C 

 

4× 10-3 

Ωcm 

 

 

-- In2O3 and 

SnO2 

Epoxy resin and 

glass substrates 
26 

27 

Rf -

magnetron 

sputtering 

300°C 

 

0.71× 10-3 

Ωcm 

0.94× 10-3 

Ωcm 

0.70× 10-3 

Ωcm 

 

 

 

 

-- In2O3 and 

SnO2 

PC(polycarbonate), 

PMMA(polymethyl 

methacrylate) 

and glass substrates 

27 

28 

Jet-

nebulized 

spray 

pyrolysis 

method 

 

450°C 

 

 

0.10 Ω m 

 

80% Indium 

acetate 

and tin acetate 

Glass substrates 28 

29 

Jet-

nebulized 

spray 

pyrolysis 

method 

 

500°C 

 

3.9 × 10-4 

Ωcm 

 

77% 
InCl3 and 

SnCl4 
Glass substrates 29 

30 

Spray 

pyrolysis 

method 

 

300°C 

 

Sheet 

Resistance 

2786 Ω/sq. 

 

 

 

93% 
InCl3 and 

SnCl4 
Glass substrates 30 

31 

Spray 

pyrolysis 

method 

 

500°C 

 

7.95 × 10-3 

Ωcm 

 

 

88% InCl3 and 

SnCl4 
Polyimide substrate 31 

32 

Chemical 

vapour 

deposition 

300°C 

 

6.93×1013 

Ω·cm 

 

 

80% 
Indium 

acetate and 

Tin diacetate 

Glass substrates 32 

33 

Chemical 

vapour 

deposition 

 

425°C 

 

1.4× 10-4 

Ωcm 

 

 

85% 
Indium 

acetate and 

Tin acetate 

Glass substrates 33 

34 

Atmospheric 

pressure 

chemical 

vapour 

deposition 

 

550°C 

 

 

3.5 × 10-4 

Ωcm 

 

 

85% 
InCl3 and 

SnCl4 

Boroaluminosilicate 

glass substrates 
34 

FUTURE SCOPE 

In recent years, the ITO deposition techniques and its applications have been further developed; however, 

several issues are still arisen such as improving film characteristics and minimizing production costs. The future 

research work thus should be concentrated on improving the ITO thin film fabrication techniques with higher 

efficiency and more sustainability, new deposition techniques and finding a solution related to the 

environmental problems of indium availability. 

CONCLUSION 

Indium tin oxide (ITO) thin films are unique multifunctional materials useful in electronics and optoelectronics. 

These two properties make them so valuable for so many technological applications as they are at the same time 

electrical conductors and optically transparent. Thus, it is possible to consider that the further application of ITO 

in modern and future devices could still be feasible despite the existing shortcomings and new opportunities 

could be introduced by means of improved deposition technology. Further studies and investigation on the ITO 
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thin films are vital to advance the innovation and discoveries in providing better solutions to the current 

technology industry.        
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Abstract Over the past two decades, significant progress has been made in developing TiO2 and 

graphene oxide (GO) composites for solar cells. This review explores advancements in synthesis, 

characterization, and application, highlighting their enhanced photovoltaic performance. The 

integration of GO with TiO2 has shown improved charge separation and light absorption. The 

paper also discusses the latest developments in perovskite solar cells using these composites, 

concluding with suggestions for future research and potential applications in solar energy 

technologies. 
Keywords: TiO2(TitaniumDioxide),GO(Graphene-Oxide),RGO(ReducedGrapheneOxide),Perovskitesolarcells(PSC),Dye- 

sensitized solar cells (DSSC), chemical vapor deposition (CVD), Sol-gel method, Hydrothermal, X-ray diffraction (XRD), 

scanning electron microscopy (SEM), transmission electron microscopy (TEM), and Raman spectroscopy. 

transparentconductiveoxide(TCO),indiumtinoxide(ITO),fluorine-dopedtinoxide(FTO),HoleTransportLayer (HTL) 

 

I. INTRODUCTION 

Research into sustainable and renewable energy sources has led to extensive studies on solar cell 

technology. Titanium dioxide (TiO2) stands out for its stability, non-toxicity, and superior charge 

transport capabilities, making it a prime candidate for dye-sensitized solar cells (DSSCs) and perovskite 

solar cells (PSCs). However, its broad bandgap and limited visible light absorption necessitate the 

development of hybrid materials like graphene oxide (GO). GO, produced by oxidizing graphite, is 

highly soluble in various solvents and interacts strongly with TiO2, improving charge separation and 

light absorption. 

II. SYNTHESISMETHODSOFTIO2-GO COMPOSITES 

SeveralmethodsareavailableforsynthesizingTiO2-GO composites: 

Sol-gel Process: This involves the hydrolysis and condensation of titanium precursors in the presence of 

GO, followed by thermal treatment. This method produces uniform composites with high TD uniformity 

on GO sheets. 

HydrothermalSynthesis: This methodofferscontrolled crystallizationand morphology, producing well-

defined crystalline structures and enhanced interfacial contact between TiO2 and GO. Chemical Vapor 

Deposition (CVD): This technique allows precise control over TiO2 deposition on GO substrates, 

resulting in uniform and well-adhered composite films suitable for large-scale production. 

III. CHARACTERIZATIONTECHNIQUES 

TounderstandthephotovoltaicperformanceofTiO2-GOcomposites,variouscharacterization techniques are 

employed: 

X- rayDiffraction(XRD):Usedtodeterminecrystallinestructureandphasecomposition. 
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Fig2. 

 

Scanning Electron Microscopy (SEM): Provides detailed images of surface morphology and particle 

distribution. 
 

Transmission Electron Microscopy(TEM): Offers high-resolution images of the internal structure and 

interface between TiO2 and GO. 

Raman Spectroscopy: Analyzes vibrational modes and chemical bonding, confirming the successful 

integration and reduction of GO to RGO. 

IV. IMPACT OFDOPANTSON PHOTOVOLTAICPERFORMANCE 

Doping TiO2-GO composites with metal and non-metal elements can significantly enhance their 

photovoltaicperformance. Metaldopants likesilver(Ag)andzinc(Zn) introducelocalizedsurface plasmon 

resonance effects, enhancing light absorption and electron mobility. Non-metal dopants like nitrogen (N) 

and carbon (C) modify the bandgap, extending light absorption into the visible range and improving 

charge separation. 
 

Fig1. 
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1. PerovskiteSolarCellsIncorporatingTiO2-GOComposites 

Perovskite solar cells (PSCs) have revolutionized solar cell technology with their superior light-harvesting capabilities and 

high efficiency. TiO2-GO composites further enhance PSC performance by improving charge transport and reducing 

recombination rates. Various dopants have been explored to enhance the performance of these composites in PSCs, achieving 

notable efficiency improvements. 

2. ConstructionandWorkingofDSSCTiO2-GOSolarCells 

DSSCconstructioninvolvesseverallayers: 

SubstratePreparation:UsingTCOglasssubstrateslikeFTOorITO. 

Composite Layer: TiO2 nanoparticles combined with GO, deposited using techniques like doctor bladingor screen printing. 

DyeSensitization:AdsorbingaphotosensitivedyeontotheTiO2-GOcompositelayer. 

ElectrolyteLayer:Fillingthespacebetweenthephotoanodeandthecounterelectrodewitharedox electrolyte. 

CounterElectrode:Madeofmaterialslikeplatinumorcarbon,facilitatingthereductionoftheredox electrolyte. 

3. WorkingPrinciple 

The workingprinciple involves light absorptionbydye molecules, excitongenerationandinjection, charge separation and transport, 

and dye regeneration, resulting in continuous electric current generation. 

4. EfficacyandPerformanceImprovements 

Efficiency improvements in DSSCs using TiO2-GO composites can be achieved through doping and surface modifications. 

For instance, sulfur and nitrogen doping enhances photocatalytic activityandphoto- conversion efficiency. 

PhotovoltaicparametersofDSSCsemployingdifferenttypes ofCEsandWes 
 

CE/WE VOC(mV) JSC(mAcm−2) FF(%) η(%) Reference 

WE:TiO2dopedwithtungsten 730 15.10 67 7.42 [7] 

WE:TiO2dopedwithscandium 752 19.10 68 9.60 [8] 

WE:TiO2dopedwithindium 716 16.97 61 7.48 [9] 
WE:TiO2dopedwithboron 660 7.85 66 3.44 [10] 

WE:TiO2dopedwithfluorine 754 11 76 6.31 [11] 

WE:TiO2dopedwithcarbon 730 20.38 57 8.55 [12] 

WE:ONT/FTO 700 10.65 70 5.32 [13] 

WE:G-TiO2NPs/TiO2NTs 690 16.59 56 6.29 [14] 

WE:TiO2dopedwithCu 591 6.84 56 2.28 [15] 

WE:7.5%SnO2dopedTiO2 790 14.53 58 6.7 [16] 

WE:TiO2:Y1.86Eu0.14WO6 757 12.3 43 3.9 [17] 

WE:Nb2O5 738 6.23 68.3 3.15 [18] 
 

WE:Nanographite-TiO2 720 1.69 35 0.44 [19] 

CE:PtCo 717 16.96 66 7.64 [20] 

CE:Pt+SLGO 670 7.9 65 3.4 [21] 

CE:PtMo 697 15.48 62 6.75 [22] 
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CE:PtCr0.05 739 13.07 71 6.88 [23] 

CE:CoNi0.25 706 18.02 66 8.39 [24] 

CE:Ni-PANI-G 719 11.56 64 5.32 [25] 

CE:PANInanoribbons 720 17.92 56 7.23 [26] 
CE:Pd17Se15 700 16.32 65 7.45 [27] 

CE:PtCuNi 758 18.30 69 9.66 [28] 

CE:g-C3N4/G 723 14.91 66 7.13 [29] 

CE:FeN/N-dopedgraphene 740 18.83 78 10.8 [30] 

CE:MoS2nanofilm 740 16.96 66 8.28 [31] 

CE:Ni0.33Co0.67Semicrosphere 789 17.29 67 9.01 [32] 

CE:Tubularorthor 
hombicCoSe2 

771 17.35 70 9.34 [33] 

5. LimitationsofDSSCandPerovskiteSolarCellDevices 

Despitetheir potential,DSSCsandPSCsfacesignificant challenges: 

DSSCLimitations:Includedyedegradation,electrolyteleakage,thermalinstability,andcomplex fabrication processes. 

PSCsLimitations: Includemoisture sensitivity,thermal instability,UV lightdegradation,and the use of toxic lead. 

6. FuturePathways 

Toovercometheselimitations, severalstrategiescanbepursued: 

Material Optimization and Doping: Advanced doping techniques and nanostructuring TiO2. 

GrapheneOxideFunctionalization:Chemicalfunctionalizationandcreatinghybridstructures. Interface Engineering: 

Introducing buffer and passivation layers to reduce recombination. 

PerovskiteLayerEnhancements:Compositionengineeringanddefectpassivation. 

DeviceArchitectureInnovations:Developingtandemandmulti-junctioncells,andusingflexible substrates. 

Stability and Durability Enhancements: Advanced encapsulation and thermal management techniques. 

ScalabilityandManufacturingImprovements:Low-costfabricationandroll-to-rollmanufacturing techniques. 

7. Conclusion 

Enhancing the performance of TiO2 and graphene oxide composite solar cells requires a multidimensional approach, including 

advanced doping, nanostructuring, interface engineering, and innovative device architectures. Ongoing research and 

interdisciplinary collaboration will unlock the full potential of these materials, paving the way for efficient, stable, and 

commercially viable solar energy solutions. 
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Abstract: - In present work hexaferrites are synthesized successfully using a sol–gel method. The structural and magnetic properties 

are investigated. The hexagonal phase is confirmed for all the products. The magnetization is measured with respect to the applied 

magnetic field. The magnetic parameters including coercivity Hc, and magnetic moment are obtained at room temperatures. It is 

shown that a substitution decreases the coercivity value. The results on magnetic properties are investigated extensively with respect 

to the structural and microstructural properties. The obtained Hc values suggest that the synthesized hexagonal ferrites are promising 

candidates for potential magnetic recording applications.. 
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I.  INTRODUCTION  

The search for new magnetic materials for high performance magnet applications has led to tremendous 

growth in both the scientific research in this field, and the investment in the development of such materials. This 

development in materials research was driven by the evolution of new technologies, and the ever increasing 

demand for the improvement in efficiency, better machine designs, and device miniaturization [1, 2]. The 

properties of ferrite material  depends upon various factor such as synthesis method, sintering temperature, 

composition of elements, concentration of metal oxide and impurity occur in preparation of ferrite material [3-5]. 

 M-type strontium hexaferrite has been the subject of continuous interest for several years due to its relatively 

large saturation magnetization, high coercivity and high uniaxial magnetic crystalline anisotropy, chemical 

stability and corrosion resistivity. It can be therefore used as electronic components, magnetic memories and 

magnetic substrate for magnetic catalysts. 

              In addition, the synthesis method has a major influence on the magnetic characteristics. The 

properties of M type strontium hexaferrite depend on the synthesis method, sintering temperature and type of 

substituted cations. There are various methods used to prepare SHF, such as hydrothermal flow synthesis [6], 

pechini method [7], sol-gel method [8] pulsed laser deposition [9] co-precipitation method [10]. The features of 

sol-gel auto combustion synthesis method are higher temperature achieved with fast heating rates, and shorter 

reaction times. The sol-gel auto combustion synthesis method is particularly popular method for the manufacture 

of technologically useful materials at lower costs compared with conventional methods [11, 12]. Thus, in this 

work, the sol–gel auto combustion approach has been applied.  

Strontium hexaferrite’s magnetoplumbite structure contains 64 ions per unit cell. The molecular unit of 

strontium hexaferrite consists of two blocks S (spinel)  block and R (hexagonal) block  which are cubically as 

well as hexagonally overlapped giving rise to unit cell formula SRS*R*. Where * denotes the rotation of any of 

the lock through 180o around the c axis [13].  The crystal structure of M-type hexaferrite consists of total 64 ions 

per unit primitive unit cell occupied on 11 different symmetry sites and crystallizes in a P63/mmc space group.  

  The unit cell contains 38 oxygen ions, 24 are of Fe 3+ ion and remaining two of them are cations like Ba, Sr 

or Pb. The Fe3+ ions distributed over five different site namely 2a-octahedral, 2b-trigonal bipyramidal, 12k- 

octahedral, 4f1- tetrahedral and 4f2- octahedral as shown in Fig 1 [14]. S block contains two oxygen ions (O4–

O4) with composition formula 2Fe3O4 and 2 ↑ net spin as shown in table 2. The small cations (Fe) occupy 

tetrahedral cavities and two types of octahedral ones [15]. 

R block consists of three large ions (O4–BaO3–O4) with composition formula BaFe6O11 and 2↑ net spin as 

shown in table 2. The outer ones contain exclusively oxygen anions while in the central one there are large 

cations. Small cations occupy three types of tetrahedral cavities, two types of octahedral cavities and one type of 

five coordinated bipyramidal cavity, which may also be viewed as two face sharing tetrahedral cavities.  

Each Fe3+ has magnetic moment 5 µB, so the net magnetic moment of Fe3+ per unit cell is 8 × 5  µB = 40 

µB. It is known that Fe ions provide the largest positive contribution at the 2b site, a relative weak positive 

contribution at the 4f1, 4f2, and 2a sites, and a negative contribution at the 12k site [16]. Hence, the intrinsic 

magnetic properties of Strontium hexaferrite can be increased by substitution Fe ions in different sites with other 

suitable ions [17]. 

II. EXERIMENTAL 

 

Sol gel method is employed to synthesize a strontium hexaferrite with chemical formula SrNi(1-x)CoxFe12-

xO19 for x=0.00, 0.25, 0.50, 0.75 and 1. High purity (> 99%) (Sigma-aldrich) Strontium nitrate 

(Sr(NO3)2.6H2O) and Ferric nitrate (Fe(NO3)3.9H2O) with citric acid (C6H8O7.H2O) were taken as starting 

materials for the synthesis. All the starting materials were mixed in desired stoichiometric amount in sufficient 

amount of distilled water. The whole mixture is then placed on hot plate with magnetic stirrer. The mixture was 

continually stirred at constant temperature of 90oC and liquid ammonia was added slowly in order to maintain 

the Ph a constant value 7. After continuously stirring and heating at 90oC for 2-3 hours the mixture become 

viscous and sol was formed and after some time it converts into dried gel, by the process of self-ignition the 

dried gel was burnt and a fine ash was obtained. The burnt ash is grounded for two hours and then subjected to 

final sintering at 900oC for 6 hours. After final sintering the powders were again grinded for two hours to obtain 

the fine particles of the final products. 
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Fig. 1 Unit cell of M-type strontium hexaferrite. (The red spheres are O atoms, and the green spheres are Sr atoms. The Fe ions are at the 

non-equivalent sites, octahedron (2a), bipyramidal (2b), tetrahedral (4f1), octahedron (4f2), and octahedron (12k). b the magnetic moment 

direction of the Fe ions is shown by arrows; the magnetic moments of Fe ions at 4f1 and 4f2 point downward, and at sites 2a, 2b, and 12k sites 

point upward. For clarity, O atoms are not shown in b.) 

III. CHARACTERIZATION 

The reaction products were identified by x-ray diffraction (XRD) using Cu-K 

radiation Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were used to 

observe the grain size and morphology of the product. The magnetic properties of the products were observed 

using a vibrating sample magnetometer (VSM) at room temperature under a maximum field.  

 

 

IV.  EXERIMENTAL 

 

Sol gel method is employed to synthesize a strontium hexaferrite with chemical formula SrNi(1-x)CoxFe12-

xO19 for x=0.00, 0.25, 0.50, 0.75 and 1. High purity (> 99%) (Sigma-aldrich) Strontium nitrate 

(Sr(NO3)2.6H2O) and Ferric nitrate (Fe(NO3)3.9H2O) with citric acid (C6H8O7.H2O) were taken as starting 

materials for the synthesis. All the starting materials were mixed in desired stoichiometric amount in sufficient 

amount of distilled water. The whole mixture is then placed on hot plate with magnetic stirrer. The mixture was 

continually stirred at constant temperature of 90oC and liquid ammonia was added slowly in order to maintain 

the Ph a constant value 7. After continuously stirring and heating at 90oC for 2-3 hours the mixture become 

viscous and sol was formed and after some time it converts into dried gel, by the process of self-ignition the 

dried gel was burnt and a fine ash was obtained. The burnt ash is grounded for two hours and then subjected to 

final sintering at 900oC for 6 hours. After final sintering the powders were again grinded for two hours to obtain 

the fine particles of the final products. 
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V.  CHARACTERIZATION 

The reaction products were identified by x-ray diffraction (XRD) using Cu-K 

radiation Scanning electron microscopy (SEM) and transmission electron microscopy (TEM) were used to 

observe the grain size and morphology of the product. The magnetic properties of the products were observed 

using a vibrating sample magnetometer (VSM) at room temperature under a maximum field.  

 

VI. X-RAY CHARACTERIZATION 

X-ray diffraction was deployed for determination of crystal structure, crystallite size and bulk density. 

Physical properties have strong materials depend on the crystal structure which introduced the atomic 

arrangement so information about crystal chemistry is important to understand and identify the electric and 

magnetic properties. X-ray diffraction is one of the most significant and non-destructive techniques for structure 

identify the materials from which we can detect lattice constant, crystallite/particle/grain size and strain. The 

particle size does not display correlation with the Co dopants concentration. The micro-strain not changes with 

the Co dopants doping level (x), and it remains nearly constant for all Co dopants. Room temperature X-ray 

diffraction pattern are taken for all sample in the 2θ range 20-80o for all sample Figure 2 shows the X-ray 

diffraction pattern of SrNi(1-x)CoxFe12-xO19 for x=0.00, 0.25, 0.50, 0.75 and 1.00 samples at room temperature. 

The X-ray diffraction pattern confirms the formation of M-type crystal structure. The main reflection planes 

(006), (105), (110), (107), (113), (114), (200), (203), (205), (206), (208), (217), (112), (306), (220) and (317) 

appear in a x-ray diffraction pattern for all the sample. All these planes are corresponds to hexagonal structure 

which was confirmed by using standard JCPDS card no. 33-1340. A dominant (114) plane is obtained for all 

compositions. The intensities of a planes varies with variation of dopant composition may be associated with 

occupation of Fe3+sites by the dopants. The lattice parameter are calculated by using below formula [18], 
1

𝑑2 =
4

3

ℎ2+ℎ𝑘+𝑘2

𝑎2 +
𝑙2

𝑐2                                                   (1) 

The calculated values are listed in Table 2. It reveals that as the doping composition increases the lattice 

parameter decreases it may be due to larger ionic radii of dopant Co2+ =0.74 Ao[6]as compare to Fe3+=0.64 Å 

[7]. The change in lattice parameter value represents the arrangements of these substituting ions in the structure 

to occupy vacancy site of Fe3+. The c/a parameter can be used to identify the structure type, and the synthesize 

sample is known to be the M-type magnetoplumbite structure if c/a ratio is lower than 3.98 [8]. As observed 

from table all samples are founded by measurement those values of c/a ratio are lower than 3.98, which indicate 

the formation of M-type hexagonal structure. The unit cell volumes of samples were calculated by following 

equation (2). The average crystallite sizes were calculated from the X-ray diffraction peaks using the following 

Scherer’s formula (3) [19]. 

                                            𝑉 =
√3

2
𝑎2𝑐                                                                        (2) 

 

                                 D =
0.9 λ

βcosθ
                 (3) 

Where D is the crystallite size,   is the X-ray wavelength 
 
is the full width half maxima and θ is the 

diffraction angle.  

 

 
                                                                   Fig. 2 X-ray diffraction of strontium ferrite 
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VII. MAGNETIC PROPERTIES 

 The magnetic properties of the as-synthesized sample of SrNi(1-x)CoxFe12-xO19 for x=0.00, 0.25, 0.75 and 1, 

were measured by VSM at room temperature. Figure 3 and 4 demonstrate the obtained hysteresis loops and the 

change in magnetic parameters saturation magnetization (Ms),   remanence (Mr) and coercive field (Hc). It is 

known   that magnetic properties are influenced by doping of Fe3+ with different cations. Theoretically, the 

coercivity of the M type hexaferrite is influenced by many factors, such as the particle size, morphology, ion 

substitution, Interface structure, strain and crystal defects [34]. In the present study composition of Ni-Co ions 

has significant impact on the magnetic properties. The value of coercivity 4.8 KOe obtained for x=0.00 

(SrNiFe11O19) sample 6.7 KOe for doped hexaferrite. The obtained Hc values suggest that the synthesized 

hexagonal ferrites are promising candidates for potential magnetic recording applications [20]. 

 

 
Fig 3 Magnetization of strontium ferrite 

 

 
Fig. 4 Magnetization of doped hexaferite 
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VIII. ELECTRICAL RESISTIVITY 

The DC resistivity of the samples is estimated by two probe methods. Sample made in the form of pellet. A 

thin layer of silver paste was applied on both the flat surface of the pellets for good electrical contact. The sample 

holder along with the sample is placed in an electric furnace. The temperature of the furnace was varied using 

dimmer. A suitable thermocouple was used to measure the temperature of the sample. The resistance of a sample 

was measured at the regular interval of temperature (5 K). The values of resistivity were calculated using the 

following equation [21], 

                                                                         

RA

t
 =   Ω·cm   (4) 

 Where R: Resistance of the sample; A: Surface area of the sample = πr2; R: Radius of the sample; 

resistivity was studied as a function of temperature and the plot of log ρ vs 1000/T for all the compositions is 

shown in Fig.5. It is observed that for all sample resistivity decrease with the increase of temperature. Increase 

of temperature generally increases the mobility of conduction charge species and, therefore, the resistivity 

decreases. The ferrite show semiconducting behaviour. The resistivity of a material generally increases with 

temperature for most metals and decreases for some semiconductors. This behavior is described by the 

temperature coefficient of resistivity. It is true that increased temperature often increases the mobility of 

conduction charge species and can decrease resistivity in certain materials, resistivity itself is a more complex 

property that depends on the balance between carrier mobility, carrier concentration, and scattering mechanisms 

within the material. 

 

 
            

 Fig 5. Resistivity graph of strontium hexaferrite 

IX. CONCLUSION 

 

  We succeeded in the synthesis of a Ni-Co doped strontium hexaferrite nano material by sol-gel method. The 

sample appears in a hexagonal phase as confirmed by the XRD studies. The lattice parameter found to be 

decreases as doping increases. The D.C. electrical resistivity increases with decrease in temperature confirming 

the semiconductor nature. The coercivity of a sample decreases with Ni-Co doping. The  value of coercivity 4.8 

KOe obtained for x=0.00 (SrNiFe11O19) sample 6.7 KOe for doped hexaferrite. Thus the recent study estimates 

the potential application of Ni-Co doped strontium for permanent magnet application due to high coercive field. 
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Abstract: -  We report our research on the production of a novel binary polymeric nanocomposite of Ni0.7Mg0.3Fe2O4  ferrite and Polyaniline 

using in-situ polymerization of monomer aniline for use in high-performance supercapacitors. For structural and morphological analysis, X-

ray diffraction (XRD), Field emission scanning electron microscopy (FE-SEM), Field emission gun transmission electron microscopy (FEG-

TEM)were used to examine the as-synthesized binary NMF/PANI nanocomposites. Cyclic voltammetry (CV) was used to evaluate the 

electrochemical performance of pure ferrite and binary NMF/PANI nanocompiste. The binary NMF /PANI nanocomposite at 1 Ag-1 current 

was found to have a maximum specific capacitance of 193 Fg-1. Binary NMF/PANI nanocomposite is best choice for high performance 

supercapacitor. 
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I.  INTRODUCTION 

The harmful effects of greenhouse gas emissions on the environment, coupled with the scarcity of fossil 

fuels, have created an urgent demand for renewable energy resources, along with their storage and distribution. 

This situation has been driven by the need to address limited energy sources and the complex issues related to 

environmental pollution. As a result, there has been intensified development of clean, environmentally friendly, 

and low-cost alternative energy resources. 

Supercapacitors, also known as electrochemical capacitors (ECs), have garnered significant attention in the 

realm of energy storage due to their exceptional cycling stability and high energy density [1,2]. The 

performance of supercapacitors is largely influenced by two key factors, electronic conductivity, and the 

kinetics of ion diffusion. These factors are, in turn, determined by the type of electrode materials and their 

structural characteristics. The electronic conductivity of the supercapacitor is primarily dictated by the nature of 

the electrode materials used. Materials with higher conductivity enable more efficient charge transfer, thereby 

enhancing the overall performance of the supercapacitor. Common materials include carbon-based substances, 

conducting polymers, and metal oxides, each offering distinct advantages in terms of conductivity and stability. 

On the other hand, the kinetics of ion diffusion, which refers to the rate at which ions move within the electrode 

material, is influenced by the structure of the electrode. A well-designed porous structure can facilitate faster 

ion transport, improving the charge/discharge rates and overall efficiency of the supercapacitor. Advanced 

fabrication techniques are often employed to create optimized structures that maximize ion accessibility and 

minimize resistance. 

Mixed spinel oxide material of controlled size and shape are of emerging curiosity for both traditional science 

and technological applications because of their chemical and physical properties [6–8]. In this regard, spinel 

binary transition metal oxides such as MgCo2O43], NiCO2O4 [4], MnCo2O4 [5], NiFe2O4 6], CuCo2O4 [7], 

MgCo2O4 [8], provide a wide range of options for supercapacitor and lithium-ion battery electrodes because of 

their low cost, eco-friendly properties and excellent electrochemical performances for achieving high-

performance energy storage properties [9].Conducting polymers such as polyaniline and polypyrrole, with their 

high conductivity, high capacitance, and low cost, have attracted interest in sensors, electrochromical devices, 

and energy storage devices. Nanocomposites, which blend metal oxide nanoparticles with a conducting polymer 

and/or carbonaceous material, have been found to dramatically improve the power capacity and rate capacitance 

of energy devices [10-14]. In this work we report the preparation Ni0.7Mg0.3Fe2O4 ferrite and NMF/PANI 

nanocomposite for supercapacitor electrode. Here, a thorough analysis of binary nanocomposites' 

electrochemical performance is methodically provided. 

II. EXPERIMENTAL DETAILS 

The synthesis of NMFferrite nanoparticles: Ni0.7Mg0.3Fe2O4 ferrite powder was synthesized using the sol-gel 

auto-combustion method. The detailed procedure is as follows. Stoichiometric amounts of Ni(NO3)2·6H2O, 

Mg(NO3)2·6H2O, and Fe(NO3)2·9H2O were individually dissolved in deionized water, followed by the addition 

of a specific amount of lemon juice to the metal nitrate solutions. These cationic solutions were then combined 

and stirred continuously for one hour to enhance homogeneity. Ammonium hydroxide was added drop wise to 

adjust the pH to approximately 7.0. The resulting mixed solution was heated at 90°C with constant stirring until 

it formed a dried gel, which subsequently underwent self-propagating combustion to yield loose precursors[15].  

Finally, NMF crystalline powder was obtained by calcining these precursors at 550°C for 4 hours. 

 

 Preparation of NMF/ PANI nanocomposite: Ni0.7Mg0.3Fe2O4 ferrite/PANI nanocomposite was synthesized 

via in-situ polymerization in an aqueous medium. Initially, NMF ferrite nanoparticles were dispersed in 70 ml 

of 1 M hydrochloric acid and stirred for two hours to ensure a homogeneous dispersion. Subsequently, 2 ml of 

aniline monomer was introduced into the solution, followed by an additional hour of stirring. A solution of 

ammonium peroxydisulfate (ASP) was prepared by dissolving 4.98 g of ASP in 40 ml of 1 M hydrochloric acid, 

maintaining a 1:1 molar ratio of ASP to aniline. This solution was then slowly added drop wise to the 

nanoparticle suspension under constant stirring. The polymerization reaction was carried out over 10 hours at a 

temperature range of 0°C to 5°C. The resulting suspension was filtered, washed with 1 M hydrochloric acid and 

deionized water, and then dried in a vacuum oven at 80°C for 48 hours. The final product, a green powder, was 

characterized using various analytical techniques. 

III. CHARACTERIZATIN 

The ferrite nanoparticles, nanocomposites were made, and their composition, morphology, and structure were 

investigated. To examine the phase structure and crystalline form of the ferrites and composites, X-ray 

diffraction (XRD) was used. A field emission scanning electron microscope (FE-SEM) and a high-resolution 

transmission electron microscope (HR-TEM) were used to analyze the surface morphology. Using an Autolab 

PGSTAT204 potentiostat for CV, the electrochemical characteristics were investigated. 
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IV. STRUCTURAL ANALYSIS 

Fig. 1 shows the XRD pattern of the as synthesized NMFferrite nanoparticles and NMF/PANI 

nanocomposite..In the XRD pattern of NMF nanoparticles, the peaks observed at 18.37, 30.49, 35.92, 37.10, 

43.61, 54.00, 57.55, 63.16, 71.58, 74.67, 75.530correspond to (111), (220), (311), (222), (400), (422), (511), 

(440), (620), (533) and (622)planes, respectively.  The peaks observed in NMF /PANI nanocomposite in the 

XRD pattern, 18.37, 30.62, 35.92, 37.57, 43.61, 53.00, 57.55, 63.16, 71.58, 74.67, 75.530 correspond to (111), 

(220), (311), (222), (400), (422), (511), (440), (620), (533) and (622). It was observed that some peaks shift 

towards higher degree along with two extra peaks formed at 20.68 and 25.6 in nanocomposite. The extra 

peaks formed at 20.68 and 25.6are due to polyaniline in the composite [15,16].The intensity of peaks 

decreases due to amorphous nature of polyaniline. The average crystallite size of NMF ferrite nanoparticles was 

calculated using diffraction at (311) plane and was found to be 46nm. 

 

 
Fig. 1 XRD Patterns of NMFand NMF/ PANI 

 

 

V. MORPHOLOGICAL CHAACTEIZATION 

The FE- SEM images of NM Fferrite nanoparticles and NMF/PANI nanocomposite are shown in   

Fig.2 (a) and (b). Fig.2 (a) shows NM Fferrite nanoparticles are in a cubic structure and agglomeration of 

particles due to ferromagnetic properties of material. 

The coating of polyaniline on NMF ferrite nanoparticles was observed in Fig.2(b). From FEG-TEM 

images,the cubic structure of spinel ferrite can be clearly seen and the magnetic dipole interaction gives to raise 

the agglomeration of ferrite particle as shown in Fig. 3 (a). The average particle size of NM Fferrite 

nanoparticles was also calculated using FEG-TEM images. The average particle size is found in the range of 

46nm, which is calculated using Imag-J software. Fig.3 (b) shows the HR- TEM images, particle boundary is 

clearly observed with light colour coating on the dark coloured spots, which are ferrite nanoparticles and light 

colour boundary part indicates amorphous polyaniline.  

VI. ELECTROCHEMICAL  CHAACTEIZATION 

NMFferrite nanoparticles and NMF /PANI nanocomposite are electrochemically investigated using 

CV in an aqueous electrolyte containing 2 M KOH. At a scan rate of 5 to 80 mV/s, all of the CV curves  of NM 

Fferrite nanoparticles were measured in the voltage range of 0.2 to 0.5 V (vs Ag/AgCl), and  that of  NMF 

/PANI nanocomposite in the voltage range of 0.1 to 0.55 V (vs Ag/AgCl). All these curves show strong 

oxidation and reduction peaks [18-20].  
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Fig. 2 (a) FE- SEM image of NMFFig. 2 (b) FE-SEM image of  NMF /PANI 

nanoparticles nanocomposite 

 

                                       
 

Fig. 3 (a) TEM image of NMF Fig. 3(b) TEM image with HR- TEM of 

 

 

 
Fig. 4 (a)  C V curves of NMF 
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Fig. 4 (b) C V curves of NMF /PANI ferrite nanoparticles.  

 

In a three-electrode configuration system, the CV plots of NMF ferrite nanoparticles and NMF/PANI 

nanocomposite electrodes at various scan rates (5 mV/s, 10 mV/s, 20 mV/s, 40 mV/s, 60 mV/s, and 80 mV/s) 

are displayed in Fig. 4 (a) and (b). When PANI is added, the nanocomposite's conducting characteristics 

improve and grow, improving the specific capacitance and surface area of NMF. Constant conductive network 

routes created by NMF in the PANI matrix help in ion transport and redox reactions.PANI also improves the 

electro-chemical performance of the NMF/PANI supercapacitor electrode by minimizing charge transfer 

resistances and enhancing the interfacial contact between NMF/PANI and electrolyte [21-24]. Using the 

following formulas, the specific capacitance and energy density were calculated, 

Specific capacitance(F/g)  

 

    Cs = 
∫ 𝐼𝑑𝑉

𝜈 𝑥 𝑚 𝑥 ∆𝑉 
     . ………………………………..    (1) 

where, I- Integral area - Scan rate (mVs 1), 

m- Mass of the composites (milligram) and 

ΔV- window potential (volt). 

 

Energy density, E (Wh/kg) 

                                         E =  
0.5 𝑥 𝐶𝑠∆𝑉2 𝑥 1000

3600
    ………………………………..     (2)  

The calculated maximum specific capacitance value of NMF nanoparticles and NMF /PANI nanocomposite 

are14.85 Fg-1 and 193 Fg-1 at a scan rate of 5 mVsec-1. The energy density value of NMF nanoparticles and 

NMF/PANI nanocomposite are 0.19 Wh/kg and 9.25 Wh/kg respectively. 

VII. CNCLUSION 

Magnesium doped nickel ferrite nanoparticles and Magnesium doped nickel ferrite and /Polyaniline 

nanocomposite were successfully synthesized by sol-gel auto-combustion and In-situ polymerization method. 

The spinel cubic structure of NMF ferrite and the amorphous nature of polyaniline were verified by the X-ray 

diffraction pattern. Using XRD and FE-TEM images, the average particle size of the NMF ferrite nanoparticles 

was determined to be 46 nm. NMF/PANI nanocomposite and NMF ferrite nanoparticles have maximum 

specific capacitance values of 19.3 Fg-1 and 14.85 Fg-1 at a scan rate of 5 mVsec-1respectively. NMF ferrite 

nanoparticles and NMF/PANI nanocomposite have computed energy densities of 0.19 Wh/kg and 9.25 Wh/kg, 

respectively. The specific capacitance value of NMF/PANI nanocomposite is increased due to conducting 

polyaniline. 
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Abstract: - In this study, the thermoluminescence (TL) properties of fluorophosphate materials Li9Mg3[PO4]4F3 and Li2Mg[PO4]F 

were investigated as potential candidates for dosimetry applications. The results indicate that the irradiated samples display notable 

thermoluminescence within the temperature range of 100°C to 300°C, with a prominent peak observed at 250°C. The TL spectra 

exhibit a broad band centered at 400 nm, which is attributed to structural defects in Li9Mg3[PO4]4F3 and Li2Mg[PO4]F. UV–vis 

spectroscopy determined that the energy required to excite these defects is 4.4 eV (approximately 280 nm). Further evidence of 

intrinsic defects was provided by electron paramagnetic resonance (EPR) analysis in Li9Mg3[PO4]4F3. This method was used to 

simulate various intrinsic defects, including single and complex, as well as neutral and charged vacancies. These defects introduce 

additional electronic states within the band gap, leading to absorption bands in the visible region. Both experimental and theoretical 

investigations suggest that Li9Mg3[PO4]4F3 and Li2Mg[PO4]F are promising optical matrices for dosimetric applications. 
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I.  INTRODUCTION 

Fluoride-phosphate-based materials have recently garnered significant attention due to their ability to combine 

the advantages of both anionic species. These fluorophosphate compounds exhibit a range of desirable properties 

inherited from their phosphate and fluoride components, such as excellent thermal and hydrolytic stability [1]. 

Cathode materials for Li-ion batteries are known for their high structural diversity and superior properties 

compared to their phosphate analogs [2,3]. The presence of both fluorine anions and phosphate groups is 

particularly valuable for optical applications. Phosphates are an appealing choice for crystals used in deep-UV 

optical materials, as the tetrahedral configuration of PO4 units aids in achieving a short UV absorption edge 

[4,5]. Fluorine, owing to its high electronegativity, plays a crucial role in increasing the optical band gap and 

expanding the transmittance range. Materials belonging to the large family of apatites doped with rare-earth ions, 

such as NaCa3Bi(PO4)3F:Sm3 [6], Ca8NaBi(PO4)6F2:Eu [7],Sr5(PO4)3F: Er [8], (Sr,Mn)5(PO4) 3(F,Cl) [9], 

are becoming attractive because of their potential application as efficient phosphors for white light emitting diode 

devices, as a component of eye-safe devices, optical fiber telecommunication, security systems, and medical 

imaging. Besides individual compounds that contain both anionic groups, mixed phosphate-fluoride glasses [10] 

and glass-ceramic compositions [11,12] are also of significant interest. Fluorophosphate phosphors doped with 

Eu3+ and Tb3+ are particularly promising candidates for use in fluorescent lamps or white LED devices. 

Fluoride-containing phosphate-based glass systems are considered a unique class of optical laser glasses with 

potential applications in color separation optics for high-power laser facilities [13,14]. These glasses are 

distinguished by their high transparency, ranging from deep ultraviolet to infrared, their capacity to dissolve high 

concentrations of dopants, low phonon energies, anomalous partial dispersion, and low linear and nonlinear 

refractive indices [15]. In this study, to evaluate this potential, Li9Mg3[PO4]4F3 and Li2Mg[PO4]F were 

synthesized using a microwave-assisted method, and their thermoluminescence properties were thoroughly 

investigated. 

It has been found that X-ray exposed Li9Mg3[PO4]4F3 can effectively convert ionizing radiation into 

detectable light both in real time and after additional thermal stimulation, making it a promising optical matrix 

for dosimetric applications. The study confirms that all types of luminescence observed are due to intrinsic 

defects in Li9Mg3[PO4]4F3 and Li2Mg[PO4]F. Commonly used and well-studied materials for TL dosimetry 

include Al2O3:C single crystals, as well as fluorides, sulfates, borates, and phosphates of alkali and alkaline 

earth elements. LiF TL phosphor is regarded as one of the most widely used materials for dosimetric 

applications due to its effective atomic number, Zeff = 7.24, which renders its TL response nearly independent 

of radiation energy. Similarly, phosphates hold significant importance for radiation dosimetry, primarily 

because of their chemical and thermal stability and the simplicity of their preparation methods. Among the 

materials, exhibiting thermally stimulated or optically stimulated luminescence, LiMgPO4: Tb, B, LiMgPO4: 

Er, LiCaPO4: Eu, NaCaPO4: Dy were found to be very sensitive radiation dosimetric materials. Incorporating 

two distinct anionic groups within a crystalline compound offers an extra degree of flexibility in designing new 

dosimetric materials, making the use of halophosphate phosphors, especially fluorophosphates, a promising 

strategy. 

 

II. EXPERIMENTAL DETAILS 

To prepare Li9Mg3[PO4]4F3, Li2Mg[PO4]F fluorophosphate, microwave assisted synthesis was used. The 

appropriate amounts of materials Li3PO4 (lithium orthophosphate, 99.9%), LiF (lithium fluoride, 99.9%) and 

LiMgPO4 (prepared by the conventional solid-phase method) were mixed and milled in an agate mortar until the 

average particle size was less than 10 μm. The powder was pressed into a tablet and thermally treated in a 

microwave muffle furnace at 650 °C. 

Then these materials were heated at 8000C for 8 hours, results the compounds of Li9Mg3[PO4]4F3, 

Li2Mg[PO4]F in powder forms. The samples were then slowly cooled at room temperature. The resultant 

polycrystalline mass was crushed to fine particle in a crucible. This powder form was used in further study. The 

prepared host lattice was analyzed for phase purity and crystallinity using X-ray powder diffraction (XRD). For 

thermoluminescence (TL) studies, the samples were irradiated with gamma rays from a Co-60 source at room 

temperature, with a dose rate of 0.994 kGy/h, accumulating a total dose of 5 Gy. After the desired exposure, 

thermoluminescence (TL) glow curves were obtained for 2 mg of sample at each measurement, with a heating 
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rate of 2°C/s. The TL glow curves were recorded using a standard setup, which included a small metal plate 

heated directly by a temperature programmer. 

 

III. CHARACTERIZATION 

The experimental X-ray diffraction (XRD) pattern of Li9Mg3[PO4]4F3 and Li2Mg[PO4]F, prepared via 

microwave-assisted synthesis, was analyzed. The diffraction peaks were fully indexed to a hexagonal structure 

with the space group P63. The cell parameters for the fluorophosphate were determined by refining the XRD 

data, resulting in a = 12.604(1) Å and c = 5.003(2) Å. Additionally, traces of Li3PO4, according to JCPDS data, 

were observed in the XRD pattern. Overall, the XRD pattern is in good agreement with the reported data. 

TL glow curves of  Li9Mg3[PO4]4F3, Li2Mg[PO4]F. 

 

Fig.1:  TL glow curves of Li9Mg3[PO4]4F3, Li2Mg[PO4]F thermoluminescence materials. 

Figure 1(a) shows a typical glow curve for the sample Li9Mg3[PO4]4F3, Li2Mg[PO4]F  exposed to γ-rays for 

5 Gy at a rate of 0.995 kGyh-1. A prominent peak can be seen around 220 °C, 425 °C for 5 mol%, respectively.  

Figure 1(b) shows a typical glow curve for the sample Li9Mg3[PO4]4F3, Li2Mg[PO4]F exposed to γ-rays for 5 

Gy at a rate of 0.995 kGyh-1. A prominent peak can be seen around 222°C and second peak at 410°C for 1 

mol%, respectively.       

Figure 1(c) shows a typical glow curve for the sample Li9Mg3[PO4]4F3, Li2Mg[PO4]F  exposed to γ-rays for 

5 Gy at a rate of 0.995 kGyh-1. A prominent peak can be seen around 220 °C for 0.1 mol%, respectively.  In 

this phosphor, the appearance of single peak in the glow curve indicates that there is possibly only one kind of 

trapping sites due to γ-irradiated effect. 

Fig 2: TL Characteristics of (a) Li9Mg3[PO4]4F3, Li2Mg[PO4]F mol% Mn 0.1 mol%,  (b) Li9Mg3[PO4]4F3, 

Li2Mg[PO4]F, 1mol%, (c)  Li9Mg3[PO4]4F3, Li2Mg[PO4]F 5mol%  phosphor exposed to γ-rays for 5 Gy at 

the rate of 0.995 kGyh-1.Fig.2 shows a TL Characteristics curve for the sample Li9Mg3[PO4]4F3, 

Li2Mg[PO4]F 5mol%Mn0.1mol%,Ce 5mol% Dy 0.1mol%, Ce 5mol% phosphor exposed to γ-rays for 5 Gy at 

the rate of 0.995 kGyh-1. 
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Fig 2: TL Characteristics of (a) Li9Mg3[PO4]4F3, Li2Mg[PO4]F, mol% Mn 0.1 mol%, (b) Li9Mg3[PO4]4F3, 

Li2Mg[PO4]F, 0.1mol% , (c) mol Li9Mg3[PO4]4F3, Li2Mg[PO4]F,  1 mol%. 

 

A single prominent peak can be seen around (a)179 C, (b) 225 C, and (c) 222 C for Ce 5 mol% Mn 0.1mol%, 

Ce 5mol% Dy 0.1mol% and Ce 5mol% respectively. It is also observed that there is slightly change in the peak 

position of Ce 5mol% Mn 0.1mol%, concentration and found to shift toward the lower temperature side. The 

relative heights of the glow peaks changed for the different concentrations. In this phosphor, it is observed that 

the intensity is lower for Ce. And it increases after co-doping of Mn and Dy concentrations. The appearance of 

single peak in the glow curve indicates that there is possibly only one kind of trapping sites due to γ-irradiated 

effect. 

 

IV. CONCLUSIONS 

In this study, LI9MG3[PO4]4F3, LI2MG[PO4]F, was prepared by microwave assisted synthesis method and assigned 

to the hexagonal structure (P63, Z = 2, a = 12.6054(1) Å, c = 5.0018(2) Å). LI9MG3[PO4]4F3, LI2MG[PO4]F is 

shown to melt congruently at 850°С with ΔH = − 225.1 J/g. For the first time, comprehensive experimental 

studies of the TL spectra along with theoretical simulation were carried out for Li9Mg3[PO4]4F3. It was found 

that the irradiated sample exhibits significant thermoluminescence properties in the given sample. 
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Applications 
 

Abstract: - LiAl5O8:Ln3+ (Ln3+ = Ce, Gd) ultraviolet B (UVB) emitting phosphors were synthesized at 500°C within a few minutes 

through urea assisted combustion synthesis method. A Cubic structure of as synthesized sample was confirmed by using x-ray 

diffraction method (XRD). The surface morphology and chemical composition confirmed by Scanning Electron Microscopy (SEM) 

and EDAX. Characteristic luminescence of Ce3+ and Gd3+ ions were observed in LiAl5O8. The PL spectra of LiAl5O8:Ce3+excited at 

278 nm consists of a dominant UVB emissions at 362 nm attributed to 5d–4f transitions. Also, the PL spectra of 

LiAl5O8:Gd3+excited at 274 nm exhibits an intense emission in the ultraviolet region centered at 313 nm assigned to the 6P7/2 →
8S7/2 

transition.The results revealed that Ce3 and Gd3+ doped LiAl5O8 matrix has potential applications for the UVB emitting phototherapy 

lamp and other optical devices. 
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I.  INTRODUCTION 

Inorganic compounds doped with lanthanide ions (Ln3+) have several applications in UV, Visible and NIR 

region depending upon the dopant ions in selected host matrix. Applications in UV region have technological 

importance due to its uses in medical and other domains such as phototherapy lamp, scintillators, multimodal 

imaging probes, induction sterilization, disinfection, insect traps, photochemical reactions, production of vitamin 

D3 and the treatment of psoriasis in medical sciences [1]. To attain these applications, Gd3+ and Ce3+ ions play 

vital roles as its emission in the range of 200 nm to 400nm on account of f-f transitions [2]. The narrowband 

UVB radiation (311–315 nm) is identified for the treatment of several disorders and skin diseases [3]. 

In aluminate host, among all rare earth ions trivalent cerium (Ce3+) ion is one of the most popular dopant ions 

due to the presence of peculiarity of its 5d→4f transition. Ce3+ ion has properties to produce an efficient UV 

emission on account of allowed intra configurational d–f transitions. Ce3+ rare earth ion is distinct from all rare 

earth ions due to presence of 5d–4f parity-allowed transitions. Also, Gd3+ ion doped phosphor materials have 

innumerable importance due to their characteristic applications in the UV region as its emission range is 311–315 

nm attributed to the 6P7/2 → 8S7/2 transition [4]. Gd3+ ion have unpaired 7- electrons in 4f shell and which is 

extensively used in routine clinical MRI (magnetic resonance imaging) as an optical imaging probe due to their 

paramagnetic property. As well as it enhances the quality of images to get clear information about abnormalities 

and diseases which are clearly and noticeable visible on MRI [5]. Gd3+ doped up-conversion nanomaterials 

reported as most important fluorescent imaging agents and T1 -MR material [6]. Gd3+ doped phosphors have 

numerous applications such as microwave applications, compact discs (CD), computer memory, magneto-optical 

films and imitation of diamonds, green phosphors for color television tubes, etc. Also, in medical science for the 

treatment of Vitiligo, the UVB phototherapy lamp is most effectives [7]. 

Lithium aluminates-based phosphor compounds have fascinated researchers and industries due to several 

industrial applications on account of their excellent thermo-chemical and radiation stability, good luminescent 

materials, artificial illumination, etc.making it a potential candidate for use as a host matrix for active ions, 

especially rare earth (RE) ones [8]. LiAlO2 and LiAl5O8 are considered as an excellent host phosphor or matrix 

for several doping impurities. There are three complex oxides in the Li2O–Al2O3 system, Li5AlO4, LiAlO2 and 

LiAl5O8, with melting points of 1116, 1785 and 1915oC, respectively [9]. Thus, LiAl5O8 has the highest melting 

point in this system. The phase transitions in LiAl5O8 studied by R. K. Datta and Rustum Roy [10].LiAl5O8 with 

an inverse spinel structure has interesting optical characteristic properties due to acceptance of dopants from rare 

earth and transition metal ions. Spinel structure is classified into the group of crystals to be used as phosphor, 

magnetic materials and laser host medium [11].LiAl5O8possesses two forms: a low temperature primitive cube 

with ordered, P432 space group and a high temperature spinel form with disordered, F4/d 3̅ 2/m space 

group.LiAl5O8 with the space group 213 is commonly used as fluorescent material [12]. 

There are several reports on the introduction of transition metal ions such as Fe3+, Mn2+, Co3+, Ni2+ and Cr3+ 

and rare earth ions such Eu3+ , Tb3+, Ce3+ and Dy3+ for applications in luminescent devices. LiAl5O8 doped with 

Eu3+, Fe3+, or Co3+are also reported. Fe-doped LiAl5O8synthesized by wet chemical route and luminescent 

properties were studied by Kuttyand Nayak. Recently, Co2+: LiAl5O8 nano crystals were synthesized via a citrate 

sol–gel method [13]. Ce-doped LiAl5O8 phosphor also reported .Singh and Rao prepared LiAl5O8:Eu3+ phosphor 

using a self-propagating (combustion) synthesis [14]. Shinobu Hashimoto et.al. Applied Self-flux synthesis and 

studied photoluminescent properties of LiAl5O8 [15]. The luminescence properties of Fe3+doped LiAl5O8 

prepared by a wet chemical processing method have been studied [16]. Fe3+ in LiAl5O8 a weak luminescence in 

the green was observed and identified as due to Mn2+ impurity [17]. Luminescence of Mn ions ordered and 

disordered LiAl5O8 studied by McNicol and Pott [18].  Luminescence of Cr3+ ions in ordered and disordered 

LiAl5O8 studied by Pott and McNicol [19]. Preparation and characterization of Co2+ doped LiAl5O8 nano-crystal 

powders by sol–gel technique [20]. LiAl5O8 doped with Fe3+ or Mn2+ is known as a rather efficient phosphor 

material. Optical properties of Fe3+ in LiAl5O8 studied. EPR and luminescence properties of combustion 

synthesized LiAl5O8:Mn2+ phosphors and Cr3+doped LiAl5O8 reported [21]. 

There are several techniques for the synthesis of aluminate-based phosphors including sol-gel method, 

combustion synthesis , and solid-state reaction method [22] etc. These techniques of preparation of phosphor 

materials required enormous amount of energy and time. Therefore, to overcome these inadequacies, the 

combustion synthesis (CS) is most preferred and economic method for the preparation of aluminate-based 

phosphor on account of its peculiarities such as safe, instantaneous and energy saving. In comparison with these 

methods, CS has following advantages: (i) control over purity of synthesized product and its composition, (ii) 
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easyto add dopant ions and (iii) economical, fast and low temperature synthesis. On account of these advantages, 

we have successfully employed combustion process for the preparation of Gd3+ doped LiAl5O8 first time and 

reported in this article along with LiAl5O8:Ce3+. 

From literature, it is observed that there is no report available on Gd3+ doped LiAl5O8 phosphor therefore in 

this paper, a facile combustion process was chosen to prepare Ce3+, Gd3+doped LiAl5O8 phosphor using 

combustion process. Besides the synthesis, XRD pattern confirms the crystal structure and phases of compound. 

Photoluminescence (PL) properties of the synthesized LiAl5O8 without dopants were investigated. This phosphor 

has potential applications in several optoelectronic devices. 

II.  EXPERIMENTAL  

Wherever Times is specified, Times Roman or Times New Roman may be used. If neither is available on 

your word processor, please use the font closest in appearance to Times. Avoid using bit-mapped fonts if 

possible. True-Type 1 or Open Type fonts are preferred. Please embed symbol fonts, as well, for math, etc. 2.  All 

the raw materials are procured from the Sigma Aldrich Company, such as LiNO3 (A.R.99.99%), Al(NO3)3.9H20 

(A.R.99.99 %), Urea (A.R.99.99 %), Gadolinium oxide Gd2O3 (A.R.99.99 %) and Cerium Oxalate 

Ce2(C2O4)3H2O (99.99%) A series of LiAl5O8:xCe3+, LiAl5O8:xGd3+, LiAl5O8 :xLn3+( Ln = Ce, Gd and x = 0.5, 1, 

2, 5 mol %) precursors are prepared by using the stoichiometric amount of raw materials. The precursors were 

placed into agate mortar and are ground for half hour to improve the homogeneity. Then the solution was 

introduced into a china dish and put in muffle furnace and then combust at 500 °C for 30 min in muffle furnace. 

The obtained product was allowed to cool and then grounded for a few minutes with a mortar and pestle. The 

resulting powder was used for further characterization. Schematic representation of the synthesis procedure of 

pristine and doped LiAl5O8compound is exhibited in fig.1. 

 

 
“Fig.1. Schematic diagram of the synthesis procedure of LiAl5O8compound” 

 

III. MATERIAL CHARACTERIZATION 

The crystal structure studied by using Powder X-Ray diffraction (Rigaku D-MaxC) using Cu Kα radiation in the 

range of 2θ = 10°– 90°. The particle size, surface morphology and elemental mapping were analyzed through SEM and 

EDAX techniques. At room temperature PL (photoluminescence) spectra for excitation and emission of sample were 

taken on instrument Hitachi F-7100 FL spectrophotometer equipped with a 450 W Xe lamp as the excitation source. 
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IV. RESULTS AND DISCUSSIONS 

1. X-Ray diffraction Studies 

 

 
“Fig.2. Powder XRD pattern of LiAl5O8 matched with ICDD 87-1278” 

 

The XRD pattern of the as prepared sample is well matched with ICDD 87-1278 is shown in Fig.2.LiAl5O8 is 

described as the cubic crystal system with space group P4332 (212) and the refined lattice parameters are : a = 

7.908 Å, b = 7.908 Å, c = 7.908 , α = 90.0000, β = 90.0000, γ = 90.0000 and Unit cell Volume = 494.538356 Å3 

[23]. Formation of LiAl5O8 was ensured by comparing the recorded diffraction patterns with ICDD 87-1278.  

 Rietveld refinement is used primarily to refine crystal structure of the as prepared sample. This influential 

technique of studying X ray diffraction pattern is being increasingly used for obtaining several parameters such 

as micro structural information, average domain size and crystallite size distribution, texture, strain and stress, 

and crystalline defect concentration.  

 

 
“Fig.3. Rietveld refinement of LiAl5O8” 

  

The FullProf software was used to carry out Rietveld Refinement. Quantitative estimation of the synthesized 

sample and standard pattern carried out. The results of refinements are shown in fig 3. GOF parameter χ2 = 

1.0512exhibits an excellent match with standard data. 
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2. Crystal Structure 

 

 
“Fig.4. Unit cell of LiAl5O8showing cation coordination and coordination polyhedra” 

 

LiAl5O8 exists in many forms. The equilibrium high-temperature form (I) has cubic structure. In cubic 

structure, Al3+ ions occupy a tetrahedral and an octahedral (Al2 and Al3, preferably 12d) sites, while Li+ 

occupies only the distorted octahedral (Li1 and Li2, preferably 4b) [24]. Synthesized sample possesses modified 

spinel structure with cubic symmetry with P4332 space group, shown in Fig. 4. This structure consists of 

tetrahedral (8c) and two (distorted) octahedral (4b and 12d) sites, in which Al3+ ions occupy the tetrahedral (Al1) 

and octahedral (Al2 and Al3, preferably 12d) sites, while Li+ occupies only the distorted octahedral (Li1 and Li2, 

preferably 4b site) [25]. 

Table 1. Atomic coordinates for LiAl5O8 

 

Atom Label x/a y/b z/c Occupancy 

Li Li1 0.62500 0.62500 0.62500 0.95700 

Li Li2 0.36860 -0.11860 0.12500 0.01300 

Al Al1 -0.00250 -0.00250 -0.00250 1.00000 

Al Al2 0.62500 0.62500 0.62500 0.04200 

Al Al3 0.36860 -0.11860 0.12500 0.98600 

O O1 0.11460 0.13290 0.38470 1.00000 

O O2 0.38590 0.38590 0.38590 1.00000 

 

3. SEM, EDS and Elemental mapping  

In addition to XRD, formation of pure LiAl5O8 matrix is confirmed through EDS spectra and elemental 

mapping of composition shown in fig.5.The relative atomic percentages of an elements obtained in EDS spectra 

are close with the molecular formulaLiAl5O8. The executed elemental mapping reveals that, all the elements are 

uniformly and homogeneously distributed. Obtained results show that the phase pure LiAl5O8compoundis formed 

by using simple one step combustion synthesis method. 
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“Fig.5. EDS spectra and Elemental mapping for pristine LiAl5O8” 

 

Surface morphology of the as prepared LiAl5O8compound was studied by using FESEM. Fig.6. exhibited 

typical SEM micrograph of the as prepared compound. Regular rod-shaped particles are observed through SEM. 

also, the formation of phase of pure LiAl5O8 confirmed by SEM. 

 

 
“Fig.6. A typical SEM micrograph for LiAl5O8 compound” 

 

4. Photoluminescence Studies (PL) 

4.1. PL in Ce3+ activated LiAl5O8 compound 

Ce3+ is considered as most important activator due to its emission in UV region among all trivalent lanthanide 

ions. The Ce3+ ion possesses 4f1 electronic configuration. The excited states for Ce3+ ions are attained when 

electron goes to 5d1 shell as it belongs to, the 4f0,5d1 configuration. Thus, in both the ground states and excited 

states the electronic configuration is the simplest [26]. The ground state in case of Ce3+ ion is a doublet because 

of spin-orbit splitting (2F5/2, 2F7/2).The separation of doublet is of the order of 2000 cm-1. In a solid the crystal 

field is to lower the average energy of the 5d electronic configuration and further split 2D3/2 and 2D5/2 states. In 

cubic geometry field, the 5d states split into two states, t2g and eg. The relative positions of these states are ruled 

by the symmetry, and are reversed when symmetry changes from Oh to T. By studying a large number of 

phosphors hosts the average value for the total splitting is obtained as 10000 cm-1 [27].The outcome of the crystal 

field on 5d bands has been treated by Dorenbos in terms of red shift, centroid shift [28], crystal field splitting. 

The crystal field splitting, is the separation between top most and the bottom 5d orbital band. The centroid shift is 

difference between the average energy of the Ce3+ 5d configuration in a solid crystal and the free ion value [29]. 
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“Fig.7. PL and PLE spectra of LiAl5O8:Ce3+ ” 

 

Fig.7 shows PL emission and excitation spectra for LiAl5O8:Ce3+. The emission is in form of a typical broad 

band with peak at 362 nm appeared. This emission corresponds to the transition from the lowest energy bands of 

4fo5d1 configuration to (2F5/2, 2F7/2) ground state of 4f1 configuration. The corresponding PLE are typical of the 

splitting of 5d levels observed at 278 nm. Concentration Quenching in Ce3+ activated LiAl5O8 shown in 

fig.8.Highest intensity observed at 1.0 mol % after that it decreases. 

 

 
“Fig.8. Concentration Quenching in Ce3+ activated LiAl5O8” 

 

The intensity rises at first till the Ce3+ concentration reaches 1.0 % and declines later. These results enable 

estimation of the minimum separation between Ce3+ ions, Rc, that is required to avoid the interaction between 

them if Blasse [30] equation is used to analyses- 

𝑅𝑐 = 2 ( √
3V

4πXcN

3

) 

Xc is the amount of Ce3+  for which the intensity is maximum (0.01), N is number of sites in a unit cell where 

Ce3+ can be incorporated, V is the volume of the unit cell (512.2372 Å3).  After substituting the values of the 

relevant quantities mentioned in the parentheses, Rc value for Ce3+ doped LiAl5O8: Rc   is 21.4 Å. Such a high 

value is not compatible with the exchange mechanism for energy transfer among Ce3+ ions. For getting insight 
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into the mechanism of the concentration quenching, a graph is plotted with log I/C on the Y axis and log C on the 

X (Fig. 10). This graph was analysed in terms of van Uitert equation [31]. 

 

 
“Fig.9. Van Uitert Plot for Concentration dependence of Ce3+ emission” 

 

Slope of the graph throws light on the energy transfer mechanism. It can be seen from the equation that slope 

equals -θ/3. The multipolar mechanisms can be based on dipole-dipole (d-d), dipole-quadrupole (d-q) and 

quadrupole-quadrupole (q-q) interactions for which θ values are 6, 8 and 10, respectively.  From Fig. 12 we 

obtain θ = 3.3 which is closer to six and hence energy migration along Ce3+ chain in LiAl5O8proceeds through d-

d interaction.  

 

4.2. Photoluminescence in Gd3+ activated LiAl5O8 

Gd3+ ion is a remarkable lanthanide for a few specific applications related to its magnetic properties arising 

from 7 unpaired electrons, energy level structure with large gap between the ground state to the first excited state, 

and large cross section for (n,γ) reaction [32]. Producing cryogenic temperatures (CT) through adiabatic 

demagnetization [33], Gd3+ ion has very abnormal PL properties which do not depend on the host properties. 

Presence of 7 electrons in 4f gives rise to large number of spectroscopic terms. Only 6 of this viz. 6IJ, 6PJwhich lie 

within50000 cm-1 from the ground state 8S7/2are taken in consideration in most of the experiments. Other higher 

lying levels 6DJ,6GJ become noticeable only for high energy excitations [34].De-excitation to 8S7/2 ground state 

results in an emission line noticeable at about 314 nm [35]. For luminescence quenching the Critical 

concentration of Gd3+ is very normal. The energy associated with 6P7/2→8S7/2 transition is also very high and 

cannot be used in the process of phonon formation. Therefore, once Gd3+ ion reaches to 6P7/2 energy state must 

emit a UV photon or transfer its energy to nearest luminescence centre. Gd-Gd ion separation is a critical feature 

in the energy migration along with Gd3+ chain.  

𝐼

𝐶
= 𝑘 [1 + 𝛽(𝐶)

𝜃
3⁄ ]

−1
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“Fig.10. PL and PLE spectra of LiAl5O8:Gd3+” 

 

PL and PLE spectra of LiAl5O8:Gd3+ is shown in fig.10. Emission of 313 nm is observed for the excitation of 

274 nm. The quenching of various mole proportion of Gd3+ with LiAl5O8 is shown at 314 nm wavelength which 

shown in fig. 11.  

 

 
“Fig.11. Concentration Quenching in Gd3+ activated LiAl5O8.” 

 

The intensity rises at first till the Gd3+ concentration reaches 1.0 % and declines later. These results enable 

estimation of the minimum separation between Gd3+ ions, Rc, that is required to avoid the interaction between 

them if Blasse [36] equation is used to analyses- 
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𝑅𝑐 = 2 ( √
3V

4πXcN

3

) 

Xc is the amount of Gd3+ for which the intensity is maximum (0.01), N is number of sites in a unit cell where 

Gd3+ can be incorporated, V is the volume of the unit cell (512.2372 Å3).  After substituting the values of the 

relevant quantities mentioned in the parentheses, Rc value for Gd3+ doped LiAl5O8: Rc   is 21.4 Å. Such a high 

value is not compatible with the exchange mechanism for energy transfer among Ce3+ ions. For getting insight 

into the mechanism of the concentration quenching, a graph is plotted with log I/C on the Y axis and log C on the 

X (Fig. 10). This graph was analysed in terms of van Uitert equation [37]. 

 
Slope of the graph throws light on the energy transfer mechanism. It can be seen from the equation that slope 

equals -θ/3. The multipolar mechanisms can be based on dipole-dipole (d-d), dipole-quadrupole (d-q) and 

quadrupole-quadrupole (q-q) interactions for which θ values are 6, 8 and 10, respectively.  From Fig. 12 we 

obtain θ = 3.3 which is closer to six and hence energy migration along Gd3+ chain in LiAl5O8 proceeds through d-

d interaction.  

 
“Fig.12. Van Uitert Plot for Concentration dependence of Gd3+ emission.” 

 

Lifetime measurements were also carried out by using emission was sufficiently intense for this purpose. The 

lifetime was obtained as 2.8033 ms for 0.5 mol.% Gd3+ (Fig. 11). At this concentration decay becomes faster due 

to Gd3+→Gd3+ energy transfer. 

The following equation is used to find the average lifetime, 

 

τ = 
 ʃ 𝑡  × 𝑖(𝑡) 𝑑𝑡

ʃ  𝑖(𝑡) 𝑑𝑡
 

 

Where, τ represent the average lifetime, t is time and i is the intensity counts. 

𝐼

𝐶
= 𝑘 [1 + 𝛽(𝐶)

𝜃
3⁄ ]

−1
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“Fig.13. Lifetime measurements” 

 

V. CONCLUSION 

A series of LiAl5O8:Ln3+ (Ln3+ = Ce, Gd) phosphor is prepared by using one step combustion techniques. 

Phase pure compound formed within few minutes at 500°C temperature. XRD, Rietveld Refinement, EDS and 

elemental mapping confirm the formation of a phase pure compound and the luminescent studies of LiAl5O8 : 

Ln3+ (Ln3+ = Ce, Gd) phosphor samples are carried out and the results discussed in detail. The photoluminescence 

spectra of LiAl5O8 :Gd3+ phosphor showed prominent emission located at about 313 nm. It is expected that the 

LiAl5O8 : Ln3+ (Ln3+ = Ce, Gd) phosphor is potential candidates for ultraviolet LED and other optoelectronic 

applications. 
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I.  INTRODUCTION  

Shape Memory alloys possessing certain unique properties which regain their initial shape and size after 

applying the stress, heat or magnetic field. Unique properties contain Super elasticity, Shape memory effect, 

Biocompatibility, High wear and Corrosion Resistance. Nickel, titanium, zinc, copper, gold, and iron are used in 

the various alloys of SMA. On the basis of alloying elements SMAs can be broadly classified as Nickel-Titanium 

(NiTi) SMAs, Copper (Cu) SMAs, and Iron SMAs. NiTi alloys are very much popular in biomedical applications 

due to its unique properties [1]. In Biomedical it is mostly used for Vascular, Orthopedic and Orthodontic 

applications [2]. Machining of shape memory alloys play important role to convert SMA material into any 

product of biomedical application. It is challenging due to unique properties, presence of nickel and hardness of 

Shape memory alloys. Past studies [3] on conventional machining of SMA reported tool wear, defects on surface 

of machined parts, and imprecise dimension. Thus, many researchers find Non-conventional machining is the 

better option for machining such type of material. Various Non-conventional machining process such as laser 

machining, Electric discharge machining (EDM), Wire EDM, Electro machining (ECM) and Water jet 

machining (WJM) can be effectively used to machine SMAs with desired accuracy [4]. Wirecut EDM is widely 

used to perform machining of difficult to machine materials.  In Wire EDM, sparks are generated between the 

wire and workpiece to remove the material from the work part. Here wire is act as anode and work part act as 

cathode. It is used to machine complex geometries and difficult to cut material of high hardness. In Wire EDM 

output of machining process is depends on setting of input parameters which affect the quality of machining, 

hence controlling these parameters is important to get optimum output. Optimization of input parameters can 

bring significant improvements in process efficiency [5]. Past studies on optimization of machining process 

parameters of SMA is discussed below. Saeed Daneshmand et al. [6] chooses the four input parameters for 

optimization to get desired value of MRR & SR.  Optimized values were found out by Taguchi method. 

Maximum MRR was recorded at higher level of all parameters except pulse off time. Pulse current and Pulse on 

time found impacting parameters which significantly contribute for higher MRR & lower SR. Gangele et al. [9] 

also optimized the surface roughness by using Taguchi technique in EDM of SMA. The input parameters 

considered are same as of Daneshnmand [6] except Duty cycle.  Pulse off time is the common effective 

parameter found in both the study.  Minimum value of SR was obtained at maximum of Ton and minimum of 

Toff and discharge current. These researchers [6, 9] shows that minimum SR was obtained at maximum Ton. 

However, Ton varies from 80 to 150 micro sec. Discharge current is almost same for minimum value of SR.  

Abibi et al [8] investigate machining of Micro EDM of NiTi alloy with different parameters like Capacitance, 

Discharge Voltage & Electrode material. Through this optimization, they found that output of the process is 

majorly affected by the electrode material. Reddy et al. [12], Kulkarni et al. [13], Magbe et al. [14] and Rathi et 

al. [15] optimized Wire EDM parameters for NiTi SMA by using Taguchi Method. Maximum MRR was 

recorded almost at the same value of all input process parameters.  In all studies, Pulse on Time varies from 110 

to 125 micro second. It means Pulse on Time is equally affecting MRR. But Pulse off Time variation is too large. 

It varies from 9 to 35 micro second in both the studies. Effect of servo voltage is also observed same like Pulse 

off time. It varies from 40 to 50 V. Lowest surface roughness was obtained at lowest value of Pulse on Time in 

every case but lot of variation found in values. It may be due to selection of different level of parameters and 

control of parameter range in different machines.  The final optimized values in the above studies are closely 

matching. Pulse on Time was in the range of 100 to 125 Micro second. 10% variation was observed in Pulse off 

time and servo voltage. Chaudhari [16] used Taguchi L16 Orthogonal array for DOE in optimization of input 

parameters and optimization were done by HTS algorithm. In machining operation Nano powder dielectric fluid 

was used to increase MRR and decrease the SR. It shows the improvement in MRR by 24.01% and 9.35 % in SR.  

Sharma et al. [10] and Vinayak N. Kulkarni et al. [13] optimized the input parameters using Response Surface 

methodology. Results from both papers are closely matching with negligible variations. As discussed in previous 

papers [6,8,9] of EDM same pattern is found for Wire EDM that is maximum value of MRR was recorded at 

highest value of Pulse on Time. Therefore, it can be concluded that Maximum MRR can be obtained at Highest 

Pulse on Time for Wire EDM and EDM of SMA. Pulse off time for Highest MRR is 125 and 130 micro second 

for [13] & [7] respectively.  Servo voltage and Pulse off time values are at middle level for maximum value of 

MRR. Minimum Surface roughness 1.33 µm and 1.43 µm were found at lowest Pulse on Time. Discharge current 

and pulse on time found main and effective parameters affecting the MRR & SR. Surface morphology of 

machined surface of work part was studied by using SEM and EDS analysis in [13].   Chaudhari et al. [17] and 

[18] has selected the same input parameters for optimization with different grade of Ni Ti material in Wirecut 
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EDM.  The combine approach of RSM and HTS algorithm techniques used for optimization. Same input 

parameters and their range are used in both [17] and [18]. Input parameters chosen are Ton, Toff Time and 

current whereas output parameters are MRR, SR and Microhardness for study.  Ton and Current significantly 

affecting the SR and Micro Hardness, whereas Toff and Discharge current shows major effect on MRR. Kulkarni 

et al [19] optimize the Pulse on Time, Pause time, Wire feed and Servo Voltage by using RSM for optimization. 

In this servo voltage is the significant parameters for output variables.  

Mujumdar et al. [10] and [11] optimized input process parameters to get desired value of SR and 

microhardness by using GRNN and MOORA (Multi-Objective Optimization by Ratio Analysis). Same results 

obtained in both the methods. But prediction model developed by GRNN & MOORA Fuzzy logic found different 

prediction error ± 5% and ±10 % respectively. H. Soni et al. [20] optimized Ti50 Ni40 Co10 of Wire EDM by 

using TOPSIS method. Optimum value of input parameters Pulse on time, Pulse off time, Servo voltage, Servo 

feed and Wire speed were calculated using TOPSIS method. Chaudhari et al. [17] and [21] used combine 

approach of RSM and HTS algorithm for optimization in machining of SMA. In this they predicted and 

optimized the output variable at different set of input parameters. HTS algorithm was effectively used to predict 

the output with +/- 3% to 5% error. 

 In this paper, WEDM machining operation performed on NiTi SMA. Experiments were designed according 

to RSM Box Behnken. Experimental runs were conducted on WEDM machine and record the response variables. 

Mathematical models for each response were developed and check its adequacy using ANOVA analysis.  

Residual plot analysis conducted to verify ANOVA result. Predicted and actual values of all responses are 

closely matching.  

 

II. MATERIAL AND METHOD 

In this study Shape memory alloy (Ni55.97Ti) is selected for machining on WEDM Machine as a workpart 

material. Nitinol material of 8 mm dia rod is taken for experimentation. In WDEM process 30 mm length 

workpiece is cut from Niti rod. Experimental run were performed on CNC Wirecut EDM-Ezeecut-Nxg with 

dielectric fluid shown in Fig1. Material of wire is Brass with 0.18 mm dia. Wire is act as tool in Wire cut EDM to 

cut the material. Three input variables Pulse on Time (Ton), Pulse off Time (Toff) and Gap Voltage (V) were 

selected for the experimentation.  In Table 1 input process variables with their range at 3 different level is shown. 

Input parameters and their range were chosen from the literature and according to machine capability. 

Experiments are performed according to RSM Box-Behnken Design to reduce number of experiments which will 

also save the material and machining cost. Three different parameters at three level were considered in Design of 

Experiments. Total 15 no of experiments were designed and perform in selected range which is presented in 

Table 2. 

Material Removal rate (MRR), Surface roughness (SR) and Hardness were chosen as response variables for 

study which is useful in various engineering application. MRR is calculated according to below formula. 

Following Equation shows the MRR calculation 

MRR =
𝛥𝑊 × 100

𝜌 × 𝑡
 

Where   ∆W = difference in weight of workpart before and after machining, 

                t = time to machine one sample in sec,  

               ρ  (density) = 6.5 g/cm3  

Surface Roughness (SR) of machined sample checked by The Mitutoyo Surftest surface roughness tester. Ra 

value were checked and recorded to analyze the quality of cut surface. Hardness of the machined sample was 

measured by Saroj make Brinell Hardness tester Rab 250 at 400 gf at 10 s. Responses for all 15 machined sample 

were recorded and presented in Table 2. 
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             Fig 1 Wire Electric Discharge Machining Experimental Setup 

Table 1 Process Input factors and Levels 

Parameters Level 1 Level 2 Level 3 

Pulse on Time (Ton) 35 40 45 

Pulse off time (Toff)  5 10 15 

Gap Voltage (V) 1 3 5 

Table 2 Experiment Results 

 

  Input Parameter Output Parameter 

Sr No Ton(µs)  Toff(µs) Gap volt SR(µm) MRR(mm3/sec) Hardness (HV) 

1 35 5 3 2.39 1.4935 334.40 

2 45 5 3 3.43 1.2769 346.80 

3 35 15 3 3.48 1.0544 314.20 

4 45 15 3 4.19 1.1324 354.70 

5 35 10 1 1.91 1.5080 318.20 

6 45 10 1 3.21 1.5266 323.10 

7 35 10 5 2.15 1.5025 340.80 

8 45 10 5 3.05 1.4413 361.20 

9 40 5 1 2.14 1.4343 352.60 

10 40 15 1 3.41 1.0069 358.40 

11 40 5 5 2.80 1.4267 380.50 

12 40 15 5 3.75 1.0293 368.50 

13 40 10 3 3.47 1.5914 340.10 

14 40 10 3 3.30 1.6573 325.40 

15 40 10 3 3.13 1.7303 331.10 

 

 

RSM is an optimization technique used for investigating how input parameters affect the response variable, 

optimize and predict the output responses using regression equation. It involves the no of iteration to reach 

towards optimum value by considering the constraints. Factorial experiments designed by RSM is performed to 

reach near optimal solution. RSM DOE reduce the number of experiments. It saves experimentation, material 

cost and time. The factorial experiment design aids in the methodical progression towards the necessary 

optimum. Experiments in RSM are designed using a variety of techniques, including Box Behnken and CCD. In 

this study Box Behken is used to designed experiments. Total 15 experiments were designed at 3 level with 3 

input parameters. Minitab 17 is used to analyze RSM in this study.   
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III. RESULT AND  DISCUSSION 

Table 2 shows the output of experiments performed on WED machine. All the output variables recorded and 

presented. SR were obtained in the range of 1.91µm to 4.19 µm. Highest MRR was observed at 1.73 mm3/sec 

and lowest was found at 1.00 mm3/sec. Hardness was in the range of 318.20 to 380.50 HV. This experimental 

data of 15 experiments along with input and output response variables were analyzed in the MINITAB 17 

statistical software and mathematical models in Equation (1) to (3) were developed. These mathematical models 

establish the relation between process variables which can be used to predict the output of machining process. 

Effect of each parameter. 

SR = -2.061 + 0.0988 Ton - 0.1167 Toff + 0.847 Gap Volt + 0.01092 Toff*Toff - 0.1299 Gap Volt*Gap Volt            (1) 
 

MRR = -3.00 + 0.2061 Ton + 0.1232 Toff + 0.1303 Gap Volt - 0.00300 Ton*Ton- 0.01381 Toff*Toff – 

0.02251 Gap Volt*Gap Volt + 0.00295 Ton*Toff                                                                                                   (2) 
 

Hardness = -419+ 40.1 Ton- 14.26 Toff- 17.16 Gap Volt- 0.477 Ton*Ton+ 0.690 Toff*Toff 

+ 3.89 Gap Volt*Gap Volt                                                                                                                                        (3) 

Table 3 ANOVA (SR) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 5 5.52803 1.10561 23.31 0.000 

  Linear 3 4.16672 1.38891 29.28 0.000 

    Ton 1 1.95031 1.95031 41.11 0.000 

    Toff 1 2.07061 2.07061 43.65 0.000 

    Gap Volt 1 0.14580 0.14580 3.07 0.113 

  Square 2 1.36130 0.68065 14.35 0.002 

    Toff*Toff 1 0.27698 0.27698 5.84 0.039 

    Gap Volt*Gap Volt 1 1.00212 1.00212 21.13 0.001 

Error 9 0.42693 0.04744     

  Lack-of-Fit 7 0.36913 0.05273 1.82 0.399 

  Pure Error 2 0.05780 0.02890     

Total 14 5.95496       

R-Sq=92.83%   R-sq(adj)=88.85% 

Table 4 ANOVA (MRR) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 7 0.736968 0.105281 34.62 0.000 

  Linear 3 0.252775 0.084258 27.70 0.000 

    Ton 1 0.004104 0.004104 1.35 0.283 

    Toff 1 0.247949 0.247949 81.52 0.000 

    Gap Volt 1 0.000722 0.000722 0.24 0.641 

  Square 3 0.462496 0.154165 50.69 0.000 

    Ton*Ton 1 0.020788 0.020788 6.83 0.035 

    Toff*Toff 1 0.440327 0.440327 144.78 0.000 

    Gap Volt*Gap Volt 1 0.029930 0.029930 9.84 0.016 

  2-Way Interaction 1 0.021697 0.021697 7.13 0.032 

    Ton*Toff 1 0.021697 0.021697 7.13 0.032 

Error 7 0.021290 0.003041     

  Lack-of-Fit 5 0.011635 0.002327 0.48 0.779 

  Pure Error 2 0.009655 0.004828     

Total 14 0.758258       

R-Sq=97.19%   R-sq (adj)=94.38% 

Table 5 ANOVA (Hardness) 

Source DF Adj SS Adj MS F-Value P-Value 

Model 6 4634.98 772.50 10.12 0.002 

  Linear 3 2024.90 674.97 8.84 0.006 

    Ton 1 764.40 764.40 10.01 0.013 

    Toff 1 42.78 42.78 0.56 0.476 

    Gap Volt 1 1217.71 1217.71 15.95 0.004 

  Square 3 2610.08 870.03 11.39 0.003 

    Ton*Ton 1 525.07 525.07 6.88 0.031 

    Toff*Toff 1 1098.69 1098.69 14.39 0.005 

    Gap Volt*Gap Volt 1 892.81 892.81 11.69 0.009 
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Error 8 610.82 76.35     

  Lack-of-Fit 6 500.96 83.49 1.52 0.448 

  Pure Error 2 109.86 54.93     

Total 14 5245.79       

R-Sq=88.36%   R-sq (adj)=79.62% 

Table 3, 4 and 5 shows the ANOVA analysis for SR, MRR and Hardness respectively.  This can be used to 

check whether the model developed in the analysis is adequate or not. Significance of process parameters can be 

decided on the basis of  P value and F value from ANOVA analysis. If P value of any variables is less than 0.005 

at 95% confidence then it is called significant parameters. All the insignificant terms except linear terms are not 

consider in the analysis. Ton and Toff are significant for SR and Toff is significant for MRR. Toff and Gap volt 

were significant for Gap volt. P value of lack of Fit for all variables is greater than 0.05 it means the term is 

insignificant which shows that model is adequate for prediction. 

        
                                   Fig 2 Residual Plot for SR                                                             Fig 3 Residual Plot for MRR 

       

 
                                                                                                                       Fig 4 Residual Plot for Hardness  

Residual plot for all the responses were shown in Fig 2 to 4. Normal probability plot shows that residuals are 

arrange in one straight line. It shows that developed model is fit for prediction. In Residual VS fitted plot all the 

residuals are allocated on both side of the reference line. Histogram shows the normal distribution of the data. No 

specific pattern was found in observation order plot which shows significance for ANOVA. All the test shows 

significance of the proposed model. 

In contour plot effect of input parameters on response variable can be studied. In one plot two input parameters 

shows their effect on response variable. Third input parameters are kept constant. Fig 5 shows counter plot of SR 

in which lowest value of SR was obtained at lowest level of Ton and Gap Volt. As Ton increases the value of SR 

also increases. In case of Gap volt SR increases till 3v and then again start decreasing. When Gap volt is near to 1 

V and Ton is near to 35µs which is at its lowest level SR is recorded at its lowest value (< 2.1µm). Effect of Toff 

is same like Ton lowest value was observed at 5 µs which is also the lowest level. When Ton and Toff are 

considered at a time for analysis it shows lowest SR (<2.5 µm) at minimum value of Ton and Toff. Decreasing 

the Ton and Toff value decreases the SR. Fig 5 shows the counter plot of MRR in this maximum MRR (>1.6 

mm3/sec) was observed when Ton varies from 35 to 44 µs and Toff is varied from 6 to 10 µs. Gap volt shows the 

little variation for Maximum MRR with Ton as compared with Toff. When combines with Ton Maximum MRR 

was found when gap voltage is in between 2.5 to 3.5 V. and when combines with Toff maximum MRR Gap 

voltage varies from 1 to 4.5 V. Minimum MRR was observed at the maximum value of input parameters. Fig 6 

shows the counter plot of Hardness. Highest value of Hardness was observed when Toff is ranging from 5 to 7 µs 
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and from 31 to 15 µs. and Ton is ranging from 37 to 45 µs. Gap voltage value found from 4.5 to 5 V for 

maximum Hardness. As observed in ANOVA table Toff is not having any significant effect on Hardness.

 

                                        

Fig 5 Counter Plot for SR Vs Toff, Ton 

  

                                                                                              Fig 6 Counter Plot for MRR vs Gap Volt, Toff 

                                            

Fig 7 Counter Plot for Hardness vs Gap Volt, Toff 

Time series plot for SR, MRR and Hardness shown in fig 8, 9 and 10 respectively. Actual and predicted values 

are closely matching with each other with slight variation. 
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     Fig 8 Time Series Plot for SR                                                                     Fig 9 Time Series Plot for MRR 

 

Fig 10 Time Series Plot for Hardness 

 

Table 6 Predicted and Observed value 

Response Fit SE Fit 95% CI 95% PI 

SR 2.288 0.156 (1.936, 2.640) (1.629, 2.947) 

Hardness 368.35 5.67 (355.26, 381.43) (344.32, 392.37) 

MRR 1.4649 0.0379 (1.3754, 1.5544) (1.3067, 1.6231) 

 

Table 7 Optimum Value of Parameters 

Variable Setting 

Ton 37.5253 

Toff 5.50505 

Gap Volt 5 

 

Table 7 and 8 shows the optimal value of input parameters which is calculated from Multi response optimization 

using RSM. In this optimization were conducted by aiming all objective simultaneously.  In Table 8 optimum 

value of Ton was found 37.50 µs which is near to lowest level. Toff was found 5.50 µs which also the lowest 

level and Gap volt is 5 v which highest level in range selected for machining. 

IV. CONCLUSIONS 

• Experiments were conducted as per RSM Box Behnken DOE and recorded the response variable. 

Experimental data were analyzed and establish the relationship between process variables. Developed 

mathematical model were found to be robust and confirmed using ANOVA.  

• Ton and Toff shows significance for SR whereas Toff is found significant for MRR. Ton and Gap volt are 

influencing the Gap voltage. 

•  Value of SR was decreases with decrease in Ton, Toff and Gap volt however decrease in Ton, Toff 

increases the MRR. 

• According to Multi-response desirability approach optimal setting of parameters are found Ton=37.52 µs, 

Toff=5.50 µs and Gap volt 5v. 
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A review of various  

Spectroscopic Techniques 

for cancer diagnosis 
 

 

Abstract: - India is a developing country with one of the most diverse population and diets in the world. Cancer rates are rapidly 

increasing in India. Cancer is a fatal disease, as it is very difficult to diagnose in the early stage.  The survival of cancer patient mostly 

depends on early detection and the conventional methods practiced are not that beneficial as they do not produce prominent results to 

detect cancer at early stage.  Many attempts are being made to develop methods to study human cells in situ, non-invasively, not only to 

provide accurate diagnosis, but also to better understand the genesis of disease at cellular level. Some of the important developing 

spectroscopic techniques are Laser induced fluorescence, synchronous luminescence spectroscopy, Laser Raman spectroscopy, photo-

acoustics spectroscopy. In this review article above techniques which are highly sensitive to chemical and morphological changes at the 

cellular level during cancerous growth are discussed. 

Keywords: spectroscopy, cancer,  fluorescence, photoacoustic 

 

I.  INTRODUCTION (HEADING 1) 

Since the first report on laser radiation by Maiman (1960), many potential fields for its application have been 

investigated. Among this medical laser surgery certainly belongs to the most significant advances of our present 

century. Laser applications and new type of laser devices are used in new branches of medical science such as, 

Ophthalmology, Dermatology, General, Plastic & Cardiovascular surgery, Neurosurgery, Gynecology, Dentistry, 

Oncology, Gastroenterology, Orthopedics & others. 

In the present article we have concentrated on oncology i.e. We have discussed various laser techniques for 

cancer diagnosis such as Laser Induced Fluorescence, Synchronous Luminisence Spectroscopy, Laser Raman 

Spectroscopy, Photoacoustic Spectroscopy. 

II. A REVIEW OF LASER INDUCED FLUORESCENCE SPECTROSCOPY FOR CANCER DIAGNOSIS: 

 

In the year 1981 the first laser induced fluorescence was done by Alfano & co -workers. The LIF technique 

was employed on various tissue regions of teeth (1) for the study of diseases related to oral cavity.  

Later on in 1984, Alfano R. et al (2) measured the visible fluorescence spectra from cancerous and normal rat 

tissues. The spectral profiles from the normal tissues were substantially different and showed characteristic 

principal and secondary maxima. These peaks were assigned to fluorophores such as flavin and porphyrins in 

different environment in the 2 types of cell media.  

A study was conducted by Mastoid Panjehpour et. al(3) to determine whether laser induced fluorescence 

could detect high grade dysplasia in Barrettes esophagus. 410 nm lasers light were used to induce auto 

fluorescence of Barrett's mucosa in 36 patients during routine endoscopy. They concluded that high grade 

dysplasia in Barrett's esophagus patients can be detected by laser-induced fluorescence spectroscopy.  

S.K. Majumdar et.al(4) conducted In-vitro diagnosis of human uterine malignancy. For that they used 

nitrogen laser-induced auto fluorescence spectroscopy. LIF spectra from concerned and adjoining normal human 

uterine tissues were recorded. They further concluded that these techniques can provide good discrimination 

between cancerous and adjoining normal tissues.  

In the same year when S. K. Majumdar conducted LIF on cancer & normal tissues i.e. 1996, S. M. Deto(5) 

et.al conducted Laser-induced auto fluorescence and exogenous fluorescence analysis of normal tissue and 
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stomach adenocarcinoma. They used helium cadmium laser (8mw, 442 nm) for the analysis. For sensitization of 

patients, they used five or seven capsules containing hypercin which were administered orally. Strong Yellow-red 

fluorescence of hypercin in tissue with maximum at 603 nm and auto fluorescence peak at 535 nm gave an 

intensity ratio of 2-2.5 from cancerous tissue and provided 85% specificity. Further they concluded that 

preliminary in view results of auto and fluorescence analysis using hypercin photosensitization from one patient 

with esophageal cancer and eleven patients with stomach cancer proven histological were encouraging and 

indicated the high reliability of laser induced fluorescence technique with hypercin in detection of early stage 

malignant lesions.  

R. N. Panda et.al(6) in 1989 studied the benign breast tumors fluorescence depolarization and spectral profile 

analysis. The samples were exposed to the radiation operated at 488nm wave length having 2nm output power 

and they reported that the typical normalized fluorescence spatial profiles of normal, benign and malignant 

human breast tissue may be obtained.   

Gianary Qu &GianwenHua(7) studied the calibrated fluorescence imaging of tissue in vivo. A laser 

wavelength at 457nm was used as the excitation source. The fluorescence emitted by the tissue showed distinct 

features when they were excited by the radiation. The normal and cancerous tissues emitted entirely different 

spectra.  

Table (1) shows a list of biological molecules, which exhibit endogenous fluorescence with their excitation 

and emission maxima.  

Sr. 

no. 
Endogenous fluorophores 

Excitation maxima 

(nm) 

Emission 

Maxima(nm) 

   1) Amino acids   

a) Tryptophan 280 350 

b) Tyrosine 275 300 

     c) Phenylalanine 260 280 

    2) Structural Proteins   

    a) Collagen 325,360 400,405 

    b) Elastin 290,325 340,400 

    3) Enzymes & Coenzymes   

    a) FAD, FLAVINS 450 535 

    b) NADH 290,351 440,460 

    c) NADPH 336 464 

NADH      -REDUCED NICOTINAMIDE DINUCLEOTIDE 

NAD(P)H- REDUCED NICOTINAMIDE DINUCLEOTIDE PHOSPHATE 

FAD          -FLAVIN ADENINE DINUCLEOTIDE 

III. A REVIEW OF SYNCHRONOUS LUMINESCENCE SPECTROSCOPY FOR CANCER DIAGNOSIS: 

The synchronous luminous spectra (SLS) of the samples were recorded by simultaneously scanning both 

emission and excitation wavelength with a fixed interval between them by P. K. Gupta et.al.(8) The offset was 

kept at 20 nm & the emission was scanned in the range 280-600 nm. The typical spectra full of features and 

information are obtained.  

A.K.Gupta et.al(9) observed that a broad emission band at 401nm is obtained in the fluorescence spectrum. 

The excitation spectra show a broad band around 320nm, 290nm, in both diseased and normal tissues. The SLS 

shows an intense characteristics band at 290nm & 365nm for the diseased tissues whereas only as weak band at 

290 nm observed for normal tissues.  

A study reported by R. S. Jayasree et al (10) on the use of SL spectra in the discrimination of different 

malignant condition from the normal tissue gives lot of information. The SLS of breast & oral samples were 

recorded by simultaneously scanning both the emission & the excitation wavelength with a fixed interval 

between them. Emission was scanned in the 280-600 nm range. The intensity ratio at 360 nm & 320nm was 
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observed to be larger for both the oral and breast cancerous samples than the corresponding value for the normal 

tissues.  

Alfano R.R. et al(11) studied synchronous luminescence fluorescence spectra of normal, pre malignant & 

malignant cervical tissues. The SL spectra was measured by scanning both excitation and emission 

monochromatic simultaneously with a wavelength difference of 20nm. The SL spectra of normal, premalignant 

and malignant cervical tissues showed the distinct peaks around 300, 350, 525 nm with broad peak around 460 

nm. Further they pressured that this may be due to the presence of tryptophan, collagen & flavin respectively. 

The broad bond around 460 nm may be due to the presence of pyridoxal phosphate, carotenes & lipid pigments.  

The SL spectra of normal, benign and malignant breast tissues were also studied by J.Ebenezar, S.Ganesan et 

al(12) From the study it was observed that the averaged SL spectra of benign having high collagen intensity 

around 349nm than that of normal & malignant tissues. It was observed that the peak of 514nm for benign and 

malignant tissues is significantly weaker than that of normal tissues.  

In 2007, a synchronous fluorescence imaging system was developed by Quan Liu(13) and group in order to 

combine the great diagnostic potential of synchronous spectroscopy and the large field of view of imaging for 

caper diagnosis. A multispectral imaging system was used to take the fluorescence images of the mouse skin. An 

optic parametric oscillator (IOPD) pumped by a ND:YAG laser provided excitation light from 420 to 700nm 

with an average power of 40 mw. The laser pulses were generated at 20Hz. &each pulse lasted for 5ns. Their 

study revealed that the classification results based on synchronous data analysis can achieve reasonably good 

accuracy compared to the results based on full spectra analysis when the differential wave Tenth is chosen 

appropriately. They further concluded that in synchronous fluorescence imaging a much smaller number of data 

points are required while more than one fluorophores could still be detected. 

 

IV. A DISCUSSION ON RAMAN SPECTROSCOPIC TECHNIQUE FOR CANCER DIAGNOSIS: 

Ramaswamy Manoharan(14) & his group demonstrated the ability of Raman spectroscopy to classify 

accurately normal bening and malignant breast  tissues by using a Raman spectroscopic needle probes as a tool 

for improving the accuracy of needle biopsy.  

The study of Raman spectroscopy by A. S. Haka(15) and group reveals that Raman scattering is a 

spectroscopic technique capable of providing highly detailed chemical information about a tissue sample. In 

contrast to other optical spectroscopic techniques, there are a large number of Raman active molecules in breast 

tissues and their spectral signature is sharp & well defined. The ability to probe several different chemicals is of 

particular importance in studying breast cancer. Further Raman spectroscopy is particularly amendable to in vivo 

measurements as the powers and excitation wavelengths used are non-destructive to the tissue and have a 

relatively large penetration depth. 

V.  PHOTO ACOUSTIC SPECTROSCOPY FOR CANCER DIAGNOSIS: 

Photo acoustic imaging is based on the principle of photo acoustic effect. Fundamentally, when laser is 

incident on a tissue, optical absorption takes place which then results in thermoelastic expansion of tissue. This 

expansion creates localized pressure waves which are measured in the form of acoustic waves. The detected 

acoustic waves are plotted in the spectrum against different wavelengths of irradiated light. 

Photo acoustic spectroscopy of tissue allows molecules specific detection with high special resolution and 

penetration depth. (16) 

The photo acoustic physio-chemical spectrum of prostrate, recorded by   Yingna Chen & et.al revealed 

differences between normal and tumor tissues as the photoacoustic physio-chemical signal of cancer tissues were 

considerably stronger than that of normal tissues. In the photo acoustic signal intensity, spectra a clear difference 

in collagen and lipid absorption between normal and cancerous prostate tissue was recorded. It was found that the 

power spectrum correlation of hemoglobin, collagen and lipid was considerably higher for cancerous than the 

normal prostrate tissue. Yingna Chen & et.al concluded that the complex tumor environment increases the 

complexity of the photo acoustic spectrum and blurs the distribution characteristics of single substance, thus 

increases the correlation of photo acoustic spectrum. Thus photo-acoustic physio-chemical spectrum is an 
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effective tool which records the significant changes in biomacromolecules during tumor development and thus 

can be useful to diagnose prostate cancer. (17). 

VI. CONCLUSION: 

The various spectroscopic techniques discussed above are useful in characterizing and diagnosing dreadful 

disease like cancer. The key characteristics of fluorescence spectroscopy is its high sensitivity.  The synchronous 

luminescence spectra of the samples recorded by simultaneously scanning both the emission and excitation 

wavelength with a fixed interval between them. The SL spectra recorded shows significant difference in the 

intensities of different bonds for malignant and normal tissues. The position intensity and shape of peaks in 

Raman, spectra of cancerous tissue are found to be significantly different compared with those of normal tissues. 

Certain Biochemical molecules such as nucleic acids, proteins, and lipids have distinctive Raman features that 

yields structural and environmental information and hence helpful in diagnosing cancer. Photoacoustic 

spectroscopy is also a promising technique which differentiates between cancerous and normal cell. 

REFERENCES 

 

1)     Preyfus R. W. and Hodgson R. T., Applied Physics Lett., (1972)Vol. 20 

2)  Alfano R.R., Tand G.C., Pradhan A., Lam W. & Chou D.S., IEEE J. of Quantum  electronics QE., Vol.20, pp.1507, (1984)  

3)  Masoud Panjehpour, Bergein F. Over Holt, Tran Vo-Dinh, Donnati Edwards, Paul F. Backley III, Joseph F. Decosta, Rodger 

C. Haggit (April 5, 1996) Advances in Laser and light Spectroscopy to diagnose cancer disease III, optical Biopsy.  

4)  B.K.Majumdar, A. Uppal and P.K.Gupta, (10 May 1996), In-vitro diagnosis of human uterine malignancy using N2 Laser 

induced auto fluorescence spectroscopy, J current Science, Vol.70.  

5)  Deto G.S.M., Buryi A.N., Melik I.S., Toffe A.V., Rasing T.V. (1996) Froc. SPIE, Optical Biopsies & Microscopic 

techniques. Vol.2926.  

6)  Panda R.N., Laxmi B.V., Nair N.S., Agrawal A & Pradhan A., (Dec.15- 17, 1999) Proc. of NLS Hyderabad, pp883-384.  

7) Giananay Qu.& Jianwen Hua.(2000) Appl. Phys.Litt., Vol.76.  

8)  Majumdar S.K. & Gupta P.K. (1997), Laser in surgery & Medicine, Vol.21, pp.117-122. 

9)     Jayasree R.S. & Gupta A.K. & Ragi J.R.(2003). Fluorescence spectra of panels Indians (Indian shrimp) for diagnosis of 

white spot syndrome. Proc. of NLS-2003.  

10)  Jayasree R.S. & Gupta A.K. Diagnosis of different human mediastival tissues using fluorescence spectroscopy pre-

elementary, Proc.NLS-2003.  

11)  Alfano R.R., (2002), Optical Biopsy IV, Vol.4613.  

12) J.Ebenezar, S.Ganesan, T.Anbupalam, S.Snekalatha & P.Aruna (2002) Proc. of DAE-BRNS National Lases Symposium.  

13)  Quan Liul, Kuichonz, Matthew Martin2, Alan witenberg2, Roberto Lenarduzzi2, Masoud Panjehpour, Bergin F. Overholt & 

Tuan Vo- Dinth. (October 2007), Optics Express, Vol. 15, No.20.  

14)  Ramasam Manoharan, Karan Shafes, Lev Perelman, Jun Wa, Kun Chen, Geurt Deinum, Maryann Fitzmawice, Janathan 

Myles, (Jan.2008), Photochemistry and Photobiology Vol.67, issue 1.  

15)  A. S.  Haka, Z. Volynskaya, M. S. feld, Research in Biomedical optics.  

16)   Sindhoora Kaniyala Melanthota, Yurg V. Kistenev, Ekaterina Boisova and etal, (2022), Springer, Lasers Med. Sci., Vol. 

37(8):3067-3084 

17)   Yingna Chen, Chengdang Xu, Zhoyu Zhang & etal (Sep 2021), Photoacoustics, ELSEVIER, Volume 23, 100280. 

 

 

  



 

1024 

 

1 Pankaj G. Waghmare,  

2Vaibhav Y. Borokar, 
2Ashwini S. Ghate, 
2Manish G. Patil and 
2*Ashok M. Mahajan 

 

Multilayer Deposition of TiO2: A 

Versatile Approach for Battery 

and Biomedical Applications 

 
 

Abstract: - 

Titanium dioxide (TiO2) stands as a promising material in various technological 

domains due to its unique properties such as high chemical stability, low toxicity, and 

excellent biocompatibility. In recent years, the deposition of TiO2 in multilayer 

structures has emerged as a versatile strategy to tailor its properties for specific 

applications, particularly in the fields of battery and biomedical technologies. This paper 

presents the multilayer deposition techniques using spin coating method. In the context 

of battery applications, multilayer TiO2 coatings offer enhanced electrode stability, 

improved charge/discharge rates, and prolonged cycle life, contributing to the 

development of high-performance lithium-ion batteries (LIBs), sodium-ion batteries 

(SIBs), and beyond. In the realm of biomedical applications, multilayer TiO2 coatings 

exhibit remarkable potential in diverse areas such as drug delivery systems, biosensors, 

and implantable medical devices. This paper also discusses the influence of deposition 

parameters, such as layer thickness, and crystallinity, on the performance of multilayer 

TiO2 coatings in battery and biomedical applications and it is characterized by using x-

ray diffraction (XRD), Fourier transform infrared spectrometry(FTIR) and UV visible 

Spectroscopy. Future research directions and challenges associated with scalability, 

cost-effectiveness, and environmental impact are outlined, aiming to inspire innovative 

solutions for realizing the full potential of multilayer TiO2 in diverse technological 

landscapes. 
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Introduction 

Titanium dioxide (TiO2) has emerged as a cornerstone material in various technological domains owing to 

its exceptional properties such as high chemical stability, low toxicity, and excellent biocompatibility [1]. 

Over the years, significant research efforts have been directed towards harnessing the unique characteristics 

of TiO2 for a myriad of applications, particularly in the fields of battery and biomedical technologies  

Amongst the various deposition techniques, spin coating deposition stands out as a versatile approach to 

tailor the properties of TiO2 for specific application requirements, offering enhanced performance and 

functionality [2-9].This paper aims to provide comprehensive characteristics of the multifaceted role of 

multilayer TiO2 deposition for both battery and biomedical applications. By systematically exploring the 

advancements, challenges, and future prospects of this technique, we seek to elucidate its potential to 

revolutionize these critical technological domains [10]. 

In the world of energy storage, the need for high performance energy storage devices is increasing with the 

rapid growth of portable electronics, vehicles, and grid scale energy storage systems. The challenges of 

electrode stability and charge/discharge rate, as well as cycle life in LIDs, SIBs, and other energy storage 

solutions, remain challenges that need to be addressed. Multilayer TiO2 coatings offer a promising way to 

address these challenges. By controlling the thickness, shape, and composition of the individual layers of 

TiO2, researchers can optimize the electrochemical properties to improve battery performance and usher in a 

new age of sustainable and energy efficient energy storage solutions [11]. 

Simultaneously, in the biomedical arena, there is a burgeoning interest in leveraging TiO2-based materials 

for a wide range of applications spanning from drug delivery systems to implantable medical devices. 

Multilayer TiO2 coatings offer unique advantages such as controlled drug release kinetics, enhanced cellular 

adhesion, and minimized biological responses, thereby facilitating advancements in targeted therapy, 

biosensing, and tissue engineering. The biocompatible nature of TiO2 further underscores its suitability for 

biomedical applications, promising safer and more effective solutions for improving human health and well-

being [12]. 
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Through a comprehensive examination of the multilayer deposition of TiO2 by using spin coating 

techniques, fabrication processes, and performance characteristics of TiO2 coatings, this paper endeavors to 

shed light on the transformative potential of this approach in battery and biomedical applications. By 

elucidating the underlying principles, exploring recent advancements, and identifying future research 

directions, we aim to inspire continued innovation and collaboration in this dynamic and interdisciplinary 

area. 

Materials and methods 

To apply spin coating technology, commercially available TiO2 nanopowder was used. To prepare the 

viscous solution, 0.4 g of TiO2 was dissolved in 5 ml of ethanol and 5 ml of diethylene glycol. The ethanol is 

used as a solvent, and the diethylene is used as a stabilizer. The mixture is stirred with a magnetic stirrer for 

3 days at 60 °C until a homogeneous solution of TiO2 is obtained. The multi-layer film is prepared using a 

competitive device. The glass substrate is attached to the spin layer [13]. The speed of the spin layer is set to 

3000 rpm. For each model, the turnaround time is 20 seconds. Remove the glass mat after 20 seconds. Dry 

the multi-layer TiO2 film on the heater for about 10 minutes. After the first layer of all films is prepared, all 

three films are placed in an oven at 400 °C. The same process is repeated for the third and fourth layers. A 

multilayer film is ready for analysis. The characteristics of multi-layered films were determined by 

transmission x-ray diffraction (XRD). Optical properties were determined by a UV spectrophotometer. The 

chemical composition of the deposited films was determined by Fourier transform infrared spectroscopy 

(FTIR) 

Results and Discussion 

1. X-ray Diffraction Spectroscopy(XRD): 
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Figure 1. XRD patters for multilayer TiO2 

Figure 1 displays the XRD patterns of TiO2 thin films with varying layer numbers, confirming the presence 

of the anatase phase (tetragonal) of TiO2. The XRD patterns were obtained using an x-ray diffraction within 

a 2 theta range of 50 to 900. Notably, all layers exhibited a prominent peak at 25.6810 corresponding to 

(101) planes of reflection, in accordance with (JCPDS 21-1272) [14, 15]. These findings suggest that 

increasing the number of deposition layers does not significantly affect the crystalinity of TiO2.Grain size is 

calculated by using Debye’s Shearer formula 

i.e. D = Kλ / βCosθ  [14,15] 

The grain size of a single layer of Ti02 thin film is 1.12 nm at a 2 theta value of 25.6810. This increases to 

2.18 nm for two layers, and 3.24 nm for three layers at a 2theta value of 25.2810. When there are four 

layers, the grain size at the same 2theta value is measured to be 3.10nm. It can be observed that as the 

number of layers increases, so does the grain size.This phenomenon can be attributed to the increase in 

number of coating layers, resulting in a reduction of lattice mismatching between them. 
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Figure 2. (a) Shows the thickness of TiO2 deposited films (b) shows the average resistivity of deposited thin 

films. 

The figure 2 illustrates the average resistivity of the deposited material. It is observed that the average 

resistivity decreases as the number of TiO2 layers increases. The thickness of the TiO2 deposited films on the 

glass substrate is determined using the profilometer Dektak 150. As the number of layers increases, the 

thickness also increases, as depicted in figure 2. The control of thickness in multilayer deposition is essential 

for tailoring the material properties to meet the specific requirements of battery and biomedical applications, 

ensuring optimal performance and longevity. [15]. 

2. Fourier Transform Infrared Spectroscopy (FTIR). 

 

Figure 3. FTIR patterns of multilayer TiO2 
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To analyse the chemical composition of the deposited films, Fourier-transform infrared spectroscopy (FTIR) 

analysis was performed for the vibration bands in the wavenumber range of 400–4000 cm-1. Figure 3 shows 

the FTIR spectrum of TiO2. The peaks at 3390 and 3323 cm-1 are related to H-O-H vibrational bonding, and 

the peaks at 1600 and 1550 cm-1 are indexed to OH vibrational bonds, both indicating the presence of 

absorbed hydroxyl groups in the samples [16, 17]. The groups containing oxygen play an effective role in 

photocatalytic activity and are thus able to generate more hydroxyl radicals. The increase in hydroxyl group 

bonds related to the doping process may be related to the fact that this process involves aqueous solutions 

and aqueous dispersions, even after the oven drying process, as recommended in the literature. The peak at 

2280 cm-1 signals the Ti-O vibration, which is a very intense bond from the doping process [18]. The peaks 

shown in the range of 528–458 cm-1 are due to the Ti-O group [19]. In the spectrum of undoped TiO2 

(reference), the peaks in the region of 650–1200 cm-1 can be attributed to the Ti-O-Ti bond and the TiO 

stretching vibration. 

3. UV visible spectroscopy 

 

Figure 4.  UV Patterns for multilayer TiO2 

The spectra range from 300 to 1000 nm with a peak at the wavelength of 302 nm is presented in figure. 4. It 

was noted that the absorption of all the multilayer deposited TiO2 takes place at wavelength of 302 nm 
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exciton absorption band maximum located at about 300-400 nm range is very distinctive for the band gap of 

anatase TiO2, which is well-known and extensively reported [20]. Since TiO2 is an indirect bandgap 

semiconductor, the dominant optical absorption arises as the indirect transitions between the valleys [21].  

Therefore, we think that the TiO2 films deposited on glass are anatase phase from the analysis of UV visible 

spectra. The optical absorption threshold for TiO2 film has known to increase as the size of layers of TiO2 

films decreases due to the size quantization effect [22-24].  

Conclusion 

The TiO2 thin films were successfully deposited on glass substrate by spin coating method. The XRD, FTIR 

and UV results from this study are indicative to useful for battery and biomedical applications. 

References 

 [1] Li, Ziliang, et al. "Application of nanostructured TiO2 in UV photodetectors: A review." Advanced 

Materials 34.28 (2022): 2109083. 

 [2] Agrawal, Khushabu S., et al. "Preparation of rare earth CeO 2 thin films using metal organic 

decomposition method for metal-oxide–semiconductor capacitors." Journal of Materials Science: Materials 

in Electronics 28 (2017): 12503-12508. 

[3] Khairnar, A. G., et al. "Electrical properties of HfO 2 high-k thin-film MOS capacitors for advanced 

CMOS technology." Indian Journal of Physics 89 (2015): 1177-1181. 

[4] Joshi, Bhavana N., and Ashok M. Mahajan. "Deposition characterization of low-k hybrid thin films 

using methyl methacrylate for ULSI applications." Materials Science and Engineering: B 168.1-3 (2010): 

182-185. 

[5] Patil, Anil B., and A. M. Mahajan. "Synthesis and characterization of sol-gel derived CeO2 dielectric 

thin films for CMOS devices." Optoelectronics and Advanced Materials, Rapid Communications 2.12 

(2008): 811-813. 

[6] Waghmare, Pankaj G., et al. "CuO/HAp composites: Excellent dielectric materials." Materials Today: 

Proceedings 72 (2023): 2681-2686. 



J. Electrical Systems Vol-Issue (2024): 1-12 

1031 

[7] Borokar, Vaibhav Y., et al. "Growth and characterization of Peald deposited La2O3 on 

SiO2/Si." International Journal of Modern Physics B (2024): 2440017. 

[8] Barhate, Viral Nivritti, et al. "Post-deposition-annealed lanthanum-doped cerium oxide thin films: 

structural and electrical properties." Rare Metals 40.7 (2021): 1835-1843. 

[9] Agrawal, Khushabu S., Vilas S. Patil, and Ashok M. Mahajan. "Atomic layer deposited HfO2 ultra-thin 

films on different crystallographic orientation Ge for CMOS applications." Thin Solid Films 654 (2018): 30-

37. 

[10] Bhasin, V., et al. "Remarkably high capacity Li ion batteries with rf sputter deposited TiO2 thin film 

anodes on SS substrates." Applied Surface Science 592 (2022): 153273. 

[11] Shahmohammadi, Mina, Bin Yang, and Christos G. Takoudis. "Applications of titania atomic layer 

deposition in the biomedical field and recent updates." Am. J. Biomed. Sci. Res 8.22 (2020): 465-468. 

[12] Jafari, Sevda, et al. "Biomedical applications of TiO2 nanostructures: recent advances." International 

journal of nanomedicine (2020): 3447-3470. 

[13] Barhate, Viral, et al. "Spectroscopic study of La2O3 thin films deposited by indigenously developed 

plasma-enhanced atomic layer deposition system." International Journal of Modern Physics B 32.19 (2018): 

1840074. 

 [14]Taha, Sabah, et al. "Development of alcohol sensor using TiO2-Hydroxyapatite nano-

composites." Materials Chemistry and Physics 240 (2020): 122228. 

[15] Khan, M. I., et al. "Structural, electrical and optical properties of multilayer TiO2 thin films deposited 

by sol–gel spin coating." Results in physics 7 (2017): 1437-1439. 

[16] Toro, Roberta Grazia, et al. "Study of the effect of titanium dioxide hydrosol on the photocatalytic and 

mechanical properties of paper sheets." Materials 13.6 (2020): 1326. 

[17] Jiang, Chi, et al. "Robust fabrication of superhydrophobic and photocatalytic self-cleaning cotton 

textiles for oil–water separation via thiol-ene click reaction." Journal of materials science 54 (2019): 7369-

7382. 



J. Electrical Systems Vol-Issue (2024): 1-12 

1032 

[18]Kutte, Vikas, et al. "Gas sensing and dielectric properties of TiO2/Stilbitenanocomposites." Materials 

Today: Proceedings 92 (2023): 960-966. 

[19] Zhang, Jun-Ying, et al. "Nanocrystalline TiO2 films studied by optical, XRD and FTIR 

spectroscopy." Journal of Non-Crystalline Solids 303.1 (2002): 134-138. 

[20]Adamczyk, Anna, and Elżbieta Długoń. "The FTIR studies of gels and thin films of Al2O3–TiO2 and 

Al2O3–TiO2–SiO2 systems." SpectrochimicaActa Part A: Molecular and Biomolecular Spectroscopy 89 

(2012): 11-17. 

[21] Ali, Nisreen S., et al. "Performance of a solar photocatalysis reactor as pretreatment for wastewater via 

UV, UV/TiO2, and UV/H2O2 to control membrane fouling." Scientific Reports 12.1 (2022): 16782. 

[22] Li, Saiyao, et al. "Skin bioinspired anti-ultraviolet melanin/TiO 2 nanoparticles without penetration for 

efficient broad-spectrum sunscreen." Colloid and polymer science 299 (2021): 1797-1805. 

[23] Li, Ziliang, et al. "Application of nanostructured TiO2 in UV photodetectors: A review." Advanced 

Materials 34.28 (2022): 2109083. 

[24] Lee, Song Yeul, et al. "Atomic layer deposition-based synthesis of TiO2 and Al2O3 thin-film coatings 

on nanoparticle powders for sodium-ion batteries with enhanced cyclic stability." Journal of Alloys and 

Compounds 897 (2022): 163113. 

 

 

 

  



J. Electrical Systems Vol-Issue (2024): 1-12 

1033 

 

 

 

 
1 *Corresponding author:  Department of Physics, Shri R. R. Lahoti Science College, Morshi, Dist-Amravati [M.S.], India 

Department of Physics, Dr.D.Y. Patil Institute of Technology, Pimpri, Pune -18[M.S.], India. 
Copyright © JES 2024 on-line : journal.esrgroups.org 

1Atish Kohale 

2Sarika A. Khapre 

 

Structure and properties of 

processible conductive 

polyaniline-polyethylene oxide 

composite 

 

Abstract: - The effect of doping of Li2SO4 in PANI-Li2SO4-PEO composite films was studied with the help of characterization and 

thermo gravimetric analysis. PANI-Li2SO4-PEO composite films were prepared by chemical polymerization. The Scanning Electron 

Microscopy (SEM) has been carried out to characterize the samples. From the IR spectroscopy, it was noticed that, conductive 

composites were formed and corresponding peak observed, shows the presence of PANI, PEO and Li2SO4. TGA/DTA data shows 

that, interaction between the polymers. From the TG/DTA, it is observed that PANI-PEO samples with doped Li2SO4 gives one  step 

degradation in which weight loss is in the range 95.5 to 97.32 % when heated up to 700K . Thermal analysis is the analysis of a 

change in a property of a sample, which is related to an imposed change in the temperature. TG measures mass changes in a material 

as a function of temperature (or time) under a controlled atmosphere and In DTA, the temperature of a sample is compared with that 

of an inert reference material during a programmed change of temperature. 

Keywords: PANI-Li2SO4-PEO composite films, SEM/EDAX, FTIR, TG/DTA. 
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I.  INTRODUCTION 

In recent years, synthesis and characterization of conducting polymers fetched attention of researchers 

because of their electrical, electrochemical, optical properties [1] and their possible applications to sensors, 

organic batteries, microelectronic devices and electrocatalysis [2].  Polymer composites are advanced materials 

formed by combining two or more distinct components: a polymer matrix and reinforcing materials. This 

amalgamation results in a material that exhibits enhanced properties compared to its individual constituents. 

Polymer composites have gained significant attention and applications across various industries due to their 

unique combination of strength, light weight, and versatility. However, the major concern in this area is the lack 

of processibility of these polymers. Nowadays, the rapidly expanding field of nanoconducting polymer composite 

is generating many exciting new materials with novel properties. Different methods are used for preparation of 

composites of conducting polymers with conventional polymers. One way of preparing composites is 

synthesizing the conducting polymer inside the matrices of conventional polymers using chemical [3-5] and 

electrochemical methods [6-8].  In this work, we have tried to make PANI-Li2SO4-PEO blend by chemical 

polymerization method. These blends have been characterized by elemental analysis, SEM, TG/DTA 

measurements. 

 

 

II. EXPERIMENTAL 

2.1  Materials 

The aniline monomer (AR grade) was obtained from M/S S.D. Fine Chem. (India), Ammonium persulfate 

[(NH4)2S2O8] was received from M/S Loba Chemie India and was used as obtained. The concentrated 

hydrochloric acid was obtained from M/S S.D. Fine Chem. (India), PEO (polyethylene oxide) was received from 

Merck company. Solvents NMP (1-methyl 2-pyrrolidone), distilled water and methanol were used after 

purification, Li2SO4.H O, LiClO4.3H2O and LiCl were received from M/S LobaChemie India and were used as 

obtained.  

 

 

2.2  Preparation of Samples 

PANI, PEO and Li2SO4were added to NMP (1-methyl 2-pyrrolidone) which was stirred for 30 min [1]. Films 

containing PANI, PEO and Li2SO4.H2O (Lithium Sulphate) were obtained by drying the mixtures at 750 C for 24 

h. Film was deposited on Teflon sheet, so that it is easy for removing the film. Different percentage of composite 

film have been prepared such as 3,5,7,9,11wt %. In these films the concentration of Li-salt is varied and PANI 

and PEO is kept constant. The nomenclature and stoichiometry is given in the table. 

 

 

 

Table 2.1: Nomenclature and stiochiometry of the films. 

wt % of 

Li-salt in PANI-

PEO blend 

Polyaniline(PANI)        

wt (%) 

Polyethylene oxide 

(PEO) wt (%) 
Li-salt wt (%) 

3 0.1879 1.9 0.064574 

5 0.1879 1.9 0.109889 

7 0.1879 1.9 0.157154 

9 0.1879 1.9 0.206496 

11 0.1879 1.9 0.26398 
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2.3  SEM/EDAX 

 SEM micrographs of PANI-Li2SO4-PEO composite films were taken by scanning electron microscope 

Model No. JSM-7600F with Resolution: 1.0nm (15 kv), 1.5nm (1 kv), Accelerating Voltage: 0.1 to 30 kv and 

Magnification: x25 to 1,000,000. 

 

2.4  Thermogravimetric analysis 

Thermo gravimetric analysis of PANI- Li2SO4-PEO composite films were carried out in a PERKIN ELMER, 

Diamond TG/DTA thermal analyzer, over a temperature range Ambient to1500oC. Runs were conducted at a 

heating rate of 0.01o-100o C/min. 

 

 2.5  Fourier transforms infrared spectroscopy (FTIR) analysis 

The FTIR spectrum of PANI-Li2SO4-PEO composite films was recorded on SHIMADZU-FTIR 

Spectrophotometer at room temperature in the wavelength range 4000 to 400 cm-1 

 

 

III. RESULTS AND DISCUSSIONS 

 

3.1  Scanning Electron Microscopy images (SEM/EDAX) 

The surface morphology of PANI-PEO-Li2SO4 blend film was examined by Scanning Electron Microscope 

(SEM). Fig.1(a-c) illustrate the SEM images of PANI-PEO- Li2SO4 blend samples of 5, 7 and 9wt%. It shows that 

the surface of the film (c) is smooth as compared to (a) and (b), which shows some cracks on the surface, sponge-

like appearance observed for the 9 wt% film, indicative of highly inhomogeneous microstructure within the 

composite [9]. Nature of all film is amorphous. 

 

 

  (a)                                                   (b)                                                   (c) 

Fig.1 (a-c): Scanning electron micrographs of 5wt%, 7wt% and 9wt% Li2SO4 (PAni-PEO- Li2SO4) blend. 

 

The elemental composition of PAni-PEO- Li2SO4 blend samples is also determined using SEM energy 

dispersive analytical X-ray (EDAX) spectroscopy. The quantitative analysis for energy dispersive X-ray analysis 

(EDAX) was performed for Li and S on various samples at different points. The average ratio of atomic percentage 

of Li:S shows that the samples have S deficiency. The existence of lithium in the composite film is confirmed by 

EDAX analysis fig 2. A signal corresponding to sulfur also appears on the spectrum. The results of EDAX 

investigations highlighted are summarized in Table 1(a), (b), (c) for 5,7 and 9wt% Li2SO4 (PANI-PEO- Li2SO4) 

respectively. The element (%) and atomic (%) of the Li2SO4 (PANI-PEO- Li2SO4) blend are shown in table 1(a-c). 
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                            Table  1(a) 

  

                                   (a)   

              

                                                                                                             Table 1 (b) 

 
                                   (b) 

 

                                                            Table 1 (c) 

                             
    (c) 

 

Fig.2: EDAX spectra of5, 7 and 9wt% Li2SO4 (PAni-PEO- Li2SO4) blend. 

 

 

 

 

 

 

 

Element Weight% Atomic% 

C 57.75 64.95 

O 40.92 34.55 

Li 0.48 0.23 

S 0.35 0.15 

Ca 0.14 0.05 

Cu 0.36 0.08 

Element Weight% Atomic% 

   C 58.59 65.88 

   O 39.55 33.38 

   Li 0.64 0.31 

   S 0.73 0.31 

  Ca 0.19 0.06 

   Cu 0.31 0.07 

Element Weight% Atomic% 

C  57.6 65.06 

O  40.08 33.99 

Mg 0.15 0.08 

Li  0.72 0.35 

S  0.74 0.31 

Cl  0.24 0.09 

Ca  0.17 0.06 

Cu  0.3 0.06 
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3.2  Fourier transforms infrared spectroscopy (FTIR) analysis : 

In order to find the nature of bonding in the film material we studied FTIR spectrum of PANI-PEO - Li2SO4 

blend. From Fig (3),  the strongest lines appear at 1037 cm-1 and 640.37 cm-1 of 5 and 7 wt% respectively which 

correspond to the (SO4) and (SO4) of the sulphate respectively [10]. The peak 486.9 cm−1 of 9 wt% and 1138 cm-1 of 5 

wt% indicate vibrations of Li2SO4. Several translational modes of Li+ ion can be connected due to their presence in the 

region of 400–450 cm-1 of 7 wt% [11]. 

 

 In polyaniline, polarons are responsible for the broad absorption band at wave numbers above 3431.36.8 

cm-1 of 7wt% and 2929.87 cm-1 of 9 wt% [12-14]. The absorption band at 1274.95cm-1 of 5wt% is due to C–N 

stretching of secondary aromatic amine which represents л electron delocalization induced in the polymer by 

protonation. The band characteristic of the conducting protonated form is observed at about 12334.44 cm -1 of 5wt% 

which has been interpreted as C-N+● stretching vibration in the polaron structure [15]. The region 900–700 cm-1 

corresponds to aromatic ring and out-of-plane C-H deformation vibrations. Their frequencies are mainly determined by 

the number of adjacent hydrogen atoms in the ring [16]. Also peak1581.63cm-1,1355.96 cm-1of 5 wt% ,these peaks are 

corresponding to most of the characteristic peaks for PANI as described in literature [17-19], which is same in PANI-

PEO blend. PEO exhibit a large broad band of asymmetric CH2 stretching between 2843.0 cm-1 and narrow band of 

lower intensity at 2740 cm-1 of 9 wt% [20].  Table 2 shows the Peak position for 5, 7 and 9wt% Li2SO4 (PANI-PEO- 

Li2SO4) blend.   

 

 

 

Table 2: Peak position for 5, 7 and 9wt% of Li2SO4 (PANI-PEO-Li2SO4) blend. 

Sr.No. Peak position cm-1 

5%Li2SO4(PANI-PEO-

Li2SO4) 

7%Li2SO4(PANI-PEO-

Li2SO4) 9%Li2SO4(PANI-PEO-Li2SO4) 

1 401.19 401.19 - 

2 424.34 420.48 - 

3 435.91 443.63 - 

4 447.49 474.49 486.06 

5 694.37 640.37 - 

6 727.16 - 727.16 

7 738.74 - 738.74 

8 759.95 - 759.95 

9 839.3 - 837.11 

10 933.55 - 856.39 

11 941.26 - 939.33 

12 952.84 - - 

13 1037.7 - 1037.7 

14 1138 1130.29 - 

15 1234.44 1230.58 1234.44 

16 1274.95 - - 

17 1355.96 1359.82 1359.82 

18 1581.63 1533.41 1558.48 

19 2740.85 2740.85 2740.85 

20 2825.87 - 2843.07 

21 2902.87 - 2929.87 

22 3415.93 3431.36 3437.15 
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(a) 5wt% 

 

(b) 7 Wt% 

 

(c) 9wt% 

Fig 3: FTIR spectra for a) 5wt% b) 7wt% c) 9wt% of Li2SO4 (PAni-PEO-Li2SO4) blend. 

 

3.3  Thermogravimetry (TG) / Differential thermal analysis (DTA): 

 Thermo gravimetric analysis was carried out for various polymers to determine the weight loss at different temperatures. 

Thermal stability of the PANI-PEO- Li2SO4 blend was assessed from analysis of the TG and DTA curves Fig. 4 (a-c). The main 

data is summarized in Table 3. 

 

 In (Fig. 4.a), film demonstrated one step degradation  in the temperature range of 255 to 435ºC. One endothermic event 

and two exothermic events are observed in the PANI-PEO- Li2SO4 thermograms (Fig. 4.a). The first event occurs at 68.91ºC 
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temperature, it is called as glass transition temperature because at this temperature there is transition from a disordered solid to a 

liquid. The first event is accompanied by a 4.3% weight loss and is related to the removal of the physically adsorbed water. Two 

exothermic events occur at 325.62ºC and 446.23ºC. These two events is accompanied 84.145%and 6.577% weight loss. 

 In (Fig. 4. b) the film demonstrated one step degradation. It was in the temperature range of 255to 425ºC. One 

endothermic event and four exothermic events are observed in the PANI-PEO- Li2SO4 thermograms. The first event occurs at 

69.13ºC temperature, it is called as glass transition temperature. The first event is accompanied by a 5.39% weight loss and is 

related to the removal of the physically adsorbed water. 

 

 

(a) 

 

(b) 

 

(c) 

Fig 4.TG/DTA curves of a) 5wt% b) 7wt% c) 9wt% of Li2SO4 (PANI-PEO-Li2SO4) blend. 
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In (Fig. 4. c) the film demonstrated one step degradation. It was in the temperature range of 250to 460ºC. 

One endothermic event and four exothermic events are observed in the PANI-PEO- Li2SO4 thermograms. The 

first event occurs at 68.44ºC temperature, it is called as glass transition temperature. The first event is 

accompanied by a 5.415% weight loss and is related to the removal of the physically adsorbed water. Four 

exothermic events occur at 240.82 ºC, 347 ºC, 408.49 ºC and 443.61 ºC. These Four events is accompanied 

78.135%and 8.4057% weight loss. 

 

 

Table 4: TG /DTA data for PAni-PEO- Li2SO4 blend samples. 

Sample Peak I (Glass 

transition) 

Endothermic events 

Peak II Exothermic 

events 

Peak III 

Exothermic events 

Peak IV 

Exothermic events 

Peak V Exothermic 

events 

wt%  of 

Li2SO4(PAni-

PEO-Li2SO4) 

Tmax 

(ºC) 

Peak 

Height 

(µV) 

Tmax(ºC) Peak 

Height 

(µV) 

Tmax (ºC) Peak 

Height 

(µV) 

Tmax (ºC) Peak 

Height 

(µV) 

Tmax (ºC) Peak 

Height 

(µV) 

5 68.98 -9.355 325.62 31.371 446.57 17.702 - - - - 

7 69.13 -10.067 244.12 19.988 307.62 6.239 373.36 32.556 452.34 8.028 

9 68.44 -13.182 240.82 24.91 347 2.876 408.49 28.846 443.61 79.8 

IV. CONCLUSION 

 

The SEM-EDX study in case of PANI-PEO films doped with Li2SO4 predicts the presence of dopant Lithium 

in the films. From the SEM of PANI-PEO- Li2SO4 composite, it was observed ‘‘sponge-like” appearance and 

shows a homogeneous surface, with uniformly distributed particles. It shows amorphous nature. FT-IR identifies 

the presence of certain functional groups of molecule. Also one can use the unique collection of absorption band 

to confirm the identity of pure compound or to detect the presence of specific impurities. From the IR 

spectroscopy, it was noticed that, conductive blends were formed and the corresponding peak observed show 

PANI, PEO and lithium peaks. From the TG/DTA, it is observed that PANI-PEO samples with doped Li2SO4 

gives one step degradation in which weight loss is in the range 95.5 to 97.32 % when heated up to 700K . 
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Abstract: - Surface water is the important source of ground water, increasing population, modernization and urbanization are 

affecting the quality of surface water by disposing sewage and contaminating surface waters like lake water, dam water etc. This 

study described the assessment of water quality of the Wagholi lake from Amravati district, Maharashtra. For the analysis purpose, 

20 water samples were collected from the lake and different physical parameters such as PH, TDS, Turbidity, Temperature and 

chemical parameters Total Hardness (TH), Ca²⁺, Mg²⁺, Na⁺, K⁺, HCO3⁻, CO3
-, Cl⁻, NO3

-and SO4²⁻ were analyzed, followed by the 

standard analytical procedures. the aim of studying these different physicochemical parameters of the lake water was to find the 

suitability of water for drinking as well as irrigation purpose. Out of 20 samples (85%) samples shows the value of Fluoride in 

permissible limit where 15% samples show values higher than the permissible limits of drinking water category.  The nitrate values 

are ranging in between 0.6 ppm to 7.9 ppm. 

 

Keywords:  Wagholi Lake, Physicochemical parameters. 
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I.  INTRODUCTION  

Water is the most commonly available solvent which is the most essential part of living things. Water is the 

crucial thing for the maintenance of ecosystem. Lakes are the best place to store the water on Earth. Human 

development activities are increasing tremendously and it is one of the reasons affecting the surface or lake water 

quality dominantly [2].  Wagholi lake is investigated in this study and the main aim to check whether the water 

quality attributes are in permissible limits or not.  

 

II. STUDY AREA   

For the analytical purpose 20 water samples were collected in a screw caped HDPE bottle from Wagholi lake, 

Dist. Amravati, Maharashtra. Wagholi lake is named from the nearby village Wagholi. The approximate area of 

lake is 60 acres [1] and geographically it is located at latitude 21007'47", Longitude 77008'30". Wagholi lake is 

near about 21 Km towards North - East from Amravati city.  Lake water helps to irrigate approx.500 acres of 

land and local area people use it for fishing and domestic activities.  

 

III. MATERIALS AND METHODS  

In March 2024, 20 water samples were collected from different locations of Wagholi Lake. Temperature, 

Electrical Conductivity (EC), Total Dissolved Solids (TDS), and PH readings were taken immediately after 

sample collection by using portable water analysis kit on field. For calibration of instruments standard solutions, 

double distilled water, etc used.  

 

Table1: Parameters and methods to analysis of water samples. (APHA standards) 

Parameters Method 

PH Digital PH meter 

Temperature  Mercury Thermometer 

Electrical Conductivity Conductivity meter 

Total Dissolved Solids TDS meter 

Alkalinity  

 

Titration method 

 

Chloride 

Calcium 

Magnesium 

Total Hardness 

Carbonate (CO3
-) 

Bicarbonate (HCO3
-) 

Fluoride 

Sodium Flame Photometer  

Sulphate   

Spectrophotometer Nitrate 

Potassium 

Iron 

 

 

IV RESULT AND DISCUSSION  

The turbidity values range from 0.4 to 1.2 NTU with the average value of approximately 0.68 NTU 

(Nephelometric Turbidity Units). EC values range from 21.5384 to 105.8461 micro-Simmons/Cm indicating 

varying levels of dissolved ions in the water sample. The variation in the total hardness indicates differences in 

calcium and magnesium Concentrations.  

Carbonate values are relatively consistent, with some variation. Carbonates play an crucial role in buffering 

water PH, and their presence indicates the buffering capacity of water. Chloride levels are within acceptable limits 

for drinking water, though variations exist. Chloride can originate from natural resources such as seawater 

intrusion, or from anthropogenic sources like road salt and industrial discharge. The variability in iron 

concentrations suggests differing sources or levels of iron in the samples. Elevated iron levels can cause staining 

and affect taste of water, but the concentrations observed within acceptable limits. The range of sulphate 

concentrations is notable in sample no. 19 and 20, with higher levels potentially indicating pollution from 

industrial or agriculture activities. Sulphate in water can contribute to the taste and may cause scale formation. 
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V  CONCLUSION   

The data indicates that the water quality parameters measured are within acceptable limits for the most 

samples, though some variations exist. Understanding these variations can help identify potential sources of 

contamination and water management strategies.   
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Table 2. Physical and chemical parameters  

 

Sr. 

No 

PH Turbi

dity in 

N EC 

TDS 

(mg/l) 

TH 

(mg/l) 

Alkalin

ity 

(mg/l) 

Carbon

ate 

 

Bicarb

onate Cl 

(mg/l) 

Fe 

(mg/l) 

F 

(mg/l) 

NO3 

(mg/l) SO4 

(mg/l) 

Ca 

(mg/l) Mg 

(mg/l) 

Na 

(mg/l) 

K 

(mg/l) 

1 7.3 0.4 41.5384 1067 536 128 24 104 108 0.1 0.88 7.1 162 128 504.896 62 12 

2 6.9 0.5 75.3846 1024 548 84 32 52 110 0.1 0.56 7.4 133 129.6 516.5072 52 10 

3 7.3 0.6 86.1538 1031 536 100 24 76 106 0.1 0.53 7 121 120 506.84 88 8 

4 7.2 0.7 89.2307 1033 552 92 16 76 110 0.1 0.22 7 134 124.8 521.6736 105 11 

5 7.3 0.8 81.5384 1028 540 96 16 80 104 0.1 1.03 7.9 131 115.2 512.0064 112 12 

6 7.3 0.5 04.6153 1043 528 104 24 80 110 0.1 0.5 7.6 133 112 500.784 109 10 

7 7.2 0.5 83.0769 1029 520 96 32 64 106 0.1 0.58 7.4 156 108.8 493.5616 70 7 

8 7.2 0.6 86.1538 1031 488 92 24 68 110 0.1 0.44 7.4 122 112 460.784 73 24 

9 7.1 0.4 09.2307 1046 528 100 32 68 100 0.1 0.44 7.2 130 116.8 499.6176 70 6 

10 7.1 0.5 10.7692 1047 528 92 32 60 100 0.1 0.81 7 124 110.4 501.1728 70 4 

13 7.2 0.3 21.5384 1119 528 120 40 80 110 0.1 0.64 1.8 149 128 496.896 90 18 

14 6.8 0.4 09.2307 1111 520 80 24 56 104 0.1 0.42 1.4 157 110.4 493.1728 86 14 

15 7.3 0.5 12.3076 1113 544 132 24 108 106 0.1 0.76 1.3 166 102.4 519.1168 87 14 

16 6.9 0.6 44.6153 1134 540 92 40 52 110 0.1 0.66 0.6 152 110.4 513.1728 84 16 

17 6.8 0.5 92.3076 1100 544 72 48 24 108 0.1 0.93 0.9 129 112 516.784 80 13 

18 6.9 0.4 73.8461 1088 552 92 40 52 106 0.1 0.86 0.8 156 108.8 525.5616 74 12 

19 6.9 0.4 90.7692 1099 572 92 40 52 112 0.1 1.02 1 167 96 548.672 69 10 

20 7.2 0.5 72.3076 1087 492 100 24 76 112 0.1 1.08 1.5 164 96 468.672 68 10 
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Abstract: -The utilization of rheological analysis emerges as a crucial technique for anticipating the physical 

attributes of both non-Newtonian (2,3-DCA) and Newtonian (2-EE) fluids, as well as their binary mixtures. 

While existing literature has explored the rheological behavior of 2,3-DCA+2-EE mixtures, particularly in 

the realm of thixotropic fluids within binary reactions, comprehensive documentation of their properties 

remains absent. This study thus endeavors to fill this gap by delving into the rheological characteristics of 

2,3-DCA+2-EE binary mixtures across a spectrum of temperatures (293 K to 323 K) and a diverse range of 

viscosity, torque, and shear strain. With fixed parameters including shear rates (122, 73.4, and 61.2) and 

RPM (100, 60, and 50), this investigation aims to provide valuable insights into the rheological behavior of 

these mixtures, shedding light on their behavior under varied conditions and facilitating deeper 

understanding within the field. 

Keywords:brookfield viscometer;2,3-Dichloroaniline; 2-Ethoxyethenol;Different temperatures; 

Viscosity;Torque;Share stain; Shear rates and RPM. 

 

                                                             I.  INTRODUCTION 

Rheology is the science of deformation and flow behavior of fluids [1]. Knowledge properties of 

fluid and variation with temperature, shear rate and rotation per minute have been globally for 

industrialization of food technology [2-3], cosmetic [4], Pharmaceuticals [5],Oil and Gas Industry and 

Polymer Processing [6-7]. Rheology is the study of deformation and flow of fluids in response to stress. To 

make an incompressible fluid flow, a shear stress must be applied. Fluids include both gases and liquids. 

Here the focus on the liquids. In fluid, when the increasing shear stress is proportional with increasing shear 

rate, it is known as Newtonian fluid [8]. The ratio of shear stress and shear rate gives a constant, which is 

known as viscosity. In a situation where a shear stress is created with a smaller shear rate, the fluid is 

claimed as having a higher viscosity.  
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For a fluid to behave as Newtonian, any increase in shear stress should be accompanied with a  

similar portion increase of shear rate which would result in a constant viscosity. This behaviour indicates the 

independence of fluid viscosity on the shear rate. However, in reality, fluid does not behave as a Newtonian 

fluid.2-Ethoxyethanol commercially known as Cello solves is critical to optimizing their performancein 

applications such as and widely used as complexes of solvents, coemulsifiers so stabilizers of 

emulsions,dyes and lacquers.[9]. The aromatic liquid 2,3-DCA is a base substance used in the synthesis of 

bioactive Schiff’s bases, azetidinones, thiazolidinones, pyrazolines, acetohydrazides and in mixture reactions 

[10-12]. It is an important chemical substance for production of agricultural fungicides, herbicides, 

insecticides etc. [13-14]. 

Similarly, in hydraulic fracking applications, the Newtonian viscosity and shear thinning of 

fracturing fluids determine whether the fluid viscosity is sufficiently large to reduce particle settling rates 

and sustain fractures of desired geometry against closure stresses imposed by the reservoir [15-16].Among 

shear flow and extensional flow, the former is the most common flow behavior. In shear flow, layers of the 

fluid slide over each other at a speed greater than that of the layer beneath it. The displacement gradient 

across the fluid layers is called shear strain. When the shear strain continues to increase on the application of 

shear stress, the velocity gradient is created. The velocity gradient,otherwise called shear rate or strain rate, 

is the rate of change of strain with time. The behavior of fluid varies with the value of shear rate or shear 

stress. One such behavior is shear thinning [17]. Shear thinning is a behavior commonly seen in non-

Newtonian fluids. It is also called Pseudoplastic flow. Shear thinning results from rearrangements in the 

microstructure level in fluids. The rearrangements occurring in the plane of applied shear stress change the 

behavior of fluids. In shear-thinning fluids, as the applied stress increases, the fluid velocity decreases[18].        

The present study attempted to characterize the rheological properties of 2,3-DCA+2-EE binary 

mixtures across a temperature range of 293 K to 323 K, encompassing a wide range of viscosity, torque, and 

shear strain. Shear rates (122, 73.4, and 61.2) and RPM (100, 60, and 50) were kept constant throughout the 

experiments. 

 

 

II. MATERIALS 

2,3-Dichloroaniline (GC Grade) is obtained from Sigma-Aldrich and 2-Ethoxyethenol (AR Grade) 

were obtained from M/S Sd. Fine chemical, Mumbai, India without further purification the two liquids 

according to their proportions by volume were mixed well and kept 6h in well stoppered bottles to ensure 

good thermal equilibrium. These liquids used as solute and solvent. 

III.MEASURMENTS 

All the measurements are carried out at temperatures 293, 303, 313 and 323 K. by circulating 

ethylene glycol + water around the liquid cell and temperature is thematically controlled with +0.500C 
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thermocontrole using Nevitechpvt. Ltd. Mumbai India. The whole of the equipment is standardized with the 

help of standard materials like methanol and ethyleneglycol+water (40:60). The viscosities, Torque,Share 

Stain,Share Rate andRPM of the pure components and their binary mixtures are measured by LVDL V-pro 

II Brook field viscometer (USA) accuracy range of viscosity is ±1.0%, repeatability ±0.2% and temperature 

accuracy range of viscometer is±1°C-100°C to +149°C [19]  

 

IV. RESULSAND DISCUSSION 

A perusal of Table 1 to 4 provides the experimental values of viscosity (η), Torque (τ), Share Stain 

(SS), Share Rate [(SR) 122, 73.4 and 61.2] and RPM (100, 60 and 50) of binary liquid mixture of 2,3-

DCA+2-EE at 293 to 313K.When the SR decreases from 122, 73.4, and 61.2, and the RPM decreases from 

100, 60, and 50, the values of η increase, but τ and SS decrease at all temperatures. In binary mixtures of 

2,3-DCA+2-EE, as the mole fraction of 2,3-DCA increases, the values of η, τ, and SS increase. 

 As the concentration of 2,3-DCA increases in the binary mixtures, the values of η, τ and SS increase 

but at different temperaturesthe values of η, τ and SS decreases, the magnitude of variation of mole fraction 

is in the increasing order. The viscosity values augment with the increasing mole fraction of 2,3-DCA over 

the whole concentration range, meanwhile, the viscosity, torque and share strain values decrease with the 

increasing temperature at the same composition and this phenomenon is possibly caused by the weak 

hydrogen bonding interaction [20]. 

 

Table 1Mole fraction (X) of 2,3-DCA and 2-EE, viscosity (η), Torque (τ), Share Stain (SS), Share Rate 

(SR)and RPM of binary mixture liquid system of 2,3-DCA+2-EE at 293K 

Mole Fraction 

X 

Viscosity (η) Torque (τ) Share Stain 

(SS) 

Share Rate 

(SR) 

RPM 

0.0000 2.35 42.2 2.41 122 100 

2.75 35.6 2.32 73.4 60 

2.58 30.4 2.11 61.2 50 

0.1048 3.12 52.0 3.83 122 100 

3.35 33.5 2.47 73.4 60 

3.40 28.5 2.10 61.2 50 

0.2147 3.92 65.5 4.81 122 100 

4.09 40.8 3.00 73.4 60 

4.15 34.7 2.55 61.2 50 

0.3298 4.81 70.6 5.94 122 100 

4.96 49.5 3.84 73.4 60 

5.01 41.6 3.05 61.2 50 
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0.4506 5.67 75.9 6.05 122 100 

5.74 57.6 4.22 73.4 60 

5.77 47.8 3.54 61.2 50 

0.5775 6.32 80.2 6.50 122 100 

6.35 53.4 3.90 73.4 60 

6.70 33.6 2.40 61.2 50 

0.7110 6.64 84.5 6.70 122 100 

6.68 53.6 3.94 73.4 60 

6.70 32.3 2.40 61.2 50 

0.8516 6.70 88.6 6.80 122 100 

6.75 53.8 3.90 73.4 60 

6.80 32.6 2.40 61.2 50 

0.0000 6.80 90.8 6.95 122 100 

6.85 58.9 4.29 73.4 60 

7.35 35.0 2.60 61.2 50 

Table 2 Mole fraction (X) of 2,3-DCA and 2-EE, viscosity (η), Torque (τ), Share Stain (SS), Share Rate 

(SR) and RPM of binary mixture liquid system of 2,3-DCA+2-EE at 303K 

 

Mole Fraction 

X 

Viscosity Torque Share Stain Share Rate RPM 

0.0000 2.14 35.5 2.61 122 100 

2.47 24.7 1.82 73.4 60 

2.68 22.4 1.64 61.2 50 

0.1048 2.85 28.7 2.13 122 100 

2.89 28.6 2.08 73.4 60 

2.99 25.2 1.83 61.2 50 

0.2147 3.31 55.2 4.06 122 100 

3.58 36.6 2.61 73.4 60 

3.70 30.6 2.24 61.2 50 

0.3298 3.52 58.6 4.33 122 100 

3.72 37.0 2.70 73.4 60 

3.80 31.4 2.30 61.2 50 

0.4506 4.26 71.0 5.22 122 100 

4.32 43.1 3.16 73.4 60 

4.36 36.3 2.67 61.2 50 
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0.5775 4.73 78.9 5.79 122 100 

4.83 48.4 3.54 73.4 60 

4.86 40.3 2.97 61.2 50 

0.7110 5.01 83.4 6.13 122 100 

5.05 50.5 3.70 73.4 60 

5.10 42.3 3.10 61.2 50 

0.8516 5.32 89.5 6.57 122 100 

5.33 53.1 3.90 73.4 60 

5.36 44.4 3.26 61.2 50 

0.0000 5.35 94.2 6.90 122 100 

5.37 53.6 3.92 73.4 60 

5.58 45.8 3.36 61.2 50 

Table 3Mole fraction (X) of 2,3-DCA and 2-EE, viscosity (η), Torque (τ), Share Stain (SS), Share Rate 

(SR)and RPM of binary mixtureliquid system of 2,3-DCA+2-EE at 313K 

Mole Fraction 

X 

Viscosity Torque Share Stain Share Rate RPM 

0.0000 1.70 28.4 2.08 122 100 

2.08 20.8 1.53 73.4 60 

2.32 19.2 1.42 61.2 50 

0.1048 1.97 33.0 2.43 122 100 

2.25 22.6 1.64 73.4 60 

2.42 20.0 1.46 61.2 50 

0.2147 2.27 37.7 2.77 122 100 

2.47 24.8 1.82 73.4 60 

2.64 22.0 1.62 61.2 50 

0.3298 2.62 43.7 3.20 122 100 

2.76 27.5 2.03 73.4 60 

2.92 24.0 1.78 61.2 50 

0.4506 2.95 49.1 3.59 122 100 

2.98 30.0 2.19 73.4 60 

3.10 25.8 1.88 61.2 50 

0.5775 3.14 52.3 3.84 122 100 

3.24 32.4 2.38 73.4 60 

3.33 27.6 2.02 61.2 50 

0.7110 3.41 56.9 4.17 122 100 
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3.42 34.2 2.50 73.4 60 

3.45 28.4 2.10 61.2 50 

0.8516 3.60 59.9 4.39 122 100 

3.62 36.1 2.66 73.4 60 

3.66 30.5 2.24 61.2 50 

0.0000 3.91 65.2 4.78 122 100 

3.92 39.0 2.88 73.4 60 

3.94 32.7 2.41 61.2 50 

Table 4 Mole fraction (X) of 2,3-DCA and 2-EE, viscosity (η), Torque (τ), Share Stain (SS), Share Rate 

(SR) and RPM of binary mixtureliquid system of 2,3-DCA+2-EE at 323K 

Mole Fraction 

X 

Viscosity Torque Share Stain Share Rate RPM 

0.0000 1.55 25.9 1.89 122 100 

2.01 24.2 1.77 73.4 60 

2.88 20.0 1.48 61.2 50 

0.1048 1.68 27.8 2.05 122 100 

1.88 18.8 1.39 73.4 60 

2.02 16.8 1.23 61.2 50 

0.2147 1.91 31.8 2.33 122 100 

2.01 21.4 1.57 73.4 60 

3.31 19.1 1.40 61.2 50 

0.3298 2.08 34.5 2.53 122 100 

2.24 22.4 1.64 73.4 60 

2.36 19.7 1.45 61.2 50 

0.4506 2.27 37.9 2.78 122 100 

2.42 24.2 1.78 73.4 60 

2.51 20.9 1.54 61.2 50 

0.5775 2.42 40.3 2.96 122 100 

2.53 25.3 1.86 73.4 60 

2.62 21.7 1.60 61.2 50 

0.7110 2.57 42.8 3.14 122 100 

2.66 26.4 1.94 73.4 60 

2.71 22.4 1.66 61.2 50 

0.8516 2.76 46.0 3.37 122 100 

2.83 28.3 2.08 73.4 60 
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2.89 24.1 1.77 61.2 50 

0.0000 3.09 51.4 3.78 122 100 

3.12 31.0 2.28 73.4 60 

3.16 26.2 1.92 61.2 50 

 

IV.CONCLUSION 

In summary, the study of a binary liquid mixture of 2,3-DCA+2-EE at temperatures ranging from 

293K to 313K reveals intriguing trends. Decreasing shear rate (SR) and RPM coincide with an increase in 

viscosity (η), while torque (τ) and shear strain (SS) decrease consistently across all temperatures. 

Additionally, as the mole fraction of 2,3-DCA rises, so do the values of η, τ, and SS, suggesting a correlation 

between composition and these properties. Notably, variations in temperature lead to contrasting effects: 

while increasing 2,3-DCA concentration boosts η, τ, and SS, at different temperatures, these values 

decrease. This inverse relationship hints at the impact of temperature on molecular interactions, potentially 

driven by weak hydrogen bonding. 
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Anticancer Activity of Novel Thiocarbamide 

Derivatives 

by MTT Colorimetric Assay 

ABSTRACT: - THIOCARBAMIDES WERE PRODUCED FROM AROMATIC AMINES AND THEIR 

ANTICANCER ACTIVITY WAS EXAMINED THROUGH THE USE OF NOVEL DERIVATIVES THAT 

REPLACED THIOUREAS. CYTOTOXICITY OF THE THIOCARBAMIDE DERIVATIVES ON THE 

BREAST CANCER CELL LINE MCF-7 WAS EXAMINED BY THE MTT [3-(4,5- 

DIMETHYLTHIAZOL-2-YL)-2,5-DIPHENYLTETRAZOLIUM BROMIDE] TEST. BASED ON THE 

RESULTS OBTAINED FROM THE MTT COLORIMETRIC ASSAY, IT WAS OBSERVED THAT WHEN 

THE MCF-7 CELL LINE WAS EXPOSED TO DIFFERENT CONCENTRATIONS OF THE SAMPLE OF 

DERIVATIVES, SUBSTANTIAL CYTOTOXIC ACTIVITY I.E. ACTIVE IN SUPPRESSING MCT-7 CELL 

GROWTH WAS OBSERVED BY THIOCARBAMIDE DERIVATIVES WITH THE IC50 VALUE 

32.35±0.07 µG/ML. AN EFFICIENT MEANS OF PREVENTING CANCER FROM SPREADING MIGHT 

BE THE DISCOVERY OF NOVEL DRUGS. 

Keywords:  Thiocarbamide derivatives, Anticancer activity, MTT colorimetric assay,   

                       Cytotoxicity 

 

1. INTRODUCTION: 

Derivatives of thiocarbamide are practical heterocyclic agents that are synthesized and studied 

extensively. Because thiocarbamide derivatives hold active thio-amino groups which can form a wide range 

of therapeutic effects and expose its diverse physiochemical capabilities [1-2]. Cancer has reported for 

approximately 9.6 to 10 million deaths across the world in 2023 as per the World Health Organization 

(WHO). Female breast cancer is second ranked occurring (2.3 million cases, 11.6%) in the worldwide and 

was the leading cause breast cancer deaths (670 000 deaths, 6.9%) reported by International Agency for 

Research on Cancer (IARC) in 2022. One of the major medical issues that human now face is the rising 

number of deaths from various types of cancer, and cancer seems to be having an increasingly negative 

impact on human health globally. Researchers are working to several facets of cancer biology in an attempt 

to develop medications having anticancer properties. Many effective drugs for the treatment of cancer have 

been discovered and widely utilized from the pharmaceutical sector [3-7].  
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Usually in medicinal field use of different substituents is common and most of substituted thiocarbamide 

derivatives were investigated for their bioactive properties such as antibacterial [8-9], anti-microbial [10-11], 

anti-inflammatory [12-13], anti-fungal [14-15], anthelmintics [16], antitubercular [17], insecticidal [18], 

rodenticidal [19] and herbicidal [20]. 

Thiocarbamide derivatives are one of the active anticancer compounds because of their significant 

inhibitory effects on protein NADH oxidase, tyrosine kinases (PTKs), Raf kinase, and DNA topoisomerase 

[21-23]. The present research involved to synthesis of a novel thiocarbamide molecule further characterized 

by FTIR, NMR, MS, C, H, N, S analysis methods and assuring its cytotoxicity screening against human 

cancer cell lines by using an MTT colorimetric assay. 

 

2. Result and Discussion: 

2.1. Synthesis of thiocarbamide derivatives: 

Novel compounds of thiocarbamide derivatives were synthesized from aromatic aniline and different 

substituted thiourea compounds. 3-chloroaniline (5 mmol) first treated with amino group protecting di-tert-

butyl dicarbonate (BOC), further reflux about 4 hrs. with substituted thiourea compounds (5 mmol) in the 

presence of organic solvent isopropanol then BOC deprotection carried out in presence of acidic condition 

(4M HCl in methanol) gives 3-thiosustitutedcarbamide aniline derivatives were collected by filtration, 

washed with cold water and dried. Further recrystallized using ethyl alcohol for elucidation of structures of 

derivatives. 

 

 N-(3-aminophenyl)-N'-phenyl thiourea 

M.F. C13H13N3S; M.P.= 72-74 0C; I.R. (KBr pellets, ν/cm-1): (N-Hstret) 3282, (Ar-H) 2979, (Ar C=C)1689, 

(C=S)1282, (C-N) 1153, (p-Ph) 851; 1H NMR (500MHz, CDCl3, ẟ in ppm): 6.68 (s, 1H, N-H), 6.98 (dt, 1H, 

Ar-H), 7.15 (dt, 2H, Ar-H), 7.25 (d, 1H, Ar-H), 7.51 (s, 1H, Ar-H) 

13C NMR (500MHz, CDCl3, ẟ in ppm): 77.04 (CDCl3), 116.38, 118.51, 123.03, 129.90, 134.75, 139.57 (Ar-

C), 152.40 (C=S); CHNS Analysis: C, H, N, S (%) calc. 64.17, 5.39, 17.27, 13.18, found 58.25, 6.07, 6.26, 

0.048; Mass: m/z= 243.5, M.W.= 243.33 

 

 

 

 

 

 

 

 

Figure (1): Synthesis route of novel thiocarbamide derivatives 
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2.2. Pharmacology: (Cancer cell lines) 

Human cancer cell lines MCF-7 were procured from the National Centre for Cell Sciences (NCCS), Pune, 

India. The cells (10000 cells/well) were cultured in 96 well plates for 24 h in DMEM medium supplemented 

with 10% FBS and 1% antibiotic solution at 37°C in a humidified atmosphere of 5% CO2 and 95% air. The 

next day cells were treated from the formulations (different concentrations were prepared in an incomplete 

medium). 

2.3. Cytotoxic activity (MTT colorimetric assay):  

Cytotoxicity of the provided samples on the MCF-7 cell line was determined by MTT colorimetric Assay. 

After incubation for 24 hours, MTT Solution (a final concentration of 250µg/ml) was added to the cell 

culture and further incubated for 2 h. At the end of the experiment, the culture supernatant was removed and 

the cell layer matrix was dissolved in 100 µl Dimethyl Sulfoxide (DMSO) and read in an Elisa plate reader 

(iMark, Biorad, USA) at 540 nm and 660 nm. IC50 was calculated by using the software Graph Pad Prism -

6. Images were captured under an inverted microscope (Olympus ek2) using a Camera (AmScope digital 

camera 10 MP Aptima CMOS). 

 

Table (1). Abs. value w.r.t conc (µg/ml) of test samples and blank 

 

 

 

                                      Figure (2): Graph of % viable calls w.r.t control vs conc. (µg/ml)                     

 

 

 

 

 

 

 

 

 

                                                     

 

            

 

 

Sample 

Conc. 

µg/ml 

Test  Blank Corrected 

value 

0 0.478 0.073 0.405 

1 0.429 0.057 0.372 

10 0.406 0.053 0.353 

50 0.201 0.051 0.15 

100 0.116 0.049 0.067 

250 0.082 0.041 0.041 

500 0.077 0.038 0.039 

1000 0.0693 0.034 0.035 
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                    Figure (3): Cytotoxic activity observed for MCT-7 cells at different conc. (µg/ml) 

 

3. CONCLUSION: 

One area of ongoing research is the discovery of new classes of anticancer agents. Biological screening 

studied have been given positive anticancer activity for this novel class of thiocarbamide derivatives. These 

have been reported to be the most potent inhibitor toward MCF-7, breast cancer cell lines, as evidenced by 

the cytotoxic activity observed at a lower IC50 value of 32.35±0.07 µg/ml in the N-(3-aminophenyl)-N'-

phenyl thiourea sample at different concentrations when exposed to the MCF-7 breast cell line, as 

determined by the outcomes of the MTT colorimetric assay.  
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Study of variation of AC Electrical  

Conductivity of 4:1 PS PMMA Polyblend 

thin films doped with Oxalic Acid in 

different weight proportions 

 
 

 

Abstract: - The measurements of the AC conductivity (ac) of 4:1 PS PMMA polyblend systems doped with 0%, 5%, 10%, and 15%, 

Oxalic acid (OA) have been carried out in the temperature range 323 K – 373 K and at frequencies in the range1 kHz – 1 MHz. The 

experimental results reveal that, The AC conductivity ((ac.) has been found to increase with the increase with weight percentage of Oxalic 

acid (OA) and frequency.  

[Keywords: Polymethyl Methacrylate (PMMA),Polystyrene (PS),  Oxalic Acid (OA), AC Electrical Conductivity (ac)] 

 

 

I  INTRODUCTION  

Polymers are useful insulators because of their high electrical resistance and can act as dielectric media for capacitors. If electrical 

conduction could be added to the other useful properties of polymers such as their low densities, flexibility and high resistance to 

chemical attack, very useful materials would be produced [1]. The dielectric study provides the dispersive behaviour associated 

with molecular configuration and its ordering which affects the conductivity of the system [2].The dielectric constant and 

dielectric loss reveal the information about the physical and chemical properties of polymers which are affected by the presence of 

a dopant or other polymers[3-7].These considerations led us to study the AC conduction in the 4:1 PS PMMA polyblend systems 

doped with Oxalic acid (OA).   

 

II. EXPERIMENTAL 

2.1  Sample Preparation: 

The Polystyrene (PS) of commercial grade supplied by Poly Chem., Mumbai and Poly Methylmethacrylate (PMMA) obtained 

from Otto Kemi were used for the present study. The two polymers PS  PMMA were taken in the ratio 4:1 were dissolved in the 

common solvent Tetrahydrofuran (THF).The solution was kept for 3-4 days to allow polymers to dissolve completely to yield 

uniform solution. The solution mixture was then heated for 1 hour at 600C to get completely homogeneous solution. A glass plate 

thoroughly cleaned with water and later with acetone was used as a substrate. To achieve perfect levelling (and uniformity in 

thickness of the films), a pool of mercury was used in a plastic tray. The solution was poured on the glass plate and was allowed to 

spread uniformly in all directions on the substrate. The solvent in the solution was thus allowed to evaporate completely and get 

air-dried. The film on the glass substrate was then removed and cut into small pieces of suitable sizes. In this way the films were 

prepared by isothermal evaporation technique. Further it was dried for 3 days to remove any traces of solvent. The thickness of the 

films was measured by digimatic micrometer (Mitutoyo Corporation, Japan). 

2.2 Method of preparation of PS PMMA Films using dopant Oxalic Acid:  

             The 5 %, 10 %, and 15% of Oxalic acid (dopant) means 0.125 gm, 0. 25 gm, 0.375 gm were taken and dissolved in the 

mixture of 4:1 PS PMMA solution. After getting homogenous solution, the same procedure was repeated to prepare the films. The 

present study has been carried out with the following samples:                                                                                                             

1)    PS  PMMA + 0% Oxalic acid  [4:1 PSPMMA OA(0)]      

2)     PS  PMMA + 5% Oxalic acid  [4:1 PSPMMA OA(5)]    

3)     PS  PMMA +10% Oxalic acid [4:1 PSPMMA OA(10)]  

4)     PS  PMMA +15% Oxalic acid  [4:1 PSPMMA OA(15)] 
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2.3 Measurements: 

 The thickness of the films was measured by digimatic micrometer (Mitutoyo Corporation, Japan). The film was 

kept between the electrodes of a specially designed sample holder. The AC frequencies were applied (in the range 1 kHz-1 MHz) 

across the sample by using the 4284 A Precession LCR meter (20 Hz-1MHz) supplied by Agilent Technologies, Singapore and 

the corresponding Dielectric Constants were measured. From the dielectric data, the values of AC Conductivity of the samples 

were calculated by using the relation [12], 

 a.c. = f r tan /1.8 x 1010  

where,   f – frequency applied in Hz 

                                r – Dielectric Constant at frequency f 

  tan   - Dielectric loss tangent  

 

III. RESULTS AND DISCUSSIONS 

3.1 Results: 

Prominent Findings: The prominent results can be summarized as follows, 

1. At constant temperature, A C Conductivity (a.c) increases with the increase of frequency. 

2. At constant frequency, A C Conductivity (a.c) very marginally increases  with the increase of temperature. 

3. At constant frequency, A C Conductivity (a.c) increases with the increase in the percentage of dopant. 

Graphs: 

 

 
                      Fig. (a) 0% OA     Fig. (b) 5% OA 

 
                         Fig. (c)  10% OA      Fig.(d) 15% OA 

Variation of Conductivity with frequency (Ln f) at different constant temperatures for 4:1 PS PMMA OA system 
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Variation of Conductivity with Concentration of dopant at various frequencies for  4:1 PS PMMA OA system 

3.2 Discussion of Results: 

 

3.2.1 A.C. conductivity (Effect of frequency):  

  Our observation that A.C. conductivity of the doped polyblend samples increases with frequency can be 

explained as under:  

  When any capacitor consisting of dielectric 4:1 PS PMMA  doped with 0%, 5%, 10 %, 15 % oxalic acid is 

charged under an a.c. voltage or electric field given by, E = E0 cos t, then there will be a loss current due to ohmic resistance or 

impedance by heat absorption, Debye relaxation process etc. due to the frictional resistance. Then a.c. conductivity ac is given by, 

ac  = " = '  tan  …………(5.9).  

The above equation shows a linearity of ac with angular frequency  or f =  But in actual cases frequency 

dependent ac  follows a complicated relation of power law in the form, 

ac  = "  n      ………….(5.10) 

where 'n' may vary from say about 0.5 to 1.5 for crystalline and amorphous film capacitors (Pollock and Geballe,1961; 

Jonscher,1972; Webb and Brodie 1973). In most cases n lies between 0.5 and 1. 

According to Brodie et al. ' is proportional to n-1 hence we have, 

ac    n-1 tan  n  =  tan  n-1  

In our case, we have a polymer thin films as dielectrics. These films, as shown by XRD spectra and SEM 

photographs, have small crystalline regions or they are predominantly amorphous in nature.  

In such a film capacitor, because of the polycrystalline or amorphous nature of the film and also of the 

deposition condition, it is expected that there will be some defects, impurities, imperfections in the atomic arrangements of the 

dielectric field. Frequency dependent conductivity is caused by the hopping of electrons in the localized states near the Fermi level 

and also due to the excitation of charge carriers to the states in the conduction bands. 

If there are some free charge-carriers (due to impact of impurities, defects or imperfections in the polyblend 

films) then their movements from one band to another band or within the band by hopping process give rise to the conductivity. 

Frequency dependence of A.C. conductivity can be explained as follows; 

  Webb and Brodie, in order to understand the frequency dependent conductivity, suggested a multi-component 

system of conductivity which leads to a relation, 

Total  = dc  +  ac  +  relx  ………….(5.11) 

where, dc  has significant contribution at room temperature which often masks    

       the contribution of the frequency dependent hopping term.  

ac  is caused by hopping conduction and      

relx is the contribution from Debye hopping mechanism. 

The individual contribution of each component can be expressed in following form, 
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dc = 0  exp (-Ek / 2kT)             ......... (5.12)    

ac   = A n exp [-E(T ) / kT ]    ..…..(5.13) 

relx = k 2               …….(5.14) 

where,   0, A and k are constants and the other terms have the usual meaning and ac and relx are frequency dependent terms. 

  In our case A.C. conductivity almost linearly increases with frequency as indicated by curve (1) in above Fig 

(5.2). These results are in confirmation with those reported by  Khaled et al. (2003). 

3.2.2 A.C. conductivity (Effect of Temperature):  

  In the present study we have noticed that the AC Conductivity very marginally increases   with temperature 

which shows almost temperature independence of AC Conductivity. This can be explained on the basis of the model proposed by 

Mott et al. This model is based on the assumption that the energy states in the gap near the fermi level are due to dangling bonds 

and for exothermic reactions only paired defects are found in the gap (Shukla and Gupta,1987). Accordingly at low temperatures, 

a large distribution of relaxation time would be expected contributing towards the dielectric loss. As a result AC Conduction 

should be almost independent of temperature as observed in the present case.  

3.2.3 Effect of dopant on AC Conductivity and Dielectric Constant: 

  It has been made clear that the addition of dopants Oxalic Acid impart polar character to PS PMMA  

polyblends. As a result the number of charge carriers and dipoles increases with the increase in the concentration of dopant Oxalic 

Acid. As a result the AC conductivity increases with the dopant concentration. 

 

III. CONCLUSION 

1. At constant temperature, A C Conductivity (a.c) of 4:1 PS PMMA Polyblend thin films doped with Oxalic Acid increases 

with the increase of frequency. 

2. At constant frequency, A C Conductivity (a.c) very marginally increases  with the increase of temperature. 

3. At constant frequency, A C Conductivity (a.c) increases with the increase in the percentage of dopant. 
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The Spectroscopic study compound 

Na2BaCa(PO4)3:Eu3+red-emitting 

phosphor for WLED application 

 

 

 

Abstract: - A series of new red phosphors, Na2BaCa(PO4)3:Eu3+, was synthesized 

using the high-temperature solid-phase reaction method. Systematic investigations 

involving X-ray diffraction (XRD), scanning electron microscopy (SEM), and 

photoluminescence (PL)spectroscopy were conducted to analyze the microstructure and 

optical characteristics of the material. The XRD analysis of Na2BaCa(PO4)3:xEu3+ shows 

the sample to be a pure phase. The spectroscopic results show the presence of a red 

emission peak originated from  5D0 → 7F2  transition, and the quenching mechanism is 

attributed to interaction between nearest neighboring ions. The CCT of the LED packaged 

with Na2BaCa(PO4)3:Eu3+ was measured to be 4314 K, with the CIE coordinates (0.3658, 

0.3600), which is very close to the point of standard white light source. All results indicate 

that Na2BaCa(PO)3:0.2Eu3+  is suitable for WLED applications. 

 

Keywords Photoluminescence (PL),X-ray diffraction(XRD),Scanning electron 

microscopy (SEM), Corelated color temperature(CCT), White light emitting 

diode(WLED)  

 

 

                                                                                                       

                                                                                            I  INTRODUCTION  

In response to the increasing global energy consumption and the resulting energy crisis, effective 

energy conservation and emission reduction measures are crucial, particularly in the lighting sector, which 

has significant daily-life implications. White light-emitting diodes (W-LEDs) have emerged as promising 

green lighting sources due to their low energy consumption, environmental friendliness, fast response times, 

and long lifespan[1-3]. However, traditional W-LEDs, typically composed of blue InGaN chips combined 

with yellow phosphors (YAG+), [4-7]suffer from drawbacks such as high correlated color temperature and 
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poor color rendering index, primarily due to insufficient red-light components.[8-10] In order to address 

these challenges, a common approach involves using near-ultraviolet (NUV) LED chips to excite blue, 

green, and red phosphors, thereby achieving composite white light [11-13]. However, existing sulphur oxide 

and nitrogen oxide-based red phosphors are plagued by issues like poor stability, harsh synthesis conditions, 

and high costs.[14-16] Hence, there is a critical need for new red phosphors characterized by good stability, 

ease of synthesis, and excellent light-emitting properties. Recent research has shown that rare earth Eu3+ 

ions, known for their strong red-light emission under near-ultraviolet excitation, are promising candidates 

for red phosphors. Various Eu3+-doped phosphors,[8] such as SrAl2Si2O8:Eu3+,[8] LiBaB9O15:Eu3+, 

[17]CaScO4: Eu3+,[18] and Sr9LiMg(PO4)7: Eu3+ [19] have demonstrated efficient red light emission 

properties. The choice of host material significantly influences the final luminescence properties of these 

phosphors. Eulytite-type orthophosphate-based hosts have gained attention due to their stable physical and 

chemical properties and relatively low synthesis temperatures. Examples include Ba3Lu(PO4)3:Eu3+[7] 

,Ba3Bi(PO4)3:Eu3+[13] ,Sr3La(PO4)3:Eu3+[20] and Sr3Y(PO4)3;Eu3+[21-22]. which have shown excellent 

performance as phosphors.  

In this context, Na2BaCa(PO4)3, belonging to the eulytite-type structure phosphate, emerges as a 

novel host material for rare earth doping in phosphors for W-LEDs. Eu2+-doped phosphors are currently 

gaining significant attention for their applications in solid-state lighting, particularly in white-light-emitting 

diodes (W-LEDs) that use near-UV chips. The Eu2+ ion, with a ground-state electronic configuration of 4f7 

and an excited-state configuration of 4f6
--5d1, exhibits broadband absorption and luminescence attributed to 

its 4f7–
4f6-

5d1 transitions. The emission wavelength of Eu2+ varies depending on the host lattice, spanning 

from ultraviolet to red spectral ranges. Therefore, the choice of host material plays a crucial role in 

determining the optical properties of Eu3+ ions. This study reports on the synthesis of Eu3+-doped 

Na2BaCa(PO4)3 phosphors using a high-temperature solid-phase reaction method, investigating their 

luminescence properties in detail.  
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                                              II.  Experimental Method 

The samples of Na2BaCa(PO4)3  x = 0.1%, 0.3%,o. 5%, o.7%, 1%  molar concentration) were 

prepared by high-temperature solid-phase reaction method. The raw materials were Na2O(A.R.), BaO(A.R.), 

CaO (A.R.), NH4H2PO4 (A.R.) and Eu2O3 (99.99%, Aladdin), which were weighed in appropriate amounts 

according to the stoichiometric ratio, and ground in an agate mortar about 30 min. Then the mixed samples 

were placed into a corundum crucible and heated at 7500C for 12 h to ensure complete decomposition of the 

reactants, After the samples were naturally cooled to room temperature with the furnace, the obtained 

phosphors were reground into powder for subsequent testing and characterization. The phase structure of the 

synthesized samples was characterized by X-ray diffractometer (XRD, the photoluminescence spectra, Sem 

and all characterization results were measured at room temperature. 

 

 

                                                    III.  Results and Discussion 

            

               XRD analysis: 

 

                                    Fig1: Crystalline features observed in the XRD  
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The sharp crystalline features observed in the XRD profiles indicate micrometer particles with good 

crystallinity obtained by solid state synthesis method. There is intensity difference between (126) and (206) 

plane when compared the experimental XRD patterns and CSD standard. Such observation agrees with a 

preferential crystallization which is strongly dependent on the sintering conditions. As we all know, when 

the sample is synthesized by the high-temperature solid-phase method, the appropriate synthesis temperature 

has a greater influence on the phase structure of the sample. Here, in order to determine the optimum 

synthesis temperature of the sample, In the present study, the structural properties of the prepared material 

were examined using X-ray powder diffraction (XRD) as shown in Fig. 1. XRD spectra of the 

Na2BaCa(PO4)3  : Eu3+ samples with different concentrations produced by the conventional solid state 

diffusion method at 8000 c. We can see clearly that, all XRD spectra of phosphor match the standard 

inorganic crystal structure database (ICSD) data card no.: 7033135.There are no additional impurity peaks in 

the XRD spectra of prepared phosphor. Moreover, the proposed sample has a monoclinic crystal structure 

with lattice parameters is a a= 5.4474 b= 5.4474 c= 7.3624 α= 90.000 ,β= 90.000 , ΰ= 120.000 with space 

group I/Ic (RIR)= 2.94 

       SEM analysis 

 

 

 

             Fig 2: The morphology of  the sample was studied using SEM 

The morphology of the particles, crystallite size of the sample was studied using SEM. SEM image 

of Na2BaCa(PO4)3 : Eu3+ doped phosphor with various magnifications of the phosphor under the study of 

morphology micrographs as shown in Fig. 2. It clearly indicates that the structure of the prepared phosphor 
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has different sizes and irregular shapes of bunching of flowers with different resolutions . These prepared 

phosphors can be very easily employed in solid state lighting technology and various coating display 

illuminating applications. 

 

 

 

 

PL study 

 

 

                             Fig 3: Photoluminescence excitation and emission Peaks 

The study photoluminescence excitation and emission of the series Na2BaCa(PO4)3  :Eu3+ activated 

red emitting phosphor are measured as shown in Fig.3. Suggested photoluminescence excitation spectra 

range from 220 nm to 550 nm. The excitation spectra of Na2BaCa(PO4)3:Eu3+ phosphor exhibits a broadband 

in the ultraviolet (230–290 nm) region due to the charge transfer transition of Eu3+- O2–. There are five 

excitation spectrums peak due to intra 4f transitions of Eu3+ ions attributed to 7F0→
5L6, 

5D2, 
5D1 at 

wavelengths of 320, 395, 465 nm, respectively. Among these, the band spectrum at 257 nm is higher 

intensity as compared to the other excitation band spectra. The reason behind highly intense in Charge-

transfer transitions is that they are usually both spin- and Laporte allowable; hence, if they occur, the color is 

often very intense. The excitation band at 395 and 465nm that the blue LED chip emits at 450 nm and the 

near-UV LED chip emits at 365 nm. Due to this phosphor being a possible candidate for designing the 

phosphor-converted WLED that can be effectively excited by both commercial NUV and blue-LED chips. 

In the emission spectrum, there are two sharp peaks at 595 nm and 618 nm wavelength correspond to 5D0 - 

7FJ (J = 1,2) transitions of Eu3+ ions under blue excitation. And here peaks at 575 nm and 615 nm were 

assigned to magnetic (5D0 →
 7F1) and electric (5D0→

7F2) dipole transitions of Eu3+ ions, respectively.  
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            CIE coordinates 

 

  

                               Fig4: (CIE) coordinates 

Commission de I’Eclairage chromaticity (CIE) coordinates were analyzed based on the PL emission 

spectra of the series Na2BaCa(PO4)3:1 mol % Eu3+ activated red emitting phosphor. The color coordinates 

are predictable from the emission spectra by using the chromaticity coordinate calculation method based on 

the color calculator software. The values of the CIE coordinates were (0.6314, 0.3682) and emit a bright 

color in the red region in the CIE chromaticity diagram. These values of CIE of the sample 

Na2BaCa(PO4)3:Eu3+ the application of solid state lighting. Therefore, the suggested result indicates that 

Na2BaCa(PO4)3: Eu3+ activated red emitting phosphor has the possible. To check color quality of the 

achieved white emission color purity can be calculated by following Fred Schubert equation [24], 
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In above equation, values of (x, y) are CIE color coordinate, (xi, yi) are coordinates of perfect white 

light and (xd, yd) are coordinates of dominant wavelength in PL emission spectrum [i]. From above equation 

the color purity was estimated to be 88.60%. Depending on the color temperature, the light sources can be 

divided into warm and cold colors. Normally, a color temperature around 6500 K is considered a cool color, 

whereas a color temperature less than 4500 K is considered warm light. A light with low CCT i.e., warm 

light is more suitable for human eyes. The CCT were calculated by McCamy empirical formula [25]. 

  

Here, n = (x-xe)/(y-ye) and (xe, ye) are (0.332, 0.186). Therefore, the correlated color temperature 

(CCT) from above equation was found to be 1175 K which indicate that achieved red light emission is warm 

light. Thus, this phosphor can be used for the fabrication of WLEDs. 

 

                                                             IV. Conclusion  

A novel blue-emitting phosphor, Na2BaCa(PO4)3:Eu3+, was synthesized via solid state reaction 

method. Luminescence properties of this phosphor were examined by steady-state and transient as well as 

temperature-dependent luminescence spectra. The obtained Na2BaCa(PO4)3:Eu3+ sample shows strong 

absorption in 220 – 550 nm, and exhibits a tow sharp peaks at 595 nm and 615 nm upon 395 nm excitation. 

Subsequent SEM analysis revealed that the particle size of the proposed phosphors falls within the sub-

micrometer range. The values of the CIE coordinates were (0.6314, 0.3682) and emit a bright color in the 

red region in the CIE chromaticity diagram and color purity was estimated to be 88.60%. Therefore, the 

correlated color temperature (CCT) from above equation was found to be 1175 K which indicate that 

achieved red light emission is warm light. Thus, this phosphor can be used for the fabrication of WLEDs. 
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