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! Kailash Nemade Sodium Superoxide-Polypyrrole
2 Sandeep Waghuley Composite for Photovoltaic
Applications Journal of
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Systems

Abstract: - This study successfully investigated the photovoltaic (PV) properties of polypyrrole (PPy), sodium superoxide (NaO,),
and a sodium superoxide-polypyrrole (NaO,-PPy) composite. A simple and cost-effective ex-situ approach was used to prepare the
composite. The NaO,-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 NaO,-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 NaOy, resulting in a noteworthy power conversion efficiency.

Il.  EXPERIMENTATION

For the preparation of NaO.-PPy composite, analytical grade chemicals were used without further
purification. Stable NaO, 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 NaO; 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/NaO»-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 Q/cm?; Thickness-125 nm and Dimension-25mm x 25mm) were cleaned using mild detergent
and DI water. On ITO layer, NaO.-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 x 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 NaO 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 (lsc), fill factor (FF), and power
conversion efficiency (n) were calculated from IV characteristics [5]. The data used in present paper is average of
five sets of data, which does shows considerable deviation.

I1l.  RESULTS AND DISCUSSION

Figure 1(a) shows the XRD patters of sodium superoxide (NaOz) and NaO,-PPy composite. The XRD pattern
of NaO, 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 NaO»,-PPy composite indicates the successful incorporation of
NaO- 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 NaO»-
PPy composite, exhibiting the absorption tail around 534 nm results in band gap 2.32 eV of NaO,-PPy
composite. Figure 1(c) depicts the SEM image of NaO,-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 NaO; and NaO,-PPy composite. (b) UV-Vis of NaO,-PPy composite and (c)
SEM image of NaO,-PPy composite.

Figure 2(a-c) depicts the photovoltaic performance of the PPy, NaO, and NaO,-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 NaO,. Figure 2(c) shows the promoted power conversion efficiency of
PV cell after the incorporation of NaO; nanoparticles. It reveals that positive synergetic effect existed between
PPy and NaO.. The noteworthy efficiency of NaO,-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].
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Figure 2. Photovoltaic response of (a) PPy, (b) NaO; nanoparticles and (c) NaO,-PPy composite.

The enhanced power conversion efficiency (PCE) in the NaO»-PPy composite compared to the individual
components, PPy and NaO; nanoparticles, can be attributed to:

Sodium superoxide (NaO-) 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 NaO, nanoparticles
into the PPy matrix ensures a continuous pathway for holes, reducing recombination losses and enhancing charge
transport.

The composite structure of NaO,-PPy enhances the light absorption across a broader spectrum. PPy has strong
absorption in the visible region, while NaO, 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 NaO, nanoparticles and the PPy matrix is crucial. The close contact between these
materials ensures efficient transfer of electrons from the NaO; to the PPy, and holes from the PPy to the NaO..
This efficient interface reduces the likelihood of charge recombination and enhances the overall efficiency.

The combination of NaO, 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 NaO, nanoparticles
from degradation, while NaO, enhances the electrical properties of PPy.

The incorporation of NaO, 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 (%n) are used to evaluate the
performance of these materials. The results indicate that despite the lower fill factor, the NaO,-PPy composite
exhibits a significantly higher power conversion efficiency compared to other PPy-based systems. This highlights
the effectiveness of the NaO,-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 %n Ref.
PPy 071 | 948 [8]
PPy based DSSC 0.43 4.72 [9]
PPy/ZnO 0.51 0.02 [10]
NaO2-PPy 024 | 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 NaO,-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.

Il.  MATERIALS AND MEASUREMENT
All the samples are purchased commercially, as mentioned below in table 1 with their
purity:
Tablel. 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].

I1l. 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 25°C. Which represent the variation in dielectric permittivity
(¢’) and dielectric loss (¢’”) with respect to applied frequency. Form fig.1 it is seen that the &’
decreases with increase in frequency this is due to at lower frequencies, molecules can align
with the electric field, causing a greater €’. Conversely, at higher frequencies, there's less time
for molecular reorientation, resulting in reduced polarization and a lower &’ this phenomenon
1s known as dielectric dispersion [12]. From fig.1 it can also be seen that the & 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 €’ is also depends on the position of
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functional groups in the chain [12]. The shift in dielectric loss (¢’’) peak was observed
towards lower frequency as we move propanediol to pentanediol which indicate increase in

dielectric increase in dielectric relaxation time.

o 1,3-Propanediol
o 1,2-Propanediol
1.4-Butanediol
% 1,3-Butanediol
+ 1,5-Pentanediol
2.4-Pentanediol

Frequency (GHz)

Fig.1. The complex dielectric permittivity spectra of diols at 25°C
The experimentally obtained complex dielectric was fitted to Cole-Davidson’s model to

obtain the dielectric relaxation parameter [9]:

(€0—€c0)
[1+(iwT)]P @)

e'(®) = €, +

Where & is the static dielectric constant, € is the dielectric permittivity at high frequency,

7 1s the relaxation time in picoseconds and f 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]:

(g0 —€.)2e, +£,) _ gu? 47Np (2)
go(e, +2)° 9kTM

where M = molecular weight, p = density, u = 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 25°C temperature.

Name of Static Dielectric | Relaxation time Kirkwood
Compound Constant (&) (t) in ps 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+009.
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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.
MFe;O4 (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 MFe,O. 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 MFe>04
based binary system may exhibit better electrochemical activities [12-13].
The nickel ferrite demonstrates an inverse spinel structure with Ni%* ions at octahedral sites while Fe3* ions are found at the
tetrahedral and octahedral sites. Therefore, Li* ions occupy Ni?* sites because of Li (0.59 A) ionic radius is very similar to Ni
(0.55 A). For the existing study, Lithium-doped nickel ferrite nanoparticles and polyaniline nanocomposite are synthesized for

better electrochemical performance.

Il.  EXPERIMENTAL

A. The synthesis of NigsLiosFe 04 ferrite nanoparticles
NigsLiosFe204 ferrite (LNF) powder was prepared using a sol-gel auto-combustion technique. The detailed procedure is as
follows. Stoichiometric amounts of Ni(NOs3)2-6H,0, Li(NO3)2-6H20, and Fe(NOs)s-9H,0 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,
NiosLiosFe204 crystalline powder was obtained by calcining the loose precursors at 600°C for 4 hours [14].
B. Preparation of NigsLiosFe204/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 HCI 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 HCI 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 HCI and double-distilled water, and finally dried in a vacuum oven at 80°C for 48
hours.

I1l.  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 26 = 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.
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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.
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Fig. 2 (a) FE-SEM image of (b) FE-SEM image of LNF/PAnI

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

Nanocomposite

Fig. 3 (a) TEM image LNF nanoparticles

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].
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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)

C.= [1av

T vxmxAv

where, |- Integral area - Scan rate (mVs?),

SRS UURPRPRURRPRRURRROS (1)

m- Mass of the composites (milligram) and

AV- window potential (volt).

Energy density, E (Wh/kg)

0.5 x Cs AVZ x 1000
E = o, 2)
3600

The maximum specific capacitance values calculated for LNF nanoparticles and LNF/PAni nanocomposite are 51 Fg™! and 289.74
Fg', 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! and 246 Fg !,
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.

REFERENCES

[1] Hsin-Yen Sun, Lu-Yin Lin, Ying-Yu Huang, Wei-Lun Hong, Nickel precursor-free synthesis of nickel cobalt-based ternary
metal oxides for asymmetric supercapacitors, Electrochimica Acta, 281, (2018) 692-699.

[2] X. Wang, Y. Fang, B. Shi, F. Huang, F. Rong, R. Que, Three-dimensional NiC0,04@ NiCo0,04 core-shell nanocones arrays
for high-performance supercapacitors, Chem. Eng. J. 344 (2018) 311-319.

[3] Edmund Samuel, Ali Aldalbahi, Mohamed EI-Newehy, Hany El-Hamshary, Sam S. Yoon, Nickel ferrite beehive-like
nanosheets for binder-free and high-energy-storage supercapacitor electrodes, Journal of Alloys and Compounds, 852, (2021)
156929.

[4] Laleh Saleh Ghadimi, Nasser Arsalani, Iraj Ahadzadeh, Abdollah Hajalilou, Ebrahim Abouzari-Lotf, Effect of synthesis route
on the electrochemical performance of CoMnFeO4 nanoparticles as a novel supercapacitor electrode material, Applied
Surface Science, 494, (2019) 440-451.

[5] S.M. Pawar, B.S. Pawar, P.T. Babar, A.T.A. Ahmed, H.S. Chavan, Y. Jo, S. Cho, J. Kim, B. Hou, A.l. Inamdar, Nanoporous
CuCo,04 nanosheets as a highly efficient bifunctional electrode for supercapacitors and water oxidation catalysis, Appl. Surf.
Sci. 470 (2019) 360-367.

16



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

[6] Q. Li, R. Hu, J. Qi, Y. Sui, Y. He, Q. Meng, F. Wei, Y. Ren, Y. Zhao, Facile synthesis of mesoporous CuC0,04
nanorods@MnQO2 with core-shell structure grown on RGO for high-performance supercapacitor, Mater. Lett. 249 (2019)
151-154.

[7] K. Wang, X. Dong, C. Zhao, X. Qian, Y. Xu, Facile synthesis of Cu,0/CuO/RGO nanocomposite and its superior cyclability
in supercapacitor, Electrochim. Acta 152 (2015) 433-442.

[8] AK. Rai, T.V. Thi, J. Gim, J. Kim, Combustion synthesis of MgFe,Os/graphene nanocomposite as a high-performance
negative electrode for lithium ion batteries, Mater. Charact. 95 (2014) 259-265.

[9] Vidyadevi A. Jundale, Dilip A. Patil, Ganesh Y. Chorage, Abhijit A. Yadav, Mesoporous cobalt ferrite thin film for
supercapacitor applications, Materials Today: Proceedings, 43, (2021) 2711-2715.

[10]J. Yan, Y. Huang, C. Chen, X. Liu, H. Liu, The 3D CoNi alloy particles embedded Ndoped porous carbon foam for high-
performance microwave absorber, Carbon 152 (2019) 545-555.

[11] G. Wang, Q. Tang, H. Bao, X. Li, G. Wang, Synthesis of hierarchical sulfonated

graphene/MnOz/polyaniline ternary composite and its improved electrochemical performance, J. Power Sources 241 (2013)
231-238.

[12]F. Miao, C. Shao, X. Li, K. Wang, N. Lu, Y. Liu, Electrospun carbon nanofibers/carbon nanotubes/polyaniline ternary
composites with enhanced electrochemical performance for flexible solid-state supercapacitors, ACS Sustain. Chem. Eng. 4
(2016) 1689-1696.

[13] Shaoyun Chen, Huan Cheng, Du Tian, Qi Li, Min Zhong, Jian Chen, Chenglong Hu, and Hongbing Ji, Controllable
Synthesis, Core-Shell Nanostructures, and Supercapacitor Performance of Highly Uniform Polypyrrole/Polyaniline
Nanospheres, ACS Applied Energy Materials (2021) 4, 3701-3711

[14] Ravindra N. Kambale, Krishnakumar M. Sagar, Sunil M. Patange, Sagar E. Shirsath, K. G. Suresh, and Vaishali A. Bambole,
Excellent Microwave Absorbing Properties of Nd**Doped Ni-Zn Ferrite/PANI Nanocomposite for Ku Band, Phys. Status
Solidi (a) applications and materials science, Wiley-VCH GmbH (2022), 2100505-1-2100505- 14. H index 113.

[15]Ravindra N Kambale, Sunil M Patange, RA Pawar, Sagar E Shirsath, KG Suresh, Vaishali A Bambole, Magnetically
recoverable CoFe19Gdo104 ferrite/polyaniline nanocomposite synthesized via green approach for radar band absorption,
Ceramics International 47, 20 (2021) 28240-28251.

[16] Shubhangi B. Bandgar, Madagonda M. Vadiyar, Yong-Chien Ling, Jia-Yaw Chang, Sung-Hwan Han, Anil V. Ghule, and
Sanjay S. Kolekar, Metal Precursor Dependent Synthesis of NiFe,O4 Thin Films for High-Performance Flexible Symmetric
Supercapacitor, ACS Applied Energy Materials (2018) 1, 638-648

[17]Ravindra N. Kambale, Akhilesh Kumar Patel, K. G. Suresh, Sandeep Kumar, Vaishali Bambole, Green synthesis of rare-earth
doped spinel ferrite and ferrite/PANI nanocomposite to microwave absorption in radar frequency range, International Journal
of Advance and Innovative Research. 6, 1 (2019) 1-7.

[18]Ravindra N. Kambale, Akhilesh Kumar Patel, Sandeep Kumar, K G Suresh, Vaishali Bambole, Green Synthesis,
characterization and Microwave absorbing properties of Ni-Cu ferrite nanoparticles, Research Journey International
Multidisciplinary E-Research Journal, V 168 (B) (2019) 69-72.

[19] Amin Goljanian Tabrizi, Nasser Arsalani, Zhwan Naghshbandi, Laleh Saleh Ghadimi, Abdolkhaled Mohammadi, Growth of
polyaniline on rGO-Co3Ss nanocomposite for high-performance supercapacitor energy storage, International Journal of
Hydrogen Energy, 43, Issue 27, (2018) 12200-12210.

[20] Min Fu, Wei Chen, Xixi Zhu, Qingyun Liu, One-step preparation of one dimensional nickel ferrites/graphene composites for
supercapacitor electrode with excellent cycling stability, Journal of Power Sources, 396, (2018) 41-48.

[21] Tapas Das, Bhawna Verma, Synthesis of polymer composite based on polyaniline-acetylene black-copper ferrite for
supercapacitor electrodes, Polymer, Volume 168, (2019) 61-69.

[22] K. Hareesh, Sachin R. Rondiya, Nelson Y. Dzade, S.D. Dhole, Jim Williams, Samarin Sergey, Polymer-wrapped reduced
graphene oxide/nickel cobalt ferrite nanocomposites as tertiary hybrid supercapacitors: insights from experiment and
simulation, Journal of Science: Advanced Materials and Devices, 6, (2021) 291-301.

17



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

[23] Anjli Gupta, Silki Sardana, Jasvir Dalal, Sushma Lather, Anup S. Maan, Rahul Tripathi, Rajesh Punia, Kuldeep Singh, and
Anil Ohlan, Nanostructured Polyaniline/Graphene/Fe;O; Composites Hydrogel as a High-Performance Flexible
Supercapacitor Electrode Material, ACS Applied Energy Materials (2020) 3, 6434-6446.

© 2024. This work is published under
https://creativecommons.org/licenses/by/4.0/legalcode(the“License”).
Notwithstanding the ProQuest Terms and Conditions, you may use this
content in accordance with the terms of the License.

18



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

‘Mr.C.R. Analytical approach of
Chaudhari
’Dr. G. K. Reddy Communication between RFID (—
technology and PC Electrical
Systems

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 (1oT) 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 10T 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 loT. It gives a larger idea of the personal computer employed for communication of 10T and
Wireless Transceiver medium. development of intelligent systems. There are a lot radio 10T technologies These devices facilitate
intelligent interaction between things. This technology can be used for a wide range of 10T applications. loT applications are present

in numerous aspects of our daily lives. Furthermore, important issues in the 10T industry are explored.

Keywords: Radio Frequency ldentification (RFID), Near Field, M2M, V2V, Arduino, Internet of Things, MIMO,
Visual Studio

1 Mr. C. R. Chaudhari, Research Scholar, Department of Electronics, Mahatma Fule Arts, Commerce & Sitaramji Science Mahavidyalaya, Warud
2 Dr. G. K. Reddy, Associate Professor, Department of Electronics, Mahatma Fule Arts, Commerce & Sitaramji Science Mahavidyalaya, Warud

19



J. Electrical Systems Vol-Issue (2024):

l. INTRODUCTION

We have recently increased our emphasis on lot due to the requirement for widespread connection in
enhanced wireless communication. Mobile devices, Radio Frequency ldentification (RFID), sensors, and Near Field
Communication (NFC) have all seen significant progress in the past decade. These things interact to exchange
information. 10T 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. 10T 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 10T systems. 10T
significantly impacts smart cities and industrial, medical, and commercial areas, making life easier and more
comfortable as more devices connect to the internet through 10T 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. 10T 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 loT
architecture, various conventional and emerging network interface technologies, and addresses key challenges in
designing innovative 10T applications

Il. LITERATURE REVIEW

This paper advocates for using low-power wide area (LPWA) technologies as the backbone for Internet of
Things (loT) 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 10T 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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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 l1oT
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.

IlI. SENSING AND CONTROL TECHNIQUES

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

-
8 RFID Transreciever
P €ﬁ
Directory </> Connection Port No. "

and physical objects.

%

- Arduino

Personal Computer/
Control Display Monitor

Figure 1 Block Diagram of Connectivity between Sensor and Actuator

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.

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 10T 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 10T 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.

V. THE KEY BENEFITS OF THIS COMMUNICATION SETUP INCLUDE:

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.
Enhanced Debugging : Debugging Arduino code is simplified by utilizing Visual Studio's powerful debugging tools,
enabling developers to diagnose issues more effectively.
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.
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.

. 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.

Il. PLC BASED AUTOMATION

Input 1 ———— Output 1
Input 2 — Output 2

l Programmable
Logic
Controller Output N

(PLC)

COMPUTER
PLC

Programming

Software

Power Supply H SMPS |

Fig 1: General Block Diagram

1 *Department of Electronics, Shri Brijlal Biyani Science College, Amravati
2 Department of Electronics, Shri Brijlal Biyani Science College, Amravati
3 Department of Electronics, Shri Brijlal Biyani Science College, Amravati
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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.
Thereare 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
devicesor 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.

IIl.  SYSTEM DESIGN PROCESS

Complete
Layout plan for
Interfacing
Inputs and
outputs to PLLC
and Make
Electrical
Connections
Correctly and
Testing

Identify the
type and
number of
Inputs and
Outputs
Required

Identify Way
of Process or
Operations

Designing of
Ladder Logic
on
programming
Software,
Testing and
Corrections if

Required

Run the
Program and
Check the
Process or

Operations

Download
Correct
Program into
PLC

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.

e 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.
o Interlocking Operations of motors.

e  Sequential operations of motors,
e  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

MCOCCB MCR SMPS
[E— ~ PLC
—.—p' u N ° " N - 24v
| v N - .
—_—
R
i
v I
) f
CONTACTOR RELAY
] 24V
iy
-
L ov
Voltage
MOTOR

Fig 3: General Block Diagram — Wiring Connections

B. Star Delta Operation

SMPS
24V ov SWITCH 1 SWITCH 2
PUSH BUTTON PUSH BUTTON

y

Input 1 Input 2
PLC
Power
Supply Output 1 Output 2 Output 3
, ‘
Channel 1 Channel 2 Channel 3
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Fig 4: Star Delta Connections — Power and Control Wiring
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VI. LADDER PROGRAM
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(C) Direction Control Operation
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Fig 5: Forward and Reverse Direction Control
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v D ectn
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(D) Single Phase Operation
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(E) Switches Priority Based Operation
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(G) Sequential Start Operation
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() Programming and Communication Software
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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)

| 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 (DMSQ). 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 (-NO>) at the 2-position as shown in Fig. 1.
The aromatic ring contributes to its overall polarity, but the presence of the methyl group (-CHs) 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].

CHs
NO;

Fig. 1. Structure of 2-Nitrotoluene

CHj

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 (go), 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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11 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].

111 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].

&y —€

e*(w)=¢c,+—m=—— 1
N T P S .
Where €0, T, €0, a and B are the fitting parameters. o is the angular frequency. The Debye (o =0, B =

1)[10], Cole-Cole (0 < a <1 and B = 1) [11] and Davidson — Cole (o =0 and 0 < B <1) [12] relaxation
models are the limiting cases of Havriliak - Negami expression.

e
—=— TOL —# 0.9 TOL 0.8 TOL —w— 0.7 TOL
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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 go 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 (t 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 t of 2NT-DMSO mixtures found to
be greater than Toluene-DMSQO 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 (t) as a function of DMSO
concentration (Fig. 6). For 2NT-DMSO mixtures, T 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 (1) 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.

50 -
45 P
35 - —

30 - /A/A '

8025A\\\ ///A/// Fon —a—2NT
1 o— toluene
/A 4

20 -
| A
15 4 il

10 A

: : — :
0.0 0.2 04 0.6 0.8 1.0
VDMSO

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 MTlJs. 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 WTez: 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 0.26Go. 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 (FeCls.6H>O), Acetone, Nickel Chloride Hexahydrate
(NiCl2.6H20) 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 100°C and ground into a fine powder.
Subsequently, the material was calcined at 450°C 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 100°C 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-
Ko 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 20 = 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 20 = 52.86° (110), 75.1° (200) and 25.56° (002). The existence of
small peaks of Graphene doped Ni at 20 values 37.44°, 34.1° & 25.66° 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.

$-4800 15.0kV 8.4mmx7.00k SE(U) 20/03/2023 15:28 500 nm

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™, O=C shows
existence through peaks in the range 1788 to 1803 cm™ (carbonyl group), C=C bond at 1585 cm™ and O-
H bond at 3138 cm™ (hydroxyl group). These fingerprints indicate that graphene was successfully

45



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

synthesized. Complete metal oxide bonding (< 500 cm™) 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™[29-33].

=]

(a)

g;
H

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

Material GMR=Ap/po Average GMR
5.33%
4.49%
3.34%
2.71%
5.35%
3.43%
2.62%
2.12%

Graphene + Fe 3.97%

Graphene + Ni 3.38%

A w0 d P 0w D E

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.
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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.

Keywords: olfactory receptor, biosensor, E-nose, SWCNT, graphene

1 *Corresponding author: Dept of Physics & Electronics, Government Vidarbha Institute of Science and Humanities (Autonomous),
Amravati-444604 (Maharashtra) India deepikayawale21@gmail.com

Copyright © JES 2024 on-line : journal.esrgroups.org

51


mailto:deepikayawale21@gmail.com

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

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 (GSASs) 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].

Il.  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.

Yolatle Interaction Acquisiion Data Pattern Result
adaur Y

processing Matching

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

Human nose v/s E-nose
108 receptor cells e 5-32 sensors
10° types e 5-32types
Responds in a few seconds e Responds in tens of seconds to a
few minutes
Sensitivity in ppb/ppt e  Sensitivity in ppm/ppb
Massive neural processing in the e Pattern recognition, Al, artificial
brain neural nets
e Receptors regenerated every few e Sensors replaced on a
weeks (~30 days) maintenance schedule (depends

on application)

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

Electronics
display

Transducer

Analytes Recognition Amplify

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.

I1l.  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.
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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 SiO, wafer. The PR was taken off
using lift-off method. The wafer was then submerged in solution of sSwCNTSs (0.1 mg/ml in 1,2-dichlorobenzene).
The deposited swCNTs adsorbed 1,5-diaminonaphthalene. It was then activated using glutaraldehyde and
followed by hOR2AGL.

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 SiO, 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

Bioreceptar Biorecognition Transcucer Signalization Signal conditioning

& processing

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) ldentification 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
SiO, 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 | feel that drop cast method is easy to adopt and cost effective in laboratory basis whereas
the SiO, 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 SiO, wafer on which
SWCNTSs 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.
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I.  INTRODUCTION

Nanostructure material is 107> 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 11-VI semiconductor material, where in initially Cadmium precursor (CH3).Cd 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.

1. MATERIALS AND METHODS:

1. Materials:

Cadmium Acetate Dihydrate [Cd (CH3COQ),] (reagent grade, 98%, Aldrich), Selenium Metal Powder (Se)
(100 mesh, 99.99% trace metals basis,Aldrich), 2-Merxaptoethanol (HOCH,CH,SH) (99%, SRL) also known as
BME, Sodium Sulphite (Na>SOz) (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 (Na.SeSQOs) in two neck flasks was prepared by
mixing of 0.6040 gm of Na,SO3 and 0.0948 gm of Se metal powder in 50ml of double distilled water (DDW).
This solution was then heated at 90°C for an hour. The second solution B was prepared by adding 0.46 gm of [Cd
(CH3CO0O0); in 50ml of DDW at 40°C 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 (BME) is
added drop by drop till end of the experiment. A set of four experiment done at temperature 40°C,55°C,70°C, and
85°C for material T40°C, T55°C, T70°C and T85°C 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.

Na2SeSo3
/ "4
e ) €3/ casef
K QD’s
a2SeSo3) ==
1 s @
Cd(CH3CO00)2 Reflux at Diff. temp
) for Five hours
" ~
Cdse Quantum Dots
- o Colour changes
during whole
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Fig. (1) Schematic illustration of the CdSe Colloidal Synthesis Process

I1l.  RESULTS AND DISCUSSIONS:

1. Characterization and Evaluation:

An XPERT-PROMPD X-ray diffractometer with Cu-Ka radiation (A = 1.5405 A0) in the range of (100 to
800) was applied for the identification of materials, crystal composition and Phase identification. JEOL-1T300
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 26 angles 20° to 60° . 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 26 = 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,
KA

D= ()

- B cos@

Where,
D = crystallites size (nm)
K = 0.9 (Scherrer’s constant)
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A =10.15406nm (wavelength of the x-ray sources)
B = FWHM (radians)
0 = 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 40°C,55°C,70°C, and 85°C synthesized materials.
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Fig (2): XRD pattern of CdSe QD’s prepared at 40°C, 55°C, 70°C and 85°C

3. SEM Characterization:

Fig. (3) is the surface morphology of the CdSe Quantum dots for the temperature series of 40°C,55°C,70°C
and 85°C of samples T40°C, T55°C,T70°C andT85°C 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
T40°C,T55°C,T70°C and T85°C 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].
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CdSe at T40°C CdSe at T55°C CdSe at T70°C CdSe at T85°C

Fig. 3 (a-d) Temperature series of magnification rate 1000 and Fig. 3 (e-h) magnification
rate 3000 for 40°C, 55°C, 70°C and 85°C of Samples T40°C, T55°C, T70°C and T85°C
respectively

4. UV-Visible Spectroscopy:

Before being transferred into a quartz cuvette for analysis, a tiny portion of the powdered samples of
T40°C,T55°C,T70°C and T85°C 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 40°C,55°C,70°C and 85°C 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.

(ahv) =B (hv — Ep)" 2

Where hv is the photon energy, E, 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 %2, 2, 3/2, and 3, respectively. [21]

CdSe known to have direct bandgap structure, For direct transitions, Eq. (1) becomes,

(ahv) = B (hv — Eg) /2 @)

The variation between (ahv)? and hv 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 40°C,55°C,70°C and 85°C 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 (Eg., = 1.74 eV) (1,21,67). The optical
transition energy was obtained by extrapolating the linear region to the energy axis where (ahv)? =0.

Fig.4(a), 4(b), 4(c) and 4(d) shows UV and Tauc graph of samples 40°C,55°C,70°C and 85°C respectively.
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Fig. 4(b) UV and Tauc
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5. FTIR Characterization:

The CdSe nonstructural material’s organic species are identified and characterized by FTIR Spectroscopy.

Wavelength (nm)

Figure 5 exhibits the FTIR analysis of CdSe QD’s given below:

800

Sample | Wavenumber as per
No. Analysis Analysis
(Cm-1)
735 Cd - Se band stretching [72]
992 CH2 rocking [4]
T40°C |T1o81 CH2 wagging [4]
2607 symmetric stretching vibration of C — CH2 from the methylene chain [72]
3762 weak band [72]
742 Cd - Se band stretching [72]
992 CH2 rocking [4]
1289 CH2 wagging [54]
T55°C ™1300 CH2 wagging [73]
3279 O-H stretching of vibration peak [54]
3435 the OH vibrations of hydroxyl group [74]
742 Cd - Se band stretching [72]
1000 C-O stretching [73]
T70°C 1421 CH2 bending [73]
3279 OH group [73]
2849 Symmetric stretching in CH2 vibrations of alkyl chain [73]
633 C-S stretching [73]
742 Cd - Se band stretching [72]
T85%C 992 CH2 rocking [4]
1281 CH2 wagging [4]
2888 Symmetric stretching in CH2 vibrations of alkyl chain [73]
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Fig. 5 FTIR Spectrum of the CdSe QD’s

6. HR-TEM Characterization:

Transmittance (a.u.) Transmittance (a.u.) Transmittance (a.u.) Transmittance (a.u.)

1000 500

4000

In Fig. 6(a) shows a HRTEM image of Samples T40°C, 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
Waurtzite 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).
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Sample T40°C

) Average Particle size (nm)

X

Fig. 6(a) HRTEM of CdSe QD’s

Fig. 6 (d) CdSe QD’s with Zinc Blende
Structure

Fig. 6 (e) Interplanar Spacing of CdSe QD’s Fig. 6 (f) Intensity Profiles obtained from the
atomic columns marked with lines in (e) with
Interplanar Spacina
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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 HL .
atomic and weight % are listed in Table 7 (i): —

Cadmium (Cd)L Selenium (Se)K

Element

Weight(%0) | Atomic (%) | Weight (%0) Atomic (%)
Cdse 81.87 76.03 18.12 23.96 Fig.7(i) EDX Spectra of CdSe QD’s
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.

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-€). 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).
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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. Fig.8 (a) Selected Area Electron Diffraction (SAED)

IV. CONCLUSION

5.00 1/nm

Using the wet chemical method, CdSe QD’s are synthesized. XRD results reveal 0.2nm to 0.6nm particle
size, at temperature 40°C 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 40°C,55°C,70°C and 85°C 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 40°C. 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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Complex permittivity and Complex
Impedance Analysis of Binary

Mixtures of Ethylene Glycol Journal of
Monophenyl Ether and Methanol Electrical
Systems

Abstract: - Within the frequency range of 20Hz to 2MHz at 299.15 K, the relative complex permittivity (£*), electric
modulus (M*), alternating current (AC) electric conductivity, and complex impedance (Z*) spectra of EGMPE, MeOH,
and their binary mixtures are investigated. The HN model has been used to fit the complex permittivity data, and the

Nyquist plot have been used to analyse the complex impedance data. The different formalisms such as complex electric

modulus and complex impedance have been used to determine the geometric relaxation time (z,), ionic conductivity

relaxation time (z,), and electrode polarisation relaxation time (tzp). All these parameters are used to discuss in detail

various processes responsible for electric/dielectric properties of binary mixture of EGMPE and MeOH.
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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.

Il 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

— PaxVa/Mq (1)
PaxXVa/Ma+ppxVp/Mp

Where, a = EGMPE, b = MeOH, M = Molecular weight, V = Volume, p = Density t”.

a

2. Measurement
Utilizing the capacitance measuring process the value of the complex relative dielectric function (¢*) 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(e*), complex electric modulus(M*),and complex

impedance (Z*) were evaluated using relations reported in reference[11][12][7].

I11. RESULT AND DISCUSSION

Fig.1 illustrates the frequency and concentration dependence of the real part of the relative complex dielectric
function (¢") 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 (¢') of the complex dielectric function (e*(w))[13]. Within the
20 Hz to 2 MHz frequency range, the spectra are splited into two distinct parts. The &' 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 €' 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, €' is
frequency independent, giving the static dielectric constant. We have taken the ¢' value at a frequency of 2 MHz
as static dielectric constant[15]. The imaginary part (¢") represents the energy loss as a result of dipole motion or
movement of ionic species when there is an electric field present[13].

8 2
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—a— 85.96
—&— 74.37
—v— 64.63
—4— 56.33
—»—48.17
——42.93
—a— 37.45
—e— 326
—h— 28.27
—a— 24 38
20.87
—e— 17.69
—&— 14.79
—w—12.14
—a— 9.7
—»—7.46
—— 5.38
. —® 345
10 —e—1.66
—4— MeOH

JSrequency(Hz)

2 5

10 10° 10 10
frequency(Hz)
Fig.1 Frequency dependence of real part of relative complex dielectric function (¢') for binary
mixtures of EGMPE and MeOH.

Fig. 2 displays the imaginary component of complex permittivity (&") versus frequency graph. The straight line
in Fig. 2 with a negative slope, which results from decrement of (¢") with frequency. shows that the material
under investigation satisfies Ohm's law[16]. lon jumps and conduction loss of migratory ions are the two causes
of the significantly large value of (¢") 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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x Aegp
=, +—— P 7
& = ot [ Gargn) P )

Agpp = €-8; €w = High frequency limiting value of €’
&, = static permittivity at lower frequency
Tgp = Electrode polarization relaxation time

a, p = asymmetry and broadness parameter of dielectric loss peak
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frequency(Hz)
Fig.2 Frequency dependence of imaginary part of relative complex dielectric function (¢") for binary mixtures
of EGMPE and MeOH at 299.15K.
Table 1 Fitting parameters &, , Aggp , Tgp, @ and B at 299.15 K temperature.

Concentration Aggp
of EGMPE £o x 10° Tep (MS) a
p

1.0000 10.36 3.55 169 0.91 1.09
0.8597 11.71 451 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 ¢* 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 Aegp, €,,7gp , @ and B for all concentrations are tabulated in Table 1. The shape of dispersion
is determined by the empirical parameters o and B, 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 €¢* 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 (tans) for EGMPE, MeOH, and their binary mixtures are
shown in Fig. 4. The relaxation frequency fzp.at which bulk material properties and EP phenomena diverge is
represented by the peak value of the tand spectrum[19]. The relaxation time tp ' (obtain from tand spectra) was
calculated using Tgp' = (2 fzp") "1 [20]. While fzp"is the frequency corresponding to the peak value of tans.
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.4 Frequency dependence of the loss tangents (tand) 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 1, by the formula T, = (2nf,)~* [19]where the relaxation might be influenced by both short-range
molecule mobility and charge carrier transfer. In Fig.6, the behavior of 7, 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 (ts) increases. This is may be due to the higher value of molecular size,

density and viscosity of EGMPE in comparison with MeOH[5].
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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.
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Fig.7 lonic conductivity relaxation time (z,) 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 (Rp) is equal to the semi-circle's intercept with the real axis (Z’).
The bulk resistance (Ry) 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.
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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 C; and resistor R: geometric time (7, = R,C;) was

evaluated[23]. In Table 2 values of fitting parameters R,, Cy, R,, & C, for all concentrations are presented.
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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 R; and C;

represent the bulk resistance and capacitance of samples, respectively, while 1, exhibits ionic conductivity

relaxation.

The value of capacitance C; increases with a decreased concentration of EGMPE in MeOH, while the value of
bulk resistance R; 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 (7g) and ionic conductivity relaxation time (t;).

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

Concentration
of R1 C1 R2AQ) C2 T, )
EGMPE(X) (O] (nF) (WF) (bs)

1.000 14117 0.3438 2931 6.93 4.85 4.74
0.8597 5385 0.3883 2549 9.76 2.09 212
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.

o= ®)

T 2Mm

TEP

To

The value of Debye length for pure EGMPE is 3.60 x 10~°m; for pure MeOH, it is 4.58 x 10~°m. For all the
other concentrations, it lies in between the pure values. Values are tabulated in Table 3. lon mobility of the
mixture is calculated using the equation:

a9
4kTMtgp

where 1,= Debye length at surface of electrode g = electrode gap and M=

2

9)
where g 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 (4p),

ion mobility (u), mobile concentration (Po), and ion diffusivity (D).

Il:

X(MeOH) Ap(nM) 2 (m2/Vs) Po (M) D (m?/s)
0 421 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 375 2 93E-09 2.72E+24 7.4E-11
0.92539 413 3.55E-09 2.26E+24 8.98E-11
0.946152 3.80 » 85E-09 2.74E+24 7.21E-11
0.965406 393 2 78E-09 2.64E+24 7.02E-11
0.983309 e 2 75E-09 2.48E+24 6.94E-11
1 411 2.9E-09 2.45E+24 7.33E-11

Values of an ion diffusivity (D) and the mobile ion concentration (P,) are determined using the following

relation:

Po=2% and D=

qu q (10)

Values of lon mobility, ion diffusivity, and mobile ion concentration are stated in Table 3. lon 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 1, 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 2"
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 tand and M”
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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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 (eo) and relaxation time
(1), 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.

1. EXPERIMENTAL METHODS

Table 1 Experimental and reported values of the static dielectric constant (€o), refractive

index (n) and relaxation time (t) for the pure liquids.

Static permittivity ~ Refractive index Relaxation time

Expt. Lit. Expt. Lit. Expt. Lit.
MeOH 38.95 38.59° 1.3326 1.3328% 60.04 60.00%%
1- BRP 11.14 11.81% 1.4402 1.4319'% 7.00 13.50%°
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At 298.15 K temperature, At 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 (*(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

1. 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 (A = €o- €x) and dipolar relaxation time (t) for the binary mixtures of MeOH + BRP
[7]. It has been observed from figure 1(a) that the dielectric constant (&') 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, €' 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 &” peaks (figurel(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 (¢") and dielectric loss (&") 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 (t), refractive
index (n), and static dielectric constant (g9) 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 (1), and static dielectric constant (go) 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 (g0) and (1) 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 (€o), (1) and (n) indicate heteromolecular interaction between the

MeOH molecules and BRP molecules in binary mixtures.

40 4 F1.44 60

= 351 1.42 50
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Figure 2 Variation of Static dielectric constant (go), refractive index (n) and relaxation

time (1) against mole fraction of BRP. [Dotted lines indicate ideal behavior of mixture.]

There is a notable difference between the (o) and (t) 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: CDgrp contains exclusively BRP molecules,
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CDwmeon contains exclusively MeOH molecules, and CDwmeon-srp contains both MeOH and
BRP molecules. The nonlinear trend in the evaluated values of t 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 t 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 (go), (t) 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].

(e0)" = (e0)m — (eorX; + €011 X11) 1)

(M) = My — (X, + nyXy) (2)

o) = (Va),, - [, xi+ (), X 3)

Where subscript M suggests mixture of MeOH/BRP. Subscripts I and 11 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. (e0)® 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/t)F show a negative
deviation in the mole fractions 0 < X; < 0.50 and beyond X; > 0.50 show positive deviation.
This suggests that in mole fraction range (0 < X, < 0.50) the molecular complexion swings
slowly under the influence of external field, Beyond X; > 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 (o), (1/7)F 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]

9KTM (eom—Ecom) (280m—Ecom) (5)
4mpN pu? gom (Ecom+2)?

In the given system, where « denotes the dipole moment, p represents density, &, the free
space permittivity, €., 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]

AN [u%pv 2p(1-V Eom—¢ 280m—E
[MI Vi Hu pri( 1)] % geff _ (com—ecom)(2€0m—Ecom) (6)
okT | M My com(Ecom+2)?

o represents the effective Kirkwood correlation factor for a binary mixture. It differs
between gi and gu. ‘T" represent for MeOH and ‘11’ for BRP. The value of g*" for pure liquid
MeOH is larger than one, indicating a significant presence of coordinated chainlike
formations. While, g 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.

4nN [MIZPI givi #112011911(1—V1)] x g/ = (Eom—Ecom) (2€0m —Ecom) )
9KT M My gom (Ecom+2)?

It is believed that g and gu are influenced by a quantity g' in the combination. As the
concentration of BRP increases in the mixture, the g 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 g' against mole fraction of BRP is shown in Figure 4. g'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 (fg) for the binary liquid

solution [12] is expressed by the following equation:

fo = (Bmmton) (20) _ (g ®)

Eo1—€oll Eom

The modified Bruggemann equation is derived to account for the nonlinear change of the

Bruggemann equation (fg) with respect to V;; which as follow,
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Figure 5 Plot of Bruggeman factor (fg) 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 ().

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 o

(e0)F -33.129 30.136 -84.509 10.5062 149.54 0.9952
1/ 7)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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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 (lg), 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.

V. CONCLUSIONS

The complex permittivity spectra (¢*) 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 (go), (t) and (n) values
as the concentration of mixture constituent changes which indicate heteromolecular
interaction between the constituent of mixtures species. The excess parameters ((€0)F, (1/7)F) ,
Kirkwood parameters (g and gf) and Bruggeman parameters (fg) 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 (p), 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 (B), intermolecular free length (L¢), surface
tension (o) and relaxation time (t) 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=0 group. DMF can easily form C-H...O and C=0...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 (p), and viscosity (n). Additionally, we evaluated
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several derived parameters, namely adiabatic compressibility (B), intermolecular free length
(Lf), molar volume (Vm), surface tension (o), and relaxation time (t). 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.

1. 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 (p) of the binary mixtures were determined using a specific gravity bottle with an
accuracy of £0.1. The viscosity (n) 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].

Xq1myq XMy

V.. =
m P1 P2

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.
1

F=p
2)
L=k 5@
3)
where K is called the Jacobson constant and is given by K = (93.875 + 0.375 T) x 10%,

where T is the temperature in Kelvin.
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1. 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-0),
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™ and 0.9470 g.cm™, respectively, which
decreases to 0.8113 g.cm™ and 0.9382 g.cm™ 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, n, p, value use determined acoustic
parameters, namely surface tension (o) and relaxation time (t) for different concentrations and

temperatures are presented in Table 1.
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Figure 1. Experimental [A] ultrasonic velocity (UV), [B] density (p) and [C] viscosity (n) of
mixtures as fraction of mole fraction of DMF (0.0—1.0) at various temperature.
Table 1. Evaluated parameters of surface tension (c) and relaxation time (t) for mole

fraction of DMF (0.0—1.0) at various temperatures.

293.15 K 303.15 K 313.15 K

X s(Nm) t(102S)  o(N/m) 1(10712S) s(N/m)  1(107'2S)
0.0000 26.5838 75196  25.3587 55463 245512 4.1794
0.1851 27.0257 36118  25.9652 28253  25.2558 2.1976
0.3382 27.4569 22740  26.5059 1.8389  25.8237 1.4976
0.4670 28.0028 14752  27.1401 12078  26.4214 1.0335
0.5768 28.6882 1.0340  27.8358 08690  27.0461 0.9846
0.6715 29.6214 09113  28.7453 0.8626  27.9333 0.8178
0.7541 30.6642 06966  29.8884 0.7082  28.9569 0.7786
0.8267 31.6084 06586  30.9328 06759  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 (o) value. This suggests that the interactions in the
mixture are strong, resulting in higher ¢ 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 (t) value decreases with increase in concentration
with temperature increasing t value decreases. The relaxation time is contingent upon the
viscosity of the liquid. The t usually on the order of 1072 seconds, results from the structural
relaxation process. This suggests a cooperative rearrangement of molecules.
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Figure 2. Variation of excess function (a) (U)E, (b) (Vm)E, (c) (B)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, (B)E, and (L)E are fitted to the R. K. polynomial equation
using the least squares method. Table 2 lists the coefficients ao, a1, a2, and az along with their
standard deviation &. In Figure 1 (A), the variation of (Uv)F 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 (B)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 (B)E in binary liquid systems. (B)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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a1 az as u )

T=293.15K

(Uv)E -106.3373 -4.0390 45.7044 -23.7668 0.9994

(Vm)E 11.7507 0.6303 -4.994 5.2441 0.9864

(B)E 1.6226 0.1012 -0.6083 0.5407 0.9972

(Lo)E 0.7434 0.0908 -0.231 0.2354 0.9974
T=303.15K

(Uv)E -125.5903 -41.9581 40.3272 21.7376 0.9976

(Vm)E 8.9209 1.3215 -5.6743 2.3600 0.9916

(B)E 1.6472 0.397 -0.6756 -0.0467 0.9967

(Lo)E 0.7703 0.225 -0.2559 -0.0204 0.9971
T=313.15K

(Uv)E -146.4458 -85.2688 4.7219 40.5627 0.9990

(Vm)E 6.4728 4.3948 -7.8021 -1.2111 0.9863

(B)E 1.7618 -0.9076 -0.5702 -0.5187 0.9986

(Lo)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 (p), and viscosity (n) were examined across different
temperatures. The non-linear changes observed in parameters like B, Lt, o, and t 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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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]

1. 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]

Light Absorption

@

Exciton Diffusion

&

Exciton Dissociation

@

Figure 2: working of the polymer solar cells

I1l. 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]
e |t 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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e It can be efficiently transporting electrons from the acceptor layer to the metal cathode without
significantly increasing the total cell series resistance.
e The material is able to withstand damage during cathode deposition.

o 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 (VVoc) 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. VVoc 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-o0zone treatment to improve surface wettability and adhesion.[47]

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]

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]

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]

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]
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]

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

e 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]

e 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]

e 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]

e 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

1.

VII. FUTURE OF POLYMER SOLAR CELLS:

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]

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]

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]

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
e Continued development of flexible and lightweight PSCs suitable for wearable electronics and

portable power sources.[75]

6. Environmental and Economic Impact
o Use of environmentally friendly and sustainable materials to reduce the ecological footprint of PSC

production.[76]
VII1.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 10T 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

. 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
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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]

Il.  EXPERIMENTAL
1. Materials

Indole Monomer (SD fine) Ferric Chloride (FeCl3) (98% purity, SD fine), Hydrogen peroxide (H202) (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 (H202) 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 FeCI3 as an oxidant. The polymeric
materials were prepared the monomer and oxidant FeCI3 is used in Stoichiometric ratio were dissolved in deionized
water the H202 (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].

I1l.  CHARACTERIZATIONS

The structural characterization of the samples performed by using Bruker D8 advance with Cu Ka radiation (A =
1.5406 A) 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 sinB=nA (1)

where n is an integer, | 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= KA\ /Bcosb )

Where, K is the shape factor for the average crystallite (0.91 A), B 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=5\/(8 sin 0) 3)

The FTIR spectra of the pure PIn were recorded using Shimazdu Infinity IR -1 370 spectrometer at room temperature
over a range of 4004000 cm™* with resolution of 2 cm™

The FE-SEM images were obtained from Zeiss make Model SIGMA V.

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 :
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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 A

2. FE-SEM Analysis
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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.
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3. RAMAN Spectroscopy
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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 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
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Fig 4. FTIR Spectra of PIn

The fig. 4 shows the FTIR spectrum of Polyindole ranging from 100-5000 cm™. The N-H stretching is
observed in the range of 3428.28 cm™. The C-H antisymmetric bond is formed at 2853 cm. The N-H deformation and C=C
stretching are found at 1604 cm™* and 1473 cm™. The C-N stretching is formed at 1098 cm. The C-H out of plane bending is
at 753 cm™. 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
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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.

Il. SYSTEM BLOCK DIAGRAM

Line Drivers
K—>| and
Temperature SSRs
Sensors <:> MPU
User
<—) Interface
I1l. 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 FUZzzY 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) °C.

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

Cie €| NVVL | NVL NL NM NS Z PS PM PL PVL PVVL

NEG VH VH H LH M VL M LH H VH VH
Z VH VH VH H LH VL LH H VH VH VH

POS VL VL VL VL VL VL VL VL VL VL VL

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].
A m n
Rulel * SI iIA»
e ca

»e

s nh H
Rulez ' ' !
5 E 5

g »ce ca

Fig. 4.2 Fuzzy Inference
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ca

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 v, which is implemented by means of the velocity equation [6][7]-

Vh = Vn.1+kp(en-en-1)+ki(en)T+kd/T(en'zen—l'en—Z)

where,

vp: 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

ko: proportional gain

ki: integral gain

kq: differential gain

T: cycle time

After power-on, the error values and v, 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 (g9) and relaxation time (t) of the
mixtures with the prevalence of hydrogen bonding. The observed initial rise in g, 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 t 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.

*Correspondingauthor:Author prkonmare96@gmail.com * School of Physical Sciences, Swami Ramanand Teerth
Marathwada University, Nanded-431606, MS, India

2author School of Physical Sciences, Swami Ramanand Teerth Marathwada University, Nanded-431606, MS, India

Copyright©JES20240n-line:journal.esrgroups.org

129


mailto:prkonmare96@gmail.com

OH
HOW

OH
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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.

Tektronix
Digital serial Analyzer

—_

Sampling Oscilloscope
DSA8300

B

[TDR/Sampling l

Sample

Module

oo Holder

SO0E10B

Computer
o [Commrce]
—
R,(®
Rx(t)
Po—

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 Q 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 (¢€’) decreases and diclectric loss (€”) 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]

0

e*(0)=¢6,+————+
[L+(jo) )
where &o- static dielectric constant, t- relaxation time, .- dielectric constantat high frequency , o is the

angular frequency, o and B-distribution parameters. In this study the aqueous solutions of 1,2,6-Hexanetriol

shows Cole—Davidson type dispersion.[12]
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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 t(Ps) increases with increasing of 1,2,6-Hexanetriol in DMSO.
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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

Volume fraction of €0 T(ps)

1,2,6-Hexanetriol
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

4. CONCLUSION

The results revealed a correlation between the static dielectric constant (o), relaxation time (t), and the
prevalence of hydrogen bonding within the mixtures. At lower concentrations of 1,2,6-hexanetriol, there was
an initial rise in g followed by a decrease at higher concentrations, indicating saturation of available
hydrogen bonding sites. Additionally, the observed increase in T with concentration suggests a hindrance to

dipole rotation as the number of 1,2,6-hexanetriol molecules increases.
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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 CO, 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, COz, sensitivity, sensor, Impedance spectroscopy.

I. INTRODUCTION

CO- 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 CO; gas at room temperature [1]. This sensor has shown increased in sensitivity toward the CO; gas at
room temperature than the pure sample. Polyaniline with graphene has used as sensor for CO; gas sensing [2]. Polyaniline is used
to detect NH3 gas by forming it composite with TiO; 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].

Il.  MATERIAL USED

Aniline and HCL were obtained through S D fine, FeCls, distilled water.

1l. 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 fecls is added to 50 ml of
distilled water [7]. Then this solution of fecls 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 26 = 10°to 80" The peak
observed at 20 = 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].

Polyaniline

Intensity (CPS)

I N
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20 (degree)

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™ corresponds to the C-N protonated group. Peak at
1400.8 cm* are related to C=C stretching mode of benzoid ring.
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Figure 2. FTIR of polyaniline.
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Impedance spectroscopy
The polyaniline sensor film was exposed to the CO; 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 Ry, increase for the polyaniline sensor film after the exposure of the gas at room
temperature. However the variation in the Ry is small as compared to the Rqy, which indicates that the polyaniline is highly
sensitive toward the CO; gas at room temperature. Here the relaxation peak as observed by the graph of the log frequency Vs 2"
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.
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Figure 3. Impedance spectra of polyaniline in air and after exposure to the gas.

Table 1. The resistance at grain boundary (Rgs) and resistance at grain (Rg) in air and gaseous environment.

Ry (air) 122.1117
Rgb 895833.2
Ry (gas) 120.3664
Rgb 1195155
The sensor sensitivity was determined from the formula
Za—Zg
S| = Z_a (1)

Where Z, and Zg4 are impedance in air and gas. The sensitivity from impedance spectroscopy was found to be 0.33.
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V. GAS SENSING

Here the polyaniline sensor was introduced to the CO; 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
Rg—R
IS| = Tg (2)
Where R, and Ry 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.
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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 CO; 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 m? g- [9], high pore volume of up to 0.6 m3g-2[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.

Il.  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 400°C 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-11, Rigaku, Japan) with Cu Ka radiation (A = 1.5406
A) 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™. 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.

I11. 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 (26)
31.55°, 34.18°, 36.02°, 47.37°, 56.38°, 62.62°, 66.22°, 67.68°, 68.85° and 76.85° 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

_ KA
- BhiiCosO

(€
Wherefy,;; is the integral half width, K is a constant equal to 0.90, 4 is the wave length of the incident X-ray (4 = 0.1540 nm), D is
the crystallite size, and 6 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, ¢ and the Miller indices by the following relation
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1 4 (h%+hk+k? 12 2
=z =)tz )
hkl

a?

With the first-order approxi ation, n=1
5.7129 = —AZ 2 h2 + hk + k2 + 2 212 3
l 1a2 [3 ( ) (c) ] ( )

The lattice constant “a” for (100) plane is calculated by

And lattice constant “c” for (002) plane is calculated by
yl

= sin@ (5)
The lattice constants (a = b = 3.2644 A and ¢ = 5.6541 A, 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 (dna) 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
1
§=—; (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 A for (100) plane.

=5 G- e) @

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
a2

Positional parameter value for ZnO nanoparticles is 0.3611.

10

3000 -

Intensi

Fig 1:XRD pattern of ZnO nanoparticles
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Table 1: Different 20 angle and their corresponding FWHM, Crystallite size and lattice parameters

Peak 20 D Strain Dislocation | FWHM Lattice parameters
(nm) (€) density B a=b (A) | c(A) cla | V(A3 U APF L
=p4 | §(m? (gem?) | (&)
tan 0

31.623 | 29.91 | 0.0042 0.00112 0.276 3.2644 | 5.6541
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 22127 | 3.8326 | 1.732 | 5218 | 0.3611 | 0.697 2.04
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
7242 | 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.

oo % 2
NBKU o x18, 8080 F1um SUK-PHY
- o .

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 (ahv)? versus photon energy (hv), where o 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™ 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 cmis assigned to the O-H stretching mode of the hydroxyl group. Peaks between
2830 and 3000 cm* are due to the C-H stretching vibration of alkane groups. The peaks observed at 1537.27 and 1386.82 cm !
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.
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Fig 3:UV-Vis absorbance spectrum of ZnO nanopatrticles Fig 4: Tauc plot of ZnO nanoparticles
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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~* 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) x 100 (9)

Where CO 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 (¢ + 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 (*Oy’). The holes present in the valence band serve as trap
for adsorbed water (H2Oags) or hydroxyl ions (OHags) 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, H20,
SOz*, NOg, and NH4*[ 36].
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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 Il. 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 ZnQ 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
37° 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. Zn0O 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 Zn?* 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, ZnQO'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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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 11-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 Cd.+ 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, CdSO.. Our various characterizations revealed a strong dependence on the concentration of
CdSQ4 used [8].

SIO:

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]. SiO;
nanoparticles, known for their excellent electrical and optical properties, are utilized as anti-reflection coating
materials in solar cells. Additionally, SiO; 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 (Na.S) (of 99.99% purity) cadmium sulphate
(CdS0.) (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 Na;S CdSO4 0.1. Each solution dissolved
separately in 25 ml of de-ionized and stirred for 10 min. After completely dissolving Na,S solution was blended
with slowly dropping to CdSOs 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

CdS0O4 + Na S — CdS + Na2SO0s. (1)

Figure 1 shows the photograph of CdS NPs after the drying process

As obtained Cds nanoparticales were used to prepare composite with SiO, using Solid state diffusion method.
For this, silicic acid was utilized as source of SiO,. The heating of silicic acid above 200°C, result in oxidation of
silicic acid. And we prepared a sample of CdS loaded SiO- rich composite shown in fig 2.
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Figure 1 CdS nanoparticle Figure 2 SiO, nanoparticle

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 =0.94A/ B cos 6

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
nA=2dsin 0

Where, d is the distance between the planes parallel to the incident beam's axis, 0 is the diffraction angle, A 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.

s NN

RS

Figure 3 : XRD of CdS nanoparticles.

Figure 2 show the XRD pattern of CdS incorporated SiO, 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 SiO;in composites. It reveals that CdS/SiO, nanocompsites is
crystalline in nature.
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Figure 4 : XRD of CDS/SiO; nanoparticles.

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.

Reflectance
o = N w SN (5] (o)) ~N (o]

300 350 400 450 500 550 600 650 700 750 800
Wavelength

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 SiO; in the
composites, revealing that the CdS/SiO, 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 SiO,
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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Abstract: A single crystal of  -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 mme 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 (1), Meyer's Index
Number (MIN).

. INTRODUCTION

Potassium aluminium sulphate (potassium alum) or (potash alum) is the double sulphate salt of potassium and
aluminium having molecular formula KAI(SO.), [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:
a, B and vy [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 KAI(SO4)2.12H,0. 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 _-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.

Il.  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 -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.

3*Corresponding author: Department of Physics, Government Institute of Science, Nagpur 440 001, Maharashtra, India.
Author 1 Department of Physics and Electronics, Government Vidarbha Institute of Science and Humanities, Amravati 444 604,
Maharashtra, India.
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Fig.1.-hydroxyproline potassium aluminium
sulphate (LHPKASD) single crystal

I1l. 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 0 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 = 1'15244 P (kg/mm?)

Where Hv is the Vickers hardness number (kg/mm?), P applied load in gm and d? 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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() (9)
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 (a): Load P (gm) versus Hv Fig. 3 (b): diagonal length d (um) versus Hv

1. B. Mayer Index (n)
The simplest method to describe the Indentation size effect phenomenon is Meyer’s Law [12]
P=Adn
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.
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Slope (n) =1.83

Fig. 3 (c) log d versus log P

I\VV.  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
0, 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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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.
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l. 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.

Il. METHODS

Microcontroller

' Real Time Input from
h—. Flex sensors and
. ) MPUG6050

Computer
. Classified|, | Machine
QOutput Learning Model

A. SYSTEM DESCRIPTION

‘ To Text

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
MPUG050, 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. MPUG6050 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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I11. 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.

Values

Time Points

Fig.4: Variation of Accelerometer Sensors’ Output with Time for “WELCOME”

Time Points

X axis ===y axis ==z axis

Fig.5: Variation of the Gyroscope Sensors’ Output with Time for “WELCOME"”
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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.

12 3 456 7 8 910111213 141516 17 1819 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 35 37 38 39 40 41 42 43 44 45 46 47 48 49 50

values

Time Points

e 35 ==y 35 axs

Fig.7: Variation of Accelerometer Sensors” Output with Time for “BYE-BYE”
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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 () and relaxation time (t 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

l. INTRODUCTION

Polyhydric Alcohols or Polyols are the sugar alcohols with the general formula (CnHn+2OHy) 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 CsH120Hs. figure 1 shows the structure of D-
arabitol [1,2].

OH OH
HO “_ _OH

OH

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 102 <v < 10° 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 (gg) and relaxation time (t) have been calculated and discussed.

1* School of physical sciences ,SRTMU, Nanded-431606 , Maharashtra, India
sspat.89@gmail.com
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I1. 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 Ri(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 [g(t)=Ri(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.

Tektromix
Digital serial Anabhvzer
Sampling Oscilloscope

DSAS3IOO

T ——

Computer

=

Coaxial Cable

-

| I)Ri.\tampﬂug B )
—rr == e
SOE108B
Ry ()
<

Fig2. Block diagram of Time Domain Reflectometre (TDR)

111 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

* — €0—€c0
£1(@) = € + G ap

Where & is the static dielectric constant which represents the equilibrium behaviour, & is the permittivity at high frequency which

represents the instantaneous behaviour, 1 is the relaxation time, o and  are the shape parameters describing the symmetric and
asymmetric distribution of relaxation time respectively. o 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 (o)

Fig 4 shows that the dielectric constant (go) 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].

80
—u—25°C
l\
75 4 \
B g
\.
\\l\_.\
70 - -
]
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65
n
60
n
T T T T T T T T T
0.00 0.02 0.04 0.06 0.08

mole fraction of arabitol in water

Fig 4. Variation of Static dielectric constant (g) with mole fraction of D-arabitol in water
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C. Relaxation time (z)

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].

—m—25°C
30
| |
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25 4 /
/ .
|
20 - /'/
? | |
=
- /
| |
15 -
"
I/
10 ./
5 T T T T T T T T T
0.00 0.02 0.04 0.06 0.08

mole fraction of Arabitol

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, T indicating response
speed to electric field, increases with more arabitol.
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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.
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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 10°
meters in length (2D). There are many types of nanosciences, such as nanotubes, nanoparticles, graphene,
guantum 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.lts 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 H2S04 (99.99%) in diluted distilled water and form the ionic solution and give the dc (10 volt) at room
temperature.(303Kk), then the few layer graphene collected through cellulose nitrate filter paper, then washed the
precipitate with distilled water , then obtained Sample dried at 100% 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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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,1=0.91/(B h,k,1COS0), where B is the line's
full width at maximum (FWHM) and A=1.50429A0, the wavelength. With the hexagonal symmetry, the Scherer
constant is 0.98.D=kA/Bcosb is the formula; using this formula, the value of 26 is found to be 25.58.and provided
for the 1,1,-1 h, k, and | 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
2759.84cmattributed 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*and 611cm™ were Assigned
for CuO-O stretching vibrations, rocking vibrational modes of water moleculeat 886cm.the band at 1125 cm*
indicated triply degenerativev3 mode of SO42 ion and the absorption band s at 1630cm™ 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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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 NO, 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 (I") 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 I" 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.

InGaixN 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 (I") which depends on specific heat (Cp),
phonon velocity (v), and Debye temperature (6,,) of the material [4].

The role of these thermal parameters on heat management are highlighted in previous study explained for I11-
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.

Il. 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 (PP) 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 (PP#) at the interface. Therefore, built-in-polarization can be estimates by
including of both tow polarization components as introduces as P = PP+ PP# Piezoelectric polarization can be
estimated by Eq. (1) including strain component and piezoelectric constants investigated in previous studied [5].

PP% =g €31 + €303, + €3€33 1)

Here, PPZis piezoelectric charge density (in C/cm?), ey (k =1,2,3 & | =1, 2, ...6) stands for piezoelectric
constant and &; 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, a, is lattice constant for sapphire(substrate) layer and C,5, C55 are elastic constant.
These all-essential parameters for In, Ga,_,.N material system is mentioned in Table. 1

2(a-aop) Ci3
— DS,
P=pP+ [ess —esz ()] (2
a C33
In Ga, N
(Epitaxial)

2DEG

(Substrate)

Figure 1: InGaN/GaN heterostructure

Table 1: Parameters for InN, GaN and its alloys [7]

Parameters INnN GaN In,Ga,_,N
PSP (C/m?) -0.042 -0.034 -0.034 + 0.029 x-0.037x2
e1s (C/m?) -0.57 -0.30 -0.57 x- 0.30 (1-x)
e31 (C/m?) -0.56 -0.55 -0.56 x-0.55 (1-x)
ess (C/m?) 1.09 1.12 1.09 x + 1.12 (1-x)
a(A) 3.54 3.19 3.54 x + 3.19 (1-x)
€ 15.3 9.5 153x+9.5 (1-x)
p (Kg/m®) 6810 6150 6810 x+ 6150 (1-x)
Ca4 (GPa) 48 105 48 x +105 (1-x)-16 x(1-x)
Css (GPa) 224 398 224 x +398 (1-x)-38 x(1-x)

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 (v,) and transverse velocity (v;) 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=[2vrt+v ) 3t ®)
In acoustic phonons, their transverse and longitudinal velocity relates elastic constant of the material as v=

\ (cas/p) and v, =/ (c33/p). Combined phonon velocity (v) and effect of BIP on it (v,), for an InxGa:.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) @)

v, = 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 8, = hwy/kB. Here, h is the Plank’s constant, Kg is
Boltzmann’s constant and wp is Debye frequency. Debye frequency wp = v(3N/4mrV)Y3, Where V stand for
volume, and N is the number of atoms in unit cell. The value of Debye temperature for In,Gai«xN alloy estimated
in previous study [7]. Its value for without polarization effect (65), and with polarization effect (6p,) can be
estimates using Eq. (6), and Eq. (7) respectively.

6, =660 x + (1-x) 600 - 54x (1-x) (6)
Opp= 729 x + (1-x) 645 — 69 x (1-x) @)

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).
[5)
3 2D
Cp (T)= Co(T) + Ce(T) =3 Naks 3 (%) f(L) +3NakS ;Dir ©

[ D
P (€T -1)2
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Where, Cp(T), Ce(T) represents Debye’s, Einstein’s specific heat, and 8, 6, are represents corresponding
temperatures and Na, kg are stands for Avogadro number, Boltzmann constant and addition integrating function
referred as Eq. (9).

4,X
()= ©)
From literature study [9], the Einstein temperature () and (6)) are related as 6, = \/3_/5 0p = 0.77 65.
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 In,Ga,_, N 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]

=
o =]
E g
< Material 2 =
g ]
2 -
= =
- (-3
= Material 1 @

Figure 2: Schematic representation of heat rectifier

2232 GD 4 !
42 h3v! T; x%eX
Rij = L : dx 10
VT kprgr? fo (e%-1)2 (10)

Where, v; stand for velocity of phonon in layer i, & is modified plank constant, kg is Boltzmann constant and
transmission coefficient of phonon from material i to j is represented by I';;. 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 (rfj ) from layer (i) to layer (j) can be estimated using Eq. (12) [13].
s _ 4ZiZj
Tij = @i+z))?’

where Z; = v;p; is known as acoustic impedance with v; ,v; and p;, p; are the phonon velocity and material
density in material i and j respectively. Similarly, in the DM based model (Tg-) it can be estimated with the help
of Eq. (13). Including C;, C; are representing specific for the layer i and j respectively.

Civj
(Ci+Cjv))’

11)

D _—
Tij_

(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 I;; be estimates using
Eqg. (14). Similarly, in both directions, average transmission coefficient can be obtained using Eq. (15).

L= prj +(1-p) 1 (13)
r="C (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.

IIl.  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 x 1071T (J /mol. K) and obtained room
temperature specific heat C,, = 40.78 (J /mol. K). Similarly for InN, reported C(T) = 9.1+ 2.9 x 10~*T (cal. /mol.
K) which shows at room temperature C,, = 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 In,Ga,_,N/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 (v,), Debye temperature (65,) which has already discussed in previous study [2, 7].

Here, we have theoretically estimated specific heat (C,) 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)

Sample Specific Heat Specific Heat Decreases % From literature
J/kg. K Jikg. K (Due to BIP) J/kg. K)
(without BIP) (with BIP)
GaN 421 401 4.75 320 [21] without BIP
InN 256 236 7.81 270[22] without BIP

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 (v, ) and phonon vibration
frequency (w,, ), 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.
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Figure 5: (a) Specific heat of In,Ga,_,N 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).
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C (without BIP) = 50.58 x2 — 213.5 x +419.4 (15)
C, (with BIP) = 46.02 x? — 208.8 x +399.6 (16)

Interface nature of InGaN/GaN

Acoustic mode transmission (rfj ) 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
(TL-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 In,Ga;_,N/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 In,Ga,_,N/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 In,Ga,_, N to GaN
transmissivity equal to from GaN to In,Ga,_,N. 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
In,Ga,_,N alloy. We have estimated mathematical tools to directly reach AM based transmissivity for given
Indium compositions (x) mentioned in Eg. (18) for without BIP and Eqg. (19) for with BIP.

1 = 75, = —0.02714x% + 0.002245x + 0.9999 (17)
5, =75, = —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)
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Figure 6:(a) Specular transmissivity, and (b) Diffusive transmissivity for In,Ga,_,N/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 Eg. (21, 23) with considering BIP We observed that magnitude of
transmissivity high from In,Ga,_, N to GaN transmissivity as compared GaN to In,Ga,_,N, and the magnitude of
changes increased when we increased Indium amount. In addition, significant changes were observed due to BIP in
both directions.

75 = 0.02365x2 - 0.2387x + 0.4998 (19)
5, =0.0262x? - 0.239x + 0.4877 (20)
Th = —0.02365x2 + 0.2387x + 0.5002 (21)
1}, = 0.0262x2 + 0.239x + 0.5123 (22)

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.
(1), it seen that TBR (from material i to material j) proportionally depended on v? while invers proportionally

2
with the I};. So that a factor as ;i gives predicted value of TBR for given In,Ga,_,N/GaN and higher value of
ij+

this factor for a direction indicates lower heat transmission in that direction. We observed higher heat
transmission in the direction of In,Ga,_,N 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 In,Ga,_,N/GaN interface
highlighted as sign of heat rectification.
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Figure 7: (a) Transmission coefficient for In,Ga,_,N/GaN interface, and (b) Thermal rectifier sign as factor (%) 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
In,Ga,_,Nalloy 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 (I" )in both directions. Numerical value I" observed higher for In,Ga,_,N/GaN than
GaN /In,Ga,_, N 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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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.

Il.  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].

I1l.  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 (&") and loss
tangent (tan §) respectively. A sharp rise in the ¢’ 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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(@) (b)
Fig. 1: (a) Dielectric permittivity (') spectra (b) spectra of loss tangent (tan §) EGMEE — Ethanol binary
mixtures at 27 °C.

In the present case, the €’ values are observed to become frequency independent within the frequency range of
10 kHz - 40 kHz. Hence the static dielectric permittivity (&) 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 & 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 (£) vs. mole fraction of ethanol (Xg). The £
values are calculated by using a linear equation as discussed in our earlier research paper [6]. The values of &£
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 €£ curve is observed at Xg = 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 s value for neat EGMEE is obtained to be 13.51. This is in good agreement with
the fact that, values of & decrease with the increase in temperature [1,2,4,6]. For the aqueous solution of
EGMEE, minima in £ value was reported at stoichiometric ratio of 1:2.3 (EGMEE:water) [1], but for its
alcoholic solution, the minima in €£ value is at near about equimolar concentration i. e. at stoichiometric ratio of
1:1 (EGMEE: ethanol).

Table 1: Static dielectric permittivity (&), dc electrical conductivity (cq4c) and ionic conduction relaxation
time (Tion) for EGMEE — ethanol binary mixtures measured at 27 °C.

Xe €s odc (S/m) Tion (S) Xe € odc (S/m) Tion (S)
0.000 13.51 1.06x10* 1.12x10° 0.596 18.48 1.88x10* 8.42x107
0.111 14.08 1.29x10* 9.45x107 0.746 20.43 2.38x10* 7.51x107
0.195 14.82 1.36x10* 8.92x107 0.899 22.61 1.61x10* 1.19x107
0.395 16.36 1.55x10* 8.92x1077 1.000 24.30 7.01x10° 2.82x10®

0.502 17.43 1.89%x10* 7.95x107

24 4

22 4

12 T T T ~ T , T T
0.0 0.2 04 ¢ 08 0.8 1.0

E

Fig. 2: Static dielectric permittivity (és) vs. mole fraction of ethanol (Xg)

187



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

0.0

-0.2—-
-0.4 4
-0.6 4
-0.8-:

Hw

-1.0 4

-1.6 4

T T T T T T T . T T T
0.0 0.2 04 XE 0.6 0.8 1.0

Fig. 3: Excess static dielectric permittivity (¢£) vs. mole fraction of ethanol (Xg)

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 (¢*) 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]

o (w) = o' +jo" = wgpe” + j weye’ 1)

Where, o' and ¢” are the real and imaginary parts of ac conductivity of the samples respectively and ¢ is the
dielectric permittivity of free space (g = 8.854 x 102 F m). The Fig. 4 shows the plot of real part of ac
conductivity (ca) for EGMEE — ethanol binary mixtures. The oac 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 o, becomes frequency independent creating
plateau region. When these plateau regions are extended to ¢' axis, their intercepts give dc values of electric
conductivities (odc). The og 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 o4 values of neat EGMEE
and ethanol.
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e adaas e
— //
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N
2 weay
©1.0x10% - ".,....M"*
rrrrvrr}”‘”‘”‘»»‘"«“ =
5.0x10° Mole fraction of Ethanol (X ):
—— 0.000 —— 0.111 ——0.195
—v—(.395 —— 0.502 ——0.596
0.0 ——(.746 —— 0.899 —— 1.000

107 10’ 10° 10° 10°
Frequency (Hz)

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]

r n

M'(w) = M + jM" =+ jo )

8’2+€”2 ]€’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.
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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 (Tion) [14].
The concentration dependent Tion 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 10-25°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 (go), relaxation time (t) 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 (eo), relaxation time (t); 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.

Il. 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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I1l. 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

Density Speed of sound Viscosity
Presure range 0-0.3 MPa
Temperature range 273 -343K
Measurement range 0-3000 kg/m® 1000-2000 m/s  0.3-10000 mPa.s
Measurement time 1-4min
Total sample volume ~3cm®
Repeatability 0.001 kg/m® 0.1m/s
Uncertainty 0.005 kg/m® 05 mfs
Fig.1: Anton Paar DSA 5000 Mand
viscosity with Lovis 2000 M/ME
One Molar conc. of Amino Temperature Density Speed of sound Viscosity
Acid (Kelvin) (g/cm3) (m/s) (mPa-s)
- 298 0.997953 1495.25 0.8981
Tyrosine
303 0.996550 1507.87 0.8020
. 298 1.006319 1526.49 1.0234
Valine
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™ to 400 cm™ 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™. 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.
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Fig.2: Fitted FT-IR spectrum of one mole solution of Amino Acids —water
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3.Thermodynamic parameters

Thermal parameters enthalpy (AH) and entropy (AS) were calculated by using Eyring's equation (11) from the obtained
relaxation time
7 = (h/kT) exp@®H/RD gxp(=AS/R)
here, AH is the enthalpy of activation in KJ/mol, AS is the entropy of activation in J/mol, t 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 (AS and AH) are obtained by leastsquare fit method and are reported in Table 2.

One Mole conc. of AA’s Enthalpy of Activation DH (kJ mole™) Entropy of Activation DS (J mole*K™?)

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 (g'), dielectric loss (g"), static dielectric constant (o) and relaxation time (t) 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 Q 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 Ri(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 ¢*(w) 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.

50 Y vyrvvvvew vy v ovvvy
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° 70
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Fig. 3: Frequency dependent dielectric permittivity and dielectric loss of Tyrosine-water and Valine-water mixtures
at 10-25°
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25°C 20°C 15°C 10°C
Molar conc. (X.)
(20) T (ps) (20) T (ps) (20) T (ps) (20) T (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 (o)

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, € 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 (7)

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.
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Figure 4: Temp. Vs. Static Dielectric constant of Amino Acids -Water
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Figure 7.5 Relaxation time (t) 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 25°C. 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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Abstract - In this study we synthesized pristine Polyaniline (PANI), and PANI-TiO, nanocomposites by chemical oxidative polymerization method.
The nanocomposites were prepared with various amount of TiO, 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 TiO, 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 TiO, NPs with PANI matrix. All the prepared nanocomposites were tested for antibacterial activity. PANI-TiO, nanocomposite showed higher
antibacterial activity than that of pure PANI and TiO, nanoparticles. The highest inhibition zone was obtained for 5 wt. % of TiO, per aniline
monomer. Hence PANI-TiO, 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.

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 n- 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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[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, MnO, TiO,, WQs, ZrO,, 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 TiO, 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-TiO, 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.

1. 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, (NH.)2S20s] were purchased from SD Fine. HCL (35% Loba chemicals), TiO, 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 60° C for 24
hours. Now, to synthesize PANI/TiO, nanocomposites, various amount of prepared anatase TiO, were added in the above solution

and sonicated for 30 min. for homogeneous dispersion. The amount of TiO, 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/TiO, nanocomposite was obtained and named as PT5%, PT15%, and PT25% respectively.

C. Antibacterial activity of prepared nanocomposites

The antibacterial activities of pristine PANI, anatase TiO, 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 37° C for 24 hr.

After the incubation period, the zone of inhibition was recorded and measured.

I11. Result and Discussion

A. X-ray Diffraction Analysis

Fig.1 shows the XRD spectra of pristine PANI, TiO, NPs, and PANI-TiO2 nanocomposite. For the pure PANI, the XRD spectra
showed broad amorphous diffraction peak at 20 = 25.22° and low intensity at 260 =15.17° and 20.39° indicates the disordered
structure of long chain polymer matrix. The presence of strong diffraction peaks at 26 values 25.4°, 37.8°, 48.19°, 54.0°, and 62.8°
corresponds to the crystal planes of (101), (004), (200), (105) and (204). This shows the formation of anatase TiO, nanoparticles
(JCPDS card No. 21-1272) [16]. The XRD spectrum of PANI-TiO2 composite was analogous to the pure TiO,. In case of PANI-
TiO2 composite the amorphous peak of PANI at 26=25.22° is found to be slightly shifted to a higher diffracting angle at 26=25.3°,
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 TiO, on polymer matrix [17]. The mean crystallite sizes of
nanocomposite were calculated using Scherrer formula: D = KA / Bcosf, where D is the crystal size, K is the Scherrer constant
(0.891), A is the X-ray wavelength (0.154056 nm), B is the half-height width of the diffraction peak, and 8 is the diffraction angle.
The particle size of anatase TiO,was found 48.42 nm and that of PANI- TiO, 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 TiO».
The strong absorption band of PANI at 1525 cm™ was assigned to the C=C stretching of quinoid group. Also, the peak at 1467
cm® was the vibration absorption peak of C=C in a benzene type ring. The spectrum shows the bands at 2862 cm™ which are
attributed to C-H stretching of PANI. The peak at 3444.87 and 3128.54 cm™! corresponds to the stretching vibration absorption
peak of N-H and the weak peak at the 1647 cm* represents deformation vibration absorption peak of N-H bond. The peak at 1170
cm 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 cmt, 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™*[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. 1350-1000 cm™ and 1640-1560
cm* 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 TiO 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™ for C-H, 3444 to 3448 and 3128 to 3130 cm for N-H, 825, 671 to 839,678 resp. for C-H etc.] Also, the
main absorption peak 1525 and 1467 cm™ 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- TiO, Nanocomposites.

C. UV Visible analysis

UV-Visible absorption spectra of pristine PANI, PANI with various weight percentages of TiO, 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 — z* transition. The weak reflection peak at wavelength 305 nm is assigned to the m-m* 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 =- 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 TiO, NPs with aniline molecules. In addition to this, the optical band gap of the PANI-TiO, Nano
composite has been determined using Tauc’s plot equation; (ahv)" =B(hv-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 TiO; 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 TiO, NPs due to semiconducting nature of TiO,.
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Fig.3. UV-Visible spectra of prepared samples: (a) Pure PANI, (b) PT5, (c) PT15 and (d) PT25.
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Fig.4. Variation in direct energy band gap of PANI-TiO, 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 37° C
for 24 hrs. The values of inhibition zone diameter of pure PANI, TiO2 NPs, and PANI- TiO, 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 TiO, 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.

Samples Inhibition zone diameter in mm
Sr. No. S. Aureus (Gram positive) E. Coli (Gram negative)
1. Ofloxacin 22 mm 22 mm
(Ref.)

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 TiO; nanoparticles have shown the excellent antibacterial effects against the bacterial strains.
The bactericidal activity of TiO, 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 TiO, nanoparticles and is found maximum for 5 wt. % of added TiO2. The
synergistic effects occurred when the TiO, 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 TiO, 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-TiO, 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 TiO, NPs. Since the TiO; 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 H20,, OH and Oy 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.
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Fig.5. Bar Chart of Inhibition zone diameter vs. synthesized samples, where 1, 2, 3,4,5,6 correspond to Oflaxin, TiO,, Pure PANI,
PT5%, PT15%, and PT25% respectively against pathogenic bacteria.
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Fig.6. Antibacterial activity of Pure PANI, TiO, NPs, and various PANI/TiO, 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-TiO, nanocomposites were done by in-situ chemical oxidative
polymerization reaction. The TiO, nanoparticles were successfully incorporated within the PANI matrix with various amounts of

TiO, using APS as oxidant. The applied method was simple, low cost and so easy that a very less chemical required unlike other

203



J.ElectricalSystemsVol-Issue(2024):1-12

methods. The presence of TiO2 NPs and strong chemical interaction between PANI-TiO, 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 TiO, 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% TiO3) showed the best bactericidal activity against both pathogenic strains.
With increase in the amount of TiO- the inhibition zone decreases. This may be due to the small particle size and agglomeration of
polymer on the surface of TiO, nanoparticles. Thus, we conclude that loaded TiO. 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™ 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

. 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 m-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 (FeCls). 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.

1. 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 FeCls solution which is prepared at 1:0.6
mass ratio (EDOT : FeCl3)[13]. The Polymerization reaction started as the drop of FeCls 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 60° 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 FeClz 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.

I1l. RESULTS AND DISCUSSION
1. X -Ray Diffraction (XRD)

The investigation of XRD pattern of synthesized samples was recorded in the 26 ranges from 10°-80°. All the
spectra of PEDOT-PSS ratio and pure PSS are shown in fig 2. The pure PSS showed peak at 26 = 31.8° 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
20.15° to 28° 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.
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Fig 2. XRD of sample A0, A, B, C,Dand E

2. FTIR Analysis

Fig 3 shows the FTIR spectra of PEDOT-PSS with varying ratio of all samples in 4000-600 cm*
wavenumber range. From the FTIR spectra it is observed that O-H stretching is present which confirms from the
peak at 3691 cm 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™ [16,
17]. Additionally, the strong bond and significant vibration polarity of the carbonyl are investigated at 1709 cm
through C=0 [18]. The weak vibrations caused by C=C stretching are responsible for the peak that was recorded
at 1568 cm™. The presence of PEDOT-PSS is confirmed by the band at frequency of 1135 cm, 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..

Transmittance %

4000 3500 3000 2500 2000 _ 1500 1000 500
Wavenumber (em™)

Fig 3. FTIR of all the samples.
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3. Scanning Electron Microscopy (SEM)

Fig. 4a, b, ¢ 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.
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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):

ahv=Athv—E)"................... €))

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).1t 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.
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Fig 6. () 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.

Sr.No. Concentration of Optical Energy
EDOT:PSS Band Gap (eV)

1. A 2.41

2. B 2.05

3. C 2.14

4. D 1.85

5. E 1.81

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),

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.
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Fig 7. DC Electrical Conductivity as a function of temperature for (a) Pure, (b) DMSO, (c) Ethanol and (d)
Methanol for all the samples.
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Table 2. Activation energy of various solvents for all samples of PEDOT:PSS.

Concentration of | AE Pure AE Methanol AE Ethanol AE DMSO
EDOT to PSS (x103 eV) (x103eV) (x103 eV) (x103 eV)
A 1.840591 2.564419 1.627751 9.846646
B 14.847953 16.697161 12.154279 16.106035
C 3.889714 4.799669 3.814746 6.92893

D 14.199954 13.14351 12.897064 19.726898
E 1.108146 0.978891 1.789751 0.978891

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=0
represent by the presence of peak at 1709 cm. 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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