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1 Introduction

The usefulness of polymer nanocomposites (PNCs)
for energy-storage devices in several applications,
such as fuel cells, sensors, electrochromic displays,
credit cards, batteries, etc., has been thoroughly
investigated [1]. A polymer blend, as its name sug-
gests, is a type of material in which at least two
polymers combine to produce a new substance with
unique physical characteristics. Carefully combining
various already-available polymer mixes and fillers
can result in very significant potential properties of
polymer films. Fascinatingly, doped polymer blend
technology allows for the development and fabrica-
tion of polymer film composites with performance
profiles that cannot be entirely or just partially
accomplished by the unblended basic polymers
[2-4].The creation and characterization of organic—
inorganic nanocomposite for use in various applica-
tions have recently attracted much interest. One of
the natural, cutting-edge biodegradable polymers,
chitosan (Cs, CsgH193NgOs9) is the second most
prevalent amino polysaccharide after cellulose [5].
The CS backbone structure has functional groups for
hydroxyl (OH) and amine (NH,) that make it easier
to create covalent connections with a variety of
inorganic substances. A lone pair electron is present
in the NH; group, which also functions as an electron
donor for complexation and coordination with the
cations of doped nanoparticles. This makes Cs a
viable option for Li-ion battery electrolyte films
[2, 3]and as a sensor for detecting toxic mercury. The
use of Cs in the manufacture of plasmonic metallic
nanoparticles (NPs) is another example [4]. The
intermolecular contacts between the polymer chains
in chitosan and PVA blends have been demonstrated
in some investigations to be strong, leading to good
biomechanical, structural, and surface characteriza-
tion [6, 7]. Due to improvements in strength stability,
and biocompatibility, mechanical composite films
offer benefits over the properties of single compo-
nents [8]. PVA is a polyhydroxy water soluble poly-
mer that has good hydrophilicity, is non-toxic, and is
biocompatible. It also has mechanical resistance and
strong chemical. PVA is utilized in a variety of
products, including synthetic organs, implants, tex-
tiles, contact lenses, medications, films, and cosmetics
[9]. Its utilization is crucial for numerous applica-
tions, including recycling of polymers and packaging,
medication delivery systems, membrane
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preparations, and other [10]. Recently, utilizing the
function of electron density, the density functional
theory method was utilized to characterize the
ground state characteristics of materials, including
metallic, semiconducting, and insulating materials.
As a result, it can be regarded as the most popular
and flexible computational physical technique that
uses specific functions and basis sets [11]. Pure
polymers and polymer blends with the same nominal
composition will be characterized using a combina-
tion of density functional theory (DFT) and a spec-
troscopic instrument (FTIR). In this study, we
propose to use a mix of ceramic and conducting fil-
lers to demonstrate the synthesis and characteriza-
tions of effective flexible dielectric polymeric
materials with high ¢ and low &”. In order to achieve
this, we used a mixture of three-phase nanocompos-
ite films including graphene oxide and TiO, as cera-
mic and conducting fillers in Cs/PVA, respectively.
Due to its special characteristics, including high
capacitance, water solubility, and the right dielectric
strength, Cs/PVA was chosen as the foundation
polymer matrix. The addition of fillers that can also
act as dopants can change the properties of Cs/PVA
[12]. TiO, was chosen as a ceramic filler due to its
high ¢ of around 114 at ambient temperature [12].
However, there are drawbacks, such as a lack of
mechanical stability [13]. It can outperform the
polymer even more if conducting filler is included in
addition to ceramic filler. Due to its mechanical
strength, conducting properties, simplicity of avail-
ability, and practical synthesis procedures, we chose
graphene to overcome these restrictions [14, 15].
Based on our knowledge, there is no earlier report on
the optical and dielectric characteristics of Cs/PVA-
GO/TiO, nanocomposites films. Due to these
important advantages of Cs, PVA, GO, and TiO,, well
investigate the structure, optical, conductivity, and
dielectric properties of Cs/PVA-GO/TiO, nanocom-
posites films with various concentrations of the GO/
TiO.,.

2 Experimental techniques
2.1 Materials

Magnetic Stirrer: SH-2 hotplate magnetic stirrer with
dual control, 2 L capacity, 100-2000 RPM speed, and
a 47 x 4.7-inch hot plate with a maximum
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temperature of 380 °C, 180 W, and 110 V. Chitosan
(Cs) was purchased from Mallinckrodt USA with a
deacetylation level of 95%, and an M.W. of 400,000.
PVA has molecular weight (MW) = 14,000 Kempha-
sol, India. Graphene oxide (GO) nanoparticles were
purchased from sigma Aldrich Co. USA. Double-
distilled water is used for the prepared samples.

2.2 Synthesis of TiO, nanoparticles

Through the sol-gel method, titanium (IV) tetraiso-
propoxide [Ti (OCH(CHj),)s] was diluted in the
proper quantity of glacial acetic acid to create the
nanoparticles of TiO2. Clear glutinous solution is
produced by adding an excessive amount of deion-
ized water. It is then continuously agitated with a
magnetic stirrer for five hours. The solution was then
left in the dark for 24 h to finish the nucleation pro-
cess. The solution was then finely ground and cal-
cined at 773K for 3h to produce the TiO,
nanoparticles.

2.3 Preparation of polymer
nanocomposites films

Solution casting was used to create a blend film of
Cs/PVA (70/30 weight percent). In this work, acetic
acid (1vol%) was utilized as the solvent 90 ml of
acetic acid solution was used to dissolve 1 g of Cs
powder for the manufacture of polymer composites.
This solution was given with a 30 weight percent
PVA addition, and the combination was continually
agitated to create a viscous solution. The required
quantity of dispersed inorganic GO (5wt.%) and then
TiO, (2, 5, and 8 wt.%) filler were added to Cs/PVA-
5% GO solution. The solution was then put into the
several dry Petri plates, where it was left to gently
evaporate under vacuum for two weeks at room
temperature (as shown in Scheme 1). Before the test,
the composite polymer nanocomposites films were
moved into desiccators for additional drying.

2.4 Characterization techniques

By using a PANalyticalXPert Pro diffractometer with
Cu-Ka radiation (k = 1.54178 A) operated at 40 kV
and 30 mA, in the 20 range of 10-70 at room tem-
perature, the X-ray diffraction experiments were
carried out. Using a JASCO (Nicolet i510, USA)
spectrometer, Fourier-transform infrared (FTIR)
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spectra of pure Cs/PVA and nanoparticles com-
plexed Cs/PVA films were captured. A JASCO 630
spectrophotometer with an accuracy of & 0.2 nm was
used to study the UV-Vis absorption spectra of a
pure Cs/PVA and nanocomposites films at room
temperature in the wavelength range of
200-1000 nm. Using a Novocontrol turnkey 40 Sys-
tem with high resolution, broad-band dielectric
spectroscopic measurements in the frequency range
of 0.1 Hz to 7 MHz were carried out.

2.5 Density functional theory (DFT)

DFT: B3LYP/LAN2DZ is used to assess how well
theoretical and experimental evidence for the intri-
cate interaction of Cs and PVA correspond. The
framework of connection between polymeric matri-
ces is described using theoretical methodology, and
agreement degree with experimental evidence for
complex interactions between components is calcu-
lated (chitosan and polyvinyl alcohol).

3 Results and discussion
3.1 XRD analysis

Figure 1a, b displays the TiO, and GO nanoparticles
XRD pattern, respectively. A typical anatase phase
peak can be seen in the TiO, sample at 20 = 25.01,
37.95, 47.96, 53.39, 62.60, and 68.84 (JCPDS# 21-1272)
[16].

Figure 1c depicts the X-ray diffraction-displayed
microstructural changes of the Cs/PVA mix and GO
and TiO, nanoparticle-doped Cs/PVA polymer
nanocomposites. In the pure blend, as shown in
Fig. 1b, the characteristic peaks of Cs and PVA
merged into a broad peak, at 20 = 19° and 23° with a
broad halo [17], due to Dblending/cross-linking
between the CS and PVA [18], which was linked to
the polymer blends semi-crystalline nature [19, 20].
The drop in Cs/PVA broad halo intensity indicates
an interaction between Cs/PVA and GO/TiO, ions.
This interaction destroys the steric regularity of Cs/
PVA blend chains, increasing the degree of amor-
phousness. The peaks associated with the GO NPs in
nanocomposites samples vanish, as seen in Fig. 1c.
This suggests that the coordination interactions
between the functional groups of Cs/PVA and GO
ions, which were confirmed in the research of IR,
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Polyvinyle alcohol

Film peeling

Scheme 1 The preparation process of Cs/PVA-GO/TiO,nanocomposites films

disturb the order of blend polymer crystallinity.
Multiple peaks, an increase in intensity with
increasing TiO, concentration, and a decrease in the
intensity of the characteristic Cs/PVA diffraction
peak all point to the existence of TiO, as a nanofiller
in the polymeric matrices [21]. The nanocomposites
have negligibly (~ 0.1°) distortion in the position of
the TiO, diffraction peaks, but the intensities change
due to the particles dispersion inside the polymeric
matrices, which indicates the crystallinity of the
composites varies [22]. Additionally, the relation(1)
has been used to estimate the crystallinity degree (Xc)
from the XRD patterns.

Xc = (Sc/St) % 100 (1)

where St is the total area covered by the XRD pat-
terns and S, is the region under the crystalline peaks.
Table 1 contains the estimated Xc values. It is evident
from Table 1 that altering the GO/TiO, content in the
Cs/PVA blend causes the Xc value to shift or
decrease. It should be observed that the nanocom-
posites” characteristic diffraction peak changed to a

lower angle, which in turn indicated a decrease in
interplanar spacing. It might be a result of the filler
molecules being incorporated into the matrix’s
interplanar gap [23].

3.2 FTIR and DFT

Figure 2 depicts the FTIR spectra of PVA, Cs, and a
mixture of Cs and PVA. The shoulder peak at
2950 cm~' was attributed to CH, asymmetric
stretching in the PVA molecules in the hydrogen-
bonding state, and the relatively strong vibration
band at about 3359 cm™' corresponded to the sym-
metrical stretching vibration absorption peak of OH
groups on the PVA chains. The characteristic peaks
were attributed to the carbonyl group (C=0)
stretching vibration, the (CH,), the (CH + OH)
stretching, and the C-O stretching on PVA chains,
respectively. The characteristic peaks were 1750,
1433, 1350, and 1035 cm ! [24], While the three peaks
at 1017, 1082, and 1158 cm™!, which were typical
peaks of the saccharide structure, could be seen in the
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Fig. 1 XRD pattern of a pure GO NPs, b pure TiO,, and ¢ pure blend and blend—GO/TiO, nanocomposites films

Table 1 Degree of

crystallinity, optical energy Cs/PVA (GO/TIO, wt. %)

EM(eV)

EZ(eV) Eu (eV) Crystallinity degree (%)

gap (direct and indirect), and

Urbach energy (Eu) for the Pure blend 5.01 540 031477 + 9.65682E-4  38.23
prepared films Blend/5%GO 473 517 0.43533 + 0.00326 32.65
Blend/5%G0/2%TiO, 477 496  0.64593 + 0.00287 22.98
Blend/5%GO/5%TiO, 349 446 0.90355 £ 0.00248 15.16
Blend/5%GO/8%TiO, 379 489 0.77855 + 0.00248 20.45

FTIR spectrum of the chitosan as shown in Fig. 2. It
was determined that the polysaccharides O- and N-
H stretching vibrations have a large peak at
3445 cm™'. When amide absorption peaks appeared
at 1646 and 1380 cm-1, it was clear that chitosan had a
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very high degree of deacetylation [18, 25]. The ability
to join the chains via hydrogen bonds is made feasi-
ble by the carbonyl group groups and —OH found in
PVA as well as —OH and -NH, in chitosan. Due to
hydrogen bonding between functional groups,
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Fig. 2 FTIR spectra of pure PVA, pure Cs, and Cs/PVA blend

changes in the distinctive shape of component spec-
tra, as well as minor shifts in absorption peaks, were
noticed. Thus, the blend under study is capable of
experiencing both intramolecular and intermolecular
interactions.

The intensity of the peaks decreases and the clearly
shifted peaks indicate the formation of strong inter-
molecular hydrogen bonding between the -NH,
group of the Cs and the C=0 and —OH groups of the
PVA in the Cs/PVA blend when compared to the
pure polymers. As shown in Scheme 2, the hydrogen
bonds between the -NH, group of Cs and the C=0
and —OH for PVA may facilitate intramolecular
interactions between the two polymers [26, 27]. This
conclusion is proven using DFT calculations, where
the simulated IR spectrum generated by DFT is better
in line with the IR experimental spectrum as seen in
Fig. 3. This implies that within the polymer mix, the
two polymers are more miscible and compatible. The
simulated IR was conducted on one monomer in the
gaseous phase, but the FTIR absorption spectra were
acquired in the solid state, which may account for
any shifts observed between the experimental and
theoretical FTIR spectra (wavenumbers) of the IR
vibration modes [28].

Figure 4 illustrates the FTIR absorption spectra of
Cs/PVA blend and nanocomposites samples with
various GO/TiO, NPs concentrations. The obtained
spectrum reveals stretching vibrations of the N-H
group and a broad band at 3402-3190 cm ™! ascribed
to the O-H groups. The peaks at 1669, 1560, 1320, and
1081 cm™! are caused by the stretching of the C = O
bond, the secondary amide, the tertiary amide, and
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the C-O-C stretching vibration of the saccharide
structure, respectively. Asymmetric stretching vibra-
tion of aliphatic C-H is shown at 2934-2867 cm ™'
[29]. With the addition of GO/TiO, NPs, a band at
675 cm™' in Cs/PVA doped with that material
almost completely vanishes. With the inclusion of
GO/TiO, NPs, there is also a discernible reduction in
the intensities of all bands, and a shifting of some
bands to higher or lower wavenumbers, due to the
miscibility and complexation between Cs/PVA and
GO/TiO, NPs. These findings could help explain
why different compositions of polymer electrolytes
have varying ionic conductivity values. Scheme 2
suggests mechanism interaction between GO/TiO,
and Cs/PVA system. In order to form the polymer
nanocomposites films, GO/TiO, may be introduced
into the Cs/PVA mixture at the dotted lines in the
NH, of Cs and the C=0O and OH groups of PVA in
Scheme 2.

3.3 Optical studies

The quickest and easiest way to learn about a mate-
rials band structure is to measure its absorption
spectra. In the process of absorption, a photon of
known energy from the transmitting radiation is
absorbed, which excites an electron from a lower to
higher energy state. UV-Vis spectra of pure blend
and blend doped with various concentrations of GO/
TiO, NPs are shown in Fig. 5 and show peaks asso-
ciated with the carbonyl groups n—m*electronic tran-
sition at 290 nm [30]. For the nanocomposites
compared to pure Cs/PVA, the polaron-bipolaron
absorption peak is seen to be red shifted; this sug-
gests increased electrical conductivity as has been
observed in the current situation and will be dis-
cussed in the next section. According to the Taucs
model (Eq. 2), the optical band gap is determined
from UV-Vis spectra [31]:

ahv = A(hv — Eg)" (2)

"

where “n” is 2 and 1/2 for a direct and indirect
transition, “o” is the absorption coefficient, “h” is the
Plancks constant, “v” is the frequency of light, “Eg” is
the band gap, and “A” is a constant. According to
Fig. 6a, b and Table 1, which is consistent with the
XRD findings, the optical band gap reduced as the
fraction of GO/TiO; increased. According to the XRD
finding, the decrease in the Cs/PVA band gap was
connected to the changes in the matrix disorder [32].
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Scheme 2 Suggested mechanism for interaction between Cs/PVA blend and GO/TiO,

Additionally, the main cause of the decrease in the
forbidden band is the flaws brought on by the elec-
trical localized states (band tail). Furthermore, due to
the trap levels inside the band between LUMO and
HOMO of the blend matrix, the decrease in the band-
gaps value was linked to the complex development of
charge transfer [33], which made the energy neces-
sary for the electron transfer less. This effectively
implies that the chains of GO/TiO, and Cs/PVA are
miscible. Additionally, it occurs primarily as a result
of the interaction between GO/TiO, and Cs/PVA,
which enhances electron delocalization along Cs/
PVA chains. Therefore, for the composites with
increasing percentages of GO/TiO, which have been
found here, an increasing trend in electrical conduc-
tivity is expected. The increase of the energy gap
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value at Blend/5%GO/8%TiO, nanocomposite was
observed compared with the Blend/5%GO/5%TiO,
nanocomposite film due to the increase of the degree
of the polymer sample structural ordering. Matching
to the XRD results, the energy gap value at Blend/
5%G0O/5%TiO, was found to be lower than the val-
ues of other concentrations. The exponential rela-
tionship between the photon energy (hv) and
absorption coefficient a(v) close to the absorption
edge (Urbach relationship), which is utilized to cal-
culate the localized states width (Urbach energy), is
employed by Eq. 3 [34]:

o = orpe"/EW), (3)

Following the completion of the linear fitting (1/
slope), as shown in Fig. 7, the Eu value for each
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Fig. 4 FTIR spectra of Cs/PVA blend and the Cs/PVA-GO/TiO,
nanocomposites films

sample is recorded in Table 1. Eu increased from
0.31477 eV for Cs/PVA to 0.90355 eV for blend-
5%G0O/5%TiO,. The transition band gap changes
with these values in an inverse manner. We can
interpret this outcome as a result of the GO/TiO, NPs
inclusion, which led to structural alterations in the
blend matrix and changed the disorder of the Cs/
PVA blend chains [35]. The addition of GO/TiO, NPs
caused the Cs/PVA chains defects, which led to the
change in Eu. Particularly, the redistribution to the
band states caused by the GO/TiO, nanoparticles
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Fig. 5 UV—Vis absorption spectra of pure blend and the blend—
GO/TiO, nanocomposites

results in more tail-to-tail transitions and a modifi-
cation in the band gap [30].

3.4 Electrical properties
3.4.1 AC conductivity

Figure 8 illustrates the AC electrical conductivity of
pure blend and blend doped with various concen-
trations of GO/TiO, nanoparticles at different fre-
quencies. The figure shows that at all frequencies
tested, the AC conductivity of the nanocomposites
films progressively improves with the addition of
GO/TiO, nanoparticles up to a 5%GO/5%TiO, wt.%
loading. The conductivity is found to diminish after
this loading. The creation of the charge-transfer
complex [36] and a decline in the crystallinity per-
centage of the Cs/PVA polymer blend sample were
both suggested as the causes of the large increase in
conductivity that occur with the inclusion of GO/
TiO, NPs in the nanocomposites [37]. Additionally,
as the filler content rises, the compactness rises as
well, linking the conductive phases via filler network
creation. A combination of these conductive connec-
tions and a higher chance of charge carriers hopping
result in improved conductivity [38]. The shorter
conductive paths may be to blame for the slower
enhancement of conductivity in the higher frequency
band [38]. According to Shuhaimi et al. [39]. the rise
in ionic conductivity of the MC-PVA:NH,/NOj; poly-
mer electrolytes, with an increase in the AC
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conductivity of the nanocomposites, increases stea-
dily with the addition of filler content, which is
connected to the rise in the number density of mobile
charge carriers. Filler characteristics like filler aggre-
gation propensity and surface area, and filler con-
ductivity, filler dispersion in the polymer, size, and
shape of fillers have a considerable impact on the
conductivity of polymeric systems. A homogeneous
distribution of nanoparticles in the polymer blend
matrix may be ensured at lower filler particle load-
ings, and these results in a conductive network
topology [40]. The agglomeration of nanoparticles,
however, decreases the fillers effective surface area
with greater loadings of nanoparticles [41]. Because
of this, the interfacial area is less, which lowers con-
ductivity [42].
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Fig. 8 AC conductivity for pure blend and the blend—GO/TiO,
nanocomposites at room temperature

3.4.2 Dielectric constant

The dielectric characteristic can be utilized as a sign
to establish that raise in number of free mobile ions or
charge carriers is what is causing the conductivity to
increase. For the pure mix and the nanocomposites
films, the dielectric constant (real ¢’ and imaginary &”)
values are determined as follows [43]:

Ct
!
= 4
= @)
n_ 0
¢ e’ (5)
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where g, is the permittivity of empty space and C is
the measured capacitance in parallel mode. Figure 9
shows the €' and €” of a Cs/PVA blend with various
GO/TiO;, nanoparticle concentrations at room tem-
perature. The dielectric response is greatest at the
lowest frequency, tends to drop, and then becomes
constant as the frequency rises, while the conductiv-
ity rises. The filling of voids may be the reason why
the magnitude of the dielectric constant at low fre-
quency is increased with the quantity of GO/TiO,
nanoparticles. The conductive phase of the polymer
matrix started to join and form the conductive net-
work where the dielectric constant increased sud-
denly as the GO/TiO, content rose. Due to the
electrical relaxation phenomenon, a drop in the & and

¢” is observed as the applied frequency rises [44].
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Fig. 9 Dielectric plots € and &” of pure blend and the blend—GO/
TiO, nanocomposites at room temperature
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Molecules and dipoles have enough time at low fre-
quencies to align themselves with the applied field,
leading to a high value for the dielectric constant. The
dependency of the dielectric constant on the amount
of nanofiller, however, tends to be lessened at high
frequencies because the dipoles and molecules can-
not keep up with the change in electrical field fre-
quency. All polymer composites with conducting or
semiconducting additives exhibit this behavior by
nature. The interfacial polarization, which mostly
results from the passage of charge carriers from one
end to the other end, is the primary cause of the
higher conductivity of nanocomposites. As a result,
the interfaces experience a differential charge accu-
mulation [45]. The local electron displacement causes
greater polarization in the combined nanocomposites
due to interfacial interactions. This indicates that the
polarization created in the polymeric matrices by the
application of an electric field is directly proportional
to the dielectric values. It is also obvious from Fig. 9
that the ¢ and ¢” decreased at blend/ 5%GO/8%TiO,
compared with that of the blend/5% GO/5% TiO,,
this may be due to the heterogeneous distribution of
GO and TiO, which allows the charge carriers to get
trapped against the defect sites.

3.4.3 Argand plot or complex modulus study

Additionally, the relaxation process in polymer
nanocomposites is generated by conductivity of ionic
and is represented by the Argand plot. The following
equations can be utilized to express the electric
modulus M [22]:

M* =1/ =M +iM". (6)

The dielectric modulus real and imaginary com-
ponents are determined by using Eqs. 7 and 8.

M/ — 8//8,2 + 8”2, (7)
M// _ 8”/8/2 + 8//2, (8)

where M’ is the electrical modulus real part and M” is
its imaginary part. In Fig. 10, the Argand plot for
polymer nanocomposites is depicted between M’ and
M” at room temperature. The polymer generally
deviates from its semicircular shape and displays a
dispersion of relaxation time. The observed incom-
plete semicircle curves in this image demonstrate
non-Debye nature. Numerous types of polarization,
the relaxation mechanism, and numerous
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Fig. 10 Complex modulus plot for pure blend and the blend—GO/
TiO, nanocomposites at room temperature

interactions between the ions and the dipoles all
contribute to the non-Debye behavior [46]. It is
widely known that the conductivity of polymer
nanocomposites is closely related to the arcs radius
[47]. When the concentration of nanoparticles in
polymer nanocomposites increases, the radius of the
arc decreases, indicating an increase in conductivity
[48]. In Fig. 10, it is clear that as the content of GO/
TiO, NPs in the polymer nanocomposites increases,
the length of the arc shortens, indicating an increase
in conductivity. This work further confirms that the
polymer nanocomposites with 5% GO/5%TiO,
nanoparticles added achieve a greater conductivity
than other compositions.

4 Conclusion

The solution-casting process was used to create pure
Cs/PVA, Cs/PVA-5%GO, and varied (2, 5, 8) wt.%
TiOx-filled Cs/PVA-5%GO polymeric nanocompos-
ites. The optical, conductivity, and dielectric proper-
ties with combined FTIR/DFT of the films were
investigated. According to XRD results, the virgin
Cs/PVA blend with GO/TiO, NPs added increases
the amount of amorphous domains in polymer
nanocomposites films. The interaction between Cs
and PVA was confirmed by DFT calculations as well
as FTIR experimental spectrum. The hydrogen bonds
between the NH, group in Cs and the OH group in
PVA result in a connection within the polymer mix-
ture. This interaction suggests that the mixture is
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compatible and miscible within the Cs/PVA mixture.
Due to changes in the matrix disorder of the poly-
mers, the predicted Eg values of all samples
decreased as GO/TiO, content rose. The addition of
GO/TiO; results in an increase in the Urbach energy
(Eu) of the PNCs, which is correlated for a significant
number of potential tail-to-tail transitions. With
increased GO/TiO, doping in Cs/PVA nanocom-
posite films at room temperature, the ionic conduc-
tivity is improved. The Cs/PVA nanocomposites
with 5%GO/5%TiO, doping exhibit good optical
characteristics and high conductivity among the
produced samples. The Maxwell-Wagner model,
which accounts for the polarization of dipoles or
charges, predicts a drop in the dielectric constant and
a corresponding increase in dielectric loss with fre-
quency. According to measurements of the dielectric
properties, adding GO/TiO; to the Cs/PVA matrix
makes it easier to optimize the dielectric qualities. In
order to be used in electronic applications such as
separators in batteries, storage devices, and thermo-
electric devices, the current polymer nanocomposites
had to meet the necessary optical, conductivity, and
dielectric properties. This merits additional study.
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