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Abstract
Objectives: Synthesis of hybrid nanoparticles (NPs) and intercalation of as
preparedNPs inside polymermatrix to fabricate polymer nanocomposites (NC)
and evaluate the optoelectronic properties.Method: A simple, time consuming
solution combustion method was used to synthesize silver doped gallium
oxide (AgGaO2) NPs. The solution casting process was employed to prepare
NC films of poly(vinyl alcohol) (PVA) with the inclusion of AgGaO2 NPs as
nanofiller. Finding: The analytical technique such as Fourier transform infrared
spectroscopy, X-ray diffraction, scanning electron microscopy and differential
scanning calorimetry analyses were used to analyze the PVA/AgGaO2NC
films. The findings of various characterization approaches showed that the
morphological, structural and thermal characteristics of PVA/AgGaO2NC films
had improved, as well as confirms the existence of AgGaO2 NPs in the PVA
matrix. Furthermore, the dielectric characteristics of the PVA/AgGaO2NC films
were studied using an LCR meter at various frequencies (50 Hz–1 MHz). With
intercalating four different wt% of AgGaO2 NPs content as 0.5, 1, 2 and 4 wt%
the dielectric constant and dielectric loss of NC films with 4 wt % AgGaO2NPs
incorporated were 112.1 and 51.5 respectively. Novelty: This improvement
in dielectric characteristics revealed the uniform distribution and effective
interaction of AgGaO2 NPs with the active site of PVA chains. The preceding
findings demonstrated that the obtained PVA NCs were promising materials
for flexible energy storage and UV-shielding applications.
Keywords: Hybrid metal oxides; Dielectric constant and dielectric loss; AC
conductivity; Optical energy band gap
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1 Introduction
The PNCs have received a lot of interest because of the unusual characteristics that these materials may achieve demonstration
great potential applications in the arenas such as energy storage and optoelectronic applications. Polymers can be used as ideal
hostmatrixmaterials for nanoparticles (NPs) that have exceptional characteristics. In general, adding nanofillers to the polymer
matrix modifies the characteristics of the polymer (1–3). The characteristics of polymer nanocomposites (PNCs) are commonly
determined by the particle size, concentration, shape, and dispersion technique of the nanofillers (4,5). The NPs significantly
improve the characteristics of PNCs when compared to pure polymers due to their high surface-to-volume ratio (2). Poly(vinyl
alcohol) (PVA) has been widely utilized as a host polymer for various types of nanofillers among several synthetic polymers.
Owed to its simple processability, biocompatibility, great film-forming character, hydrophilicity, excellent chemical resistance,
relatively low cost, better aqueous solubility, transmittance, non-toxicity, noncorrosive nature, biodegradability and accessibility
with different molecular weights (6). PVA has high dielectric strength, great charge storage capacity, outstanding mechanical
stability, environmental, thermal and chemically stable. PVA has found widespread usage in a variety of applications, including
artificial biological devices, electrical devices, a medicinal field for drug delivery systems, textile applications, optoelectronic
devices, packaging, layer coating, and filtration applications (7,8). Moreover, PVAmade with a backbone of carbon that contains
-OH groups, which can serve as a source of hydrogen bonding contact with the nanofiller and facilitate the production
of PVA-based NC. Because of these various benefits, PVA was chosen as the matrix material in the current investigation.
PVA was filled with a variety of fillers to improve or change its dielectric (9), optical (10), mechanical (11), and membranes for
separation characteristics (12). AgGaO2 is a broad bandgap semiconductor with bandgap energy of around 1.9 to 2.3 eV at
room temperature, whereas Ga2O3 has a band gap of ∼4.9 eV (13) which is very high when compare to silver doped. AgGaO2
possesses several good physicochemical characteristics and has prospective applications in a variety of technological fields,
including optoelectronics and electroluminescence (14). AgGaO2 is also used in a variety of other applications (13). In addition,
AgGaO2 NPs were utilized as nanofillers in the production of PNCs. Many techniques exist for producing metal-oxide NPs,
includingmechanochemical (15), co-precipitationmethod (16), microwave hydrothermal (17), microwave aided solvothermal (18),
sol-gel (19), and chemical precipitation (20). Many of these approaches entail the use of hazardous chemicals, energy and time
consuming also are not cost-effective. As a result, these techniques are unsuitable for industrial-scale NP synthesis. Several
researchers have used microbes to produce various metal nanoparticles in order to meet the increasing need for eco-friendly
nanoparticles (21). Agriculture scrap (waste) extracts and plants have recently been used as a reducing agent in the NPs synthesis
methods (22), although their potential for the production of metal oxides have to be thoroughly investigated so far because they
are time-consuming and scale up the process is highly difficult. Solution combustion synthesis (23,24) is a flexible, simple, and
fast technique that enables the efficient synthesis of a wide range of nanomaterials. This method comprises a self-sustaining
reaction in a homogenous solution containing several fuel and oxidizers. This method of synthesis enables molecular level
mixing, high degree of consistency and due to fast reaction time lower the crystallization temperature and it is simple to
regulate the crystallite size and stoichiometric ratios (25). The solution combustion synthesis approach is a low-temperature
process that produces oxides by a distinctive mechanism using a self-ignited exothermic redox reaction. In the present work,
the host polymer was an eco-friendly, water-soluble polymer called PVA, and chromium oxide nanoparticles were distributed
in the polymermatrix as fillers.The PVA/AgGaO2 nanocomposite films were created using the solution casting technique, with
AgGaO2 NPs loading ranging from 0.5 to 4wt% in the PVA matrix. To explore the influence of AgGaO2 NPs on structural,
morphological, and thermal characteristics NC films were studied using several analytical methods such as FTIR, XRD, SEM,
and DSC. The dielectric characteristics of PVA/AgGaO2 NC films were also investigated.

2 Experimental details

2.1 Materials

Silver nitrate [AgNO3], Gallium nitrate (Ga(NO3)3), High molecular weight of PVA powder (85,000–124,000 g/mol) and
glycine were procured from the supplier Sd-Fine chemicals Pvt. Ltd., India. In the entire synthesis procedure, double distilled
water was the solvent in the entire experiments.

2.2 Preparation of AgGaO2 NPs

The solution combustion method was used to prepare nano-sized AgGaO2
(26). The measured quantities of AgNO3 and

Ga(NO3)3was used as an oxidant were taken in stoichiometric ratios of 1:4 respectively and dissolved in dist. H2O with
continuously magnetically stirred for 30 minutes. The separate solutions were then combined for roughly 1 hour with constant
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stirring, and the pH was corrected to 9.5 using 0.1 N NaOH solutions. Drop by drop, glycine (fuel) was added to the
aforementioned reaction mixture, and the entire solution (the molar ratio of oxidant to fuel was 1:2) was maintained with
steady stirring. After 30 min stirring was continued at 90 ◦C for 2 hours with continuous stirring, yielding darkish gel material.
To make a fine powder, the mixture was heating until it combusted. Finally, the AgGaO2 NPs were produced by calcining the
resulting dark greyish powder at 650–800 ◦C for 2 hours.

The following is a hypothetical chemical reaction:

9AgNO3 +9GaNO3 +20C2H5NO2 → 9AgGaO2 +40CO2 ↑+50H2O+28 N2

2.3 Preparation of PVA/AgGaO2 nanocomposite films

The pristine PVA and PVA/AgGaO2NC films with different AgGaO2 NP loadings (0–4 wt%) were made using the solution
casting process. By keeping the PVA was dissolved in dist. H2O at 60 ◦C for 3 to 4 hours on a magnetic hot plate stirrer with
constant stirring. Simultaneously, the AgGaO2 NPs were well dispersed using an ultra-sonicator in dist.H2O for 30 minutes
at room temperature before being mixed with the PVA solution. After completely dissolve with clear PVA solution was then
integrated the dispersedNPs slowly and agitated consistently at room temperature.This intricate solution was agitated for about
2 hours, and sonicated for 20 minutes for better dispersion before being placed into a Teflon-lined mould and dried at 60 ◦C
in hot air oven for 4 hours. The PVA/AgGaO2 nanocomposite films that resulted were peeled from the mould and stored in
vacuum desiccators before being used for additional characterizations.

2.4 Characterizations

The interaction between the integrated components in NC was evaluated by Fourier-transform infrared (FTIR) spectroscopy,
JASCO 4100 spectrometer, Japan.The filmswere scanned over the wave number range 500–4000cm−1. X-ray diffraction (XRD)
analysis of pristine AgGaO2NPs and PNC films was recorded by PROTO AXRDBenchtop powder XRD, Japan, with Cu–Kα
radiation(λ = 0.154 nm) source, operated at 40 kV and 40 mA in the 2θ range 10–70◦ at the scan speed of 0.05°/sec. The
morphological behaviors such as structure, topology and roughness of prepared AgGaO2and NCs have been recorded by
scanning electron microscope (SEM), JEOL-IT300LV, Japan. The dielectric property and AC conductivity of NC films have
been measured by Hioki LCRMeter (ACmeasurement), Model 3532-50, Switzerland.The dialectical studies have been carried
out in the frequency range of 50Hz–5MHz at room temperature. Both the surface of filmswere circularly coatedwith silver paste
and fixed between the electrodes which have a diameter of 1cm. The thermal characteristics of the NCs have been evaluated
using differential scanning calorimetry (DSC), TA Q200, USA.The weight of the sample around 6 mg was scanned at a heating
rate of 10◦C/min in the temperature range 40–240 ◦C under nitrogen gas purge. The photonic absorption and transmission
characteristics have been established by UV–Visible spectrophotometer, Shimadzu-1800, Japan in the wave length range 200–
850 nm.

3 Results and discussions

3.1 FTIR spectroscopy

Figure 1 shows the FTIR spectra of pure PVA and PVA/AgGaO2 nanocomposite films. Spectra show the broadband FTIR
spectra of PVA film, which is due to –OH stretching vibration at 3376 cm-1. The stretching vibration of the C–H alkyl group
causes the band at 2932 cm-1. The peak at 1729 cm-1 corresponds to the stretching of the PVA acetate group’s C=O bond. CH2
symmetric bending is responsible for the band at 1426 cm-1. C–H wagging vibrations could explain the peak at 1372 cm-1. The
skeletal vibration of PVA corresponds to the peak at 840 cm-1 (27).The PVA/AgGaO2 nanocomposite films showed similar peaks
at 577 and 623 cm-1 were also appeared, which could be attributed to the stretching vibration of metal-oxygen bond (Al-O).
The dipole–dipole interactions between positive charges of Al and Ag NPs and –OH groups of PVA chains may be responsible
for the decrease in stretching vibration intensities (28). Thus, the FTIR data indicate that AgGaO2 NPs have been successfully
integrated into the PVA matrix, and that PVA and AgGaO2 NPs have great compatibility, allowing for the development of
homogenous PVA/AgGaO2 nanocomposites.
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Fig 1. FTIR spectra of pure PVA and PVA/AgGaO2 nanocomposites

3.2 X-ray diffraction analysis

The XRD method was used to investigate the structural identification, quality, and crystallinity of nanocomposite materials.
Figure 2a depicts the XRD pattern of AgGaO2 NPs. AgGaO2 nanocrystals have planes at 2θ in 16◦, 21◦, 28◦, 35◦, 38◦, 44.3◦,
64.5◦, and 77.4◦ correspond to lattice planes of (003), (202), (006), (012), (111), (200), (220) and (331) respectively (29). The
average crystallite size (Dp) of the AgGaO2 NPs was estimated using Scherrer’s formula Dp = (Kλ )/(βCosθ ) Where, β = full
width at half maximum in radians, θ = Bragg angle, λ = wavelength of incident X-Ray beam and is the constant (k = 0.9).
Then the average size was found to be around 24.14 nm. Figure 2b depicts the XRD patterns of pure PVA and PVA/AgGaO2
nanocomposite films loaded with varying weight percentages of AgGaO2 NPs (0–4wt%). The XRD pattern of pure PVA film
depicts the semi-crystalline structure of the PVAmatrix is demonstrated by the peak at 2θ = 19.9◦ matching to (101) plane (30).
The very low intensed peak at 2θ 38◦ corresponding to AgGaO2 NPs appeared in the PVA/AgGaO2 nanocomposites, which
might be attributed to NPs gets intercalated inside polymer chains and also very less quantity of NPs in the nanocomposites.
The intercalation of the AgGaO2 NPs in the PVA matrix caused a decrease in intensity and moreover small shift in the
diffraction peaks of all the PVA/AgGaO2 nanocomposites. The crystallinity of PVA was observed to decrease as the AgGaO2
NPs concentration increased.

Fig 2. XRD diffractograms of(a) pure AgGaO2 NPs, (b) pure PVA and PVA/AgGaO2 nanocomposites
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3.3 Surface morphology

Themorphological structure, surface analysis, and influence of dispersion of AgGaO2 NPs in the PVAmatrix were investigated
using SEM. Figure 3 shows SEM micrographs of pure AgGaO2 NPs and PVA/AgGaO2 nanocomposite films. The solution
combustion approach produced crystalline grains and well-structured AgGaO2 NPs, as shown in Figure 3a. SEMmicrographs
of PVA/AgGaO2 nanocomposite films are shown in Figure 3b-f. The PVA/AgGaO2 nanocomposites surface was found to be
relatively rough.The degree of agglomeration was found at increasing with increasing loading levels of AgGaO2 NPs in the PVA
matrix.This indicates that AgGaO2 NPdispersion in the PVAmatrix was reasonably homogeneous, indicating strong adhesion,
interfacial contact, and compatibility between AgGaO2 NPs and the PVA matrix.

Fig 3. SEM photomicrographs of (a) AgGaO2, (b) pure PVA and PVA/AgGaO2 nanocomposites of (c)0.5, (d) 1, (e) 2 and (f) 4 wt% loaded

3.4 Thermal analysis

DSC thermograms were used to evaluate the thermal properties of PVA/AgGaO2nanocomposite films in order to determine
phase transitions such as glass transition (Tg) and melting (Tm) temperatures. Tg denotes the amorphous phase, while Tm
denotes the crystalline properties of PVA.The DSC thermograms of PVA and PVA integrated with 0.5, 1, 2 and 4wt% AgGaO2
are shown in Figure 4. Pure PVA thermograms show Tm and Tg at 192 and 74 degrees Celsius, respectively. As normal, the
hydrophilic character of PVA indicated by the large and deep endothermic peak between 100–140◦C, to the release of water
molecules whose adsorption between the segments of PVA, was absent because the analysis done by the method heat cool heat.
Furthermore, the thermograms of PVA/AgGaO2 with varying concentrations of AgGaO2 showedmodifications in the thermal
characteristics of nanocomposite films. Tg for all nanocomposite films was reduced from 74◦C to 72, 71, and 70◦C, whereas Tm
changed from 192 to 180◦C.The ability of crystalline re-ordering of polymer chains was limited by interactions between metal
oxides and –OH groups of PVA chains and the larger metaloxide NPs (31). This occurrence implies that the nanofillers have
a negative impact on the crystallinity of the PVA matrix, increasing the amorphous component of the nanocomposite films,
making them more flexible. A similar observation has been made elsewhere (32).
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Fig 4.DSC thermograms of pure PVA and PVA/AgGaO2 nanocomposites.

3.5 Electrical properties

The capacity of a substance to retain electrical charges may be assessed via dielectric measurements. Figure 5a shows dielectric
constant (ε ’) graphs of PVA and PVA/AgGaO2 nanocomposite films across a frequency range of 50 Hz to 5MHz. It can be
said that the dispersion of AgGaO2 NPs in the PVAmatrix results in an increased dielectric constant as well as better electrical
characteristics, most likely due to the significant contribution from interfacial polarisation caused by the build-up of trapped
charges at the interface (33). Due to the deposition of space charges at the interfaces, the enhancement in dielectric constant could
be produced by the condensed pinning effect of defects on the domain wall motion. As a result, a low excitation electric field
can only induce domain wall movement, and the dielectric constant is virtually unaffected by the electric field. Furthermore,
these findings confirmed that the composite interfaces have a key role in improving the dielectric characteristics. Furthermore,
interfacial polarisation demonstrates that NPs are distributed uniformly throughout the polymer matrix (34). As a result, an
increase in the dielectric constant greatly promotes the improvement in AgGaO2 NP dispersion inside the PVAmatrix. Because
of differences in interactions among composite components and complexation among them, heterogeneous changes in the
dielectric constant were observed when the AgGaO2 content increased. Furthermore, it was found that the dielectric constant
values are only high at lower frequencies, possibly due to the presence of interfacial polarisation. Interfacial polarisation can
only exist at low frequencies, and as frequency increases, it decreases (35). The polar molecule rotational motion of the material
may not be fast enough to achieve equilibrium with an applied electric field when the frequencies are high (36). When a result,
as the frequency rises, the dielectric constant decreases. Another important feature of dielectric materials is dielectric loss,
which is used to assess how much heat energy is dissipated in that material. Figure 5b shows the dielectric loss (ε”) plots of the
PVA/AgGaO2 nanocomposite films. Higher dielectric loss values were observed at lower frequencies, which could be related
to the Maxwell–Wagner effect resulting from charge carrier immigration at the interface or sensitive mobile ionic impurities
and polar radicals with dipole moments (37). The ε” values are low at higher frequencies, which can be attributed to orientation
polarisation,which occurswhen the polymer chainmotion cannot continue inside the phase of a quicklymoving applied electric
field (37). Furthermore, as the amount of AgGaO2 NPs in the PVAmatrix increased, the dielectric loss increased. In general, the
addition of nanofillers increases the charge carriers of a system, resulting in an increase in the ε” of a nanocomposite material.
The highest nanofiller concentration resulted in the most effective contact between nanofiller and polymer matrix, resulting
in enhanced interfacial or space charge polarisation and hence a higher value of ε”. The values of ε ’ and ε” of PVA/AgGaO2
nanocomposite films are summarised in Table 1.
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Fig 5.Dielectric constant (a) and dielectric loss (b) as a function of log frequency for pure PVA and PVA/AgGaO2 nanocomposites.

Table 1. Electrical characteristics of pure PVA and PVA/AgGaO2 NC films.
Samples ε ’ (logω at 6 Hz) ε” (logω at 6 Hz) σac(logω at 6 Hz)
Pure PVA 112.1 51.5 8.2×10-7

PVA+0.5% AgGaO2 89.8 37.9 1.3×10-6

PVA+1.0% AgGaO2 42.3 11.9 1.7×10-6

PVA+2.0% AgGaO2 33.2 8.1 2.4×10-6

PVA+4.0% AgGaO2 6.2 1.5 2.9×10-6

Figure 6 shows the AC conductivity (σac) of PVA/AgGaO2 as a function of frequency at room temperature. The frequency-
dependent conductivity graphs executing two distinguish plateau at low frequencies and at higher frequencies. All NCfilms have
lower ac values at lower frequencies (log 5–13Hz), and the frequency response ofσac is minimal. It’s due to interfacial resistance
and the electrode polarisation effect, in which the tendency for charges to accumulate at the electrode-electrolyte interface leads
to a decrease in the number of mobile ions and, as a result, a decrease in ionic conductivity (38). The σac is particularly sensitive
and exhibits greater values at higher frequencies, known as hopping frequencies, and attained its ideal value at log 21 Hz, due
to long-range movement of charge carriers reaction to applied electric field, and the NC films demonstrate a bulk relaxation
phenomenon (39). Due to an increase in ion route shown in the PVAmatrix, which deliversmore charge carriers in NC films, the
inclusion of AgGaO2 NPs results in the maximum ionic conductivity (40). In addition, the reduction in the crystallinity of base
polymer is credited with the improvement in conductivity. As a result, the great amplitude of the polymer segmental motion
aids ionic transport across the PVA/AgGaO2films matrix (41).

Fig 6. AC Conductivity plot as a function of log frequency of pure PVA and PVA/AgGaO2 nanocomposites.
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3.6 Optical studies

3.6.1 Absorption and absorption coefficient
When a photon is absorbed by a material, the transition occurs in the band gap area. The absorption process is shown in plots
as an absorption edge, from which the optical band gap energies will be evaluated. The absorption characteristics of PVA and
its NC films are shown in Figure 7(a), different electronic transitions may occur in PVA. The absorption band at 230–250 nm
is due to an unsaturated C=O of left over acetate groups in the structure of PVA and C=C existing in the polymer chains tail
head (6). Pristine PVA has onemore absorption peak at 260–320 nm, which is noticeable, n→π*inter band transitions of oxygen
atoms free electrons in polymer chains are ascribed to these peaks (42). Figure 7(a) shows that with increasing AgGaO2 content
in NC films, both the absorption bands are somewhat merged, accompanied with an upsurge the intensity of absorption peaks.
The influence of AgGaO2 contents is revealed by a considerable change in the absorbance profile and a redshift in the UV
frequency band. After 450 nm, there is a broad noticeable band on the absorption spectra of higher concentration loading NC
films; this may be attributed to the silver particles present in the AgGaO2NPs. Where the absorption was lowered and come
to be constant at higher wavelengths due to the lower energy of incident light. The absorption coefficient (α), which can be
evaluated using absorbance (A) using Beer Lambert’s law (α = (2.303/d)*A), is an important parameter to describe the nature
of the optical transition of the NC films. Figure 7(b) shows plots of α versus photon energy (hυ) for PVA/AgGaO2NC films
with varied quantities of NP. With increasing NP concentration, the absorption edge for PVA/AgGaO2was shown to increase.
This is due to the NPs intercalated were active and get absorb the photon energy also the increased degree of amorphous nature
of PVA/AgGaO2 as a result the mobility of polymer chain increases and polar groups become active.The absorption coefficient
is the rate at which light intensity decreases compared to its propagation path. It’s a property of a material that determines how
much light it absorbs.

Fig 7. (a) Absorbance as a function of wavelength and (b) absorption coefficient as a function of photon energy for pure PVA and
PVA/AgGaO2 nanocomposites.

3.6.2 Tauc’s Plots
Figure 8 (a,b), shows plots of direct and indirect band gap energy that were plotted against photon energy and in Table 2 the
resulting values were tabulated.The direct band gap energy of PVA is 4.82 eV, while doped PVA films have values ranging from
3.64 to 2.73 eV. It was revealed that as the AgGaO2 content increases, band gap energy drops, possibly due to formation of
charge-transfer complex and an increase in the degree of disorder. As the amorphous character of NC films increases, it leads
to an increase of mobile charge carriers (43). The results found from XRD profiles backs up these findings.

Fig 8. (a) Direct and (b) Indirect Tauc’s plots as a function of photon energy for pristine PVA and PVA/AgGaO2 nanocomposites.
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3.6.3 Refractive index and optical conductivity
Optical properties like refractive index (n) and optical conductivity (opt) are critical when choosing materials for a certain
optoelectronic application. The Figure 9 shows the n of PVA/AgGaO2 NC films plotted against wavelength. Using eq. (1), then
maybe calculated using the reflectance (R) and optical extinction values as follows:

n =
1+

√
R

1−
√

K

Where K is the extinction coefficient, the optimum values of n for pure PVA, which reveals where the polymer absorbs incident
light at absorptionmaxima of 232 and 280 nm, can be seen at lower wavelengths.Then, when the wavelength increases up to 600
nm, the n values decrease, and as the wavelength increases further, there are no substantial changes, and n tends to be constant.
Table 2 summarises the n values observed for all NC films. Furthermore, as the amount of AgGaO2 in the NC films increases,
then increases dramatically. It could be associated with increases in the polarizability of NC films, where n corresponds to
the polarisation of molecules generated by electromagnetic fields (44). Polarized molecules will interact with incident light, and
these molecules will have a greater tendency to decrease the speed of light passing through the PVA chains. The existence of
AgGaO2NPs, there will be more electrons density and polarizable molecules, resulting in a higher n value according to the
Lorentz-Lorenz principle (45).

Theσopt can be calculated from the equationσopt=αnc/4π where,c is the velocity of light, n is the refractive index andα is the
absorption coefficient.σopt is a usefulmethod for determining the electronic states ofmaterials.The term ”optical conductivity”
refers to the conductivity those results from optical excitation without the electrostatic force (46). The σopt versus wavelength is
shown in Figure 9(b). When AgGaO2 was added to PVA, the optical conductivity of the PVA NC increased. The generation of
CTC between AgGaO2and PVA chains can be interpreted. As a result, the increase in optical conductivity of NC films caused
by the addition of AgGaO2 can be ascribed to an upsurge in charge carrier mobility, which varies depending on the AgGaO2
content. Higher photon energy enhances optical conductivity, which could be owing to electron excitation caused by absorbing
photon energy, as well as the high absorbance of NC films in that region (47). As a result of the decrease in the energy band gap
of PVA/AgGaO2NC films, the σopt increases from 9.1×109 to 2×1011S-1 as the EC concentration increases.

Fig 9. (a) Refractive index as a function of wavelength and (b) optical conductivity as a function of photon energy for pure PVA and
PVA/AgGaO2nanocomposites.

Table 2.Optical characteristics of pristine PVA and PVA/AgGaO2 NC films
Samples α (cm-1) (αhυ)2 (cm-1 eV)2 (αhυ)1/2 (cm-1 eV)1/2 n σopt×1010 (S-1)
Pure PVA 21.59 4.82 4.08 1.08 0.91
PVA+0.5% AgGaO2 43.29 3.64 3.23 1.37 1.70
PVA+1.0% AgGaO2 66.57 3.28 2.61 1.69 2.30
PVA+2.0% AgGaO2 98.46 2.98 2.06 2.13 6.78
PVA+4.0% AgGaO2 162.30 2.73 1.51 2.51 20.08
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4 Conclusions
AgGaO2 NPs were prepared to employ a time and energy-consuming simple technique with self-igniting solution combustion
method. As-prepared AgGaO2 NP was successfully incorporated into a polymer chain utilizing a simple and environmental
friendly solution casting process to fabrication of PVA/AgGaO2 nanocomposite films. XRD, FTIR, SEM, and DSC methods
were used to examine the thermal, morphological, and structural properties of these nanocomposites.TheAgGaO2 NPs and the
PVA matrix showed strong interactions and great compatibility in the XRD and FTIR measurements. The uniform dispersion
of AgGaO2 NPs inside the PVA matrix was confirmed by SEM investigations. The DSC results showed that PVA/AgGaO2
nanocomposites have decreased the crystallinity than pure PVA, which helps to increase the mobile charge carriers inside
polymer. Finally, better dielectric properties resulted from the uniform distribution and integration of AgGaO2 NPs within the
PVA matrix, which could be useful in energy storage devices.
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