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Abstract 

In the present work, gallium oxide nanoparticles (nGa2O3) are synthesized via the thermal 

microwave combustion method, while nanocomposites of polyvinyl alcohol (PVA) polymer 

with various concentrations of nGa2O3 (0, 1, 2, 3, 4, and 5 wt%) are prepared by the casting 

technique. The structural characterization of nGa2O3, PVA, and films of PVA-Ga2O3 

nanocomposites are studied using X-ray diffraction (XRD), High-resolution transmission 

electron microscopy (HRTEM), and Fourier-transform infrared spectroscopy. The HRTEM 

and XRD examinations showed that the prepared nGa2O3 has an average crystallite size of ~5.6 

nm and particle size of ~0.9 µm. On another side, the optical transmission spectra were 

performed in the spectral range 250 to 2500 nm at room temperature. The refractive index, 

absorption coefficient, and optical bandgap (Eg) were determined using the Wemple-

DiDomenico single oscillator model. It was shown that Eg slightly reduced from 3.61 to 3.55 

eV with increasing the Ga2O3 content to 3 wt%, while raised again up to 3.58 eV for 5 wt% 

Ga2O3. Other optical characteristics such as the optical density, extinction coefficient, 

refractive index, optical susceptibility, thermal emissivity, optical sheet resistance for the PVA-

Ga2O3 nanocomposites are investigated. The linear and nonlinear optical parameters together 

with their dependencies on the doping ratio reveals the qualification of PVA-Ga2O3 

nanocomposites for nonlinear optical applications. 
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1. Introduction 

One of the most exciting challenges in polymers science to the synthesis of polymer 

composites doped with nanomaterials of metals and semiconductors to improves their 

performance in industrial applications as sensors, light-emitting diodes, energy harvesting 

applications, etc. [1, 2, 3]. Polyvinyl alcohol (PVA) could be considered as a main applicable 

polymer in different filed of industry [4, 5, 6, 7]. The incorporation of nanoparticles within 

polymers attracts many researchers due to the change in the physicochemical properties of the 

produced polymer composites [8] [9]. The PVA doped with metals and metal oxide 

nanoparticles, as examples, benefits biological and industrial applications [10, 11]. For 

example, Ni and Co nanoparticles have been doped within PVA to be used for gas sensing 

applications [12]. Meanwhile, the composites of PVA that are doped with a carbon nanotube 

can be used in fuel cell applications amongst other applications [11]. Also, the doping of PVA 

by nano-titanium dioxide improves the mechanical and thermal properties of the PVA [13]. 

Similarly, the thermo-mechanical properties of the PVA are enhanced by blending with 

nanographene [14]. 

It generally observed the incorporation of the PVA with nanostructured materials, which 

is similar to other types of materials, affects the properties of the produced composites. To 

elaborate on that, the addition of nano-oxide materials to PVA caused degradation in PVA’s 

main chain [15]. The degradation in the PVA was attributed to the strong interaction between 

the incorporated and the host material. As well, the degradation in the PVA’s main chain 

produces a change in the intensity of IR absorption bands of the polymers which resulted in 

changes in its electrical and optical conductivities [13]. Meanwhile, adding nano-oxide 

elements as a dopant to the PVA films leads to a formation of a new carbonyl group C=O which 

plays an important role in the degradation of the PVA [16]. The optical conductivity of the 

PVA can be improved by blending the PVA with some metal oxides such as Fe2O3 and NiO to 

form the PVA composites [17]. 

Nanoparticles of Ga2O3 have significant structural and optical characterizations include 

long metastable state lifetime and high quantum efficiencies [18]. Accordingly, the Ga2O3 

nanoparticles can be used as white-light emitters, for water purification, and emits photons in 

the visible region during down and up-conversion mechanisms [19, 20, 21]. Also, the presence 

of Ga2O3 nanoparticles within the PVA main chain matrix affects the optical quality and 

improves electronic properties for the treated polymer. The electronic transitions for Ga2O3 

between 4f states are attributed to the absorption and emission of photons and characterized 
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with sharp lines relative to host material [15]. Accordingly, the doping of Ga2O3 nanoparticles 

within PVA's main chains could affect the structural parameters and hence the optical 

characterization. 

The present work is devoted to synthesizing Ga2O3, and various PVA-Ga2O3 

nanocomposites. Besides investigating the influence of Ga2O3 content on the structural 

parameters and optical properties of the PVA-Ga2O3 nanocomposites compared to the pure 

PVA. The study is carried out using various techniques such as the XRD, FTIR, HRTEM, and 

double beam spectrophotometer.  

 

2. Experimental details 

2.1 Preparation of nGa2O3  

The Ga2O3 nanoparticles (nGa2O3) are prepared by the thermal microwave combustion 

method, and more details available elsewhere [22]. Around 25 mL containing 0.2 M 

Ga(NO3)2⋅6H2O and 0.2 M Ga(NH2)2⋅6H2O is mixed in a round-bottom flask. The prepared 

product is put inside a microwave oven operating at 650 W (Nanjing Sanle General Electric 

Corporation, China) irradiated for 20 min. Finally, a fine powder with a bright green color of 

nGa2O3 is obtained. 

2.2 Preparation of PVA-Ga2O3 composites films  

PVA is purchased from Sigma-Aldrich Company. A clear solution of PVA is dissolved 

in 30 mL of triply distilled water at 80oC. An aqueous solution of nGa2O3 with various ratios 

(1, 2, 3, 4, and 5 wt%) is obtained by added the proper weight of nGa2O3 in 50 mL of triply 

distilled water at 80oC. Then, the required solutions of PVA and nGa2O3 are mixed in triply 

distilled water using a magnetic stirrer at 50oC. The formed solutions are cast into Petri dishes 

and dried in the drying oven at 60oC. The solution was kept at 35oC for seven days until the 

solvent was completely evaporated. The thickness of the obtained films of the polymer 

composites is measured using a micrometer and it was found in the order of 0.08 mm.  

2.2 Characterization of PVA-Ga2O3 composites films  

The Fourier-transform infrared (FTIR) spectroscopy is performed at 400-4000 cm-1 and 

has been used to check the internal chemical structures of pure PVA and PVA-Ga2O3 

nanocomposites. The collected X-ray diffraction (XRD) patterns are done by the X-ray 

diffractometer model Shimadzu lab X6100, Japan, under a current and voltage of 30 mA, 40 

kV, respectively, and Cu-Kα (λ= 0.15418 nm) with secondary monochromatic. The XRD 

measurements were recorded in the 2θ range of 10-80°, with a scanning step of 0.02° for 0.6 s, 

and the measurements were performed at room temperature. A high resolution-transmission 
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electron microscope (HRTEM) model JEOL JEM-2100 at the Institute of Petroleum Research, 

Nasser City, Cairo, Egypt, was used to investigate the nanostructure of the fabricated Ga2O3 

nanoparticles. The microscope includes a scanning image observation device to give bright and 

dark-field TEM images at 200 kV. The optical transmission and reflection of the investigated 

PVA-Ga2O3 films have been measured using a UV-VIS spectrophotometer model V-670 

JASCO in the wavelength range of 200-1100 nm at room temperature for the normal light 

incidence.  

 

3. Results and discussion 

3.1. Structural studies  

XRD was implemented to examine the crystal structure of the formed phase(s) in Ga2O3, 

PVA, and PVA-Ga2O3 composites since it is an essential method for the study of the order of 

crystallization and orientation. Figure 1 shows the XRD charts of Ga2O3 nanoparticles, PVA, 

and PVA-Ga2O3 nanocomposites with various ratios of Ga2O3. It clears from the chart of 

Ga2O3, that there are two peaks observed at 36.1° and 63.8° are detected, matched with the 

(311) and (440) crystal plane, respectively, and could be indexed to the PDF card 00-006-0527 

[23]. The average estimated crystallite size of Ga2O3 is closed to 7.26, and 4 nm corresponds 

to observed peaks at 2θ equals 36.1° and 63.8°, respectively. The XRD patterns of the PVA 

films, as well as PVA-Ga2O3 composite films, exhibit one characteristic peak at 19.5° besides 

a shoulder which is related to the semi-crystalline state of the PVA [24]. The observation of 

the semi-crystalline nature of the PVA-Ga2O3 composites is supported by the intramolecular 

and intermolecular hydrogen bonds. Molecules in the individual monomer unit or even in the 

various monomer units could create these types of bonds [25]. The absence of any peak 

characterizing the fcc crystal structure of Ga2O3 confirms the good dispersion of Ga2O3 inside 

the PVA matrix without any destroying or changing in the crystal structure of the PVA. The 

smaller ratios of doped Ga2O3 in the PVA matrix could be another reason for the absence of 

the characteristic peaks of the crystalline Ga2O3 in the XRD charts of PVA-Ga2O3 composites. 

Figure 2 shows the HRTEM of the prepared Ga2O3 samples. It generally observed the particle 

seems like a cuboid shape with dimensions of 47.98, 99.62, and 180.34 nm, and the average 

size is around 0.8 µm. Besides, there are other irregular shapes of the particles that are presented 

in the HRTEM image. 

The FTIR spectroscopy is used to determine the various kinds of interaction between 

PVA and Ga2O3 nanoparticles based on investigating their vibration modes [26]. The FTIR 

spectrum of PVA and PVA-Ga2O3 nanocomposites films are shown in Fig. 3. In the case of 
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pristine PVA film, the spectrum exhibits a broad peak between 3000 and 3600 cm-1 and 

attributed to the OH stretching vibration mode. The observation of the broad peak indicates the 

presence of many free OH groups. The position of the bottom of the OH transmission band for 

all PVA-Ga2O3 samples shifts to a higher frequency with the increase in Ga2O3 concentration. 

The bottom position of the OH band was found at 3291.5, 3292.16, 3293, 3293.8, and 3297.8 

cm-1 for pure PVA, and PVA-Ga2O3 contains 1, 2, 3, and 4 wt% of nGa2O3, respectively. This 

result demonstrates the reaction of Ga2O3 molecules with the OH groups in the PVA matrix. 

The complex formation between Ga2O3 molecules and PVA structure is expected. Therefore, 

hydrogen bonding formations play an important factor in that process. The band located at 

2919 cm-1 for all investigated samples corresponds to the asymmetric stretching vibration of 

the C-H bond. The spectrum band of the carbonyl groups C=O for PVA and nanocomposites 

contains 1, 2, 3, or 4 wt% of Ga2O3 was observed at 1725, 1720.62, 1719, 1718, 1717 cm-1 for 

the same order. Then, the bottom position of this band was found to be a shift toward lower 

frequency with the increase of the Ga2O3 within the PVA matrix. This refers to the interaction 

between Ga2O3 and the C=O of the PVA main chains. Consequently, the complex formation 

within all PVA-Ga2O3 samples can be expected. The bending and wagging of CH2 vibrations 

of all investigated samples are observed at 1424 cm-1 and 1373 cm-1, respectively. The C-O 

band of acetyl groups stretching vibrations is observed through different peaks from 1241 cm-

1 to 1089 cm-1 for various PVA-Ga2O3 samples. Also, the C-H wagging takes place at 944 cm-

1. Besides, the bands appear at 843 cm-1 correspondings to the out of planes vibration mode of 

CH for the PVA and PVA-Ga2O3 samples. In the case of embedded PVA samples, the two 

bands at 603 cm-1, and 417 cm-1 are correlated to the vibration mode of Ga-O [27, 28]. The 

FTIR analysis confirms the existence of some interactions between the Ga2O3 nanostructured 

and the functional groups of the PVA structure. 

3.2. Optical studies  

The optical properties of PVA and PVA-Ga2O3 nanocomposites films are evaluated by 

applying the Wemple-DiDomenico (WDD) model [29]. The optical transmittance (T) for the 

PVA and PVA-Ga2O3 samples are shown in Fig. 5.  From the figure, the pure PVA sample is 

highly transparent while the increase of Ga2O3 content reduces the transmission of the 

fabricated PVA-Ga2O3 films. This observation may be related to the change of the local 

configurations of Ga3+ ions, as reported by Zhao et al. [30]. Besides, for λ<320 nm, the 

transmittance is closed to zero for all the studied films. This phenomenon reveals the high 

absorption of incident photons at a shorter wavelength region. For a wavelength equals to 520, 
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710, and 980 nm, there are 3 peaks related to the scattering that may happen within the prepared 

composites films.  

The important features for understanding the optical absorption and the refractive index 

of materials to design various optoelectronic devices. The absorption coefficient (α) of pure 

PVA and PVA-Ga2O3 nanocomposites are calculated using the following equation [31]:  𝛼 = 1𝑥 ln(𝑇)                                                                      (1) 

where x is the sample thickness which is about 0.08 mm for all the investigated samples. Figure 

6 shows α as a function of hυ for pure PVA and PVA-Ga2O3 nanocomposites. The figure shows 

that the increase of Ga2O3 concentration in the PVA-Ga2O3 composite leads to an increase in 

the absorption of the incident light. The increase in absorption as increasing Ga2O3 content may 

be attributed to the high electronegativity of Ga+3 (~1.81 eV). Besides, α is slightly increased 

as the photon energy increase up to 3.7 eV, while it significantly increased for further increase 

in energy for all samples. The huge increase could be attributed to the transition of free carriers 

from the valence band to the conduction band. 

The optical energy for the bandgap is calculated using the following expression [32]: (𝛼ℎ𝜈)𝐴 = 𝑏(ℎ𝜐 − 𝐸𝑔)                                                                                       (2) 

where b is a constant called the band tailing parameter, Eg is the energy bandgap, and A is a 

constant that characterizes the transition process. For an allowed direct transition, A equals 2, 

while for indirect allowed transition equals ½. Figure 7a shows plots of (αhν)1/2 versus the 

photon energy (hυ) for pure PVA and PVA-Ga2O3 nanocomposite films. According to Eq. 2, 

the numerical value Eg can be estimated from the slope and the intercepts with the x-axis in 

Fig. 7a. The value of Eg is listed in Table 1 which are varied between 3.55 eV and  3.61 eV, 

which is in good agreement with the previously published works [33, 34]. It worth noting, the 

obtained values of Eg in the present study for PVA as well PVA composites less than what was 

found in literature and the difference could be attributed to the film’s thickness [35, 36]. It 

generally observed the value of Eg decreases as the film thickness increased [37, 38]. It is 

notified that Eg decreases from 3.61 eV to 3.55 eV as the Ga2O3 contents increased up to 3 

wt%, while increased again to 3.58 for PVA-Ga2O3 composite contain 5 wt% Ga2O3. The 

observation deceased in Eg could be attributed to a high electronegativity of Ga+3 which creates 

additional lone-pair electron energy, and the additional lone pair energies will increase the 

valance band and decrease the optical band gap within studied composites.  

In the lower absorption region, the values of α(λ) are obeyed to the Urbach relation and 

the Urbach energy or the Urbach tail width can be determined from [39]: 
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𝛼 = 𝛼0𝑒ℎ𝜈𝐸𝑒                                                                                                                                   (3) 

where 𝛼0 is a constant. The plots of ln(α) against hυ for the PVA-Ga2O3 composite are presented 

in Fig. 7b. The evaluated Ee for various samples is calculated from the inverse of the slope in 

Fig. 7b and is summarized in Table 1. The estimated value of Ee shows an opposite trend to the 

change of Eg and its values lie between 0.2 and 0.91 eV. The increase/decrease in Ee as Ga2O3 ratio 

changed can be attributed to the increase/decrease in the degree of disorder that leads to an 

increase/decrease of the band tailing, respectively. 

The optical density (OD) depends on T(λ), α(λ), and the thickness of the sample (d) and 

can be estimated from the following relations [40]:  𝑂𝐷 = − log10(𝑇(𝜆)) = 0.434 × 𝛼(𝜆) × 𝑑                                                                               (4) 

Fig. 8 represents the plot of OD against λ for the PVA-Ga2O3 nanocomposites samples 

estimated using Eq. 4. The drawn curves show a significant decrease in OD as λ increases for 

λ˂350 nm, meanwhile, its value remains constant for higher wavelength. Also, the values of 

OD increase with increasing the ratio of Ga2O3 up to 3 wt% and then decrease again for further 

increase in Ga2O3 content.  

Investigating the extinction coefficient (𝑘𝑒𝑥.) for the PVA-Ga2O3 nanocomposites is 

highly needed. Hence, the extinction coefficient 𝑘𝑒𝑥.(𝜆) can be determined from [41]: 𝑘𝑒𝑥. = 𝜀0 × 𝛼(𝜆) × 𝜆 = 𝛼(𝜆)×𝜆4𝜋                                                                                                    (5) 

The plots of 𝑘𝑒𝑥.(𝜆) versus λ of the incident electromagnetic waves for PVA-Ga2O3 

nanocomposites is illustrated in Fig. 9. It can be seen 𝑘𝑒𝑥.(𝜆) of the PVA-Ga2O3 

nanocomposites steadily increase with an increase of λ for λ ˃ 370 nm, while it significantly 

dropped for the rest values of performed λ. Besides, the value of 𝑘𝑒𝑥.(𝜆) increase with 

increasing the content of Ga2O3 in the PVA-Ga2O3 nanocomposites up to 3 wt%, while 

decreased again for further increase in Ga2O3 content.  

The values of static refractive index (𝑛0) can be determined from the estimated Eg using 

various empirical equations such as the Ravindra and Srivastava formula amongst others [42]: 𝑛0 = √108𝐸𝑔4
                                                                                                                                    (6) 

The above equation has been shown to hold fairly well for many semiconductors irrespective 

of their structure. The estimated values of 𝑛0 for the investigated PVA-Ga2O3 nanocomposites 

are summarized in Table 1. The evaluated 𝑛0 for all values of Eg using the Ravindra and 

Srivastava approach in between 2.339 and 2.349. The General observed a higher-bandgap 

material has a lower refractive index.  
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The estimated values of the refractive index can be used to estimate other optical 

parameters including dielectric constant (𝜀0), the linear susceptibility (χ(1)), third-order 

susceptibility (χ(3)), and nonlinear refractive index (n2) from the next equations, respectively 

[43] [44] [45]: 𝜀0 = 𝑛02                                                                                                                                          (7) 𝜒(1) = √𝜒(3)𝐵4
                                                                                                                                (8) 𝜒(3) = 𝐵16𝜋4 (𝑛02 − 1)4                                                                                                                  (9) 𝑛2 = 12𝜋𝑛𝑜 𝜒(3)                                                                                                                               (10) 

where B=1.7×10–10 for χ(3) in the electrostatic system of units (esu). The determined values of 

all these parameters for the PVA-Ga2O3 nanocomposites are listed in Table 2. The numerical 

value of 𝜀0 for PVA-Ga2O3 nanocomposites between 5.47 and 5.52 and their change behavior 

is similar to 𝑛0.   

In this section, we have discussed two important parameters that influence by λ or hν 

which can be deduced from the obtained optical parameters. The first one is the optical surface 

resistance (Rs) as a function of λ and given by [45]: 𝑅𝑠 = − 4𝜋𝑐 × 1𝑛×ln (𝑇)                                                                                                                   (11) 

where c is the speed of light in a vacuum, and n is the refractive index of the investigated 

material. Fig. 9 shows the plots of Rs versus λ for PVA-Ga2O3 nanocomposites irradiated for 

various doses. It is observed the trend of 𝑅𝑠 with λ is quite similar to the trend of T(λ). For 

example, Rs is almost constant for λ˂ 340 nm, then rapidly increased (more than 10 times) to 

remain constant again for the rest of λ. Besides, the change in 𝑅𝑠 reveals a reduction as the ratio 

of Ga2O3 increased up to 3 wt%, while increased again for a further increase in Ga2O3 content. 

Besides, there are few sharp peaks observed in Rs-λ curves at 511 nm (2.43 eV), 716 nm (1.73 

eV), and 991 nm (1.25 eV). It was surprising such observed oscillations nearly disappeared for 

PVA-3 wt% Ga2O3 nanocomposite. 

The second parameter is the thermal emissivity (𝜀𝑡ℎ) is attributed to the photonic irritation 

of electrons on the films’ surface and describes the relative ability of a material’s surface to 

emit radiation. The value of 𝜀𝑡ℎ can be obtained from Kirchhoff’s relation [45] [46]: 𝜀𝑡ℎ = 1 − 1[1+(2𝜀0𝑐×𝑅𝑠)]2                                                                                                             (12) 

Fig. 10 shows the dependence of 𝜀𝑡ℎ on λ for PVA-Ga2O3 nanocomposites. The spectra of 𝜀𝑡ℎ 

for the PVA-Ga2O3 nanocomposites were dependent on λ and the observed values of 𝜀𝑡ℎ are too 
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small (~10-9) compared to the blackbody (~1). It generally noted, the value 𝜀𝑡ℎ could be affected 

by temperature, measurement direction, etc. Therefore, the estimated value of 𝜀𝑡ℎ could be 

tuned by adjusting the measurement direction and temperature amongst other parameters. The 

behavior of 𝜀𝑡ℎ − 𝜆 for the investigated PVA-Ga2O3 nanocomposites is quite similar to the 

change in 𝑅𝑠 − 𝜆. 

 

4. Conclusion 

The structural and some optical constants and parameters of PVA-Ga2O3 nanocomposites were 

systematically investigated by various characterization techniques. The FTIR and the XRD 

analysis reveal a good dispersion of Ga2O3 in the PVA matrix. The optical bandgap decreased 

to 3.55 eV as the content increased up to 3 wt% Ga2O3 and then increased again for a further 

increase in Ga2O3 content. Similar optical parameters such as the optical density, extinction 

coefficient, the linear and nonlinear susceptibility, linear and nonlinear refractive index, the 

optical surface resistance, and thermal emissivity are determined and found to depend on both 

the photon wavelength and Ga2O3 content. There are two opposites trends around the PVA-3 

wt% Ga2O3 nanocomposites for all studied optical parameters and constants. The obtained 

results are of guidance meaning for the possibility of using such composites in various 

applications such as solar cells, light-emitting diodes, etc. 
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 Table 1: the indirect optical band gap (𝐸𝑔), Urbach energy (Ee), linear refractive index (𝑛𝑜), 

linear susceptibility (χ(1)), non-linear susceptibility (χ(3)) and nonlinear refractive (𝑛2) for PVA-

Ga2O3 nanocomposites. 

 

x (wt%) 0 1 2 3 4 5 𝑬𝒈𝒊𝒏𝒅 (eV) 3.61 3.59 3.57 3.55 3.57 3.58 

Ee (eV) 0.20 0.30 0.49 0.91 0.76 0.30 𝑛𝑜 2.339 2.342 2.345 2.349 2.345 2.344 𝜺𝟎 5.47 5.48 5.50 5.52 5.50 5.49 
χ(1)  (esu) 0.711 0.714 0.716 0.719 0.716 0.715 

χ(3)×10-11(esu) 4.35 4.41 4.46 4.54 4.46 4.44 𝑛2×10-10(esu) 7.02 7.10 7.18 7.28 7.18 7.15 
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Figure 1: The XRD charts for pure Ga2O3 nanoparticles, pure PVA, and PVA-Ga2O3 

nanocomposites. 

 

 

 

 

Figure 2: The TEM image for as-prepared Ga2O3 nanoparticles (scale bar 100 nm). 
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Figure 2: The FTIR spectrums for pure PVA and PVA-Ga2O3 nanocomposites. 

 

 

 

 

Figure 4: The absorbance spectra versus photon wavelength (λ) for pure PVA and PVA-Ga2O3 

nanocomposites. 
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Figure 5: The transmittance (T) spectra versus photon wavelength (λ) for pure PVA and PVA-

Ga2O3 nanocomposites. 

 

 

Figure 6: The absorption (α) spectra versus photon wavelength (λ) for pure PVA and PVA-

Ga2O3 nanocomposites. 
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Figure 7: plots of (a) (αhν)1/2, and (b) ln(α) versus photon energy (hν) for pure PVA and PVA-

Ga2O3 nanocomposites. 
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Figure 8: The optical density (OD) curves versus photon wavelength (λ) for pure PVA and 
PVA-Ga2O3 nanocomposites. 

 

 

Figure 9: The extension coefficient (𝑘𝑒𝑥) plots versus photon wavelength (λ) for pure PVA 
and PVA-Ga2O3 nanocomposites. 
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Fig. 10:  Dependence of the optical sheet resistance (Rs) on the wavelength (λ) for pure PVA 

and PVA-Ga2O3 nanocomposites. 

 

 

 

Fig. 11:  Dependence of the thermal emissivity (εth) on the wavelength (λ) for pure PVA and 

PVA-Ga2O3 nanocomposites. 
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Figure 1

The XRD charts for pure Ga2O3 nanoparticles, pure PVA, and PVA-Ga2O3 nanocomposites.

Figure 2

The TEM image for as-prepared Ga2O3 nanoparticles (scale bar 100 nm).



Figure 3

The FTIR spectrums for pure PVA and PVA-Ga2O3 nanocomposites.

Figure 4

The absorbance spectra versus photon wavelength (λ) for pure PVA and PVA-Ga2O3 nanocomposites.



Figure 5

The transmittance (T) spectra versus photon wavelength (λ) for pure PVA and PVA-Ga2O3
nanocomposites.

Figure 6

The absorption (α) spectra versus photon wavelength (λ) for pure PVA and PVA-Ga2O3 nanocomposites.



Figure 7

plots of (a) (αhν)1/2, and (b) ln(α) versus photon energy (hν) for pure PVA and PVA-Ga2O3
nanocomposites.

Figure 8

The optical density (OD) curves versus photon wavelength (λ) for pure PVA and PVA-Ga2O3
nanocomposites.



Figure 9

The extension coe�cient (k_ex) plots versus photon wavelength (λ) for pure PVA and PVA-Ga2O3
nanocomposites.

Figure 10

Dependence of the optical sheet resistance (Rs) on the wavelength (λ) for pure PVA and PVA-Ga2O3
nanocomposites.



Figure 11

Dependence of the thermal emissivity (εth) on the wavelength (λ) for pure PVA and PVA-Ga2O3
nanocomposites.


