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 In this work, the casting method was utilized to prepare thin poly(vinyl alcohol) films 

with silver oxide (Ag2O) and zinc oxide (ZnO) nanoparticles with different percentage 

weights (1%, 2%, and 3%) were produced in this study. Were created Physical attributes 

such as X-ray diffraction (XRD) do not include structural features. The XRD 

measurements showed both the hexagonal crystalline structure of ZnO, the simple cubic 

structure of Ag2O and the amorphous structure of PVA film. UV-visible spectroscopy 

was used to examine the effects of ZnONPS and Ag2ONPS on PVA's optical 

characteristics, including absorption, transmission spectrum, absorption coefficient, 

extinction coefficient, and energy gap. The experimental results of the optical properties 

of PVA: Ag2O-ZnO nanocomposites showed that the absorption, absorption coefficient, 

refractive index, of dielectric constant and optical conductivity of PVA mixture increased 

with increasing concentrations of Ag2O and ZnONPs, while the transmittance and energy 

gap decrease with increasing concentration of Ag2O and ZnONPs. This work 

demonstrates how an increase in Ag2O and ZnONPs affects each of these variables. 
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1. INTRODUCTION 
 

One of the critical areas of solid-state physics is the study 

of matter as thin films. And thin-film technology has made a 

great contribution to the study of semiconductors, and many 

of its physical and chemical properties have been identified in 

order to determine its use in various practical applications [1, 

2]. The term thin film is used to describe one or more layers of 

atoms of matter, the thickness of which does not exceed one 

micron (1 µ) [3]. Thin-film technology has made a significant 

contribution to the study of semiconductors, in which interest 

began since the early nineteenth century [4]. 

Casting method was used in our research current research. 

A specific quantity of polymer material dissolved in an 

appropriate solvent, such as water, is needed to prepare a film 

for the casting process. To achieve a homogenous solution, the 

polymer solution must be placed on a horizontal rotating disc 

set at an appropriate temperature, slowing down the solvent 

evaporation rate and requiring a lengthy preparation period. 

and this method has been used in this study where all 

polymeric materials were casted in (9 cm) diameter petri 

dishes. Melts by gravity or another force flow into a mold 

during the casting process, solidifying into the mold cavity's 

shape. utilized a casting technique to produce PVA and ZnO 

nanocomposites. Zinc acetate dihydrate underwent thermal 

decomposition, resulting in the formation of ZnONPs with 

average diameters of 59, 82, and 150 nm with a hexagonal 

Wurtzite structure. Utilizing UV-visible absorption 

spectroscopy, one may ascertain the optical properties of 

nanocomposites. The near-band edge absorption values of all 

the samples were found to be about equal to the bulk value, 

according to the results. 

Because of their many uses, Scientists and technological 

experts are interested in polymeric materials. It supports the 

development of innovative industrial, electrical, and medicinal 

applications due to its remarkable mechanical strength, 

lightweight nature, and optical qualities. The polymer matrix 

is an excellent foundation material for the inclusion of many 

nanoparticles. The structure and optical qualities of the 

polymer hosts are improved when a nanocomposite made of a 

polymer matrix forms, demonstrating excellent chemical and 

structural stability [5]. Metallic nanoparticles (NPs) have 

potential applications in a range of industrial settings due to 

their Distinct qualities compared to bulk metals in terms of 

their physical and chemical makeup (low melting point and 

elevated temperatures of the specific surface area, mechanical 

strength, unique optical properties, and specific magnetism) 

[6]. Abdul Nabi et.al. [7] created ZnO/polymer composites by 

growing ZnO nanoparticles in situ inside a poly(ethylene 

glycol) (PEG) matrix, resulting in stable luminescence peaks 

down to 465 nm (blue area). ZnO/poly(styrene–acrylic acid) 

diblock copolymer thin film. Because of its many uses ZnO 

has attracted the attention of scientists and technology experts. 

It supports the development of innovative industrial, medicinal, 

and electrical applications due to its remarkable mechanical 

strength, optical qualities, and lightweight nature optical 

qualities [7]. Zinc oxide (ZnO) has gained interest as a 

multifunctional inorganic nanoparticle due to its remarkable 
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combination of its non-toxic, low-cost, long-term 

environmental stability, biocompatibility, and electrical, 

optical, physical, and biological properties [8]. Fuel cells are 

just one application for the well-known materials known as 

silver oxide (Ag2O) nanoparticles. The gadgets include 

biological probes for diagnostic purposes, photovoltaic cells 

[9], optical data storage systems, and all-optical switching 

devices. Using the casting process, Dhole et al. [10] produced 

Polystyrene (PS) thin films as fillers with different ZnONPs 

concentrations (1, 2, and 3 wt%). Using UV-Vis spectroscopy 

to analyze optical absorption spectra, the impact of ZnONPs 

on the optical properties of polystyrene, such as its imaginary 

and natural components of the dielectric constant, 

transmittance, absorbance, refractive index, extinction 

coefficient, and absorption coefficient, was examined. 

Chemical synthesis was used by Dhole et al. [10] to create a 

PANI-based nanocomposite loaded with ZnONPs. Aniline 

hydrochloride is combined with ammonium persulphate to act 

as an oxidant. The structure of the generated nanocomposite 

was examined using the XRD method. The XRD pattern 

validated the structure of the ZnONPs. UV-Vis spectra were 

used to study the behavior of the optical of the ZnO 

nanocomposite following ZnONPs doping in the matrix of 

polymers ZnO and PVA nanocomposites were made via a 

casting process, as reported by Bouropoulos et al. [11]. Using 

nanoparticles and the solution casting method, two different 

kinds of PEO-PVA-SrTiO3-NiO and PEO-PVA-SrTiO3-CoO 

nanocomposites were created with varying ratios of weight 

(0,1,2,3 and 4) wt%. PEO-PVA-SrTiO3-NiO and PEO-PVA-

SrTiO3-CoO nanocomposites were tested, and the results 

indicated that as the concentrations of SrTiO3, NiO, and CoO 

NPs increased, so did the absorption, absorption coefficient, 

refractive index, extinction coefficient, real and imaginary 

parts of the dielectric constant, and optical conductivity of the 

PEO-PVA mixture. Concurrently, there was a reduction in 

both transmittance and the energy gap (permitted and 

prohibited).  

According to S.M. Mahdi et al. [12], Zinc oxide 

nanoparticles (ZnONPs) with a hexagonal Wurtzite structure 

with an average diameter of 59, 82, and 150 nm were 

generated by thermal degradation of zinc acetate dihydrate. 

UV-visible absorption spectroscopy may be used to ascertain 

the optical characteristics of the nanocomposites. The findings 

showed that the near-band edge absorption values of the 

samples were in close proximity to the bulk value. Using 

room-temperature broadband dielectric spectroscopy, 

interfacial relaxation events are evaluated with respect to 

average particle size. Dielectric tests on the optical and 

structural features of the resultant PVA reveal that interfacial 

polarization moves to higher frequency values in all three 

nanocomposite films, and that its intensity decreases with 

decreasing average nanoparticle diameter Ag2O-ZnO content: 

Ag2O-ZnO nanocomposite systems were studied by means of 

X-ray diffraction (XRD) and UV-vis. Ultimately, the 

experimentally obtained UV–vis absorption spectra were 

utilized to calculate the optical band gap energy (Eg), which 

was subsequently employed to investigate the optical 

characteristics of the synthesized PVA: Ag2O–ZnO 

nanosystems. The band gap of a material, which is simply the 

energy difference between the valence and conduction bands, 

determines most of its properties, including optical transitions, 

electronic transitions, and intrinsic conductivity. In applied 

research, these material properties are crucial factors [13]. 

 

2. EXPERIMENTAL WORK 

 

Using a casting approach, polyvinyl alcohol (13.7 g) was 

dissolved in 160 mL of distilled water with a magnetic stirrer 

for 45 minutes at 60°C to create a more uniform solution. This 

resulted in films of zinc oxide, silver oxide, and polyvinyl 

alcohol. ZnO-Ag2O nanocomposites, zinc oxide and silver 

oxide nanoparticles were added to the polymer mixture to 

create PVA. To create PVA: ZnO-Ag2O nanocomposites, on 

the other hand, add zinc oxide and silver oxide in varying 

weight percentages (1, 2, and 3). PVA: ZnO-Ag2O polymer 

nanocomposites were created when the solution was dried for 

24 hours at room temperature. The solution was then put into 

a petri dish and used for measurement. Samples with a 

thickness of about 100 nm ZnO-Ag2O NCs are PVA's 

structural and optical components. 
 
 

3. RESULTS AND DISCUSSION 

 

3.1 Structural properties of PVA thin films  

 

X-Ray diffraction analysis (XRD) the Ag2O: ZnO 

nanocomposite materials' XRD pattern for the PVA is shown 

in Figure 1. The observed reflection peaks are consistent with 

previous research [14]. The Ag2O-ZnO particle size was 

calculated using Debye-Sherrer's equation [15, 16], and the 

XRD peaks were indexed by a cubic structure as shown in (01-

072-0607) from XRD: 
 

𝐷 =
0.9 𝜆

𝛽 𝑐𝑜𝑠 𝜃
 

 

where, L is the crystal size of the particle B is the full width at 

half maximum (FWHM) Intensity expressed in radians and θ 

is the diffraction angle.  

Specifically, Translational symmetry is disrupted in just one 

crystal direction (the surface normal of the 10 mm × 10 mm 

sample face), whereas the other crystal directions may 

maintain translational symmetry. No actual grain boundaries 

are visible. Additionally, only the strongest nanoparticles line 

(110). It was assessed because other lines in randomly oriented 

nanoparticles have an intensity that is more than one order of 

magnitude lower: the intensity of the subsequent intense (111) 

line is (31.061). Figure 1 (a) the PVA XRD pattern is displayed 

by the XRD diffraction of pure (PVA). Figure 1 (a) shows a 

broad, diffuse peak at approximately 2θ=19.4046. This 

illustrates the amorphous nature of PVA [17] and sheds light 

on how Ag2O: ZnO nanocomposites affect PVA's structure.  

In Figure 1 (b) displays the X-ray diffraction (XRD) results 

for pure PVA and PVA combined with Ag2O: ZnO 

nanocomposites. The maximum intensity diffraction peak of 

the pure PVA is observed at 2θ = (25.669), which corresponds 

to d spacing (3.467A0) and the reflection plane (110). Figure 

1 (c) illustrates the presence of the usual semicrystalline 

structure of PVA, as demonstrated by another peak seen 

around 2θ = (31.061). In addition to the peaks 2θ (37.513) that 

correspond to the PVA polymer's reflection planes, these 

peaks were also found for the composite samples shown in 

Figure 1 (d) [18] (see Figure 1) and in line with those from the 

earlier report. Table 1 lists the polymer (PVA) and the 

concentrations at which it is combined with Ag2O: ZnO. 

These reflections suggest that the polymer's original structure 

is preserved in the Ag2O: ZnO nanocomposites [19, 20]. 



Table 1. Experimental XRD data for PVA films 

 
Substrate 

Concentrations 
(hkl) 

2Ө 

(Deg.) 

dhkl Exp 

(AO) 

FWHM 

(rad) 

Average FWHM 

(rad) 

D 

(nm) 

Average D 

(nm) 
Sys. Lattice Constant 

No. of 

Card 

PVA: Ag2O-ZnO 1 

wt. % 

(110) 25.669 3.467 0.987 

0.40875 

8.3 

45.625 Cubic 
a=b=c=4.904 α =β =γ 

=90 

01-072-

0607 

(111) 31.574 2.831 0.187 46.1 

(200) 36.619 2.452 0.371 23.1 

(211) 45.257 2.002 0.09 105 

PVA: Ag2O-ZnO 2 

wt. % 

(110) 21.460 3.365 0.402 

0.2296 

20.5 

57.74 Cubic 
a=b=c=4.600 α =β =γ 

=90 

01.076-

1489 

(111) 31.061 2.748 0.297 28.5 

(200) 35.768 2.380 0.087 105.7 

(211) 45.706 1.943 0.267 33.3 

(220) 49.983 1.682 0.095 100.7 

PVA: Ag2O-ZnO 3 

wt. % 

(110) 18.210 3.467 0.138 

0.13 

61.9 

75.433 Cubic 
a=b=c=4.909  

α=β =γ =90 

01-072-

0607 

(111) 31.574 2.831 0.273 31.2 

(200) 37.513 2.452 0.098 39.2 

(211) 44.652 2.002 0.093 101.0 

(220) 50.897 1.733 0.088 110 

(221) 55.228 1.634 0.09 109.3 

 

 
(a) 

 
(c) 

 

 
(b) 

 
(d) 

 

Figure 1. (a) X-ray diffraction of PVA thin film(pure) (b) X-ray diffraction of PVA: Ag2O-ZnO thin film for (1 wt%) 

 (c) X-ray diffraction of PVA: Ag2O-ZnO thin film for (2 wt.%) (d) X-ray diffraction of PVA: Ag2O-ZnO thin film for (3 wt%)
 

3.2 PVA thin-film optical properties 

 

The definition of absorbance is the ratio of the material's 

intensity of absorbed light (IA) to the incident light's intensity 

(I0) [20]: 

 

0

AI
A

I
=  (1) 

 

Dividing the intensity of the rays transmitting from the film 

(IT) over the intensity of the incident rays on it (I0) is called 

transmittance (T) [21]: 

 

T 0T I / I=  (2) 

 

Based on the equation below, the coefficient of absorption 

(α) was determined from the optical absorption spectrum [22]: 



 

2.303(A / t) =  (3)  

where, t is the film thickness in centimetres, and A is the 

absorbance. 

It is possible to determine the extinction coefficient (k) [23] 

using the following equation: 
 

4
k




=  (4) 

 

where, the wavelength to the incident light is represented by λ, 

it is possible to compute the energy band gap using the 

equation below [24]: 

 

αℎʋ = 𝐵 (ℎʋ − 𝐸𝑔) 𝑥 (5) 

 

where, B is a constant value, ʋ is the frequency, Eg is the 

optical energy band gap between the conduction and valence 

bands, x is the power describing the transition process, and \is 

the absorption coefficient. In particular, x may take values 3/2, 

1/2, 3, or 2 for the transitions designated as direct banned, 

direct allowed, indirect forbidden, and indirect allowed, 

respectively. To determine the band-gap value of optical 

energy, one way to achieve this is to plot (αh ʋ)1/x against h ʋ, 

for example [25]. 
 

3.2.1 The absorbance (A) 

Figure 2 shows the absorption spectra of (PVA: Ag2O-ZnO) 

nano-composites as a function of the wavelength of the 

incident light. According to the Figure 2, absorbance decreases 

with wavelength and is highest for all films at a wavelength 

that is near the fundamental absorption edge (300 nm). 

Typically, film absorbance is low in the visible spectrum. The 

following is a description of this trend: Because entering Since 

photons lack the energy to interact with atoms at high 

wavelengths, they will be transported there. The interaction 

between the incident photon and the substance decreases with 

wavelength, increases absorbance [26, 27]. Put another way, 

the unbound electrons absorb the incident light. As a result, as 

oxide silver and oxide zinc nanoparticle weight percentages 

grow, there is an increase in absorption, the results showed the 

maximum peak in the ultraviolet region is at (450 nm) for pure 

(PVA), but by adding concentration ratios (1%, 2% and 3%) 

this clear that there is Hight absorption. These findings concur 

with those of Neama and Najee [28]. 
 

 
 

Figure 2. Variation of the absorbance for (PVA: Ag2O-ZnO) 

3.2.2 Transmittance spectra (T) 

The transmittance spectra on the PVA: Ag2O-ZnO are 

displayed versus the incoming light's wavelength in Figure 3. 

In contrast to the absorbance trend, the transmittance of PVA: 

Ag2O-ZnO decreases when Ag2O and ZnO nanoparticle 

concentration rises. This suggests that the Ag2O and ZnO 

nanoparticles—hybrid materials—increase the absorbance of 

the PVA. This is because the PVA's polymer chains have 

spaces between them filled with nanoparticles [29]. In addition, 

the light incident on the samples was absorbed by the free 

electrons in the nanoparticles, which caused the electrons to 

migrate to a high energy level and occupy a free position in the 

energy band. This is demonstrated by the electrons crossing to 

a high energy level and emitting no radiation. The reduced 

transmittance could also be explained by the characteristics of 

the reflected and refracted light in the samples [30]. 

 

 
 
Figure 3. Variation of transmittance for (PVA: Ag2O-ZnO) 

 
3.2.3 Absorption coefficient (α) 

PVA nanocomposites of Ag2O-ZnO are shown to have a 

wavelength-dependent absorption coefficient α (cm)-1 in 

Figure 4, the optical absorption coefficient (α) for (PVA: 

Ag2O-ZnO) versus photon energies. The absorption 

coefficient increases with increasing the photon energy (hʋ) as 

well as Ag2O-ZnO concentration. It is shown that the 

absorption coefficient is lowest at high wavelength and low 

energy; this suggests that there is less chance of an electron 

transition since the power of the input photon is not significant 

enough to move an electron from the valence band to the 

conduction band (hv˂Eg). Because the incident photon's 

energy surpasses the forbidden energy gap and is sufficient to 

transport an electron from the valence band to the conduction 

band, there is a greater likelihood of electron transitions when 

absorption is good at high energies [31]. This illustrates how 

the type of electron transition can be inferred from the 

absorption coefficient: direct transitions, in which photons and 

electrons maintain their momentum and energy, are expected 

to happen at high energies when the absorption coefficient is 

significant (α >104) cm-1. When the absorption coefficient 

values are low (α <104) cm-1 at low energies, an indirect 

electron transition is anticipated to occur, and the phonon will 

help to sustain the electronic momentum [32]. Another 

discovery is that the absorbance coefficient for the (PVA: 

Ag2O-ZnO) nanocomposites is less than (104) cm-1, which 

explains the indirect nature of the electron transitions. 



 

 
 

Figure 4. Variation of absorption coefficient for (PVA: 

Ag2O-ZnO) 

 

3.2.4 Extinction coefficient (ko)  

Figure 5 displays the extinction coefficient change of (PVA: 

Ag2O-ZnO) nanocomposites as a function of wavelength. It is 

evident that at low concentrations, (ko) is decreasing, but as the 

concentration of (Ag2O and ZnO) nanoparticles grows, it 

increases. This is explained by an increase in the absorption 

coefficient as the fraction of (Ag2O, ZnO) nanoparticles 

increases. This finding suggests that the host polymer's 

structure would be altered by the (Ag2O, ZnO) nanoparticle 

atoms, The longest wavelengths exhibit the most significant 

levels of extinction [33]. 

 

 
 

Figure 5. Variation of the extinction coefficient for (PVA: 

Ag2O-ZnO) 

 

3.2.5 Optical energy gaps 

As seen in Figure 6, A straight line is drawn from the top of 

the curve and extended towards the (x) axis at (αhv) to 

determine the energy gap of the permitted direct transition. 1/ 

2 is equal to 0. This illustrates how photon energy affects the 

edge absorption (αhv)1/2 of (PVA: Ag2O-ZnO) 

nanocomposites [34]. The observed decrease in energy gap 

values with an increase in the weight % of nanoparticles can 

be attributed to the creation of local levels in the prohibited 

energy gap [35]. In this instance, the transition occurs in two 

stages, with the electron moving from the valence band to the 

local levels to the conduction band due to increasing the 

weight ratio of nanoparticles [36]. 

 
 

Figure 6. Variation of (𝑎ℎ𝑢)1⁄2of (PVA: Ag2O- ZnO) 

 

 

4. CONCLUSION 

 

Were synthesized PVA: Ag2O-ZnO films by solvent cast 

technique. The following conclusions were made in light of 

the study's findings: 

It was discovered that the absorbance of the membranes rose 

as the quantities of Ag2ONps and ZnONPs increased the best 

transmittance and absorption were observed at concentrations 

of 3% and 3%, respectively. As the concentrations grew, so 

did the absorption coefficient, which peaked at a ratio of 3%. 

The optical energy gap of the pure (PVA) film is 4.12711 eV, 

and it is just for direct transitions. This value decreases with 

increasing concentration ratios and reaches 3.80123 eV at a 

concentration ratio of 3%. According to the XRD analysis, the 

peaks for ZnONPs and Ag2ONPs either disappear or form the 

nanocomposite when these compounds are added to the 

system. Moreover, the fluctuations seen in the XRD spectrum 

suggest that NPS played a role in the microstructure disparity 

inside the polymer. 
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