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Zinc oxide ZnO was synthesized via a sol-gel process, incorporated with polyvinyl alcohol 

(PVA) using the casting method. Different doses of gamma radiation (20,30,40 and 50) 

irradiated the ZnO /PVA composite. The structured shape of ZnO was examined by 

(HRTEM). The optical direct transition band gap was reduced from (3.25 to 2.7 eV) for 

(20 kGy to 40 kGy) due to limited states' influence in the forbidden band. The refractive 

index was examined using Wemple and Di-Domenico method. The dispersion energy Ed 

and the oscillator energy Eo are related to variations in the structural order of the 

ZnO/PVA by irradiation dose. The dielectric loss tangent (tanδ), dielectric constant (ε'), 

and AC electrical conductivities of ZnO PVA samples have been recorded. Finally, it was 

noticed that the A.C. electrical conductivity appears to change exponentially with 

frequency, and this behavior is due to significant charge carrier migration via the 

hopping mechanism. The nanocomposite has a specific capacitance value of 36.7 F/g and 

91.75 F/g, which makes it a good candidate for optoelectronic applications. 
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 1. INTRODUCTION 

The use of polymer composite systems has been 

steadily increasing, due to their numerous potentials uses 

in the fields of sensors, dielectrics, bioplastics, 

biomedical applications, and coatings [1-2]. ZnO QDs 

are of major significance due to their notable 

characteristics, such as a wide direct energy gap of 

around 3.4 eV at ambient temperature, a significant 

exciton binding energy of 60 meV, and nontoxicity [3] A 

variety of synthetic methods for the preparation of ZnO, 

such as sol-gel process, direct precipitation, plasma 

synthesis, hydrothermal technique, synthesis via 

microwave and vapor transport process [4]. Polyvinyl 

alcohol (PVA) has magnificent physical properties, such 

as a semi-crystalline structure, water-solubility, low 

toxicity, low cost, and limited electrical conductivity [5]. 

ZnO nanostructures can be added to the polymer matrix 

to change the films' conductive, mechanical, electrical, 

and optical properties. Inorganic nanoparticles that are 

distributed in polymers have recently been the subject of 

extensive research [6]. The useful qualities of these 

inorganic-organic materials include strength, chemical 

and thermal permanence, elasticity, and dielectric 

properties. The most important aspect influencing the 

final product's qualities during the creation of 

nanocomposites is the interface coulomb interactions 

between the nanoparticle and the polymer functional 

groups [7]. (Hameed et al.,) [8] have reported the 

synthesis of the polymer nanocomposite (CMC/PEO-ZC 

NC) films. With the addition of ZC NC up to 2 wt%, the 

dielectric properties and conductivity of the polymer 

nanocomposite films were enhanced. (Kanavi et al.,) [9] 

have demonstrated that composite films made of 

polyvinyl alcohol and polyaniline varied in the 

proportion of zinc oxide (ZnO). The impedance 

analyzer's electrical conductivity graphs within 

frequency demonstrate that the samples' increased 

concentration and temperature led to enhanced 

conductivity in the films. (Mohammed et al.,) [10] have 

studied those membranes made of ZnO/PMMA 

nanocomposite (PNC) with varying zinc oxide 

nanoparticle contents. Enhanced ZnO nanoparticle 

loading (ZnO NP) results in higher values of the 

dielectric constant due to increased polarization in the 

polymer matrix at a lower frequency. 

This paper aims to synthesize (ZnO) nanoparticles via 

the sol-gel technique. The authors prepared ZnO/PVA 

nanocomposite films by the casting method. ZnO)/PVA 
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nanocomposite films were irradiated at Gamma doses 

(20,30,40 and 50kGy). ZnO was examined using 

HRTEM analysis. UV-vis spectroscopy, bandgap, and 

dispersion of refractive index of (ZnO)/PVA 

nanocomposites were investigated by Tauck's, Wemple–

DiDomenico (W–D) model. The dielectric and electrical 

conductivity properties were studied for (ZnO)/PVA 

nanocomposite films. The cyclic voltammetry was 

investigated for ZnO/PVA films.  

2. EXPERIMENTAL 

2.1 Materials 

PVA was purchased from TECHNO PHARMCHEM, 

INDIA. zinc nitrate hexahydrate (Zn (NO3)26H2O and 

citric acid, were obtained from (PIOCHEM) All 

chemicals were utilized with extra purity. 

2.2. Synthesis of (ZnO) nanoparticle 

ZnO nanoparticles were synthesized utilizing the sol-

gel technique. Under steady stirring, the zinc nitrate 

hexahydrate (Zn (NO3)26H2O) was dissolved in distilled 

water and heated to roughly 90oC for one hour. The 

citric acid was added to the mixture while keeping the 

citric acid to zinc nitrate hexahydrate molar ratio at 1:1. 

To establish good homogeneity, this combined solution 

was then agitated for two hours.  The precursor mixture 

was heated to facilitate evaporation at 100 oC for 24 

hours, followed by combustion at 550 oC for 2 hours, to 

produce zinc oxide (ZnO). 

2.3. synthesis of ZnO / PVA films 

First, 40 ml of deionized water was used to dissolve 4g 

of polyvinyl alcohol (PVA) powder over the time of 

three hours at 70°C while stirring. Second, under steady 

magnetic stirring, a 0.2g of  ZnO powder was added to 

the PVA solution[1]. The nanocomposite film was then 

produced by casting each blend into a Petri dish. The 

ZnO / PVA nanocomposite films were irradiated with 

gamma doses (20,30,40 and 50 kGy). 

3. CHARACTERIZATION 

To display composite particle size distribution and 

geometry, a high-resolution transmission electron 

microscope (HRTEM) model (JEOL/JME-2100, Japan) 

was employed. The optical characteristics of films were 

investigated using a spectrophotometer (Spectro UV-VIS 

2800, USA). The findings of the cyclic voltammetry (CV) 

study were assessed (kitheily 4200-SCS). The current at 

the employed electrode is placed against the utilized 

voltage (the working electrode's potential) to obtain the 

cyclic voltammogram trace. Cyclic voltammetry is used to 

investigate the electrochemical characteristics of a 

solution or a molecule adsorbed onto an electrode.    Using 

a Novo control alpha-A analyzer at room temperature, 

films were examined electrically in the frequency band of 

10-1 - 107 Hz. The samples for the dielectric study were 

located between the two gold-plated electrodes in a 

parallel plate geometrical configuration (20 mm). The 

used voltage was kept constant at 0.2 V.  

4-RESULTS AND DISCUSSION  

4.1 HR-TEM analysis 

Fig 1 illustrates the (HR-TEM) image of the ZnO 

nanoparticle. It can be noticed that ZnO has a spherical 

shape with an average particle size of 25 nm. This 

confirmed the formation of ZnO nanoparticles. 

 

Fig. (1): The HR-TEM image of ZnO nanoparticles. 

4.2 Dielectric and electrical properties 

This method (Broadband Dielectric Spectroscopy, 

BDS) is employed to evaluate the complex conductivity 

function, σ∗(υ), as well as the complex dielectric 

function, ε∗ (υ). The relationship between these variables 

can be seen in the equation below. [11] 

𝜀∗(𝜔) = 𝜀′(𝜔) − 𝑖𝜀"
 (𝜔)  (1) 

∗(𝜔) = 𝑖𝜀0 𝜔𝜀∗(𝜔)    (2) 

 Suggesting that: 𝝈′ = 𝜺𝒐𝝎𝜺",  𝝈′′ = 𝜺𝒐𝝎𝜺′ 

(ω = 2πυ) is the circular frequency and εo is the 

vacuum permittivity).  

This type of spectroscopy is a unique identifier of the 

sample under investigation, just like any other type of 

spectroscopy. It varies from them, though, in that it has a 

wide variety of frequencies. This causes the dielectric 

spectrum to be split into three categories microscopic 

molecular dynamics, charge carrier mobility, which is 

demonstrated by conductivity mechanisms, and 
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accumulation of charge carriers at interfaces, such as those 

between the phases of multi-component composites and at 

the interface between electrodes and dielectric materials. 

Figure 2 shows a graphic representation of the estimated 

permittivity of the synthesized films versus frequency. 

The permittivity's resonance , reveals a striking 

influence on the frequency window during an 

investigation. Since all curves are crushed together, the 

image was unable to depict the extraordinary impact of 

irradiation dose on permittivity. Two prominent dynamics 

of the real part of complex permittivity, , might be seen 

here as represented against frequency. The frequency 

range (0.1Hz – 10 kHz) displays a steady reduction of        

6 powers of magnitudes, owing to charge carrier transport, 

which results in high conductivity. This behavior screened 

out any dispersion step and hence dynamic relaxation 

peak on the dielectric loss spectra,  (), which shows      

a simple linear decrease with increasing frequency,           

at larger frequency ranges (that is from 10 kHz up to        

20 MHz) a very small result of frequency on diminishing 

the permittivity. This reflects that the influence of all 

forms of polarization changes lags behind the frequency 

of the used external electric field at higher frequencies. 

The inset shows the numerical values taken at two spot 

frequencies, namely 1 Hz and 1 MHz. The permittivity 

values at the two selected frequencies taken as a 

representative example are very close at all the doses of 

irradiation under consideration. The relatively higher 

value was found at 40kGy irradiated sample and the lower 

at 30kGy. This confirms that the composite response is 

mainly due to the irradiation process but not to the dose of 

irradiation, at least in the considered range of irradiation.  
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Fig. (2): The frequency dependence of the permittivity, 𝛆′ 

for the five investigated samples as indicated. 

The dissipation factor tan  and the ac-conductivity 

are illustrated graphically in figure 3 against 

frequency (log-log scale) for the investigated 

irradiated nanocomposites. The figure shows a 

distinct, sharp peak at the lower limit points of 

frequency, which is accompanied by a slight 

shoulder., and the maximum peak position is at about 

10 kHz. On the other hand, the ac-conductivity, , 

versus frequency, shows three different trends similar 

to that found recently in many other conductive 

polymer composites and dielectric materials [12-17]. 

It satisfies the power law at higher frequencies: 

[𝜎′ (𝜔) = 𝐴𝜔𝑠],  where A is constant and s is the rate 

of fluctuation of AC conductivity with growing 

frequency. The dc-conductivity, dc is determined by a 

plateau-like behavior in the mid-frequency region. 

The change in the irradiation dose causes it to 

fluctuate slightly between 1 and 2 mS/cm. The 

conductivity effect has a significant role in the 

permittivity values. The peak position of tan  is 

accompanied by a minimum on the frequency reliance 

on the imaginary part of complex conductivity 

(usually called onset frequency on, Fig. 4 shows the 

starting point of building up the electrochemical 

double layer at the composite/metal electrode 

interphase. The maximum peak position of , as 

presented against frequency in figure 4, shows that the 

electrochemical double layer (ECDL) construction is 

completed. 
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Fig. (3): The variation of dissipation factor (tan ) open 

and AC-conductivity (σac) close symbols, as 

presented versus frequency for the irradiated 

nanocomposites. The same notations as in 

figure 2. 
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Fig. (4): The variation of the imaginary part of 

complex conductivity,  , as presented 

versus frequency for the irradiated 

nanocomposites. The same notations as in 

figure 2. 

Because the accumulation of charge carriers at the 

interface is the source of electrode polarization, it 

requires quantitative evaluation. This widespread 

phenomenon happens at the interface between a metallic 

and an ionic conductor when the sample cell's overall 

dielectric response multiplies by several orders of 

magnitude. Ion mobility at the interfaces is severely 

constrained by Coulombic interactions; this assumption 

statistically identifies the discovered scaling laws. It 

enables the assumption of the bulk conductivity of the 

investigated ionic charge carriers via a novel formula. 

These samples could be the subject of additional 

research, such as a study of how temperature affects 

electrical and dielectric properties, which may reveal 

details on the fluctuation dynamics of the charge carriers 

accumulated at the interface. The asymmetric wing of 

the  peak at low values of frequencies, joined by a 

shoulder in the tan and deviation from linearity of 

conductivity reduction, as gotten in figure 3, occurs as a 

consequence of these fluctuation dynamics. This study 

shows that these samples are promising in the 

technology of electrical storage energy. The electric 

modulus procedure, M*, was utilized to analyze the 

conductivity data in conductive polymer composites and 

ionic polymeric materials like PVA and reduce the 

electrode influence. The equation defines the complex 

electric modulus, M* in ref [1-2]. 

Fig. 5. (a,b) displays the dispersion of M' and  Mʺ 

against log f for irradiated samples.  
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Fig. (5): Dispersion of M' and  Mʺ as a function of log 

f for irradiated samples. 
 

4.3 Optical properties 

Fig. 6 shows the measured absorbance, A, values for 

the irradiated samples as a function of wavelength. It is 

seen that the absorption band of PVA at 280 nm and a 

new absorption band emerged in the region 320 nm due 

to the combining of ZnO in PVA [18]. This could be 

ascribed to the inserted ZnO NPs' surface Plasmon 

resonance (SPR) absorption band, which is related to 

the collective oscillations' resonance for the electrons in 

the conduction band of Zn NPs when paired with 

incident electromagnetic radiations[19][20]. The 

absorption of PVA/Zn samples increases with 

increasing gamma dose irradiation (20 and 50 kGy); the 

maximum gamma dose is 40kGy. 
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Fig. (6): The absorbance, A, values for the irradiated 

samples as a function of wavelength. 

Fig.7 depicts the optical transmittance spectra for 

irradiated samples versus wavelength for various gamma 

doses. It is noticed that the transmittance of the samples 

decreases with increased doses except the 50 kGy dose. 

The optical absorption coefficient (α) provides a better 

understanding of the electronic band structure of a solid 

material. It is one of the essential characteristics affected 

by the incident wavelength. Fig. 8 displays the optical 

absorption coefficients of the irradiated samples as a 

function of (hʋ) eV at various gamma doses, which can 

be calculated using Beer–formula Lambert's [21] 

𝛼 =
2.303𝐴

𝑡
          (3) 

Where A is the absorbance and t is the film thickness. It 

is proven that as the gamma dose rises, the value of 

absorption grows, representing more light absorption in 

the larger dosage.  This graph shows an irregularity near 

the E edge that then increase quickly in a line relationship 

(the maximum value at 30 kGy and 50 kGy does). This 

rapid increase in α is due to the inter-band transitions 

with photons energy[22]. The absorption process is 

dependent on a photon with enough energy to allow 

electrons to transfer from valence bands with low energy 

to conduction bands with high energy. The energy gap 

(Eg), which plays an essential role in optoelectronic 

design and new solar cells, is one of the most critical 

variables in determining the unique characteristics of 

solid materials. As a result, a precise assessment of its 

evaluation value is required, which can be accomplished 

by analyzing the absorption spectra of the optical 

samples under consideration. The abs are used to 

calculate Eg by Mott and Davis formula, which is used to 

convert the absorption spectrum into Tauc's plot [23] 
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Fig. (7): The optical transmittance spectra for irradiated 

samples versus wavelength for various gamma doses. 
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Fig. (8): The optical absorption coefficients of the 

irradiated samples as a function of (hʋ) eV at 

various gamma doses. 
 

Fig. 9. illustrates the correlation between (αhʋ)2 versus 

(hʋ) for irradiated samples by varied gamma dose. Eg, 

values for irradiated samples are tabulated in Table 1 for 

various gamma doses. With increasing the gamma dose, it 

is seen that the value of Eg reduces from (3.25 to 2.7 eV)for 

(unirradiated to 50 kGy)it is matched with other literature 

[19][24].  
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Fig. (9): The variation of (αhʋ)2 versus (hʋ) for irradiated 

samples by varied gamma dose. 
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Table (1): Energy band gap, Optical dispersion, and nonlinear parameters of irradiated samples. 

n(2) X(3) X(1) no Eo eV Ed eV Eg eV Samples 

9.272*10^-12 3.766*10^-15 0.068 1.976 8.71 7.5 3.25 Un irradiated 

1.66*10^-11 2.297*10^-16 0.034 2.1 8.24 3.53 3 20 kGy 

- - - - - - 3 30 kGy 

7.8*10^-10 3.74*10^-15 0.068 3.32 7.5 7.5 2.7 40 kGy 

7.099*10^-7 1.96*10^-15 0.0583 8.39 7.62 7.62 2.7 50 kGy 

 

Attempting to understand the effects of gamma 

irradiation explains this observation. The radiolytic 

electrons or holes produced by this irradiation become 

trapped in the host matrix and form defect centers. As a 

result, new localized energy states arise between the 

energy bands in the host material matrix, resulting in a 

low energy gap or more absorption[24]. 

The refractive (n) and extinction (k) coefficients are 

essential attributes for analyzing optoelectronic 

components. The following equations can be used to 

achieve both of them[23]. 

𝑛 =
1+√𝑅

1−√𝑅
       (4) 

𝑘 =
𝛼𝜆

4𝜋
        (5) 

Fig.10 Outlines The dependence of the extinction 

coefficient on incident light wavelengths for the irradiated 

samples. The extinction coefficient increases in the 

wavelength range 300-350 nm (U.V. region) and is 

constant in the wavelength range 400–800 nm (visible 

region) as the gamma dose increase. Fig.11 Shows the 

variation of (n) versus wavelength(nm) for irradiated 

samples. It is seen that the values of n increase with 

increased gamma dose from (1.15 to 1.35) for (20 kGy to 

50 kGy). This increase is linked to a change in polymeric 

structure. Furthermore, gamma irradiation of samples 

increases the number of inter-chain contacts, resulting in 

changes in packing density, molecular weight distribution, 

and refractive index as the irradiation dose increases [25]. 

300 350 400 450 500 550 600

0.0

1.0x10
-4

2.0x10
-4

3.0x10
-4

4.0x10
-4

5.0x10
-4

E
xt

in
ct

io
n 

C
oe

ff
ic

ie
nt

Wavelength(nm)

 un irradiated

 20kGy

 30kGy

 40kGy

 50kGy

 

Fig. (10): The dependence of the extinction coefficient on 

incident light wavelengths for the irradiated samples 
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Fig. (11): the variation of (n) versus wavelength(nm) for 

irradiated samples. 

The oscillator energy E0 and dispersion energy Ed for 

irradiated samples may be estimated and stated using the 

single oscillator model( the Wemple and DiDomenico 

model )[26] 

1

𝑛2−1
=

𝐸0

𝐸𝑑
− (

1

𝐸0𝐸𝑑
)(ℎ𝜐)2   (6) 

𝑛0 = (1 +
𝐸𝑑

𝐸0
)1/2   (7) 

Fig. 12. represents the variation between (1/n2-1) and the 

photon energy square for irradiated samples. The estimated 

E0, Ed, and n0 for the samples are recorded in Table 1. The 

influence of gamma-irradiation on the oscillator energy and 

dispersion energy may be understood. 
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Fig. (12): The variation between (1/n2-1) and the photon 

energy square for irradiated samples. 
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Also, the nonlinear parameters can be calculated using 

the values of Ed, E0, and n0 from the following 

equations[26]. 

𝑥(1) =
𝐸𝑑

4𝜋𝐸0
    (8) 

𝑥(3) = 6.82 ∗ 10−15(
𝐸𝑑

𝐸0
)4   (9) 

𝑛(2) = 12𝜋
𝑥(3)

𝑛0
                   (10) 

The optical response of a material is mostly 

examined related to optical conductivity (ϭ), which is the 

electrical conductivity that comes from the movement of 

charge carriers caused by the incident electromagnetic 

waves' oscillating electric field. The following equation 

can be used to express the optical conductivity[23]. 

𝜎𝑜𝑝𝑡 = 𝑛𝛼𝑐/4𝜋                (11) 

Fig. 13 illustrates the optical conductivity of irradiated 

samples concerning incident photon energy. It is seen 

that the optical conductivity grows as the energy of the 

incident photon increases. At low frequencies, optical 

conductivity tends to have steady values. This is due to 

the sample receiving inadequate energy to excite the 

electrons. The optical conductivity improves as hʋ 

increases.[27-28]. This is due to the incident energy 

being appropriate to excite electrons from one state to 

another, increasing the number of free charge carriers. 

Furthermore, the decreasing crystalline degree of the 

polymer films causes an increase in polymer matrix 

disordering and the creation of a localized tail state in the 

band gap. 
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Fig. (13): The optical conductivity of irradiated samples 

as a function of incident photon energy. 

4.4 Electrochemical analysis 

One essential characteristic that determines a material's 

potential is electrochemical analysis to investigate the 

ZnO/ PVA composite electrode's electrochemical 

reactions. Fig.14 displays the variation in CV behavior for 

ZnO/ PVA at 40kGy recorded from 1.1 to −0.10 V at a 

scanning rate of 20 mV s−1 and 50 mV s−1. The anodic 

peak at 0.7 V can be seen on the cyclic voltammetry of the 

ZnO/ PVA composite electrode. The specific capacitance 

from a CV in F/g was determined using an equation [29] 

𝐶𝑠 =
𝐴

2𝑚𝑘(𝑉2−𝑉1)
    (12) 

where A is the CV area, m is the active material's mass 

in grams (g), k is the scan rate in millivolts per second 

(mV/s), and V is the potential window (V). The 

ZnO/ZnS/PVA nanocomposite has a Cs value of 36.7 

F/g and 91.75F/g at 50 mV s−1 and 20 mV s−1. Using this 

composite can enhance the features of supercapacitors. 
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Fig. (14): The variation in CV behavior for nanocomposite 

at 40 kGy. 

 

5. CONCLUSION 

The synthesis of ZnO was presented by the sol-gel 

method. ZnO/ PVA nanocomposites synthesize by 

casting method and irradiated by gamma ray with 

different doses. HRTEM revealed the formation of ZnO 

nanoparticles with a mean size of 30 nm The optical 

absorption of the ZnO/PVA matrix was enhanced due to 

the formation of sub-levels in the forbidden band via 

increasing dose. Due to the interaction between PVA and 

ZnO, the dielectric constant and electrical conductivity 

properties were improved. Finally, from ac conductivity 

data analysis, it was noticed that electrical conductivity 

appears to change exponentially with frequency. This 

behavior is due to significant charge carrier migration 

via the hopping mechanism. The nanocomposite has a 

Cs value of 36.7 F/g and 91.75 F/g. The present 
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polymeric films are useful for a wider range of 

optoelectronics and electrical applications. 
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