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Hybrid polymer nanocomposite (PNC) films based on polyvinyl alcohol-polyacrylamide 

(PVA-PAAM) were fabricated by solution casting to investigate the effect of Sb₂O₃-CuO 

nanofillers on their structural, morphological, and optical properties. A fixed amount of 

Sb₂O₃ (0.005 g) and increasing CuO contents (0.0075, 0.015, and 0.0225 g) were 

incorporated into the polymer blend to prepare S1-S3 films, while the unfilled blend 

served as the reference sample (S0). Fourier Transform Infrared (FT-IR) analysis 

indicated interfacial interactions between the polymer matrix and the metal-oxide 

nanofillers through band broadening and intensity changes, whereas field emission 

scanning electron microscope (FESEM) observations confirmed generally homogeneous 

dispersion with increased agglomeration at higher CuO loading. Ultraviolet-Visible (UV-

Vis) analysis showed that nanofiller addition enhanced absorbance in the ultraviolet 

region, increased the Urbach energy from 0.37 to 1.07 eV, and reduced the allowed 

optical band gap from 4.68 to 3.60 eV. Optical parameters, including the refractive index, 

extinction coefficient, dielectric constants, and optical conductivity, increased 

progressively with CuO incorporation. Dispersion analysis using the Wemple-

DiDomenico single-oscillator model further showed that the oscillator energy decreased 

from 4.79 to 3.92 eV, while the dispersion energy increased from 2.59 to 10.19 eV. The 

static refractive index rose from 1.24 to 1.90, the static dielectric constant from 1.54 to 

3.60, and the oscillator strength from 12.4 to 39.9. These results demonstrate that Sb₂O₃-

CuO incorporation effectively tunes the optical response of PVA-PAAM films and 

supports their potential use in UV-shielding and optoelectronic coating applications. 
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1. INTRODUCTION

Recently, there has been increased interest in using 

polycrystalline antimony trioxide (Sb2O3) nanocomposites 

(NCs) in a variety of applications as flame retardants, 

catalysts, optoelectronic, and photoelectric devices, due to its 

band gap of 3.5 eV. Energy, gas sensing, and medicine, as well 

as solar cells [1-3]. Recently, copper (CuO) NPs prepared by 

several methods, such as chemical reduction, thermal 

decomposition, microwave-assisted, solvothermal, and 

electrochemical synthesis, biosynthesis, and by some physical 

methods, have gained much attention due to their particular 

physical and chemical properties [4, 5]. The insertion of Sb2O3 

into the polymeric matrix containing PVA or PVP has been 

reported for boosting ion transport, shielding, UV absorption, 

interfacial and mechanical stability, piezoelectric, 

optoelectronics, dielectric properties, and humidity sensing in 

the polymeric matrix [6]. As a type of non-living material 

added to the polymer structure, the size, shape, and surface 

features of these particles are important. The difference in size 

of Sb2O3 particles has a big impact on the strength and flame-

resistant qualities of NCs [7]. The photocatalytic activity of 

pure Sb2O3 is low due to its high energy band gap. Therefore, 

combining it with other oxides such as copper oxide (CuO) 

effectively improves its photocatalytic activity [8]. The low 

cost and easier preparation of these NPs and mixing them with 

polymer have potential optoelectronic applications and make 

them promising in many applications, such as medical, low 

devices industry [9]. In this study, successfully prepared 

Sb2O3-CuO NCs were employed in the solid-state method to 

mix Sb2O3 and CuO NPs and then determine the effect of this 

on the modified blend polymers PVA-PAAM, at different 

concentrations, in terms of surface morphology and optical 

properties, which can help to gain a deep understanding of the 

materials' behavior in their composition in optoelectronic uses. 

2. EXPERIMENTAL SECTION

2.1 Materials 

The PVA-PAAM polymer blend matrix was prepared from 

PVA [(C2H4O)n, 85000-124000 g.mol−1], a water-soluble 

synthetic polymer purchased from Himedia, India, and PAAM 
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[-CH2-CH(CONH2)-]n, 500000 g.mol−1) from CDH, India. 

99.9% pure Sb2O3 powder (20-30 nm) and 99.9% pure CuO 

powder (40 nm) were used as base materials to fabricate 

polymer NC films. Ultra-pure water (UPW) was used as a 

solvent for the polymer. 

 

2.2 Preparation of PVA-PAAM/Sb2O3-CuO NC 

 

A total of 0.85 g of PVA was dissolved in 25 mL of UPW. 

The solution was first stirred at RT for 1 hour with a magnetic 

stirrer, followed by continued stirring for another hour at a 

temperature of 45 ℃ until dissolved, then 0.15 g of PAAM 

was added to achieve a transparent solution. The resultant 

solution drops were placed on a clean Petri plate, which is 

made from plastic, and were left to dry in the air for four days 

at room temperature (RT). The nanofiller of Sb2O3 and varying 

proportions of CuO was prepared using the solution-casting 

method. A ceramic crucible and pestle were used to grind the 

nano mixture, with the aid of a quantity of absolute ethanol to 

facilitate mixing. Mixing continued for one hour, followed by 

three hours of drying at RT. After several experimental trials, 

suitable NC films were created using PVA-PAAM with 0.005 

g Sb2O3 and varying proportions of (0.0075 g, 0.015 g, and 

0.0225 g) CuO as listed in Table 1. In the same way, the 

prepared nanocomposite solutions were poured into plastic 

petri dishes, and then they were left at RT in the air for four 

days to dry completely. 90 ± 5 μm was the thickness of the 

created films, which was fixed by a Digital Vernier Caliper. 

 

Table 1. Summarized the under-study films' content 

 

Illustration 
PVA 

(g) 

PAAM 

(g) 

Sb2O3 

(g) 

CuO 

(g) 

PVA-PAAM (S0) 0.85 0.15 0 0 

PVA-PAAM / 

Sb2O3-CuO (S1) 
0.83940 0.14813 0.005 0.0075 

PVA-PAAM / 

Sb2O3-CuO (S2) 
0.83306 0.14700 0.005 0.015 

PVA-PAAM / 

Sb2O3-CuO (S3) 
0.82670 0.14580 0.005 0.0225 

Note: PVA-PAAM = polyvinyl alcohol-polyacrylamide. 

 

2.3 Techniques 

 

The field emission scanning electron microscope (FESEM) 

was used to study the morphological characteristics. A Bruker 

Fourier Transform Infrared (FT-IR) spectroscopy (Vertex 

701) in 500-4000 cm-1 was applied for examining the chemical 

properties. UV-Vis has been applied to investigate the optical 

performance of the materials, such as absorbance and 

transmittance. 

 

 

3. RESULTS AND DISCUSSION 

 

3.1 Fourier Transform Infrared examinations 

 

As represented in Figure 1, the absorption spectra of FT-IR 

for polymer blend S0 and polymer nanocomposites (PNCs) 

S1, S2, and S3 samples were between 500 and 4000 cm-1. The 

FT-IR absorption spectrum of S0 blended polymers indicates 

a good compatibility with a serial groups of 3288.56 cm⁻¹, 

2910.77 cm⁻¹, 1733.43 cm⁻¹, 1424.42 cm⁻¹, 1375.18 cm⁻¹, 

1245.13 cm⁻¹, 1089.2 cm⁻¹, 835.69 cm⁻¹ and weak peaks at 

615.13 cm⁻¹, associated with hydroxyl groups' (–OH) 

extending throb as the cause of the broader band width [10], 

low-intensity band, indicative aliphatic C–H asymmetric 

stretching vibrational mode [11], C=O extending of the ester 

field carbonyl serials PVA [11], CH and OH bending, CH 

wagging vibration bands [10, 12], O-H ether group bending 

vibration [13], C–O stretching mode [14], CH2 wagging mode 

from PVA [15], peroxide C–O–O– stretching, and C–H 

stretching [10], in turn. FT-IR spectra reveal the functional 

groups present in polymer nanosystems. The slight shift in 

intensity and broadening of the FT-IR absorption bands upon 

integration of Sb₂O₃ and CuO NPs provide evidence of 

effective interfacial reactions between the polymer blend and 

the metal ions. In particular, the widening and intensity 

alteration of the –OH stretching band vibration (3288 cm⁻¹) 

demonstrate enhanced hydrogen bonding as a result of 

coordinating hydroxyl groups of Sb³⁺ and Cu²⁺ ions acting as 

acids, which weakens the O–H bond by redistribution of 

electron density. The minor variations in the C=O and C–O 

stretching vibrations also indicate the presence of dipole-

dipole interactions between the oxygen-containing functional 

groups of both S0 and the nanofillers. No additional absorption 

bands are observed, although these systematic spectral 

changes prove the absence of new covalent bonds formed, 

which indicates better polymer-nanofiller compatibility and 

the establishment of interfacial charge-transfer interactions, 

which are consistent with the improvement in optical and 

dielectric properties in the NC system.  

 

 
 

Figure 1. Fourier Transform Infrared (FT-IR) spectra of 

polymer blend S0, and polymer nanocomposites (PNCs) (S1, 

S2, and S3) 

 

3.2 Field-emission scanning electron microscopy 

examinations 

 

The filler dispersion, surface nature, and interfacial 

properties of the S0 and PNCs (S1, S2, and S3) samples were 

investigated using FESEM. Figure 2(a) shows a comparatively 

uniform and smooth surface, suggesting improved contact and 

high compatibility between the PVA and PAAM polymer 

chains. There are no obvious phase separations or surface 

flaws, indicating that a homogeneous polymeric matrix has 

formed. A uniform dispersion of the Sb2O3 and CuO NPs in 

the blend polymers was represented in Figures 2(c) and (d), 

which show acceptable homogeneity and some aggregation of 

the NPs at loading weights of the CuO from 0.015 g to 0.0225 

g compared with the 0.0075 g as in Figure 2(b). Inferences can 
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be drawn at optimal filler amounts; the nano Sb2O3-CuO fillers 

improve electrical conductivity by facilitating charge carrier 

movement and interfacial polarization. On the other hand, as 

Figures 2(c) and (d) show, excessive agglomeration at higher 

levels may produce charge trapping sites, restricting 

subsequent performance improvement.  

 

 
 

Figure 2. The field-emission scanning electron microscopy 

(FESEM) micrographs of polymer blend S0 and polymer 

nanocomposites (PNCs) (S1, S2, and S3) 

 

3.3 Optical properties  

 

The optical properties of the polymer blend and PNCs, such 

as absorbance (A), transmittance (T), absorption coefficient 

(α), refractive index (n), optical energy gap (Eg
opt

), real ɛ1 and 

imaginary ɛ2 dielectric constants, optical conductivity, and 

dispersion parameters have been synthesized by recording the 

absorbance spectra across the wavelength range (220-740 nm). 

Figures 3 and 4 represent the relationship between A and T 

with wavelength. The absorbance spectra of the S0 and PNCs 

(S1, S2, and S3) samples are at their highest in the ultraviolet 

(220–320 nm) region, then slightly decrease for the rest of the 

wavelength, while the transmittance increases with increasing 

wavelength until 320 nm. The increase thereafter decreases 

relatively for the remaining wavelengths. Regarding 

absorption spectra, this discovery may be attributed to the fact 

that photons in the ultraviolet region possess high energy. 

Consequently, electrons below the conduction band become 

excited as a result of absorbing these high-energy photons. In 

contrast, photons in the other regions (visible and near-

infrared) have relatively lower energies, leading to weaker 

interactions with atoms, which prevents their complete 

absorption and allows them to pass through the material. The 

observed reduction in transmittance with increased addition 

rates is linked to aggregation, causing scattering losses, as 

shown in FESEM images. These findings make them 

appropriate for use as a coating for storing medicines 

regardless of cost, or for sunscreens and UV detector 

applications [16].  

Optical absorption coefficient (α) is defined using the 

Swanepoel formula [17]: 

 

𝛼 = 2.303(A/t) (1) 

 

where, t is the thickness of the sample. 

Figure 5 illustrates the dependence of α for S0 and PNCs 

(S1, S2, and S3) on photon energy (hυ); α enhances the 

duplicated features used to calculate the shape of electronic 

transitions. The α values shown in the figure are less than 104 

cm−1, indicating that the electron transition between energy 

bands is indirect.  

 

 
 

Figure 3. The absorbance spectra (A) of polymer blend S0, 

and polymer nanocomposites (PNCs) S1, S2, and S3 as a 

function of wavelength 

 

 
 

Figure 4. The transmittance spectra (T) of polymer blend S0, 

and polymer nanocomposites (PNCs) S1, S2, and S3 as a 

function of wavelength 

 

 
 

Figure 5. The absorption coefficient (α) of polymer blend 

S0, and polymer nanocomposites (PNCs) S1, S2, and S3 as a 

function of photon energy (hυ) 

 

From the α calculation, Urbach tail energy (EU) is found 

depending on the relation 2 [18, 19].  

 

𝑙𝑛 𝛼 = 𝑙𝑛 𝛽 𝑜  + 
ℎ𝜐

𝐸𝑈

 (2) 

 

Band gaps, both direct and indirect, are regarded with the 

hυ and α, as shown in the following Tauc relation [20]: 
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(αhυ) =B (ℎ𝜐 – 𝐸𝑔 
𝑜𝑝𝑡

) r (3) 

where, B is the parameter for band tailing that varies 

depending on the type of material, Eg
opt.

 represent the optical

band gap, r is an exponential constant whose value depends on 

the type of electronic transition in the K space; r = 1/2 for 

allowed direct, and 1/3 for forbidden direct; r = 2 for allowed 

indirect, and 3 for forbidden indirect. 

Figure 6(a) shows the EU values obtained by fitting the 

straight part of the graph, which is the inverse of its slope, 

respectively, 0.37 eV, 0.49 eV, 0.64 eV, and 1.07 eV for S0, 

and three different PNCs (S1, S2, and S3). The allowed and 

forbidden transition band gaps (Eg indir
opt

) decreased from 4.68 

eV and 4.32 eV for S0 to 3.6 eV and 2.65 eV for S3, as shown 

in Figures 6(b) and (c), as inserted in Table 2. The anarchic 

structure formed by the polymer chains upon solidification and 

the presence of Sb₂O₃ and CuO nanofillers lead to the 

formation of disordered atoms and structure-related defects 

that can lead to the emergence of local states that act as donor 

centers near the conduction band level, causing the Urbach tail 

to increase. Consequently, the Eg
opt

 decreases. This finding

provides a positive indication for use in many optoelectronics 

devices, like photovoltaic cell applications. 

(a) (b) 

(c) 

Figure 6. (a) The Urbach energy (lnα), (b) allowed energy gap (𝛼hυ)1/2, and (c) forbidden (𝛼hυ)1/3 polymer blend S0, and

polymer nanocomposites (PNCs) S1, S2, and S3 as a function of photon energy (hυ)  

Table 2. The optical energy gap (Eg
opt

) and Urbach tail

energy (EU) of polymer blend S0, and polymer 

nanocomposites (PNCs) (S1, S2, and S3) 

Films Type 
Allowed 

𝐄𝐠 𝐢𝐧𝐝𝐢𝐫
𝐨𝐩𝐭

 (eV) 
Forbidden 𝐄𝐠 𝐢𝐧𝐝𝐢𝐫

𝐨𝐩𝐭
 (eV) EU (eV) 

S0 4.68 4.32 0.37 

S1 4.46 4.00 0.49 

S2 4.18 3.50 0.64 

S3 3.60 2.65 1.07 

The n and extinction coefficient (k) were estimated using 

the following [21]:  

𝑛 = (
1 + 𝑅

1 − 𝑅
) +   √

4𝑅

(1 − 𝑅)2
− 𝐾2 (4) 

𝑘 =
𝛼𝜆

4𝜋
(5) 

where, R represents the optical medium reflectance. 

Figure 7 shows that the refractive index (n) varies with 

wavelength for the S0 and PNCs (S1, S2, and S3) films. The n 

values of the polymer blend and its PNCs gradually decrease 

along the photon wavelength under examination. Also, the n 

values of S0 rise with the addition of CuO nanofillers, which 
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is due to the increase in the film's density [22]. 

 

 
 

Figure 7. Refractive index (n) of polymer blend S0, and 

polymer nanocomposites (PNCs) (S1, S2, and S3) as a 

function of wavelength 

 

 
 

Figure 8. Extinction coefficient (k) of polymer blend S0, and 

polymer nanocomposites (PNCs) (S1, S2, and S3) as a 

function of wavelength 

 

Figure 8 displays the variation of extinction coefficient (k) 

with wavelength for S0 and PNCs (S1, S2, and S3) at low 

wavelengths (220–240 nm), where the k values decrease 

sharply, after which they stay nearly constant. The sharp 

decrease in k is due to a group of factors, including electronic 

polarization, structural disorder, and the electronic band 

structure of the material. Also, the k values of the polymer 

blend rise with rising CuO nanofillers, which is due to the 

increase in film density [22]. 

The dielectric transmittance (real ε1 and imaginary ε2) of the 

optical regions of S0 films and their PNCs, S1, S2, and S3 

were calculated from following equations [23]: 

 

ε1 = n2 − 𝑘2 (6) 

 

ε2 = 2n𝑘 (7) 

 

The variations in the real ε1 and imaginary ε2 of the dielectric 

constant for S0 with Sb2O3, along with the variation in CuO 

amount across different wavelengths, are shown in Figures 9 

and 10. The results show that the dielectric constant of the 

PNC films shows a bigger value compared with S0 for all 

samples; this could mean that the PNCs are expected to 

become more polarizable, as enhanced by the added materials 

of Sb2O3-CuO [24]. The value of ε1 improved while the ε2 value 

was very low, which shows that these films are very applicable 

in optical energy storage devices [18]. The plots describing ε1 

against hʋ have been used to study the values of Eg indir
opt

 and 

compare them with the results from Tauc’s plots calculations, 

as presented in the listed scale stretched of Figure 10. The band 

gap results were 4.6, 4.34, 4.09, and 3.5 eV, which align 

closely with the Tauc calculations.  

 

 
 

Figure 9. Real dielectric constants (ε1) of polymer blend S0, 

and polymer nanocomposites (PNCs) (S1, S2, and S3) as a 

function of wavelength 

 

 
 

Figure 10. Imaginary dielectric constants (ε2) of polymer 

blend S0, and polymer nanocomposites (PNCs) (S1, S2, and 

S3) as a function of wavelength 

 

 
 

Figure 11. Optical conductivity σop of polymer blend S0, and 

polymer nanocomposites (PNCs) (S1, S2, and S3) as a 

function of wavelength 
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The optical conductivity (σop) has been specified using the 

following relation [21]:  

 

𝜎𝑜𝑝 =
𝛼𝑛𝑐

4𝜋
 (8) 

 

where, c is the speed of light. 

The relationship between σop and wavelength for S0 with 

S1, S2, and S3 PNCs is shown in Figure 11. σop can be noticed 

as an increase in the UV region. The σop was determined to 

transmit in the Vis and NIR ranges. The augmentation of 

inorganic filler quantity leads to an elevation in the density of 

functionalized conditions; nevertheless, the forbidden energy 

gap, hence boosting α and subsequently σop [25]. 

 

3.4 Parameters of dispersion energy 

 

The dispersion energy (Ed) parameters are very important in 

defining the optical properties of the materials.  They allow 

determining the critical parameters required to design an 

optical communication device and generate wide-spectrum 

dispersion. Therefore, the energy states of the saturated S0 and 

S0-doped Sb2O3, and increasing the amount of CuO, need to 

be investigated regarding the oscillator energy in single-mode 

E0 and Ed. Tail-width confined levels near the 

conduction/valence band can substantially affect optical 

absorption, possibly decreasing the band gap. The Urbach 

energy may increase, whereas these tail states have the least 

impact for the Eo level. The Wemple-DiDomenico model 

suggests the study of Eo (or average band gap, which offers 

quantitative information concerning the overall band structure 

of the material), and Ed (which measures the extent of strength 

of inter-band transitions change), using a single oscillator. 

This model explains how two different energy levels are 

associated with the energy of a photon (hʋ). The model of 

Wemple-DiDomenico could be theoretically expressed in the 

equation below [26]: 

 

(𝑛2 − 1)−1 =
𝐸𝑜

𝐸𝑑

−
1

𝐸𝑜 𝐸𝑑

(ℎʋ)2 (9) 

 

Figure 12 shows a straight-line plot of (n2 - 1)-1 versus (hʋ)2. 

The slope and y-intercept of this line correspond to (1 / Ed Eo), 

and (Eo / Ed), respectively. The resulting (Eo, Ed) values as 

shown in Table 3. The addition of Sb2O3 NP and increasing 

CuO NPs content within the S0 lead to a reduction of Eo 

values, which is related to the shrinking of the energy gap. This 

trend signifies a shift from interband transitions toward lower-

energy, defect-assisted and charge-transfer–mediated 

processes that are a result of polymer-nanofiller interfacial 

conditions. Conversely, it is observed that Ed values increase, 

which indicates that the incorporation of Sb2O3 and CuO NPs 

enhanced the optical intensity (a strengthening of interband 

transition probabilities) [27]. This improvement is physically 

associated with the effective coordination number, electronic 

polarizability, and valence-electron density provided by the 

metal-oxygen bonds of the nanofillers. Consequently, the 

observed decrease in E₀ coupled with the increase in Ed 

indicates that the interaction between S0 and the nano‑Sb₂O₃ 

incorporated with CuO Nps is intensified, thereby rendering 

the nanocomposite promising for applications in optical 

waveguides, modulators, and components of photonic 

communication systems. 

Moreover, the calculation of refractive index in static form 

(ns) with dielectric constant (εs) can be performed using the 

values of Eo and Ed. One can find these values by substituting 

(hʋ)2 = 0 in Eq. (9) of DiDomenico, which becomes: 

 

𝜀𝑠 = 𝑛𝑠
2 = 1 +

𝐸𝑑

𝐸𝑜

 (10) 

 

The values of εs and ns are calculated and presented in Table 

3. These parameters increased as the weight quantity of CuO 

in the S0 system increased. Based on Eq. (8), the oscillator 

strength (fo) = (Eo × Ed) [28]. The fo parameter values obtained 

are shown in Table 3. 

 

𝑓𝑜 = 𝐸𝑜𝐸𝑑 (11) 

 

The results revealed a significant rise with the addition of 

Sb2O3 and an increase in CuO NPs loading. Besides, using (Ed 

and Eo), one can calculate the optical moments M-1 and M-3 of 

optical spectra for the PNCs. These parameters have been 

calculated using the following equations [29]: 

 

𝐸𝑜
2 =  

𝑀−1

𝑀−3

 (12) 

 

𝐸𝑑
2 =  

𝑀−1
3

𝑀−3

 (13) 

 

By rearranging these equations, we get the following: 

 

𝑀−1 =
𝐸𝑑

𝐸𝑜

 (14) 

 

𝑀−3 =  
𝑀−1

𝐸𝑜
2

 (15) 

 

Increasing CuO concentration from 0.0075 g to 0.0225 g 

also resulted in an increase in the optical moments, which 

supports the boost in the optical transitions. 

 

 
 

Figure 12. (𝑛2 − 1)−1 vs. (hʋ)2 of polymer blend S0, and 

polymer nanocomposites (PNCs) (S1, S2, and S3) 
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Table 3. Optical parameters of polymer blend S0, and polymer nanocomposites (PNCs) S1, S2, and S3 

 

Films Type Eo Ed (eV) (𝑬𝒈 𝒊𝒏𝒅𝒊𝒓
𝒐𝒑𝒕

) (eV) ns ɛs M-1 M-3 × 10-2 (eV)-2 fo (eV)2 

S0 4.79 2.59 4.68 1.24 1.54 0.54 0.23 12.4 

S1 4.27 3.17 4.46 1.32 1.74 0.74 0.14 13.5 

S2 4.06 8.02 4.18 1.72 2.98 1.97 12 32.6 

S3 3.92 10.19 3.6 1.9 3.6 2.59 19 39.9 

Note: Single oscillator energy (Eo), dispersion energy (Ed), optical energy gap (Eg
opt

), static refractive index (ns), static dielectric constant (εₛ), moments of optical 

spectrum (M-1 and M-3), and oscillator strength (fₒ). 

 

 

4. CONCLUSION  

 

The study developed composite nanomaterials with unique 

properties that significantly surpass those of their individual 

components. FT-IR spectroscopy confirmed strong 

interactions between the polymer blend and nanofillers in the 

prepared matrix. FESEM images reveal improved contact and 

high compatibility between the PVA and PAAM polymer 

chains, as well as uniform dispersion of the Sb2O3 and CuO 

NPs in the polymeric blend. The highest absorbance values for 

PNCs in the UV region appear suitable for optoelectronic 

applications as a coating for storing medicines, sunscreens, 

and UV detectors. The validity of the allowed Tauc 

calculations was verified after comparison with the indirect 

energy gap calculations using the imaginary dielectric constant 

method. Increasing the energy of the Urbach tail energy (EU) 

means increasing the degree of structural disorder and the 

formation of local energy levels within the energy gap, which 

facilitates electron transitions at lower energies. The 

dispersion energy (Ed), static index of refraction (nₛ), static 

dielectric constant (εₛ), oscillator strength (fₒ), and optical 

spectra (M₋₁ and M₋₃) exhibit an increase after adding the 

nanofillers in the blend polymer matrix. In contrast, the single-

oscillator energy (Eo) shows a decrease. These findings give a 

clear picture of the improved optical-electrical function of the 

material. 
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