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ABSTRACT 

In the present work, PVA/PVP blend films were prepared by the solution-casting technique and doped with 

different concentrations of copper acetate. The prepared samples were named as P₀, P₁, P₂, P₃, and P₄ according 

to increasing dopant concentration. The optical properties of the films were investigated using UV–Visible 

spectroscopy through measurements of absorbance, transmittance, absorption coefficient, extinction coefficient, 

refractive index, and optical band-gap energy. The results showed a progressive enhancement in optical 

absorption with increasing copper acetate concentration, accompanied by a reduction in the optical band-gap 

energy from 2.69 eV for the undoped film (P₀) to 2.20 eV for the highly doped film (P₄). This behavior indicates 

the formation of localized electronic states within the polymer matrix and demonstrates the effectiveness of 

copper acetate in tailoring the optical properties of PVA/PVP blend films for potential optoelectronic 

applications. 

Keywords: PVA/PVP polymer blend, copper acetate doping, optical properties, bandgap, Energy gap. 

INTRODUCTION 

Hybrid polymer blends are a distinctive type of material that exhibits unique physical and chemical properties. 

These compounds have recently attracted serious research interest due to their concrete potential for a wide 

assortment of applications in environmental solution and solving various environmental problems. In addition 

to the polymers blending introduce a lot of useful characteristics depend on their miscibility and degree of 

compatibility interaction between the various polymers to get simple and low-cost technique for materials to 

enhance structures and characteristics different from the pristine polymer [1-3]. The miscibility and degree of 

compatibility for PVA and PVP get via the hydrogen bond interactions between the -OH groups of PVA and -

CO groups of PVP to get polymer blend of (PVA/PVP).   Polymer compound since it has excellent properties 

such as water soluble, semi crystallinity, high quality film can be formed with various containing materials and 

non-toxicity [4-5]. There are many fabrications of various optoelectronic devices, preparing by composed from 

different blending polymers such as (PVA) [C2H4O], (PVP) [C6H9ON], doped with different inorganic 

materials have been fabricated by the researchers and technical workers [6-7]. PVA considered as one of 

synthetic polymers, which used to synthesis many PVP is also water-soluble amorphous polymer which has a 

high glass transition temperature Tg due to the presence of rigid pyrrolidone group, so it can be used as good 

additive in fiber glass, ceramics and batteries [8-9]. Polymer blends have become a focal point of research in 

material science due to their ability to integrate the advantageous properties of individual polymers into a single 

matrix, offering tailored mechanical, thermal, and optical characteristics. Among these blends, the combination 

of polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) has shown significant potential due to its 

remarkable mechanical strength, thermal stability, and excellent film-forming properties [10]. [Poly (vinyl) 
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alcohol (PVA)] / [pyrrolidone (PVP)] polymer blend thin films doped by copper acetate (Cu (CH₃COO) ₂) have 

gained interest for many years in science as introduction of materials in transparent polymer matrix and have 

much attention of researches as advanced technological materials according to their optoelectronic properties. 

Mechanical and structural characteristics. These characteristics are obtained from the specific combination of 

the inherent novel properties of polymers and metals providing new ideas in physics to explain it There are many 

researchers have looked at the different polymeric composites based on PVA and PVP such as silver sulfide 

(Ag2S) [11], ZnO [12], CdS [13], MnO2 [14], CuO [15], MgO [16] and TiO2 [17], Fe2O3 and Fe3O4  nickel 

acetate as well as Potassium Chromate (K2CrO4) for various optoelectronics applications.  The present research 

aims to investigate how doping with copper acetate with different volume ratio’s affects the structural, optical, 

and electrical properties of the PVA/PVP polymer films with the goal of advancing their applicability in 

optoelectronic devices, functional coatings, and other technological applications. PVA/PVP blend polymer with 

copper acetate (Cu(CH₃COO)₂  used as a protective layer for different technological applications because of their 

high durability and according to its excellent properties such as having high dielectric constant, high flexibility 

as well as their ability to be fabricated at normal temperature and low cost.  The optical characteristics of 

PVA/PVP compound with different volume ratio's (0%, 1.5% ,6.5% and 8.5%, copper acetate (Cu(CH₃COO)₂) 

were studied via the optical absorption spectrum which considered as important tools for understanding the bands 

structure. The electronic properties and optical constants (refractive and absorption indices) of pure and doped 

the composite films included absorption (A), transmission (T), absorption coefficient (α) and optical energy gap 

(Eg) are investigated. As well as the dielectric constants have been determined.  

Experimental works 

 Materials  

 

1. Polyvinyl alcohol [-CH2CH(OH)-], Mw:14,000, Thomas Baker, CAS-No.:9002-89-5, Degree 

Hydrolysis (98%), India. 

2. Polyvinyl pyrrolidone (C6H9NO), K-30 (PVP): CAS No.: 9003-39-8, Mw:4000, India. 

3. copper (II) acetate (Cu (CH₃CO₂)₂) monohydrate (CAS-No.: 6046-93-1; Assay ≥ 98%; HIMEDIA). 

 

Preparation of (PVA)[Poly(vinyl)/ (PVP) composite. 

In the present study, the polymeric materials were used to prepare (50:25 wt%) (PVA: PVP) polymer blend 

films. The amount copper (II) acetate (Cu (CH₃CO₂)₂)   monohydrate ≥ 98%) was employed without more 

purification. The polymeric composite films were synthesized employing the simple casting method. The 

polymeric solutions were synthesized initially by dissolving a quantity of PVA (0.5gm.) and PVP (0.25gm.) 

composites in 10ml of distilled water (stirred in 80⁰C for 2 hours). All solutions were filtered by using a 0.45 

micrometer syringe filter. Then amount (0.5 gm.) of copper acetate (Cu (CH₃CO₂) ₂) was dissolved in 10 mL of 

distilled water at 40°C for 15 minutes. A constant volume amount (3ml) of PVA/PVP blend was doped with 

different volume addition (0.0, 0.05ml, 0.1ml, 0.15ml, 0.2 ml, and 0.25 ml), of copper acetate solution as shown 

in table (1), and it was illustrated the figure (1).  

Finally, the solutions were mixed and stirred continuously to get a homogeneous viscous liquid. The prepared 

solutions were cast onto clean glass substrates and left to dry at room temperature for 48 hours. After complete 

drying, the resulting films were visually inspected to ensure uniformity and absence of cracks as well as a bubble 

free of [(PVA: PVP)- copper acetate composite films. After 24 hours, the films annealed in temperature of 50⁰C 

for 2 hours. The structural, optical, and electrical properties of the prepared films were characterized using 

several techniques. UV-V is spectroscopy (1800, SHIMADZU CO., Japan) with the wavelength range of (200–

1000 nm) was employed to investigate the optical absorption and transmittance of the prepared films. 

Table (1): Neat & doped PVP\PVA with copper acetate solutions and samples thickness. 

Sample name PVA+PVP (ml) Copper acetate (ml) Thickness (µm) 

P0 3 0 103 

P1 3 0.1 53 
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P2 3 0.2 78 

P3 3 0.3 40 

P4 3 0.4 34 

 

 

Figure (1): Preparation scheme of PVA/PVP composite films. 

 

Figure (2): Schematic representation of Cu²⁺– PVA/PVP films interactions. 

Figure (2) illustrates the interaction mechanism between PVA and PVP polymer chains upon doping with copper 

acetate, where the green spheres represent Cu²⁺ ions dispersed within the polymer matrix. The dashed purple 

lines indicate hydrogen bonding interactions formed between the hydroxyl (–OH) groups of PVA and the polar 

functional groups of PVP, which contribute to improved compatibility between the two polymers. The diagram 
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also shows the formation of coordination bonds between Cu²⁺ ions and oxygen- and nitrogen-containing 

functional groups, particularly the carbonyl (C=O) groups in PVP and the hydroxyl groups in PVA. These 

coordination interactions promote partial crosslinking between the polymer chains, leading to modifications in 

the electronic structure of the composite. Such interactions account for the observed reduction in optical bandgap, 

enhancement of optical absorption, and improvement in the electrical properties of the copper acetate–doped 

PVA/PVP composite films.  

The figure (3) illustrates the structure of copper acetate–doped PVA/PVP blend films, where copper acetate 

species are distributed within and on the surface of the polymer layer. The films are prepared by the solution 

casting method on a glass substrate, resulting in a uniform composite layer with enhanced optical and electrical 

properties. 

 

Figure (3). Schematic illustration of the structure of copper acetate–doped PVA/PVP polymer blend films 

deposited on a glass substrate. 

The diagram illustrates the overall effect of increasing copper acetate concentration on the properties of 

PVA/PVP blend films, where higher concentrations lead to increased optical absorbance, refractive index, and 

electrical conductivity, accompanied by a reduction in the optical bandgap. This behavior reflects the role of 

copper acetate in modifying the electronic structure and enhancing light–matter interaction within the polymer 

composite. 

RESULTS AND DISCUSSION. 

Optical absorption and transmittance spectra. 

In order to gather information on the nature of the pure and copper acetate-doped PVA/PVP blend films charge 

transfer, we performed UV-Vis-NIR absorption spectroscopy on films. The absorbance and the transmittance 

spectra of pure and copper acetate-doped PVA/PVP blend films were measured across the wavelength range of 

300–800 nm.  as shown in Fig. 4(a) and (b) respectively. The absorbance spectra reveal that the peak intensity 

increases with the copper acetate doping ratio.  The undoped film exhibits relatively low absorption in the visible 

region, whereas the doped films show increasing in absorption intensity with increasing copper acetate content. 

The high absorption observed in the ultraviolet region can be attributed to electronic transitions associated with 

the polymer backbone and the functional groups present in both PVA and PVP chains. Upon incorporation of 

copper acetate, a significant enhancement in absorption intensity is observed, indicating the formation of 

additional electronic states within the forbidden energy gap. These localized states originate from the interaction 

of Cu²⁺ ions with the hydroxyl groups of PVA and the carbonyl groups of PVP, leading to charge-transfer 

complexes and structural modifications within the polymer matrix. 

A noticeable shift of the absorption edge toward longer wavelengths is observed with increasing copper acetate 

concentration. This shift suggests a reduction in the optical band gap energy, which is commonly associated with 
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the introduction of defect levels and increased disorder within the polymeric network. The presence of these 

localized states facilitates electronic transitions at lower photon energies, thereby enhancing optical absorption. 

Moreover, the absorption intensity of sample P₄ at approximately 300 nm is significantly higher than that of the 

lower-doped samples, and the increase is clearly non-linear with copper acetate concentration. This behavior 

indicates that, the role of copper acetate is unlimited to increase the number of absorbing centers. it suggests 

that, the formation of coordination complexes between Cu²⁺ ions and the functional groups of the PVA/PVP 

matrix. Such complex formation can alter the local electronic environment and generate additional energy states 

that contribute to the observed enhancement in optical absorption. 

Furthermore, the broad absorption feature observed in the wavelength region between approximately 650 and 

750 nm becomes more pronounced as the copper acetate concentration increases. This behavior may be attributed 

to electronic transitions involving impurity-induced states, charge-transfer mechanisms, or copper-related 

localized states within the polymer matrix. The increase in absorption in this spectral region reflects an increase 

in the density of localized electronic states near the band edges. 

These observations strongly suggest that copper acetate acts as an active electronic modifier rather than a passive 

filler within the polymer blend. The interaction between Cu²⁺ ions and the polymer chains lead to the formation 

of coordination complexes, enhanced charge-transfer interactions, and the generation of localized states inside 

the band gap. Consequently, the optical absorption is enhanced, the optical band gap is reduced, and the 

electronic transport properties of the composite films are expected to improve. 
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(a)                                                                         (b) 

Figure (4): a- The relationships between absorption and the wavelength. b- The relationships between 

transition and wavelength. 

Figure (4-b) shows the optical transmittance spectra of pure and copper acetate-doped PVA/PVP blend films in 

the wavelength range of 300–800 nm. The pure PVA/PVP film exhibits very high optical transmittance 

throughout the visible region, reaching values close to 100%, indicating the high transparency of the polymer 

blend and the absence of significant absorption centers within the matrix. 

Upon the addition of copper acetate, a substantial reduction in transmittance is observed, particularly in the 

ultraviolet and short-wavelength visible regions. The decrease in transmittance becomes more pronounced with 

increasing copper acetate concentration, indicating enhanced interaction between the incident photons and the 

electronic states introduced by the dopant within the polymer matrix. 
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The transmittance spectra of the doped samples exhibit a gradual increase with wavelength up to approximately 

(500–550) nm, where maximum transmittance values are achieved. Beyond this region, a noticeable decrease in 

transmittance occurs, especially for the highly doped samples. This behavior is consistent with the absorption 

spectra and reflects the formation of additional localized electronic states associated with Cu²⁺ incorporation into 

the PVA/PVP network. 

The significant reduction in transmittance at higher copper acetate concentrations can be attributed to increase 

optical absorption arising from charge-transfer interactions between Cu²⁺ ions and the functional groups of the 

polymer chains. Such interactions are expected to introduce defect-related energy levels within the forbidden 

band gap, facilitating photon absorption and reducing the amount of transmitted light. 

Furthermore, the decreasing in transmittance with increasing dopant concentration suggests an increase in 

structural disorder and electronic state density within the polymer matrix. These modifications enhancing light–

matter interaction and contribute to the observed reduction in optical band gap energy.  

It can be demonstrated from the results that, the highly transparent PVA/PVP blend into a material with enhanced 

optical absorption and reduced transparency, which is desirable for various optoelectronic and photonic 

applications requiring efficient light harvesting and charge-carrier generation. 

The absorption coefficient 

 The absorption coefficient is a fundamental optical parameter that describes the ability of a material to absorb 

incident electromagnetic radiation at different wavelengths The absorption coefficient can be estimated from 

Figure (5) which illustrates the variation of the optical absorption coefficient (α) as a function of wavelength (λ) 

for the samples P₀–P₄.  

A sharp decline in α is observed in the wavelength range of approximately 320–450 nm. This decrease can be 

attributed to the reduction in photon energy with increasing wavelength, according to the relation: [18] 

E=hc/λ ……(1) 

Where E is the photon energy, his Planck’s constant, and cis the speed of light. As the photon energy decreases, 

the probability of electronic transitions across the band gap becomes lower, leading to reduced optical absorption. 

 

 

 

 

 

 

 

Figure (5) The relationship between absorption coefficient and wavelength. 

The magnitude of varies significantly with concentration, highlighting the role of dopants in modifying the 

sample’s optical properties [19]. 

The reference sample (P0) demonstrates the lowest values throughout the energy range, signifying minimal 

absorption. With increasing dopant concentrations (P0.05, P0.2, P0.25), the extinction coefficient rises, with 

exhibiting the highest values. This behavior suggests that higher dopant concentrations introduce additional 
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localized states or defect sites within the bandgap, which enhance light-matter interactions and increase the 

absorption. 

Furthermore, the absorption coefficient values follow the order (P4>P3>P2>P1>P0) throughout most of the 

investigated spectral range. This trend indicates that the modification introduced from P₀ to P₄ significantly 

enhances the optical absorption capability of the material. The enhancement may be associated with an increase 

in charge carrier concentration, the formation of additional localized energy states, improved crystallinity, or a 

higher density of allowed electronic transitions. 

The absorption coefficient reaches values on the order of 105 cm⁻¹ in the UV region, which is indicative of strong 

optical absorption and efficient photon–matter interaction. Such high values are commonly associated with direct 

electronic transitions in semiconductor materials and suggest that the samples possess excellent light-harvesting 

properties. At wavelengths above approximately 600 nm, the absorption coefficient approaches very low values 

for all samples, indicating reduced photon absorption due to insufficient photon energy to induce significant 

interbond transitions. The results demonstrate that the optical absorption coefficient decreases with increasing 

wavelength for all samples, reflecting the dependence of absorption on photon energy. The increase in absorption 

coefficient ( α ) from P₀ to P₄ confirms that the applied modification effectively improves the optical response 

of the material. The high absorption coefficients observed in the UV region suggest strong electronic transitions 

and highlight the potential suitability of these materials for optoelectronic applications such as photodetectors, 

solar cells, and UV-shielding devices.  

The relationship between photon energy and the squared product of the absorption coefficient and photon energy, 

Equation (1) represent the reflectance coefficient which is: [20-21] 

R=1-(Texp(A))1/2……. (2) 

The energy gap 

Figure (6) presents the variation of ((αhν)2) as a function of photon energy (hν) for samples P₀–P₄. This plot, 

commonly known as the Tauc plot, is employed to determine the direct optical band gap energy ((Eg)) of 

semiconductor materials according to the Tauc relation:[22] 

(αhν)2=A(hν−Eg) ……(3) 

where (A) is a constant, (hν) is the photon energy, and (Eg) is the optical band gap energy. The linear portion of 

each curve is extrapolated to intersect the energy axis, yielding the corresponding band gap value. The estimated 

band gap energies obtained from the plot are  in Table (2) which its shows variation of optical Band Gap Energy 

(Eg) with dopant concentration for P₀–P₄ samples. 

 

Figure (6): The (αhν)2 versus the photon energy to finding Eg with doping concentrations. 
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Table (2): The energy gap (Eg) for each doping concentration. 

 

 

These results reveal a systematic reduction in the optical band gap with the progression from P₀ to P₄. The 

observed band-gap narrowing suggests that the modification introduced into the material significantly alters its 

electronic structure. This behavior can be attributed to the formation of localized energy levels within the 

forbidden band, an increase in structural disorder, enhanced defect density, or electronic interactions associated 

with dopant incorporation. Such effects facilitate electronic transitions at lower photon energies, thereby 

reducing the energy required for excitation from the valence band to the conduction band. 

Moreover, the gradual decrease in (Eg) is consistent with the increase in the absorption coefficient observed in 

the UV–visible absorption spectra. As the band gap narrows, the absorption edge shifts toward lower energies 

(longer wavelengths), enabling the material to absorb a broader portion of the electromagnetic spectrum. This 

red shift enhances the optical response and light-harvesting capability of the samples. 

The highest band-gap value is observed for P₀ (2.69 eV), indicating the widest separation between the valence 

and conduction bands, whereas P₄ exhibits the lowest band-gap value (2.20 eV), reflecting the strongest 

modification of the electronic structure and the greatest enhancement in optical absorption. 

The Tauc analysis confirms that all samples exhibit a direct allowed optical transition. The optical band gap 

decreases progressively from 2.69 eV to 2.28 eV as the composition changes from P₀ to P₄, indicating a 

significant modification of the electronic band structure. The reduction in (Eg) correlates well with the increase 

in the absorption coefficient, demonstrating that the treated samples possess improved visible-light absorption 

characteristics. These findings suggest that the modified materials are promising candidates for optoelectronic 

and photovoltaic applications, where enhanced light absorption and reduced band-gap energies are desirable.  

Figure (7) shows the extracted bandgap energies for the samples at various dopant concentrations, demonstrate 

a systematic reduction as the dopant concentration increases, highlighting significant alterations in the sample's 

electronic structure 

 

 

 

 

          

 

 

Figure (7): The energy gap (Eg) verses doping concentrations. 

At low concentrations the bandgap remains relatively high and, respectively, indicating minimal perturbation to 

the lattice. However, as the dopant concentration increases, the bandgap narrows significantly, suggesting the 

introduction of localized states within the bandgap due to structural distortions or defect generation [23,24]. 

These localized states increase the material’s absorption at lower photon energies and broaden its optical 

response; a behavior linked to Urbach tail effects. Such bandgap narrowing enhances light absorption in 

optoelectronic applications but may introduce trade-offs, such as higher recombination rates due to defect states, 
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requiring optimization in device design. This trend underscores the tunability of optical and electronic properties 

through dopant engineering, with applications ranging from transparent coatings at low dopant levels to high-

absorption devices at higher concentrations. Further studies, such as density functional theory (DFT) simulations, 

could provide deeper insight into the mechanisms influencing this behavior [25]. 

4-The refractive index (n) 

Figure (8) shows the variation of the refractive index (n) with wavelength (λ) for the pure and copper acetate-

doped PVA/PVP blend films. The refractive index exhibits a strong wavelength dependence throughout the 

investigated spectral range. All samples display a sharp increase in refractive index (n) at the ultraviolet region 

near 300 nm, followed by a rapid decreasing. The appearance of a broad peak in the visible region at 

(approximately 500–600 nm). The maximum refractive index is observed for sample P₁, reaching a value of 

about 14.5 at around 540 nm, whereas the other samples exhibit lower peak intensities. Beyond 600 nm, the 

refractive index gradually decreases with increasing wavelength and tends to stabilize in the near-infrared region. 

The observed dispersion behavior can be attributed to electronic polarization and inter-band optical transitions, 

indicating that the modification introduced in the samples significantly influences their optical constants and 

light–matter interaction properties.[26] 
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Figure (8): The relationship between the optical refractive index (n) and wave length for samples with varying 

concentrations. 

The Extinction coefficient (K) 

 The plotted data in figure (9) illustrates the extinction coefficient (K) for four different concentrations of a 

material, denoted as p0, p0.05, p0.2 and p0.25, measured as a function of photon energy. This analysis provides 

valuable insights into the optical absorption behavior of the material under varying dopant concentrations [27]. 

At lower photon energies (eV), all concentrations exhibit negligible extinction coefficients (K), indicating high 

optical transparency in this region. This transparency is attributed to the photon energies being insufficient to 

overcome the sample’s bandgap energy, which prevents electronic transitions from the valence band to the 

conduction band[28-29].  As the photon energy increases (eV), a significant rise in is observed, signaling 

enhanced optical absorption due to interbond electronic transitions. The onset of this increase in provides an 

estimate of the material’s bandgap energy, which appears consistent across all concentrations.  
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Figure (9): The extinction coefficient (K) verses wave length for manufacturing samples. 

The Dielectric constants 

The dielectric constant describes the response of electrons to the electromagnetic field and the dielectric constant 

is represented by its real and imaginary parts.  The dielectric constant which is consists real part (εr) and the 

imaginary part (εi) can be determined by using are the following relations: - [30-31] 

εr= n2+k2                           (8) 

 εi= 2nk                             (9)  

 Figures (10) and (11) represent the relationship between the real and imaginary dielectric constant with the 

energy of the incident photon energy for PVA/PVP at various copper acetate concentrations as a function of 

photon energy respectively.  It can be observed that, the real dielectric constant behaves like a refractive index, 

while the imaginary dielectric constant behaves like Extinction coefficient.  

 It can be seen that the behavior of real part (εr) similar to the behavior of the refractive index (n), because the 

effect of extinction coefficient is very small which implies to smaller values of (K2) in comparison with (n2) but 

the behavior of imaginary part (εi) mainly depends on the variation of extinction coefficient (K). Also, it can be 

noticed that, the values of the real dielectric constant (εr) are greater than the imaginary part of dielectric constant 

(εi).  

 

Figure (10): The relationship between the real dielectric constant and wavelength. 
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Figure (11): The relationship between the imaginary dielectric constant and wavelength. 

CONCLUSION: 

 The present study investigates the influence of copper acetate doping on the structural, optical, and dielectrical 

properties of polyvinyl alcohol (PVA) and polyvinylpyrrolidone (PVP) polymer blend films, prepared using the 

solution casting method.  

 The absorption coefficient increased with doping, particularly in the UV-Visible region (300–800 nm). the 

extinction coefficient (K) and refractive index (n) increased with doping, reflecting enhanced light-matter 

interaction. Bandgap narrowing and the presence of defect states due to doping were observed, improving the 

material’s absorption at lower photon energies. Copper acetate doping significantly modifies the optical, 

structural, and electrical properties of PVA/PVP films.  

UV-Vis spectroscopy revealed that increasing copper acetate concentration decreased the optical bandgap from 

2.69 eV (pure sample) to 2.28 eV indicating enhanced light absorption. These changes make the materials 

suitable for optoelectronic applications, such as photodetectors and photovoltaic devices. 
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