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This current study investigates the optical properties of polyvinyl alcohol (PVA),
polyaniline (PANI), their 50:50 blend, and nanocomposite films doped with CuO and
Fe, O3 nanoparticles. They were prepared using the casting method and the prepared
films were tested using UV-Vis absorption spectra. The results revealed that pure PVA
showed low absorbance, reflecting its transparent nature. PANI results demonstrated
higher absorbance due to its conjugated m-electron system. The prepared PVA: PANI
blend showed synergistic effects with enhanced absorbance in the UV region due to
m — x* transitions and the formation of polarons from protonated PANI. Our results
indicated that doping with nanoparticles further increased the absorbance through
localized surface plasmon resonance effects. Moreover, transmission decreased with
doping, especially in the UV region, due to enhanced scattering and absorption. The
absorption coefficient was higher in the PVA: PANI blend, with doping introducing
localized energy states and reducing the optical band gap. Our results highlight the
potential of synthesized nanocomposites to use in different optoelectronic applications.
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1 INTRODUCTION

olymer-based nanocomposites have garnered signif-
Picant attention in recent years due to their unique
characteristics and their diverse applications in industries,
including electronics, energy storage, and sensing devices
[1]. The high capacity of Polymer nanocomposite films
(integrating conductive and non-conductive polymers),
which offer a combination of flexibility, conductivity, and
durability, has become very significant [2]. Polyvinyl al-
cohol (PVA), a water-soluble and biocompatible polymer,
is commonly used in the fabrication of composite films.
The semicrystalline structure accounts for its superior
film-forming properties, substantial mechanical strength,
and thermal stability, all of which enhance its attrac-
tiveness [3,4]. It possesses elevated dielectric strength,
excellent thermal and mechanical stability, and substantial
charge storage capacity [5]. Conversely, polyaniline
(PANI]) is recognized as one of the most extensively

researched conducting polymers. It is distinguished by
its exceptional electrical characteristics, environmental
resilience, and straightforward synthesis. The integration
of PVA and PANI into a nanocomposite structure can
synergistically improve the mechanical, thermal, and
electrical properties of the resultant films [6, 7].
Integration of metal oxides as dopants in these polymer
nanocomposites is essential for altering their structural,
optical, and electrical properties. Metal oxides have
the capability to interact with the polymer matrix and
modify the nanocomposite morphology, electrical struc-
ture, and charge transport pathways. Metal oxide-doped
PVA/PANI nanocomposites are promising candidates
for advanced technological applications, including en-
ergy storage devices, electromagnetic shielding, and
gas sensors [8,9]. The optical properties of polymers
significantly influence our understanding of their inter-
nal structure and bond characteristics, elucidating the
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mechanisms of electron transfer between energy beams
during the assessment of absorption and permeability of
these materials. Optical constants such as absorption (A),
absorption coefficient (@), and transmittance (T) have
been widely used to analyze the optical properties of
polymer mixtures to determine the optical characteristics
across various wavelengths. Analysis using the ultraviolet
(UV) radiation spectrum enables inferences regarding the
quality of bonds, orbitals, and energy levels [10].

The creation of flexible nanocomposite films was
widely studied for different optoelectronic applications
[9]. They employed a solution cast process, combining
polyvinyl alcohol (PVA), polyaniline (PANI), and silver
(Ag). The successful production of these nanocompos-
ite films, featuring evenly dispersed Ag nanoparticles
inserted in the PVA/PANI blend, was confirmed through
transmission electron microscopy (TEM), ultraviolet
absorbance, and X-ray diffraction (XRD) techniques.
When compared to pure PVA film, the UV absorbance
measurements of PVA/PANI blends and PVA/PANI/Ag
nanocomposites demonstrated a decrease in optical
bandgap. The results clearly demonstrate that the optical
properties of the PVA polymer were modified by the
addition of PANI and Ag NPs. Based on that, the
fabricated PVA/PANI/Ag nanocomposite films can be
used in optoelectronic devices [9].

The aim of this study was to synthesize and char-
acterize PVA/PANI nanocomposite films, incorporating
specific metal oxides, and to study the effect of metal
oxide doping on the optical properties of the synthesized
films. The insights gained from this study will enhance
our understanding of polymer-metal interactions and
their implications for future applications in advanced
technologies.

2 MATERIALS AND METHODS

Polyvinyl alcohol powder (1 g) (supplied by Alfa
Chemistry Company, UK) was dissolved in 30 mL of
distilled water with the chemical formula [CH,CH(OH)]n
and molecular weight of 500 g/mole at a temperature
of 60 °C using a magnetic stirrer for 6 hours to ensure
homogeneity of the solution. Next, the same amount of
polyaniline (Merck Company, with the chemical formula
C6H7N and a molecular weight of 67.09 g/mol) was
dissolved under the same conditions to obtain a homoge-
neous solution. After preparing the two solutions, they
were mixed in a 50:50 ratio using a magnetic stirrer to
obtain homogeneity of the polyvinyl alcohol solution
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with the polyaniline solution. In a subsequent step, 1
g of copper oxide (USA, with a molecular weight of
79.55 g/mole, characterized as a dark powder with 99.5%
purity) and iron oxide (produced by USA Company,
molecular weight 25 g, described as a red powder with
99% purity) nanoparticles were separately dispersed in
75 milliliters of distilled water. A high-energy ultrasound
device was utilized to ensure prolonged suspension of
these particles in the water. Subsequently, the suspended
solutions of copper and iron oxide were incorporated
into the previously prepared polymer blend at various
concentrations (2, 4, 6, 8, and 10 wt%). The final
stage was employed using casting technology to create
composite films from these materials on glass slides, with
thicknesses ranging from 0.15 to 0.2 um. These films
were then subjected to various tests to determine their
optical properties.

3 RESULTS AND DISCUSSION

3.1 The absorbance (a)

The UV-Vis absorption spectra of the PANI pure, PVA
pure, and (PVA: PANI) blend in aqueous solution are
shown in Figure 1. The results indicated low absorption
spectrum of pure PVA across all wavelengths, indicating
the material’s transparency in the UV and visible ranges.
This suggests that the material does not have double bonds
or components that are highly absorbed in this range [11].
The results indicated an increase in the absorption of
PANI compared to PVA. According to the law of Beers,
the absorption is proportional to the number of absorbing
molecules [12]. This indicates the presence of double
bonds and electronic properties that absorb light in the
UV and visible range. Absorption peaks are attributed
to electronic transitions (r — 7* or n — n*) within the
polymer.

UV-vis spectra of the PVA: PANI blend had a greater
absorption peak at shorter wavelengths (in the ultraviolet
region), indicating that polyaniline is the primary factor
contributing to the absorbance. This peak showed an
increase in absorbency compared to the two compounds
individually, indicating the synergistic effect of PVA and
PANI in enhancing the absorbency of the mixture in the
300-350 nm region, attributed to the ( — 7*) transition of
the benzenoid rings. Another peak greater than 400 nm is
attributed to localized polarons, which is a characteristic
of protonated PANI [13].

CCBY 4.0


https://creativecommons.org/licenses/by/4.0/

Journal of University of Anbar for Pure Science

Vol. 19, No. 2 (2025)

==y ——Pva
[—— PANI
Blend

w
o
!

N N
o 9]
1 L

Absorbance(a.u)
o
1

05 —&_f

0.0

T T T
300 400 500 600 700

Wavelength(nm)

Fig. 1 Absorption spectra of PANI, PVA polymers and
(PVA: PANI) blend

The results shown in Figure 2 indicate the UV-Vis
absorption spectra of a blend composed of polyvinyl
alcohol (PVA) and polyaniline (PANI) in a 50:50 ratio,
doped with varying concentrations of copper oxide (CuO)
and iron oxide (Fe,O3) hybrid nanoparticles within 300 —
1000 nm. The doping concentrations range from 2% to
10%. The analysis focuses on changes in optical prop-
erties as the nanoparticle concentration increases. The
observed spectra offer valuable insights into the optical
and electronic properties of the polymer-nanocomposite.
The sudden increase in absorbance at shorter wavelengths
is due to m — & and n — 7 involved electronic transitions in
the PANI matrix, a characteristic of conjugation polymer
systems. These changes are driven by the oxidation and
doping states of PANI. Increased absorption in the UV
region implies that both CuO and Fe,; O3 nanoparticles
add new electronic states, resulting in enhanced light
absorption. This is in line with reports of metal oxide
nanoparticles as active sites for charge generation and
transfer in nanocomposite materials. These findings
are consistent with conducted experiments on polymer
nanocomposites [14].

In the Visible to Near-Infrared Region (400-1000
nm), the progressive reduction of absorbance is character-
istic of semiconducting materials due to the preferential
decline of photon absorption at longer wavelengths. A
significant increase in overall absorbance values was
observed with increasing nanoparticle concentration.
Additionally, the incorporation of copper oxide (CuO)
and iron oxide (Fe,O3) nanoparticles enhanced the optical
density of the material. This improvement is likely a
consequence of the local surface plasmon resonance
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(LSPR) by the nanoparticles, primarily CuO, and the
quantum confinement effects of Fe; O3 nanoparticles [15].
With the increasing concentration of nanoparticles, the
number of scattering centers and light absorption sites
increases, resulting in a higher absorbance across the
entire spectrum. Fe,O3 nanoparticles are well-known for
intensive absorption in the UV-Vis spectral region due
to their intrinsic bandgap ~ 2.2 eV), whereas the other
CuO ~ 1.2 - 1.9 eV) contributes to deep absorption in
the visible and near-infrared regions.
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Fig. 2 Absorption spectra of PVA: PANI blend doped
with different concentrations of CuO: Fe; O3
nanocomposites

3.2 Transmission (7})

Figure 3 displays the transmission spectra of pure
polyvinyl alcohol (PVA), pure polyaniline (PANI), and
their 50 : 50 weight blend across the wavelength range
300 — 1100 nm. Transmission spectra offer insights into
the material’s transparency, optical properties, and inter-
actions between components in a polymer blend. The pure
PVA showed the highest transmission among the samples,
particularly in the visible and near-infrared regions (
400 — 1100 nm ). This is a feature of its amorphous,
insulating behavior and its low interaction with light at
this wavelength. On the other hand, a relatively large
decrease in transmission was also observed in the UV
absorption region ( 300 — 400 nm ), which resulted from
PVA’s intrinsic absorption, such as electronic transitions
(e.g., n = n* from C = 0 groups of the polymer chains).

PANI showed reduced transmission across the spec-
trum compared to PVA due to its conjugated m-electron
system, which enhances absorption in the UV and visible
ranges. The primary electronic transitions in PANI are
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m — m* transitions occurring in the conjugated chains
of the polymer. These transitions involve the excitation
of electrons from the highest occupied molecular orbital
(HOMO), primarily a n orbital, to the lowest unoccu-
pied molecular orbital (LUMO), which is a * orbital.
Moreover, there was broad flattening in the visible region
(400 — 800 nm ). This behavior indicates strong light
absorption, which is typical for doped or partially doped
PANI, contributing to its semiconducting properties. The
PVA: PANI blend curve lies between the PVA and PANI
curves (Gray Curve), reflecting the combined optical
properties of the two polymers. These blends showed
reduced transmission in the UV region compared to pure
PVA, likely due to the incorporation of PANI, which dom-
inates the UV absorption. In addition, the transmission
was lower than PVA but higher than PANI (intermediate
transmission), suggesting a balance between transparency
and light absorption in the blend. This behavior could
be attributed to the partial interaction between the two
polymers, where PANI’s conjugated structure influences
the optical properties of the composite.

On the other hand, the optical behavior of the 50:50
PVA-PANI blend suggests partial miscibility, where the
hydrophilic nature of PVA interacts with the polar groups
in PANI (e.g., amine groups). This interaction can
influence the blend’s morphology and optical properties.
While the conjugated structure of PANI can form localized
electronic states that modify the light interaction of
the PVA matrix, reducing transmission and enhancing
absorption.
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Fig. 3 Transmission of PVA pure, PANI pure, and PVA:
PANI blend

Figure 4 illustrates the transmission spectra of a
polymer blend consisting of polyvinyl alcohol (PVA)
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and polyaniline (PANI) ( 50 : 50 weight ratio) doped with
varying concentrations ( 2%, 4%, 6%, 8%, and 10% ) of
copper oxide ( CuO ) and iron oxide ( Fe,O3 ) hybrid
nanoparticles. This spectrum provides insights into the
impact of nanoparticle doping on the optical transparency
and electronic interactions within the polymer blend
matrix. The overall transmittance across the UV-Vis-
NIR range of the nanocomposite films decreased as the
doping concentration of CuO and Fe,O3NPs increased.
This was consistent with the behavior of doped polymer
nanocomposites, where the introduction of nanoparti-
cles creates additional absorption centers and scattering
sites, reducing light transmission. The sharp decrease
in transmittance in the UV range ( 300 — 400 nm ) is
characteristic of electronic transitions in both the polymer
blend and the metal oxide nanoparticles, where 7 — 7*
transitions in the conjugated polyaniline chains dominate.
Additionally, both CuO and Fe;O3NPs exhibited strong
absorption in the UV region due to their bandgap transi-
tions. The reduced transmission at short wavelengths (
300 — 400 nm ) is consistent with the high absorption of
oxides at these wavelengths. As the wavelength increases,
transmission gradually increases, reflecting a reduction
in absorbance [16].

A gradual increase in transmittance was observed
in the visible region (400-700 nm). This is attributed
to the semi-transparent nature of the polymer blend in
this range and reduced absorption efficiency of CuO
and Fe;O3 nanoparticles at longer wavelengths. The
transmittance continues to increase slightly Near-Infrared
Region (700-1100 nm), indicating that the material
becomes more transparent as photon energy decreases.
This is typical for materials with a significant reduc-
tion in electronic absorption and scattering at higher
wavelengths.

3.3 Absorption coefficient («)

Figure 5 shows the absorption coefficient curves (@ )
as a function of the wavelength ( 4 ) of PVA and PANI
and their blend with a ratio of 50 : 50 by weight. Pure
PVA is a polymer with a transparent nature, primarily in
the visible and near-infrared regions. It shows a relatively
low absorption coefficient across the spectrum. The
absorption peak at shorter wavelengths ( < 400 nm ) can
be attributed to transitions related to minor impurities
or the polymer’s inherent electronic properties. The
results of this study agree with the findings of previous
researchers [17].
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Fig. 4 Transmission of PVA: PANI with CuO: Fe;03 at
different concentrations, 2%, 4%, 6%,8% and 10%

PANI had a significantly higher absorption coefficient

compared to PVA, especially in the UV-visible region.

This can be attributed to the 7 — 7™ electronic transitions
in the benzenoid rings and excitations in the quinoid
structures of the polyaniline backbone. In addition,
PANT’s absorption in the near-infrared region indicates
the presence of delocalized polarons and bipolarons,
which arise from the doping process. The flat absorption
tail in the visible to NIR regions suggests the presence
of conducting states. This was due to its conjugated
structure. The high absorption coefficient of PANI makes
it suitable for optoelectronic applications, such as solar
cells and sensors. These results are in agreement with
previous studies [18, 19]. While the blend exhibited a
higher absorption coefficient than pure PVA, lower than
pure PANI, indicating an intermediate behavior. The
peak at shorter wavelengths resembles the contribution
of PANI’s conjugated system, while the absorption tail
in the visible-NIR region reflects the interaction between
PVA and PANI. The hybrid behavior suggests partial

compatibility and interaction between the two polymers.

The addition of PVA likely reduces the density of PANI’s

polarons, thereby slightly lowering the optical absorption.

Polymer blends of conducting and insulating polymers
often display intermediate optical properties, with studies
confirming such behavior in similar systems [20].
Figure 6 represents the absorption coefficient (@) in
terms of the wavelength (1) for polymer blends composed
of polyvinyl alcohol (PVA) and polyaniline (PANI) in a
50:50 ratio. The doping was performed using nanosized
CuO (copper oxide) and Fe; O3 (iron oxide) nanoparticles

at different concentrations (2%, 4%, 6%, 8%, and 10%).

The high absorption coeflicient (@) values, especially in
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the UV and visible regions (300-500 nm), indicate strong
optical absorption in these regions. This can be attributed
to the intrinsic electronic transitions in the polymer blend
and the influence of the dopants. There is an observable
increase in absorption across the UV and visible regions,
with the effect stabilizing at higher concentrations (8%
and 10%). The metal oxide nanoparticles, such as CuO
and Fe,;Os, create new energy levels within the band
gap of the polymer blend, resulting in enhanced optical
absorption. These levels act as trapping sites for electrons,
promoting charge transfer between the nanoparticles and
the polymer chains.

500000
450000 - PVA pure

400000 e PAN| pure

350000 blend
300000
250000

200000

a(cmA/-1)

150000

100000

50000 N— —

0
300 400 500 600 700 800 900

A(nm)
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Fig. 5 Absorption Coeflicient (a) of PVA pure, PANI
pure, PVA: PANI blend

The interaction of PANI’s r-electrons with the dopants
leads to high charge transfer transitions and, consequently,
a higher absorption coefficient. This type of behavior
indicates that the introduction of the nanoparticles in-
creases the polymer optical density by promoting more
efficient charge transfer interactions between the metal
oxide nanoparticles and the polymer matrix. The plateau
appearing at 800 nm reflects decreased absorption in the
near-infrared wavelength region, indicating the material’s
suitability for use in optical filters or solar cells [21]. The
steep absorption edge in the UV region (300-400 nm) is
primarily due to 7 —n* electronic transitions in polyaniline
and the absorption characteristics of PVA. The doping
enhances these transitions, suggesting the creation of
defect states or better charge carrier generation. The
visible light absorption increases with higher dopant con-
centrations in the visible region (400-700 nm), attributed
to the localized surface plasmon resonance (LSPR) effect
from CuO and Fe, O3 NPs. This effect indicates enhanced
interaction between light and nanoparticles, improving
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the material’s optical sensitivity.
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Fig. 6 Absorption Coefficient (o) of PVA: PANI with
CuO: Fe,O3 hybrid NPs at different concentrations 2%,
4%, 6 %, 8% and 10%

3.4 Optical band gap

The plots shown in Figure 7 indicate the Tauc rela-
tionship used to determine the optical energy band gap
( Eg ) for Polyvinyl Alcohol (PVA), Polyaniline (PANI),
and their 50:50 blend. The optical energy band gap ( E,
) was calculated by extrapolating the linear portion of
the (ahv)? vs. hv plot to the energy axis ( hv ) where
(ahv)? = 0. The parameter « represents the absorption
coeflicient, and hv is the incident photon energy, which
can be calculated from hy = 1240/14 [9]. In the first
graph, the linear region is extrapolated to intersect the
energy axis around Eg ~ 4.0eV. This value aligns with
the reported band gap for pure PVA, which is typically
a wide-bandgap polymer due to its insulating nature. It
is confirmed by earlier works that PVA exhibits a direct
band transition between the localized highest occupied
molecular orbital (HOMO) and lowest unoccupied molec-
ular orbital (LUMO) band edges [14]. Such high values
are indicative of electronic transitions predominantly
involving 7 — * or o — o* states [22]. The second graph
shows E, ~ 3.8eV, which is slightly lower than that of
PVA. PANI exhibits semiconducting properties due to
its conjugated structure, where delocalized 7 electrons
contribute to its optical transitions. Typically, PANI
has a relatively small energy gap due to its chemical
structure, which allows for the possibility of electron
movement when light is absorbed. This value is consistent
with previous reports for PANI in its doped or dedoped
forms, depending on the synthesis route [23]. The third

© 2025 The Author(s).

121

graph indicates a band gap E; ~ 3.9¢V. The blending
of PVA with PANI resulted in slight modifications to
the band structure. The intermediate value reflects the
interaction between the insulating PVA matrix and the
semiconducting PANI. Such behavior is observed in
hybrid materials where the polymer matrix influences the
optical properties of the composite, which can lead to
improved conductivity or other properties such as optical
absorption.

——pan|

(alphah'2

(alpha*hf)*2

(alpha*hn*2

Fig. 7 Optical direct band gap energy (E) of the
prepared PVA Pure, PANI Pure and PVA:PANI blend

In the case of the PVA/PANI blend with a 50:50
composition, doping with nanostructured metal oxides
such as CuO and Fe,O3 introduces significant changes
in the electronic and optical properties of the polymer
blend matrix. Figure 8 represents the direct band gap
of the PVA/PANI blend system with different iron oxide
and copper oxide ratios ( CuO : Fe;O3 ). The data shows
that the optical energy gap is gradually decreasing from
3.96 eV by 2% to 3.79 eV at 10%. CuO and Fe,;0s
nanoparticles, with their distinct electronic structures, are
known to act as charge transfer centers when embedded
in polymer matrices. Their inclusion creates localized
states within the band gap of the polymer blend, resulting
in a reduction of the optical band gap. This is often
attributed to the formation of new energy levels, where the
nanoparticles interact with the polymer chains, creating
mid-gap states that facilitate electronic transitions at lower
energies. Additionally, CuO and Fe,O3 nanoparticles
enhance the conductivity of the PANI phase due to their
inherent semiconducting properties, which further affects
the energy gap. As shown in Figure 8, the presence of the
CuO : Fe,03 NPs within the PVA:PANI polymer causes
the jumping of the electrons in the valence band to the
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conduction band with the generation of more structural
impurities and localized states in the forbidden band,
thus decreasing the optical energy values of these doped
films [24,25].

Iron and copper oxides act as quantum point analogues,
providing additional electronic states in the energy struc-
ture of the system. With increased concentration, the ef-
fect of further fusion between polymeric components and
oxides was observed. The optical band gap decreases with
increasing concentrations of CuO/Fe,;O3 nanoparticles.
This trend can be attributed to enhanced interactions be-
tween the nanoparticles and the polymer chains, resulting
in increased charge carrier density, enhanced polarization
effects, and the formation of extended w-conjugation in
the PANI chains. The absorption edge shifts toward
longer wavelengths (redshift) with increasing doping
concentration.

Blend-CuO - Fe203-29-3.96

— Blend-CuO- Fe203-4%-3.84
Blend-CuO- Fe203-6%-3.89

4 Blend-CuO- Fe203-8%-3.79

Blend-CuO- Fe203-10% 3.79|

(alpha*hf)*2

T T T T T T T

1.0 1.5 2.0 25 3.0 3.5 4.0 4.5

Fig. 8 Optical direct band gap energy (E) of the
prepared PVA:PANI with different concentration at (2%,
4%, 6%, 8%, and 10%) of CuO:Fe,O3 NPs

Considerable attention has been focused on determin-
ing the optical band gap of films and colloids of polyvinyl
alcohol (PVA), poly(aniline) (PANI), and the film and
colloidal composite of PVA and polyaniline (PANI),
especially concerning indirect electronic transitions. The
optical band gap is one of the most important character-
istics that affects the optical and electronic behaviour of
materials and plays a seminal role in the optoelectronic
development of materials. In polymers (e.g., polyvinyl
alcohol), the optical band gap can be varied by several
parameters, including film thickness, doping, and the
addition of additives. For the PVA and PANI films,
as well as their blend, it has been demonstrated that
the optical band gap of the indirect transitions can be
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determined from the absorption spectra and from the
application of Tauc’s relationship, as presented in Figure
9.

The optical energy band gap (Eg) of the indirect
transition is a fundamental parameter that determines
the electronic transitions in a material, influencing its
applications in optoelectronic devices. The blend of
polyvinyl alcohol (PVA) and polyaniline (PANI) in a
50:50 ratio combines the properties of a flexible polymer
matrix (PVA) and a conducting polymer (PANI), making
it a versatile material for such studies. The energy gap of
the indirect transfer allowed from drawing the relationship
between (ahv)'/? and energy (hv) was also calculated,
and it was found that it decreases with the increase in
different concentrations of oxides, as shown in Figure 9.

600 —— Pure PANT - 3.50
5004 ——Pure PVA -3.28

() em' (@V)'F)
(ahv)*? (em*? (eV)*?)

[——PVA +PANI - 3.78

Fig. 9 Optical indirect band gap energy (E) of the
prepared PVA Pure,PANI Pure and PVA:PANI

It can be observed that, with an increase in the concen-
tration of metal oxides of nanoparticles or their mixture,
the energy gap decreases due to increased interactions
between the carriers in (VB) and (CB), which leads to
shifts in the (VB) and (CB) and a decrease in the band
gap. At the same time, the decrease in optical gap reflects
the formation of charge transfer complexes (CTCs) as
trap levels between the HOMO and LUMO bands of
PVA [26,27], which improves low-energy transitions, as
shown in Figure 10 and Table 1.

CCBY 4.0


https://creativecommons.org/licenses/by/4.0/

Journal of University of Anbar for Pure Science

Vol. 19, No. 2 (2025)

1600

1400 —+

e Blend-CuO-8% - 3.82
[ Blend-Cu0-10% - 3.65

. 1200
1000
800 -

600

(ahv)!? (cm" (V)

400

200

T T T

1.0 1525} 2.0

T T T

T
25 3.0 3.5 4.0
hv(eV)

4.5

Fig. 10 Optical indirect band gap energy (E,) of the
prepared PVA:PANI with different concentrations at
(2%0,4%0,6%,8%,10%) of CuO

Table 1 Optical energy band gap values for permissible
direct and indirect conversions of (PVA:
PANI/CuO:Fe;03) nanocomposite films

. . Optical energy band gap (eV)

Prepared films Concentrations of NPs wt% Direct allowed Tndirect allowed
PVA PURE 0 4.1 3.28
PANI 0 4 3.50
PVA:PANI (50:50) 0 39 3.78

2 3.96 3.84

4 3.84 3.66
Cu0 - Fe,03 6 3.89 397

8 3.79 3.6

4 CONCLUSION

Pure PVA exhibits high transparency across the UV,
visible, and NIR regions, with low absorption due to
its insulating and amorphous nature. While pure PANI
demonstrates increased absorption, particularly in the UV
and visible regions, attributed to 7 — n* and n — #*
electronic transitions within its conjugated structure.
However, the PVA:PANI blend exhibits intermediate
properties, with enhanced absorption in the UV region
due to the synergy between PVA and PANI, indicating
partial miscibility and improved optical properties. The
inclusion of CuO and Fe,O3 nanoparticles significantly
improves the optical absorption properties of the PVA-
PANI blend, particularly in the UV-Vis region. The
variation of the absorption coefficient with dopant concen-
tration reveals valuable insights into the optical behavior
of the PVA-PANI blend. The interaction between the
polymer matrix and metal oxide nanoparticles enhances
absorption and modifies electronic transitions, making the
material promising for optoelectronic and photovoltaic

© 2025 The Author(s).

123

applications. Doping with CuO and Fe, O3 nanoparticles
further reduces the optical band gap, from 3.96 eV at 2%
doping to 3.79 eV at 10%, attributed to the formation
of mid-gap states, increased charge carrier density, and
enhanced interaction between nanoparticles and polymer
chains.
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