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Abstract

The goal of the present study is to fabricate PVA/PEG/ZnO-GO nanocomposites and investigate their optical
features. The PVA/PEG/ZnO-GO nanocomposites have been prepared by utilizing casting technique with various
concentrations of (ZnO-GO) nanoparticles. The optical features have been investigated at a range of wavelengths from
(220 - 820 nm). The analysis reveal that when (ZnO-GO) nanoparticles ratio has been increased, absorption value of
PVA/PEG was boosted whereas the transmittance value was drop down. Whenever (ZnO-GO) nanocomposites ratio
have been rise, the band gap was reduced from 4.7 to 3.9 eV for allowed transition from 4.3 to 3.2 eV for forbidden
transition. The reduce of energy gap making PVA/PEG/ZnO-GO nanocomposites are suitable for many optoelectronics
applications like sensors, diodes, solar cell, transistors and photovoltaic cell. The other optical features of
PVA/PEG/ZnO-GO nanocomposites have been boosted. Finally, the outcomes of optical features reveal that the

PVA/PEG/ZnO-GO nanocomposites are being possible to be utilized in many optoelectronics applications.
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Introduction

Polymer nanocomposites are important in the
production and material development fields [1]. The
most significant factor in it resulting from the
interaction of filler nanoparticles with polymer which
led to improvement of the features of nanocomposites
[2]. Polymer nanocomposites got great interest because
they possess a high potential for a big improvement in
it features by adding a slight number of nanoparticles
to the array of polymer [3].

The manufacturing and investigation of various
polymers blend have a lot of interest in the recent year
due to the enhancement of the feature of 2 polymer or
more with a suitable dopant [4]. Polymer

nanocomposites have garnered significant attention due

to their enhanced mechanical, electrical, and thermal
properties, which are attributed to the incorporation of
nanofillers such as metal oxide nanoparticles and
graphene derivatives. The blend of Polyvinyl Alcohol
(PVA) and Polyethylene Glycol (PEG) serves as an
effective matrix for these nanocomposites, offering a
balance between flexibility and processability. The
addition of Zinc Oxide (ZnO) nanoparticles and
Graphene Oxide (GO) further augments the properties
of these blends, making them suitable for various
applications, including sensors, electronic devices, and
biomedical fields [5,6].

In the field of advanced materials science, the

development of polymer-based nanocomposites has
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emerged as a promising strategy to enhance the
structural and functional properties of conventional
polymers [7,8]. Among various polymeric systems,
Polyvinyl Alcohol (PVA) and Polyethylene Glycol
(PEG) have attracted significant attention due to their
complementary properties. PVA is a water-soluble
synthetic polymer known for its excellent film-forming
ability, mechanical strength, biocompatibility, and
thermal stability. On the other hand, PEG is a flexible,
hydrophilic polymer that contributes to plasticity,
flexibility, and improved chain mobility when blended
with PVA [9,10].

The combination of these 2 polymers results in a
blend that maintains a desirable balance between
strength and flexibility, making it suitable for a wide
range of applications including biomedical devices,
packaging, and sensors [11,12]. However, the intrinsic
properties of polymer blends can be further tailored
through the incorporation of nanofillers. Among the
most widely used nanofillers, Zinc Oxide (ZnO)
nanoparticles and Graphene Oxide (GO) have shown
particular promise. ZnO nanoparticles are known for
their high surface area, antimicrobial properties, wide
band gap (~3.37 eV), and excellent UV-blocking
capabilities [13]. Their addition to polymer matrices
can significantly enhance the mechanical strength,
thermal stability, and optical transparency of the
composite. Meanwhile, GO, a 2-dimensional carbon-
based material rich in oxygen-containing functional
groups, offers outstanding mechanical properties,
electrical conductivity, and large surface area [14]. It
also interacts well with hydrophilic polymers like PVA
and PEG through hydrogen bonding and electrostatic
interactions, ensuring good dispersion within the
matrix [15]. Together, they significantly improve the
physicochemical performance of the base polymer
blend. Moreover, this multi-component nanocomposite
system provides a highly tunable platform for
designing functional materials for a variety of
advanced applications ranging from flexible electronics
and optoelectronic devices to antibacterial coatings and
smart packaging [16-18]. Recent research efforts have
focused on optimizing the synthesis routes (e.g.,
solution casting, in-situ polymerization), controlling
nanofiller dispersion, and characterizing the resulting
materials to understand the complex interplay between

composition, structure, and properties [19]. The

properties of nanocomposites were investigated to
employ in various fields [20-24]. This paper involves
the fabrication of PVA/PEG blend doped with ZnO-
GO nanoparticles. The optical and morphological
features for PVA/PEG/ZnO-GO nanocomposites were
investigated. The PVA/PEG/ZnO-GO nanocomposites
have good optical parameters compared with other
nanocomposites films which making them are suitable
for various optoelectronics applications.

Materials and methods

Materials

Polyvinyl alcohol (PVA), with a molecular
weight of approximately 160,000 g/mol and partially
hydrolyzed, along with polyethylene glycol (PEG),
characterized by a high degree of hydrolysis (99 %)
and a molecular weight of 20,000 g/mol, were utilized
in their granular, water-soluble synthetic polymer
forms. Both polymers were procured from Central
Drug House Ltd. (CDH), India. As for the
nanomaterial additives, zinc oxide (ZnO) and graphene
oxide (GO) nanoparticles were employed. The GO was
synthesized using a modified Hummer’s method to
ensure high oxidation efficiency and uniformity in

structure.

Methods

A polymer blend was prepared using polyvinyl
alcohol (PVA) and polyethylene glycol (PEG) in a
weight ratio of 9:1 (PVA:PEG). Both polymers were
dissolved in distilled water under constant magnetic
stirring at 80°C wuntil complete dissolution was
achieved, resulting in a homogeneous polymer
solution. To this base polymer blend, nanofillers were
added in the form of zinc oxide (ZnO) nanoparticles
and graphene oxide (GO), each at varying
concentrations of 1, 2 and 3 wt% relative to the total
weight of the polymer. The nanomaterials were
initially dispersed in a small amount of distilled water
using ultrasonic treatment for 30 min to ensure uniform
dispersion before being added to the polymer matrix.
After thorough mixing, the resulting nanocomposite
solutions were cast into clean, leveled glass Petri
dishes using the solution casting method. The films
were allowed to dry at room temperature for several
days under dust-free conditions to enable slow

evaporation of the solvent and to form uniform films.
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The dried films were then carefully peeled off and
stored in a desiccator for further characterization.

Results and discussion

Figure 1 shows the surface morphology images
of polymer blend doped with (1, 2 and 3 wt%) of
(ZnO:GO) nanoparticles respectively. It’s clearly
appear from the optical microscopy image that the
polymer blend was homogeneously and perfectly
dissolved in the solution, as shown in Figures 1(a) -
1(d) the dispersion and distribution of (GO/ZnO)
within the polymer blend matrix, highlighting the

Blend

influence of polymer molecular weight on the
nanocomposite’s morphology. The presence of
(GO/ZnO) was observed to affect the uniformity and
texture of the films, indicating its role in modifying the
film’s structural properties [25]. Also, Figure 1 shows
the distribution of ZnO-GO NPs inside the PVA/PEG
matrix. At low concentration, the nanoparticles form a
clusters inside polymer matrix. With increasing the
content of NPs provides a link of pathways inside the
plastic matrix, permitting carriers of charges to travel
across the films, resulting in a change in material
properties [26-29].

Figure 1 Optical microscopy images for PVA/PEG/ZnO-GO nanocomposites.

Figure 2 shows the variation of the optical
absorbance spectra of polymer blend and
PVA/PEG/ZnO-GO nanocomposites films against
photon wavelengths for different concentrations of
(ZnO-GO) nanoparticles in the wavelength range of
220 - 820 nm. All the results show that films have 1
absorbance peak in the ultraviolet region (4 ~280 nm)
and become steady in the visible regions. This is
attributed to enhanced light scattering, reduced optical

bandgap, and improved interfacial interactions. ZnO

nanoparticles, with their wide band gap (~3.2 eV), can
narrow the effective band gap of the composite,
leading to increased absorption in the UV-visible
range. GO’s oxygenated functional groups and sp?
carbon domains introduce additional energy states,
further facilitating photon absorption. Moreover, the
presence of GO can improve the dispersion and
distribution of ZnO nanoparticles within the polymer
matrix, enhancing the overall optical properties of the

nanocomposite [30].
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Figure 2 The absorbance versus wavelength for PVA/PEG/ZnO-GO nanocomposites films.

Figure 3 shows the transmittance spectra for
PVA/PEG/ZnO-GO nanocomposites

function of wavelength. The transmittance (T) was
calculated below [31]:

1=tes ()

films as a

(1)

Transmittance*100%

0.1 +

The reduction in transmittance of PVA/PEG
blends doped with ZnO-GO nanoparticles is primarily
attributed to increased light scattering and absorption
by the nanoparticles. These effects arise from the
nanoparticles’ high surface area and crystallinity,
which uv
transparency [32].

enhance
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Figure 3 The transmittance versus wavelength for PVA/PEG/ZnO-GO nanocomposites.
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Figure 4 shows the optical conductivity as a
function of the wavelength for PVA/PEG Polymer
blend and PVA/PEG/ZnO-GO nanocomposites films.
It was observed from the figure that the optical
conductivity at high photon energy (low wavelength)

increased and vice versa at high wavelength, optical

conductivity increases at high photon energy (low
wavelengths) due to more active electronic transitions,
and decreases at lower photon energy (high
wavelengths), These properties are important for
optoelectronic and photonic applications [33].
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Figure 4 The optical conductivity versus wavelength for PVA/PEG/ZnO-GO nanocomposites films.

Figure 5 obtain the absorption coefficient of
PVA/PEG polymer blend and PVA/PEG/ZnO-GO
nanocomposites films. The a give the information on
the the transition’s nature. It is spotted that the a < 10*
cm!, therefore indirect transition is happened. Both
PVA/PEG polymer blend and PVA/PEG/ZnO-GO
nanocomposites exhibit high absorption coefficients (o

900 -

750

600 -

450

a(cm)

300 |

150 1

< 10* cm™), indicative of strong absorption in the UV
region. The nature of the electronic transitions in these
materials is primarily indirect allowed transitions. The
incorporation of PEG-PVA blends and GO-ZnO
nanocomposites introduces structural disorder and
localized states within the band gap, facilitating these
indirect transitions [34].

Epn(eV)

Figure 5 Absorption coefficient for PVA/PEG/ZnO-GO nanocomposites.
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The value of allowed &forbidden energy gap of
PVA/PEG polymer blend and PVA/PEG/ZnO-GO
nanocomposites is illustrate in Figures 6 and 7,
respectively. The band gap reduction in PVA/PEG
blends doped with ZnO-GO nanoparticles illustrated in
the figures is due to structural disorder, defect states,
and mid-gap energy levels introduced by the
nanoparticles. These factors enhance electron
delocalization and create localized states, allowing
indirect transitions at lower photon energies. This

results in a reduced energy gap from 4.7 to 3.9 eV for
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—+— Blend

60

50

40

30

(ahu)2{cm.eV)!*2
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allowed transition from 4.3 to 3.2 eV for forbidden
transition due to easier electron transitions and
modified electronic structure. The reduce in the E; is
due to grow with a trouble degree to create the
localized stages in the structures of nanocomposites
causes to shrink of the Eg [35-42]. The reduce of
PVA/PEG/ZnO-GO

nanocomposites are suitable for many optoelectronics

energy gap making

applications like sensors, diodes, solar cell, transistors
and photovoltaic cell.
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Figure 7 E; values for PVA/PEG/ZnO-GO nanocomposites films for forbidden transition.
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Figures 8 and 9 show the performances of n and k
of PVA/PEG blend and PVA/PEG/ZnO-GO
nanocomposites films. The n wvalues reduce with
photon wavelength rising and then take steady values.
The k values reduce, then rise with rising photon
wavelength at low wavelengths. The reduction in the
refractive index (n) and extinction coefficient (k) due to

the interplay between electronic polarizability,
structural disorder, and the material’s electronic band
structure. These factors collectively influence how the
material interacts with light across different
wavelengths. The n values of PVA/PEG blend rise
with rising ZnO-GO NPs content which is due to the
increase of films density [43-49].

—e—Blend

—u—1 wt%

——2 wWt%
3 wt%

220 320 420

520 620 720 820

Wavelength(nm)

Figure 8 Performance of n for PVA/PEG/ZnO-GO nanocomposites films.
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Figure 9 Extinction coefficient for PVA/PEG/ZnO-GO nanocomposites films.

The real and imaginary dielectrics constants of
PVA/PEG blend and PVA/PEG/ZnO-GO
nanocomposites films are illustrated in Figures 10 and
11. Both of the constant increase with rising photon
wavelength and then decrease till reaching steady

value. This is primarily due to reduced interfacial

polarization at higher frequencies and nanoparticle
agglomeration. PVA/PEG-induced amorphousness also
lowers dipolar alignment, further decreasing dielectric
response. These effects are strongly frequency-
dependent and limit polarization at higher frequencies
[50,51].
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Figure 10 Real part of dielectrics constant for PVA/PEG/ZnO-GO nanocomposites films.
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Figure 11 Imaginary part of dielectrics constant for PVA/PEG/ZnO-GO nanocomposites films.

Conclusions

The  PVA/PEG  polymer blend and
PVA/PEG/ZnO-GO nanocomposites films were
successfully prepared by casting method. The Optical
microscopy images showed that both of (ZnO-GO)
nanoparticles were homogeneously diffused within the
matrix of polymer blend. It was observed from the
study of optical properties that the increase of (ZnO-
GO) nanoparticles led to enhancement of all optical
coefficients such as absorbance, transmittance, optical

conductivity, refractive index, and energy gap. The

energy gap decreased from 4.7 to 3.9 eV for allowed
transition & from 4.3 to 3.2 eV for forbidden transition.
The optical characters showed that the PVA/PEG/ZnO-
GO nanocomposites can be used in different optical

devices.
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