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Abstract:
In this study, titanium dioxide (TiO2) nanoparticles are combined with a mixture of polymers (polyvinyl-
alcohol PVA, polyethylene-glycol PEG and polyvinylpyrrolidone PVP). Titanium dioxide (TiO2) NPs was
formulation by sol-gel process, nanocomposites were prepared with concentration (1, 5, 10, 15, 20 and 25
wt%). TiO2 NPs after subjecting them to a calcination process at a temperature of about 400 ◦C and 700 ◦C
and polymer blend of different concentrations (PVA various wt%, PEG constant wt% and PVP constant wt%).
A UV-Vis spectrometer was used to determine the optical constants of the prepared-samples. Absorption
coefficient, extinction coefficient, refractive-index and optical energy-gap were calculated, it was noticing of
absorption coefficient values in calcination 400 ◦C for 25 wt% TiO2 NPs higher than that of other samples.
The refractive index of TiO2 at 700 ◦C is higher than that of 400 ◦C due to the different crystalline structure
of rutile. The optical energy band gap was determined and it was discovered to decrease from 5.16 eV for (1
wt% TiO2) blended with (PVA 84 wt%, PEG 10 wt% and PVP 5 wt%) up to 3.51 eV (25 wt% TiO2) with
concentrations of (PVA 60 wt%, PEG 10 wt% and PVP 5 wt%) as matrix. At a higher calcination temperature
of 700 ◦C, TiO2 transitions from the anatase phase to the rutile phase, this change in crystal structure has a
significant effect on the value optical dielectric constant real part (εr) which is (16.06). The findings have
important ramifications for possible uses these nanocomposites to enable reuse of the photocatalysts, thus
extending their useful life.
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1. Introduction

Nanocomposites have emerged as a prominent field of study,
holding immense potential for various applications. The
utilization of polymers in nanomaterials synthesis has been
extensively explored owing to their remarkable properties.
Titanium dioxide, also known as titania (TiO2), is a white
material that is widely used in environmental photocatalysis,
self-cleaning and anti-fogging surfaces, and photo electro-
chemical conversion of solar energy [1]. Titanium dioxide
nanoparticles are among the most widely used nanomateri-
als due to their distinctive optical and chemical characteris-
tics.
The addition of Nano titanium oxide (TiO2) to polyvinyl
alcohol (PVA) enhances the photocatalytic properties for
water purification. TiO2, when in nano form, has a larger
surface area, improving its photocatalytic efficiency. When

exposed to UV light, TiO2 generates electron-hole pairs,
which can react with water molecules or organic contami-
nants, leading to the formation of reactive oxygen species
(ROS) like hydroxyl radicals. These ROS can decompose
organic compounds in water [2].
PVA serves as a stable support for TiO2 nanoparticles, pre-
venting aggregation and ensuring uniform dispersion. It
also provides mechanical strength and flexibility to the com-
posite material, making it durable and suitable for practical
use. Furthermore, PVA enhances the absorption of visible
light, expanding the photocatalytic activity of TiO2 to the
visible light spectrum [3].
In summary, the combination of Nano TiO2 and PVA in a
composite material offers improved photocatalytic proper-
ties [4], enabling the degradation of organic pollutants and
the inactivation of microorganisms in water, making it a
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promising solution for water purification.
However, these nanoparticles (NPs) constitute a concern to
the environment when released into bodies of water because
they are often only utilised once in wastewater treatment
and are challenging to recover. The NPs can be incorpo-
rated in or supported by a polymeric matrix, like electro
spun fibres, to reduce this risk [5]. Immobilising the NPs
on these supports would enable the catalysts to be reused,
so extending their useful lives.

2. Experimental

Nanocomposites have gained significant attention in vari-
ous fields due to their unique properties and versatile ap-
plications. In this study, we focus on the preparation of
nanocomposites using a polymer blend of polyvinyl-alcohol
(PVA), polyethylene-glycol (PEG), polyvinylpyrrolidone
(PVP), and titanium dioxide (TiO2) nanoparticles. The op-
tical properties of these nanocomposites are investigated,
as they play a crucial role in potential applications such as
optoelectronics and sensors [6].
The synthesis of titanium dioxide nanoparticles was car-
ried out using the sol-gel method. In the first step, TiO2
nanoparticles were prepared by a sol-gel process, where
titanium precursor and stabilizing agents were mixed in
a suitable solvent. The resulting solution was subjected
to hydrolysis and condensation reactions, leading to the
formation of TiO2 nanoparticles [7]. Subsequently, the syn-
thesized TiO2 nanoparticles were calcined at two different
temperatures, 400 ◦C and 700 ◦C, to optimize their crys-
talline structure and remove any residual organic species.
Calcination is a crucial step that influences the morphology,
size, and crystallinity of the nanoparticles, thereby affecting
the overall properties of the nanocomposite. The prepared
TiO2 nanoparticles of concentration (1, 5, 10, 15, 20 and
25 wt%) (TiO2) were then mixed with the polymer blend in
specific weight ratios (PVA various wt%, PEG 10 wt% and
PVP 5 wt%). The selection of PVA, PEG and PVP as the
polymer components is based on their compatibility with
the nanoparticles and their ability to form a stable compos-
ite system [8]. The weight ratios of the components were
carefully chosen to ensure a homogeneous dispersion of
the nanoparticles within the polymer matrix. The solvent
casting method was employed to fabricate the nanocompos-
ite [9]. The polymer blend and TiO2 nanoparticle mixture
were dissolved in a suitable solvent, followed by the cast-
ing of the solution onto a flat substrate. The solvent was
evaporated under controlled conditions to obtain uniform
nanocomposite with a desired thickness. The nanocompos-
ite samples were subjected to optical characterization to
investigate their optical properties. Optical characterization
provides valuable insights into the interaction of light with
the nanocomposite materials and allows for the analysis of
their optical behavior.

3. UV-Vis spectroscopy studies

A UV-VIS spectrometer was employed to measure the opti-
cal parameters at room temperature in the wavelength range
(200 - 1100) nm [10].

3.1 Optical properties
The ratio of the incident light intensity (I0) to the intensity of
the transmitted light (It ) is known as the transmittance spec-
trum (T ), and it is represented by the following equations
[11]:

T =
It
I0

= 10−A (1)

where: A is the absorbance, additionally, the thickness of the
material, temperature, and filler method all affect transmit-
tance [12]. Nevertheless, the inversion of the transmittance
(T ) is called absorbance (A), or the optical density, since
the transmittance’s negative logarithm is represented by the
absorption, it can be written as follows:

A = logT−1 (2)

The type of material and the length of the incident radiation
wave are two variables that have an impact on a material’s
absorption. Between 200 nm and 1100 nm, the absorbance
was measured as a function of wavelength, in Figure 1 (a). It
is noticed at λ = 245 nm less absorbance was 39.4% in con-
centration (without TiO2) and higher absorbance was 98%
in concentration 25 wt% TiO2. And for the Figure 1 (b) it is
noticed at λ = 245 nm less absorbance was 32.9% in con-
centration 1 wt% TiO2 and higher absorbance was 86.3% in
concentration 25 wt% TiO2. Figure 1 demonstrates that the
absorbance declines with increasing wavelength for all pre-
pared samples. This can be explained physically by the in-
ability of the incident photon to excite and move the electron
from the valance band to the conduction band. Because the
incident photon energy is lower than the nanocomposite’s
energy gap value, the absorbance is decreased by increasing
the wavelength. Additionally, it is observed that absorbance
decreases as the rate of filler increases, which supports the
idea that the introduction of dopant material atoms into the
prepared samples’ crystalline structure caused the formation
of local levels within the energy gap, which in turn caused
the absorption of photons with low energies [13].
Photocatalysis is a chemical process in which a material
(known as a photocatalyst) quickens a chemical reaction by
absorbing and using light energy. Different photocatalytic
materials can absorb light at various wavelengths or ener-
gies due to their diverse absorption spectra. While certain
photocatalysts function best in the ultraviolet (UV) region,
others can also be used in the visible or infrared spectrum
[3].
At λ = 350 nm (ultraviolet) region of 20 wt% TiO2 calci-
nation 400 ◦C has the highest value of the photocatalytic
in composite compared with other prepared sample, at
λ = 630 nm (visible) region of 25 wt% TiO2 calcina-
tion 400 ◦C has the highest value of the photocatalytic in
composite compared with other prepared sample and at
λ = 1000 nm (infrared spectrum) of 25 wt% TiO2 calcina-
tion 400 ◦C has the highest value of the photocatalytic in
composite compared with other prepared sample.
Figure 2 (a&b) depict the transmittance curve plotted as
a function of wavelength for all prepared samples, and
Eq. (1) was used to determine the transmittance values.
From Figure 2 (a) we note that the transmittance decreases
with increasing concentration of TiO2, where the sample
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Figure 1. The absorbance spectra of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b) 700 ◦C.

of concentration (0 wt% TiO2) yielded the maximum trans-
mittance, at 400 ◦C calcination and less transmittance in
concentration (25 wt% TiO2) and from Figure 2 (b) we
note that the sample with concentration (1 wt% TiO2) had
the maximum transmittance. At 700 ◦C calcination and
less transmittance in concentration 25 wt% TiO2, This is
due to the filler’s larger particle size compared to the ma-
trix’s smaller particle size, which increases absorption and
decreases transmission and due to additives that reduce in-
cident light at low wavelengths’ ability to transmitting due
to the layer form of covalent connections between polymer
chains [14]. That shows the-fraction of light lost due to
scattering. This outcome suggests that the TiO2 packed
atoms will modify the polymer’s structure [15].
According to the energy conservation equation, we can
determine the reflectance (R) based on the spectrums of
transmittance (T ) and absorbance (A) [16]:

R = 1− (T +A) (3)

Eq. (3) was used to calculate the reflectance from the ab-
sorbance and transmittance spectra using the energy conser-
vation law. The reflectance of the prepared samples shown
as a function of wavelength in Figure 3. In general, we
found that as wavelength is increased, reflectance increases.
The reflectance curves’ apparent common behavior is to
first show a reduction in reflectance value before rising with

increasing wavelength. Between wavelengths (300 - 390
nm) and (400 - 1100 nm), there is a decrease, and then there
is an increase. The amount of scattering in the UV-VIS re-
flectance spectrum is far less than the amount of absorption.
The optical band gap, which corresponds to the rapid de-
crease in reflectance at a specific wavelength, indicates that
the particles are almost consistently dispersed throughout
the prepared specimen [17].

3.2 Optical constants
3.2.1 Absorption coefficient (α)
Materials’ absorption coefficients are strongly correlated
with both photon energy and band gap energy. It depends
on the incident photon energy and the kind of electronic
transitions that take place between the energy bands and
can be defined as the attenuation in the flood of radiation
energy or the intensity per unit of area in the direction of the
wave in the medium [18]. The reason of the attenuation in
incident photon energy is the absorption processes. where
the following equation connects the absorbance with the
absorption coefficient [19]:

α = 2.303
(

A
d

)
(4)

where d is the thickness, and α is the absorption coefficient.
From Figure 4 (a) it is noticed at λ = 245 nm less value of

Figure 2. The transmittance spectra of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b)
700 ◦C.
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Figure 3. The Reflectance of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b) 700 ◦C.

absorption coefficient where it was 4.28 cm−1 (1 wt% TiO2)
and higher absorption coefficient was 16.17 cm−1 in con-
centration 25 wt% TiO2. Extended states inside the energy
gap and close to the conduction band could be the reason of
this, which increase absorption of long-wavelength photons.
High absorption means that there is a high chance that an
electron will transition from the valence band to the conduc-
tion band when the incident photon energy is high.
In Figure 4 (b) shows the absorption coefficient α cm−1

as a function of wavelength for (Blend-TiO2) nanocompos-
ite. It is shows increase in the absorption coefficient with
increasing concentration of TiO2. It is noticed at λ = 245
nm Less value of absorption coefficient where it was 2.98
cm−1 (1 wt% TiO2) and higher absorption coefficient was
13.72 cm−1) in concentration 25% TiO2. The absorption
coefficient aids in determining the nature of electronic tran-
sitions. When the absorption coefficient is high (α > 104

cm−1) at high energies, we expect direct electronic transi-
tions, and when the absorption-coefficient is low (α < 104

cm−1) at low energies, we expect indirect electronic transi-
tions, which preserve the electron and photon’s energy and
momentum [20, 21]. The coefficient of absorption for the
(Blend-TiO2) nanocomposite is less than (α < 104 cm−1)
that the electron transitions is indirect.

3.2.2 Extinction coefficient (K)
Extinction coefficient K is defined as the quantity of the
energy absorbed in sample, or the extinction that happened
in electromagnetic wave inside the material and by the fol-
lowing relation [22, 23]:

K =
αλ

4π
(5)

The extinction coefficient (K) was illustrated in Figure 5 (a)
as a function of wavelength of the (Blend-TiO2) nanocom-
posite at different concentration. The extinction coefficient
has changed its behaviour, becoming more pronounced in
the visible and near-infrared spectrums while becoming
less pronounced at the low wavelength of the absorption
edge. The extinction coefficient is associated with the ab-
sorption coefficient, and when the absorption coefficient
increases, so the coefficient extinction increases with ad-
ditive increased. Less value of the extinction coefficient
(1 wt% TiO2) at TiO2 calcination 400 ◦C and higher the
extinction coefficient was in concentration (25 wt% TiO2)
this was due to its lowest energy gap value.
In Figure 5 (b) shows the extinction coefficient (K) as a
function of wavelength for (Blend-TiO2) nanocomposite at
different concentration. Also, it is shows increase in the
extinction coefficient with increasing concentration of TiO2
and from Figure 5 it show that the extinction coefficient in

Figure 4. The Absorption coefficient (α) of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b)
700 ◦C.
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Figure 5. The extinction coefficient (K) of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b)
700 ◦C.

(Blend-TiO2) nanocomposite for TiO2 at calcination 400 ◦C
higher than that of calcination 700 ◦C. Because of crystal
structure for the TiO2 phase anatase (400 ◦C calcination)
and rutile (700 ◦C calcination) where the anatase phase has
a tetragonal crystal structure. It is characterized by a dis-
torted octahedral coordination of titanium atoms, resulting
in a lower symmetry structure compared to rutile. While ru-
tile phase has a more compact and dense tetragonal crystal
structure. It consists of octahedrally coordinated titanium
atoms in a more regular and symmetric lattice [24, 25].

3.2.3 Refractive index (n)
It can be characterized as the difference between the speed
of light in a vacuum and the speed of a medium [26, 27]:

R =
(n−1)2 +K2

(n+1)2 +K2 (6)

This equation allows us to determine the refractive index:

n =

√(
1+R
1−R

)2

− (K2 +1)+
1+R
1−R

(7)

Figure 6 (a) shows refractive index for (Blend-TiO2)
nanocomposite as a function of wavelength at different
concentration. The values of refractive index increased with
the decrease of photon energy. This decrease indicates that

the electromagnetic radiation passing through the material
is slower in the low photon energy. A light beam becomes
refractive when it passes through a dielectric substance. The
physical explanation for this is because light moves at a dif-
ferent speed inside the dielectric. The refractive index is a
parameter directly correlated to the density of material. A
given material’s less dense polymorphs will be more openly
structured and hence lower than their denser equivalents. It
is obvious from this Figure that the refractive index of the
samples is influenced by increasing the filler percentage in
TiO2, that is related to increase the density of composite,
this, in accordance with the Lorentz-Lorentz formula, is
the outcome of an increase in the number of atomic refrac-
tions brought about by an increase in liner polarizability
[28]. Refractive index values increased as photon energy
decreased. This drop shows that electromagnetic radiation
with low photon energy passes through the material more
slowly [29].
However, at λ = 1015 nm the refractive-index of (Blend-
TiO2) nanocomposite for TiO2 calcination 400 ◦C in (1 wt%
TiO2) concentration is (3.95) while the refractive index (n)
for TiO2 calcination 700 ◦C in (10 wt% TiO2) concentration
is (4). The refractive index of 10 wt% (TiO2) calcination
700 ◦C, has the highest value in composite compared with
other prepared sample that was explained by the fact that it
reflected the greatest value.

Figure 6. The refractive index (n) of prepared samples as a function of wavelength for calcination (a) 400 ◦C and (b) 700 ◦C.
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Figure 7. The dielectric constant real part (εr) of prepared samples as a function of wavelength for calcination (a) 400 ◦C
and (b) 700 ◦C.

Calcination at 400 ◦C, TiO2 undergoes a phase transition
from the amorphous phase to the crystalline anatase phase.
Calcination at 700 ◦C as the temperature increases, TiO2
undergoes another phase transition, transforming from the
anatase phase to the rutile phase. The refractive index of
TiO2 at 700 ◦C is higher than that of 400 ◦C due to the
different crystalline structure of rutile. Depending on mea-
surement conditions the index can vary slightly depending
on factors such as impurities and particle size.
The-following equations describe (εr) and (εi) components
of the dielectric constant:

εr = n2 −K2 (8)

εi = 2nK (9)

Eqs. (8) and (9) are used to determine the dielectric con-
stant’s (εr) and (εi) components.
Figure 7 shows dielectric constant real part (εr) for (Blend-
TiO2) nanocomposite as a function of wavelength at differ-
ent concentration. At λ = 1015 nm the dielectric constant
of real part (εr) of (Blend-TiO2) nanocomposite for TiO2
calcination 400 ◦C in (1 wt% TiO2) concentration is (15.62)
while the dielectric imaginary part (εi) for TiO2 calcination
700 ◦C in (1 wt% TiO2) concentration is (16.06). The di-
electric constant of real part (εr) of 1% TiO2 calcination
700 ◦C, has the highest value in composite compared with

other prepared sample.
Figure 8 shows dielectric constant imaginary part (εi) for
(Blend-TiO2) nanocomposite as a function of wavelength at
different concentration, at λ = 1015 nm the dielectric con-
stant of imaginary part (εi) of (Blend-TiO2) nanocomposite
for TiO2 calcination 400 ◦C in (25 wt% TiO2) concentration
is (4.36×10−4) while the dielectric imaginary part (εi) for
TiO2 calcination 700 ◦C in (25 wt% TiO2) concentration is
(4.35×10−4). The dielectric constant of imaginary part (εr)
of 25 wt% TiO2 calcination 400 ◦C, has the highest value
in composite compared with other prepared sample.
At a higher calcination temperature of 700 ◦C, TiO2 transi-
tions from the anatase phase to the rutile phase. This change
in crystal structure has a significant effect on the optical
dielectric constant. The increase can be attributed to the
alignment and rearrangement of atoms in the crystal lattice,
leading to enhanced polarization and dielectric response.

3.2.4 Energy gap

The indirect energy gap of the prepared samples composite
as a function of optical energy-gap hν . Optical band gap
can be determined from absorption coefficient. We can de-
termine the indirect optical energy gap by charting (αhν)2

against hν , the band-gap can be calculated by extrapolating
the linear component of the curves to zero absorption value

Figure 8. The dielectric imaginary part (εi) of prepared samples as a function of wavelength for calcination (a) 400 ◦C and
(b) 700 ◦C.
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and then finding the intercept on the energy axis. Table 1
presents the values of the indirect energy gap that were ob-
tained [30].
Figure 9 shows that by rate of filler of PVA, PVP, and PEG
components, the value of the permitted energy gap reduces.
This indicates that the filler caused the absorption edge to
shift towards the low energies, as seen in Figure 9. This
drop can be explained by the filler generating levels in the
energy gap and near the conduction band. Which led to
the absorption of low energy photons. Table 1 contains
the energy gap values for the permitted direct transition of

prepared samples.
Table 1 indicates that an increase in filler concentration
results in a decrease in the optical band gap. The crystal
lattice’s atom distribution and arrangement, as well as the
composites’ crystal structure, are the main determinants
of the energy gap values, thus, the increase in disorder in
the material is responsible for the decrease in the energy
gap, On the other hand, defects of formation, such as voids,
may arise during composite mixing and give birth to desired
localized states in the material’s band gap, furthermore, de-
crease in cluster size of the parent solution. Where the band

Figure 9. The prepared samples’ optical band gaps as a function of wavelength.
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Table 1. The calculated energy gap values of the samples
that were prepared.

Mixture Percentage Energy gap

(wt%) (eV)

Pure polymer 0 5.27

400

1 5.16

5 4.81

10 5.09

15 5.03

20 4.55

25 3.51

700

1 5.25

5 5.24

10 5.14

15 5.10

20 4.59

25 4.53

gap decreased from 5.27 eV to 3.51 eV. More imperfect sites
were created on the TiO2 surface as a result of the doped
TiO2 nanoparticles energy gap narrowing. These surface
flaws have the qualified to absorb more visible light [30].
The increase in values of energy band gap at 10 and 15 wt%
of TiO2 may be due to porosity in nanocomposites can lead
to more complex interactions with the photonic material.
The presence of pores can create additional interfaces and
surfaces within the material, which can scatter, absorb or
reflect light differently compared to a solid nanocomposite.
This can lead to modifications of the optical energy band
gap.

4. Conclusion
The synthesis of nanocomposites (titanium dioxide
nanoparticles) blended with (PVA various wt%, PEG 10
wt% and PVP 5 wt%) using the Sol-gel combustion process
has been effectively shown. High absorption values of
prepared samples.
Adding Nano titanium oxide (TiO2) to polyvinyl alcohol
(PVA) improves photocatalytic properties for water
purification. TiO2 in nano form has a larger surface area,
enhancing its photocatalytic efficiency. When exposed to
UV light, TiO2 generates electron-hole pairs that react
with water or contaminants, forming reactive oxygen
species (ROS) that break down organic compounds. PVA
supports TiO2, prevents aggregation, and offers mechanical
strength. The combination extends TiO2 photocatalytic
activity to visible light, using PVA to capture and transfer
energy to TiO2. This enhancement is valuable for various
applications like water treatment and antibacterial surfaces.

The behavior of titanium dioxide nanoparticles and polymer
dopant as substitutional impurity existing in the lattice
position of TiO2, certified the existence of unique phase of
anatase TiO2 nanoparticles. The represent a good optical
property have led to reduce of band gap values for with the
increase of filler percentage of TiO2 nanoparticles from (20
to 25 wt%).
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