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ABSTRACT

This research intends to create cadmium telluride nanoparticles (CdTe NPs) and polyvinyl alcohol (PVA) nanocomposites using the
casting process to improve structural, AC electrical, and optical properties. To characterize the films, Fourier-transform infrared
(FTIR) spectroscopy, UV-visible spectroscopy, and alternating current (AC) electrical characteristics are implemented. The FTIR study
indicates a complicated interaction between the PVA matrix and CdTe nanoparticles. The optical band gap diminishes and absorbance
increases with higher concentrations of CdTe nanoparticles in the PVA matrix. Further improvements have been made to the polymer
films' extinction factor, reflecting index, optical conductivity, and dielectric properties. The dielectric constant and dielectric loss
increased with the frequency and concentration of CdTe nanoparticles, according to the AC electrical properties. Conversely, the
electrical conductivity of AC current rises with the frequency and concentration of CdTe nanoparticles, increasing by 55.02% at a
frequency of 100 Hz. Ultimately, these findings indicate that the PVA/CdTe nanocomposite is applicable in photodetector devices.
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1. INTRODUCTION

Nanomaterials are frequently used with bulk polymeric
materials to enhance their properties because of their
remarkable qualities. Materials that contain nanoparticles
are termed nanocomposites. Based on the material used for
the matrix, nanocomposites can be classified as metallic
matrix composite materials, ceramic matrix material
composites, or composites with a polymer matrix. The
arrangement of nanofillers within the bulk polymer matrix
is the primary factor in the production of polymer matrix
composites [1]. Homogeneous dispersion of nanoparticles
leads to better properties. Nonetheless, the weak van der
Waals interactions among the nanomaterials promote
particle  aggregation, thereby undermining their
characteristics. It has recently been demonstrated that
adding a compatibilizer also enhances the nanoparticles'
dispersion within the polymer matrix [2]. Enhancing the
outer layer of nanomaterials through modification and
functionalization leads to improved interfacial interactions
or connections between the filler and matrix. This
consequently enhances dispersion and facilitates more
efficient transfer of strain within a matrix and filler. The
final outcome is a set of high-performance, lightweight
composites that are perfectly suited for advanced
applications [3].

Recently, there has been a rise in interest in the production
of II-VI semiconductor nanoparticles [4]. Nanocrystalline
semiconductor films' distinct nonlinear visual effects and
quantum confinement make them a novel layer of photonic

material [5]. The precursor of II-VI semiconductor
materials, cadmium telluride nanoparticles (CdTe NPs) are
thought to have a variety of sophisticated applications, from
fluorescent materials to microelectronics. This is because of
its high photovoltaic synthesis capacity, which is achieved
by controlling the particle's size, surface, and shape in the
quantum confinement regime [6]. A variety of studies have
explored CdTe nanoparticles. CdTe nanoparticles are
employed in solid-state lighting, exhibits, communication
via optical fiber, sensors, solar cells, and medical imaging
and detection due to their high quantum yield and
availability in multiple colors [7-9]. Excellent optical
qualities, moderate conductivity, and affordability are all
well-balanced in CdTe. When compared to substitutes like
ZnO, TiO,, and PbS, which either have limits in optical
absorption or raise environmental concerns, it is still a
desirable option for optoelectronics and nanocomposite
applications despite toxicity concerns. CdTe is a desirable
material for solar cells, light-emitting diodes (LEDs), and
photodetectors because of its capacity to control the
bandgap, produce high quantum yields, and preserve
stability. The best mix of visible light absorption,
photoluminescence, and quantum confinement makes CdTe
a better option than other semiconductor nanoparticles for
your particular application (e.g., CdTe-PVA composites for
optoelectronic and antibacterial applications) [7]. Polyvinyl
alcohol (PVA), a semicrystalline polymer, is an excellent
host matrix for CdTe nanostructures because it is
chemically resistant, has strong mechanical properties (film
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formation), is water soluble, and has modest electrical
resistance (depending on dopants) [8,9]. This significant
substance has several uses in a variety of scientific and
technological domains. Because of the hydrogen bonds that
occur between the hydroxyl groups, PVA's polymer chains
interact strongly with one another. These hybrid materials
offer a wider range of applications since metal
nanoparticles doped in polymers are highly desirable. The
crystal structure of PVA is altered following its creation on
a composite with NPs, as demonstrated by Liu et al. [10].

In PVA/CdTe nanocomposites, you can investigate quantum
confinement effects, interfacial polarization, and charge
transport mechanisms to improve the theoretical
explanation of the observed behaviors (such as optical
bandgap reduction, dielectric behavior, and AC conductivity
trends). The phenomenon of semiconductor nanoparticles’
optical and electrical characteristics changing when their
size is reduced to the nanoscale (usually less than 10 nm) is
known as quantum confinement. Regarding CdTe
nanoparticles, this confinement results in: Bandgap
Expansion/Reduction: The energy gap between the valence
and conduction bands may widen or contract as the particle
size reduces, contingent on the particle size. Reduced
particle size for CdTe frequently causes a red shift
(reduction in bandgap) for smaller particles and a blue shift
(increase in bandgap) for larger particles [11-14].

The dielectric behavior of the nanocomposite is
substantially governed by the interface between the CdTe
nanoparticles and the PVA polymer matrix. This
phenomenon is referred to as interfacial polarization.
When there is a higher concentration of CdTe doping, the
interfacial polarization becomes more apparent: High
Doping Concentration: When CdTe nanoparticles are
equally dispersed throughout the polymer matrix, they
produce zones at the interfaces where they exhibit unique
polarization features. This occurs when the doping
concentration is high. There is a possibility that this will
result in higher dielectric constants and a more evident AC
conductivity [15].

The charge transport mechanism in semiconductor-
polymer nanocomposites is influenced by a number of
factors, including the percolation threshold, electron
hopping, and charge trapping at interfaces. Those Electrons
That Hop: Atlower doping concentrations, the majority of
the charge transfer occurs as a result of electron hopping
between CdTe nanoparticles. This results in an increase in
the composite's total conductivity. A threshold for the
process of percolation. In the event that a threshold
concentration of nanoparticles is reached, the construction
of a percolative conduction network makes it possible for
charge transfer to be carried out with greater efficiency. On
the other hand, charge trapping may occur as a consequence
of nanoparticle aggregation at high concentrations, which
may potentially result in a reduction in conductivity [16].

In this present study, we delve into the advanced
characteristics of PVA/CdTe nanocomposites, leveraging
state-of-the-art techniques including Fourier Transform
Infrared (FTIR) spectroscopy, Ultraviolet-Visible-Near
Infrared (UV-Vis-NIR) spectroscopy, and alternating

electrical property analysis to evaluate their promise for
innovative smart optoelectronic applications.

2. MATERIALS AND METHODS

Using a casting method, films of PVA/CdTe nanocomposites
were made with different amounts of cadmium telluride
(CdTe) nanopowder (CdTe, purity 99.99%, 60-70 nm,
amorphous), which was bought from US Research
Nanomaterials, Inc. 1 gram of PVA was mixed with 50
milliliters of deionized water to make the film. A magnetic
stirrer was utilized to homogenize the polymers and
enhance the fluid's uniformity. The CdTe nanoparticles
were incorporated into the PVA solution at amounts of 1%,
3%, and 5%. Nanocomposites of polyvinyl alcohol (PVA)
and cadmium telluride (CdTe) were combined and
fabricated into films with a thickness of 110 pm. Infrared
Fourier Transform Spectroscopy (FTIR) is a technique used
for obtaining an infrared spectrum of absorption or
emission of a solid, liquid, or gas. The device was designed
to analyze structural features by covering the spectral range
from 500 to 4000 cm-1. The PVA/CdTe nanocomposites
were analyzed optically using a UV-18000A-Shimadzu
spectrophotometer. The electrical characteristics of
PVA/CdTe nanocomposites were evaluated utilizing an LCR
meter (HIOKI 3532-50 LCR HI TESTER) across a frequency
range of 100 Hz to 5 MHz.

3. RESULT AND DISCUSSION

The FTIR spectra demonstrate the rotational and
vibrational characteristics of a substance's chemical
groupings. Figure 1 illustrates the FTIR properties of the
PVA/CdTe nanocomposites across a wave number range of
500-4000 cm™. The FTIR spectra of pure PVA polymer, as
shown inimage (A), display an absorbance band at 3264 cm-
1, which is related to O-H stretching vibrations, and a
different one at 2920 cm, linked to the asymmetric
stretching of CHz. The band at 1261 cm! is believed to
originate from the C-O stretching vibration. The absorbed
bands observed at 1595 cm correspond to the C=0
carbonyl stretch. The bands identified at 1418 cm-! and
1084 cm-! are associated with the stretching of CO and the
bending of OH, respectively. The absorbing band observed
at 837 cm! is associated with the C-C stretching vibration
[17,18].

The spectra presented in images B, C, and D illustrate the
variations in PVA spectra corresponding to different
concentrations of CdTe NPs. The spectra exhibit the
presence of CdTe NPs, indicating a shift in specific bands
and a variation in certain intensities. FTIR analysis indicates
that the introduction of varying quantities of CdTe NPs in
images B, C, and D results in a shift of certain bonds, while
no new peaks are formed. Subsequently, there is physical
interaction between the CdTe nanoparticles and the PVA
polymer matrix. These findings agree with researchers [19].
Figure 2 shows the wavelength-absorption relationship of
(PVA/CdTe) nanocomposites. According to the figure, all
samples absorb more UV light. Stimulating the donor's
electrons raised their energy. Additionally, the results
demonstrated that the samples absorbed a sizable number
of photons in the ultraviolet range. A graphic illustrating the
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effect of load ratio and CdTe NPs on absorbance is included
in the analysis. As the load ratio was increased from 1 wt.%
to 5 wt.%, the system's absorbance demonstrated a direct
correlation with the CdTe NPs ratio. A greater concentration
of charged carriers could be the cause of the absorbance
rise. The observed behaviors may be explained by the
limited ability of compressed photons to interact with
atoms, possibly due to their low energy levels and longer
wavelength of propagation. This outcome is in line with
study findings [20-22].
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D-(5wt.% CdTe)|

Transmittance (%)
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Figure 1. FTIR spectra for (PVA/CdTe) nanocomposites:(A) for
pure PVA, (B) for 1 wt.% CdTe NPs, (C) for 3 wt.% CdTe NPs and
(D) for 5 wt.% CdTe NPs
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Figure 2. Absorbance of PVA/CdTe nanocomposites with
wavelength

Figure 3 illustrates the transmission properties of the
PVA/CdTe nanocomposite with varying amounts of CdTe
NPs. The figure demonstrates a reduction in transmittance
with a rise in the ratio of CdTe NPs. The rise in surface
roughness is due to the accumulation of nanoparticles. The
dispersion of light is increased due to the heightened
surface fragmentation. Although there may be financial
implications, the nanocomposite films have decreased UV

International Journal of Nanoelectronics and Materials (IINeaM)
Volume 18, No. 4, October 2025 [527-536]

wavelength transmission, making them ideal for
pharmaceutical packaging because of their absorption
feature [23,24].

The absorption coefficient (a) is determined through
calculation [25]:

a=2.303 (A/d) (1)

Where A is absorbance and d is sample thickness. The
PVA/CdTe nanocomposite absorbance coefficient is shown
in Figure 4. The chart shows that all samples' absorbance
coefficients increase proportionally with increasing CdTe
NP concentrations. This increases the nanocomposites'
electric charge conduction. All of the samples' absorption
coefficients exhibit low values at low energies, suggesting
that there is little chance of electron migration. As the
energy of the input photon increases, these coefficients
demonstrate an upward trend, indicating a greater
probability of electron transference. This suggests that the
resulting photons have adequate energy to interact with the
elements effectively. The measured o values of the
generated films, which fall below 104 cml, indicate the
potential for indirect electronic transitions. The results
support the researchers' findings [26,27].
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Figure 3. Transmittance of PVA/CdTe nanocomposites with
wavelength

The energy gap is given by [28]:

(ahv)1/m=C(hv—Eg) (2)

For any constant C, the photon energy is characterized by
the symbol hv, the energy gap is represented by the symbol
Eg, and the value of m can alternate between two and three
for indirect transitions that are permitted and those that are
prohibited, respectively. Both Figure 5 and Figure 6
illustrate the indirect band gap that is present in the
PVA/CdTe nanocomposite. Employing the interruption of
the larger line segment. A segment of the curve depicted in
Figures 6 and 7 was extracted to construct a linear
representation of the energy gap. The graph demonstrates
that an increase in the amount of CdTe nanoparticles leads
to a notable decrease in the energy gap. The energy
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separation of the valence and the conducting bands in
PVA/CdTe nanocomposites reduces from 3.85 eV in pure
PVA to 3.118 eV. The forbidden band gap, characterized as
the energy variance between the valence band and the
conduction band, reduced from 2.82 eV for PVA polymers to
1.718 eV for PVA/CdTe nanocomposites by adjusting the
polymer quantity and elevating the loading ratio from 0
wt.% to 5 wt.% resulted in a drop in value. The behavior
seen is caused by changes in the amounts of parity and
delivery packages in certain areas. The arrangement of
connection package levels is in line with what different
academic studies have found. In Table 1, explain the values
of allowed and forbidden energy gaps. This finding agrees
with what researchers found [29].
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Figure 4. Absorption coefficient with photon energy of
PVA/CdTe nanocomposites

The extinction coefficient (k) is determined by [30]:

k=o)/4m (3)

where A is the wavelength, and the absorption coefficient
(k) of PVA/CdTe nanocomposites is revealed in Figure 7.
This graph shows that as the wavelength goes up, the
extinction coefficient of the PVA/CdTe nanocomposites
goes up too. This behavior might be because photon energy
is going up at the same time. It is easy to see that the
absorption coefficient of nanocomposites is related to the
concentration ratio of CdTe NPs. It is possible that this
happens because more light is being absorbed [29,31].

The refractive index (n) is determined by [32]:

n=(1+vR)/(1-VR) 4)

Wherever R represents the reflectance in this context. A
representation of the refractive index (n) of the PVA/CdTe
nanocomposites can be found in Figure 8. This image
demonstrates that the index of refraction for PVA/CdTe
nanocomposites has a distinct peak at lower energies,
particularly at 240 nm, and then it decreases as the energies
increase. This specific peak is particularly noticeable at 240
nm. In addition to this, it has been shown that the refractive
index increases in proportion to the rising concentration

ratio of CdTe nanoparticles. The phenomenon that was
observed can be attributed to the contemporaneous rise in
the density of the nanocomposite [33].

Table 1: The parameters of the tapered fibre

CdTe-doped Allowed Eg Forbidden Eg
PVA (wt.%) (eV) (eV)
0 3.850 2.820
1 3.491 2.279
3 3.118 1.718
5 2.301 0.523
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Figure 5. (ahv)/2 variation with photon energy for PVA/CdTe
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Figure 7. Extinction coefficient disparity with wavelength for
PVA/CdTe nanocomposites
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Figure 8. Refractive index variation with wavelength for
PVA/CdTe nanocomposites
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Figure 9. Fluctuation of the real part of the dielectric constant in
PVA/CdTe nanocomposites as a function of wavelength

The dielectric constant consists of two components: the real
component (€1) and the imaginary component (g2) [34]:

g1=n2-k? (5)

e2=2nk (6)

Figures 9 and 10 illustrate the variations in the real (¢1) and
imaginary (g2) components of the dielectric constant for the
PVA/CdTe nanocomposite as a function of wavelength. This
graph shows that as the CdTe NPs level rose, the real and
imaginary parts grew. The observed resemblance can be
attributed to the greater influence of (n) values on the
effective dielectric constant compared to (k) values, as (k)
values are significantly smaller than the refractive index,
particularly when squared. This finding agrees with what
researchers found [35,36].
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Figure 10. The imaginary part of the dielectric constant
fluctuates with wavelength in PVA/CdTe nanocomposites

The optical conductivity (oop) is defined by [37]:

Gop=0nC/4m (7)

Where c is the speed of light. Figure 11 shows how the
optical conductivity of the PVA/CdTe mixture changes with
wavelength. A noticeable increase in optical conductivity is
observed at lower wavelengths for the PVA/CdTe
nanocomposites. This is followed by a decrease at longer
wavelengths. The rise in the absorption rate at the same
time can explain this behavior [38]. A direct link was found
between the amount of CdTe NPs present and the optical
conductivity that was measured. The rise in the absorption
rate can be linked to the things that have been seen. This
finding agrees with what researchers found [39].

The dielectric constant is calculated using the following
equation [40]:

¢=Cpd/ g0 A (8)

where Cp represents the capacitance of the material, d
denotes thickness (in cm), and A signifies area (in cm?).
Figure 12 illustrates the variation of the dielectric constant
with frequency for polymer blends (PVA/CdTe) and their
nanocomposite films containing varying concentrations (1
wt.%, 3 wt.%, and 5 wt.%) of CdTe nanoparticles. This figure
shows that space charge polarization decreased relative to
total polarization, lowering dielectric constant values for all
samples with increasing frequency. This suggests that space
charge polarization plays a more significant role in the total
polarization at lower frequencies. Figure 13 demonstrates
the connection between the dielectric constant and the ratio
of CdTe nanoparticles at a frequency of 100 Hz. The
illustration illustrates the development of the dielectric
constant in nanocomposites as the CdTe content increases.
At a frequency of 100 Hz, the highest concentration of CdTe
resulted in a 40.96% increase in dielectric constant
compared to the pure polymer. The noted phenomenon
relates to the interfacial polarization occurring in
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nanocomposites when exposed to an alternating electric
field, alongside the increase in charge carriers [41].
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Figure 11. Exploring the wavelength dependence of optical
conductivity in PVA/CdTe nanocomposites
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Figure 12. Frequency-dependent dielectric constant for
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The following equation calculates nanocomposites'
dielectric loss [42]:
€=¢D 9)

Which, D: dispersion factor. Figure 14 shows how the
dielectric loss and electric field frequency of CdTe in the
PVA polymer change with temperature at room
temperature (RT). All samples show that increasing the
frequency of the electric field leads to a decrease in the
dielectric loss of the nanocomposites. The reason for this
behavior is that space charge polarization is becoming less
important. Also, the nanocomposite films with 5% CdTe
show the highest dielectric loss of 0.33 at 102 Hz, which is a
very low frequency. Figure 15 illustrates that an increase in
nanoparticle concentration correlates with an elevation in
the dielectric loss of CdTe-based nanocomposites. This

pertains to augmenting the quantity of charge carriers.
Identical behavior was documented in [43].
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Figure 13. Effect of CdTe concentrations on dielectric constant
for (PVA/CdTe) nanocomposites at 100Hz
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Figure 14. Variation of dielectric loss for (PVA/CdTe)
nanocomposites with frequency at RT

The AC electrical conductivity of nanocomposites is
calculated by using the following equation [43]:

oac=2mtf €D g, (10)

Figure 16 illustrates the variation of A.C. conductivity of
electricity with the frequency of the electrical field for CdTe
in PVA polymers at room temperature (RT). For all samples,
the A.C. conductivity goes up a lot as the frequency of the
electric field goes up. Charge transmitters move through a
process known as "hopping,” which is connected to the low-
frequency polarization of charged particles and this impact.
We also found that the conductance of the PVA/CdTe
nanocomposite at 100 Hz increases as the weight
percentage of CdTe increases, as shown in Figure 17. The
conductivity of the nanocomposite goes up when
nanoparticles are added because they increase the number
of charge carriers. Because of this, the nanocomposite's
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resistance goes down, and its ability to carry AC electricity

goes up. The same kind of behavior was recorded in [44].
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Figure 15. Effect of CdTe concentrations on dielectric loss for

(PVA/CdTe) nanocomposite at 100Hz

Table 2 Comparative analysis of CdTe-PVA composites with
existing studies

Property P. S. Tewari et This
Chowdhury al. (2020) Study
(2009) [45] [46] (CdTe-
PVA)
Dielectric Saturation Enhanced Increases
Constant beyond 3% with doping, with
doping but saturation doping
at higher (1-5%)
concentration
s
Optical Conductivity Conductivity Enhanced
Absorption increases at improves, but with
low doping, high doping increased
drops at causes charge doping
higher levels. trapping.
Electrical Charge Enhanced Increases
Conductivity hopping charge with
conduction, transport at doping, no
trapping at low doping drop at
higher doping decreases 5%
with higher
doping.
Charge Not analyzed Frequency- Likely
Transport for high- dependent improved
Mechanism frequency dielectric hopping
behavior behavior conductio
observed n
Frequency Saturation Enhanced Stable
Dependence beyond 3% with doping, across
of &' doping but saturation  frequency
at higher range
concentration
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Figure 17. Effect of CdTe concentrations on A.C. electrical
conductivity for (PVA/CdTe) nanocomposite at 100 Hz

4. CONCLUSION

This paper gives a short outline of a very good casting
method that is used to make PVA/CdTe nanocomposites.
Through FTIR research, it was shown that the PVA polymer
matrix and CdTe NPs do interact in real ways. The findings
show that there is a direct link between the amount of CdTe
NPs in the PVA/CdTe nanocomposites’ light absorbance,
which causes the transmittance to decrease. When CdTe
NPs were added to PVA polymers at a concentration of 5%
by weight, their energy gap decreased. A direct association
exists between CdTe nanoparticles and optical constants,
such as optical conductivity, absorbance factor, extinction
factor, the refractive index, and both the imaginary and real
components of dielectric constants. The dielectric constant
and dielectric loss are augmented with the frequency and
concentration of CdTe nanoparticles. In contrast, the AC
conductivity of electricity rises with increasing frequency
and concentration of CdTe nanoparticles. Ultimately, these
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findings indicate that the PVA/CdTe nanocomposite is
suitable for application in photodetector devices.
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