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ARTICLE INFO ABSTRACT

The work presents a study of plasma parameters by producing a

A’tifleHiStO’y’ nanocomposite of semiconductor ZnTe and Nano conductive polymer
Received 02 May 2026 Para nitro aniline by using Nd-YAG laser ablation with wavelengths of
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1064 nm and 532 nm and pulse numbers of 620, 320, 4Hz frequency
in distilled water. The structural and optical properties of the prepared
nanocomposite were analyzed using XRD, Fe-SEM, LIBS and UV-Vis
spectroscopy tools. Where pulsed laser ablation in liquids was used
experimentally to create ZnTe nanoparticles after compressing them into
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Solar Cell a disc shape by a heat pres. The emission spectra of the nanoparticles
Surface were examined using laser-induced breakdown spectroscopy (LIBS)
ZnTe/ Polymer methodology. Calculations were made for plasma properties such as

electrontemperature, plasma density and frequency. In addition, UV-
Vis, XRD, FE-SEM and UV-Visible properties are used to measure the
optical properties. XRD analysis indicated the presence of several peaks
belonging to ZnTe nanoparticles. XRD analysis also showed a relationship
between the intensity of these peaks and the number of laser pulses.
While FE-SEM results revealed spherical shapes with medium sizes.
The nanocomposite was used in solar cell application and the results
showed that it enhanced the performance of the solar cell and increased
its absorption, which led to an increase in its efficiency. Therefore, we
conclude that the nanocomposite can be used to increase the efficiency
of solar cells.
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INTRODUCTION

Nanoscience and nanotechnology have structure [3]. The emitted light depends on

advanced significantly, enabling precise control
of materials at the atomic and molecular scales
[1]. Semiconductor and polymer nanoparticles
exhibit unique optical properties due to quantum
size effects and high surface area [2]. Among these
properties, photoluminescence (PL) emission
plays a key role in understanding their electronic
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factors such as size, shape, and composition, as
demonstrated in quantum dots with tunable colors
[4]. Combining polymers with semiconductor
nanoparticles enhances stability and functionality,
making them promising for applications such as
solar energy and optoelectronic devices [5].

ZnTe is another semiconductor material that is
used in many applications with a 2.26 ev energy
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gap [6]. There are many techniques have been used
to prepare nanostructured thin films including
physical and chemical methods these methods
are molecular beam epitaxy [7,8], chemical vapor
deposition [9,10], magnetron sputtering [11,12],
and pulsed laser deposition technique is the most
promising method to produce high quality thin
films [13].

In this paper, the effect of preparation
parameters on the composition, surface
morphology, size and optical and structural
properties of ZnTe/ Polymer produced by laser
ablation were studied.

MATERIALS AND METHODS

In the experimental part, two types of ZnTe-
based nanocomposites were prepared. The first
consisted of pure ZnTe nanoparticles, while the
second involved ZnTe combined with a polymer
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matrix. Both samples were synthesized using the
pulsed laser ablation (PLA) technique. A Nd:YAG
pulsed laser with a wavelength of 1064 nm was
initially applied to both samples, followed by
the use of its second harmonic at 532 nm under
similar conditions. The outcomes observed
for both systems were recorded and analyzed.
Consequently, four distinct samples were
obtained, and a series of optical, structural, and
spectroscopic characterizations were performed
to evaluate their properties.

RESULTS AND DISCUSSIONS

Structural analysis and surface morphological

Calculating the electron temperature, plasma

frequency, electron density and particle number
To estimate the performance of the plasma,

accurate knowledge of the electron temperature

and electron density is important. The process
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Fig. 1. Shows the emission spectra of the (ZnTe) compound at a wavelength of 532 nm with a laser pulse energy of (E=100 mJ) and
a frequency of 4 Hz.
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Fig. 2. Shows the emission spectra of the (ZnTe) compound at a wavelength of 1064 nm with a laser pulse energy of (E=100 mJ) and
a frequency of 4 Hz.

] Nanostruct 16(4): 4764-4770, Autumn 2026 4765
(@)er |



E. Abd alnabiy et al. / Optical and Structural Properties of ZnTe/p-Nitroaniline Composite

of decomposition, ionization and excitation
in the plasma can be understood through the
above parameters. Through the theory of atomic
emission spectroscopy, the plasma was generally
estimated by the relative emission intensity of
the spectral lines, and the intensity of the emitted
spectral emission is a measure of the energy level
corresponding to a certain type in the plasma. The
plasma is limited to (LTE) (and optically thin lines)
under the assumptions, all wavelengths indicated
by the spectral lines in the spectral region (900-
200 nm) are determined to calculate the electron
temperature and electron density as shown in
Figs. 1-3 and Table 1.

Optical absorption spectrum of mixtures ((Uv-
Visible) Spectroscopy

In this work, we focused on two types of
mixtures after relying on the results of the plasma
emission spectrum and choosing the best energies

resulting and measured at different wavelengths
532,1064 nm and preparing the samples and
the polymer mixture in the form of discs and
performing the fragmentation process with a
pulsed laser at a frequency of 4 Hz and a number
of 620, 320 pulses at the best chosen energies,
which are 100 mJ.

After conducting the examination process
using a device to measure the absorbance of the
material (Uv-Visible), the results showed that the
tangent to the curve is located at wavelengths
325.4, 426.

After identifying the optical absorption
spectrum of the ZnTe compound with different
measurements, the energy gap was calculated
for the best selected measurements, which is
at a number of pulses of 620 and at different
wavelengths of 1064,532 nm. Noting a difference
in the energy gaps in the two cases and their
noticeable increase as shown in Fig. 4.
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Fig. 3. Temperature of electron by Boltzmann Plot Method at laser wavelengths: A-532nm, B-1064nm.

Table 1. The table represents the calculation of plasma parameters for the ZnTe/polymer complex such as temperature Te, electron

density Ne, Debye length DA, plasma frequency.

Anm Element T (eV) ne (cm?3) Ao(cm) wp(Hz) Np
ZnTe 1064 znl 1.449896 7.00E+16 3.39E-05 1.61E+09 1.13E+04
ZnTe 532 znl 0.143098207 9.93E+14 8.93E-05 1.78E+09 2.96E+03
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The relationship between absorbance and
wavelength is shown in Fig. 5 with the observation
of a spectral shift towards blue shift, as most
previous studies indicated the calculation of the
energy gap of the compound. The results showed
the appearance of an energy gap of 3.27, 4.5 eV
and the formation of accumulated and clustered

spherical groups at the absorbance shown in
the figure after conducting examinations of the
thin films prepared by the FE-SEM scale for the
mixtures.

X-ray diffraction (XRD) examinations
The films prepared from the ZnTe compound
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Fig. 4. Energy gap of ZnTe/ polymer nanoparticles.
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Fig. 5 Images of Nano particles by FE-SEM device.
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with the nanopolymer blend were examined
using the X-ray system to determine the crystal
structure, and the X-ray energy dispersion system

was used to determine the molecular weight ratios
of the complexes.
The measurements were carried out on
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Fig. 6. Miller coefficients using X-ray diffraction.
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Fig. 7. Shows the behavior of both voltage
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the prepared mixture samples after they were
fragmented by pulsed laser and using the Scherrer
equation and matching them with the results close
to it, that the highest peaks were at 25.01, 42,
50.6 = 26, and their Miller coefficients were (111),
(220), (311). Using and applying the mentioned
equation after converting the angle units to the
radial units, a crystal size of about 23.63 nm
was obtained. It was also noted that some small
peaks appeared, indicating the emergence of
crystallization with the presence of a covalent
bond between the atoms of the compound. The
preparation conditions have a great effect on the
structural, morphological and optical properties.
As for the values of the particle sizes, their values
ranged between 23.36-74.26 nm to indicate that
nano-solutions can be manufactured by laser
scraping with different values depending on the
laser energy and the composition elements and

determining the crystal sizes from the process of
separating the nanoparticles using the centrifugal
system. As for the values of the distance between
the crystal planes, they were between 3.53 A°,
2.00 A for the prepared sample film as shown in
Fig. 6.

Applications of ZnTe Nano particles and ZnTe /
Polymer nanocompsite:

By applying pure zinc telluride and the mixture
with nano polymer on solar cells, it was observed
that the current value changes with the voltage
in the case of forward bias for the dark and light
conditions. The figure shows the change in the
current with the voltage and the calculation of
the efficiency and quality factor according to the
mentioned relationship. Its values were in the case
of the pure material Fig. 7 and the mixture Fig. 8.

Because of superior charge transfer, decreased
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Fig. 8. Shows the behavior of both voltage and current in the case of zinc telluride/polymer.
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recombination, higher light absorption, optimal
band alignment, and increased overall stability,
the ZnTe/ortho-nitroaniline Nano composite is
more efficient than pure ZnTe nanoparticles.
Together, these elements improve the material’s
photovoltaic performance and increase its
efficiency as a light-to-energy converter in solar.

CONCLUSION

The findings indicate that ZnTe exhibits a
stronger response at a wavelength of 1064 nm
compared to 532 nm, as demonstrated by the
experimental measurements. The results also
suggest that a laser pulse energy of 100 mJ is
optimal for producing thin films, supported by
emission spectrum data along with optical and
structural analyses. Moreover, pronounced
quantum confinement effects were observed,
resulting in the formation of very small
nanoparticles with distinct physical characteristics
and modified energy band gaps. The morphology
at the nanoscale is influenced by the laser energy
as well as the characteristics of the generated
plasma, which plays a key role in shaping the final
structure.
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