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ABSTRACT

Ni doped ZnS nanoparticles were obtained using the simple Solvothermal Microwave Irradiation (SMI) method in
this research. This technique is cost-effective and results in a high level of uniformity in particle size. The sample's structural
characteristics were examined utilizing XRD Technique, FESEM image, Elemental analysis of the as prepared sample
obtained from EDX spectrum and their optical characteristics analysed by using UV-Visible absorption study. The XRD
pattern of Ni doped ZnS nanoparticles were to obtain their crystallite size (D), lattice constant (a), and volume of the unit
cell (V). As the concentration of Ni dopant increased (0, 2.5, 5.0) M %, the values of the lattice constant decreased, leading
to an overall decrease in the volume of the unit cell. FESEM images reveals the sample have uniform surface morphology
and EDX analysis give evidence for element Zn, Ni, S presents in the sample. Ni doped ZnS nanoparticle dimension strongly
influences their optical characteristics. The optical bandgap, as obtained from UV-Vis measurements, ranges from 3.54 eV
to 3.50 eV with doping concentrations varying from 0 M% to 5.0 M% .This adjustment in optical properties suggests that
Ni-doped ZnS nanoparticles have diverse applications in optoelectronics, sensors, UV detectors, and as an efficient
photocatalyst for degrading pollutants in water. The efficiency of the degradation of Methylene Blue dye by Ni doped ZnS

nanoparticles was found to be 75.19%.
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1. INTRODUCTION

Now a day’s searching a new material have
multidisciplinary properties. It has the quality to
overcome all our environmental and human needs. The
scientist’s society only will find new multidisciplinary
functional materials to resolve the pollutants in water and
environments. Group Il-1V chemical compounds give
large expectation due to their unique qualities such as
morphological and optical properties (Krishnan et
al.2019; Rajabi and Farsi, 2015). The broad band gap
characteristics of the non-toxic ZnS nanomaterial (3.0-
3.77 eV) are essential for optoelectronic applications.
These attributes include optical, electrical, and
photocatalytic qualities that are essential for the creation
of solar cells and other optoelectronic devices.

Various physical and chemical methods, such as
hydrothermal processes (Wu et al. 2017), Sonochemical
(Amiri et al. 2014), Chemical bath deposition (Zeinand
Alghoraibi, 2019), Solid State method (Faroogi and
Srivastava, 2014), Coprecipitation method (Srivastava et
al. 2013), Microwave assisted irradiation method (La et
al. 2013), Solvothermal Microwave Irradiation (SMI)
technique (Gowdhaman et al. 2021) etc were employed
to obtained ZnS nanoparticles. The SMI technique is

considered one of the most effective ways to produce
ZnS nanomaterial because the particles are minimized
dimension, have a consistent shape, and the method
guarantees safety and high purity (Gowdhaman et al.
2021). The customization of nonmaterial properties for
device use through the addition of appropriate materials
is a well-established practice. When semiconductor
nanoparticles are doped with transition elements such as
Cd, Ag, Cu, Ni, Co and Mn, new possibilities arise due
to entire characteristics change thehost materials ZnS
(Ramasamy et al. 2012). Scholars have endeavoured in
diverse ways to incorporate metal ions into ZnS
nanoparticles.

Through the process of doping, significant
enhancements have been made to the fundamental
physical characteristics of ZnS, particularly for the
purposes of optoelectronic device utilization (Xu et al.
2018). The inclusion of Cu in ZnS material enables
precise band gap manipulation, expanding its potential
for use in high-performance optoelectronic device
components such as solar cell windows and in the
photocatalytic degradation of industrial dyes showed by
(Wang et al. 2019). Transition metal (Fe) doped ZnS
nanoparticles in photocatalytic activity on Turquoise
Blue H5G dye is superior to that of pure ZnS reported by
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(Suganthi and Pushpanathan, 2019). Controlled
precipitation method used to doped Cu (0.1%) with ZnS
for study their characteristic change. Cu (0.1%) doped
ZnS nanoparticles reported optical bandgap value Eq
changes from 4.41-4.47 eV. The average of particles size
of the as synthesized sample was found to be about 2.0—
10.0 nm reported by (Pouretedal and Keshavarz, 2010).

With all of the aforementioned qualities of ZnS
nanoparticles, making them a desirable option for
multiple applications in electronics. In ZnS, Ni impurities
are seen as ideal acceptors, adjusting its optical
characteristics. When Ni ions occupy the Zn lattice sites,
they act as sites for capturing charge carriers, which
prevents the recombination of charge carriers and
improves its efficiency for photocatalytic activity (Kaur
et al. 2015). (Jothibas et al. 2018) have used solid state
method to prepared doped Ni (0.5-2.0%) with ZnS for
tuning the bandgap and the crystallite size also increased
with increase dopant. The distance between valance and
conduction value (Eg) changed from 3.58 eV to 3.97 eV.

To prepare of pure and (Ni) (0 M%, 2.5 M%, 5.0
M%) doped ZnS nanoparticles was carried out using the
simple solvothermal Microwave Irradiation (SMI)
method in this study. The research involved a
comprehensive  examination of the structural,
morphological, and optical properties using XRD,
FESEM, EDX, HRTEM, and UV visible spectroscopy
techniques.

2. EXPERIMENTAL METHODS

For pure and different concentration (2.5 M%
and 5.0 M %) of Ni doped ZnS nanoparticles, the
reactents Zn(I) acetate dihydrate
(Zn(CH3C00);2-2H,0), Nickel(ll) acetate tetrahydrate
(Ni(OCOCHs3)2-4H,0), Thiourea (NH2CSNHy), and
ethylene glycol (C2HsO,) were purchased from Sigma-
Aldrich. The cost-effective simple solvothermal
microwave irradiation method (SMI) is used to
synthesizing the above nanoparticles (Saravanan et al.
2012). In order to synthesise 2.5 M% of Ni-doped ZnS
nanoparticles, a solution was prepared by dissolving
0.1M of Zn (1) acetate dihydrate and 0.025 M of Nickel
(1) acetate tetrahydrate in 50 ml of ethylene glycol.
Subsequently, a solution of 0.3 M of thiourea in 50ml
ethylene glycol was introduced gradually into the
previously described mixture, with continuous stirring.
To get a homogeneous solution, the mixture was agitated
vigorously for one hour. A double-walled microwave-
safe bowl was employed to contain the resultant
homogenous solution, approximately 100 ml in volume.
The solution was heated in a domestic microwave oven
(Model No. IFB 23BC4 23 L) until a colloidal precipitate
was obtained. The resulting colloidal precipitate was
cooled to ambient temperature and purified with double-
distilled water and acetone to remove any remaining
contaminants and unreacted starting materials. The same
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method was used for the synthesis of 5.0 M% Ni-doped
ZnS nanoparticles.  Subsequently, the gathered
nanoparticles were employed for further
characterization. To synthesize pure ZnS nanoparticles, a
solution was prepared by dissolving 0.1 M of Zn (II)
acetate dihydrate in 50 ml of ethylene glycol. A 0.3 M
solution of thiourea in 50 ml of ethylene glycol was then
added gradually to the aforementioned mixture while
maintaining continuous stirring. To achieve a
homogeneous solution, the mixture was vigorously
agitated for one hour, and the previously described
process was employed to obtain pure ZnS nanoparticles.

3. PHOTODEGRADATION OF METHYLENE
BLUE (MB) DYE

The synthesized Ni-doped ZnS nanoparticles were
evaluated for their photocatalytic activity in degrading
methylene blue (MB) dye in aqueous solutions. A stock
solution of MB was prepared at a concentration of 10
mg/L, and 30 mg of the as-prepared Ni-doped ZnS
nanoparticles was added to 100 mL of this solution. The
mixture was stirred using a magnetic stirrer for one hour
to ensure uniform dispersion of the nanoparticles and
enhance their interaction with the dye molecules.
Following this, the combined solution was exposed to
ultraviolet (UV) radiation, which excited the electrons in
the nanoparticles, generating reactive species capable of
degrading the MB dye. Samples were extracted at 30-
minute intervals over a total period of 120 minutes and
analyzed using a UV-Vis spectrophotometer to measure
the absorbance at the dye's characteristic wavelength.

4. RESULT AND DISCUSSION

4.1 Structural Analysis

Figure 1 presents the X-ray diffraction (XRD)
patterns of Ni-doped ZnS nanoparticles at doping
concentrations of 0 M%, 2.5 M%, and 5.0 M%. The
analysis reveals that the synthesized nanoparticles exhibit
a cubic ZnS structure, consistent with the standard
JCPDS Card No. 05-0566, as reported by Tiwary et al.
(2021) and Patel et al. (2018). Importantly, no impurities
or secondary phases were observed, confirming the
successful incorporation of nickel (Ni) into the ZnS
lattice. The structural integrity of the Ni-doped
nanoparticles is attributed to the smaller ionic radius of
Ni (0.69 A) compared to that of the zinc (Zn) atom (0.74
A), facilitating its substitution without distorting the
cubic framework.

As the Ni doping concentration is increased
from 2.5 M% to 5.0 M%, notable changes in the XRD
peaks were observed, including alterations in intensity
and broadening, which suggest variations in crystallite
size and potential strain within the nanoparticles. The
XRD data were employed to derive key structural
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parameters such as crystallite size, lattice constant, and
unit cell volume. Utilizing Bragg's equation (nA = 2d sin
0), the interplanar spacing was calculated, while the
average crystallite size was estimated through Scherer's
formula (Tiwary et al.2021; Hussein, 2023).

D=KA/BcosO ...............
Where, K is a dimensionless shape factor it, has
a typical value of about 0.9. The Bragg’s diffraction
angle is represented by ‘0 (degree), while the FWHM of
diffraction peaks at 20 (degree) is denoted by f3, and A
represents the wavelength (nm) of the X-ray use.

Table 1. The structural parameters of Ni (0, 2.5, and 5.0) M%

doped ZnS nanoparticles
Inter Lattice Volume of a
Chemical Crystallite planar .
Composition Size(nm) spacing Corstanta E”;," ceI3I
o A ) (a¥ &)
Pure ZnS 7.01 3.198 5.384 155.72
2.5% Ni
doped Zns 6.32 3.634 5.362 153.99
5.0% Ni
doped ZnS 6.09 3.762 5.352 149.72
= B Pure ZnS
B 2.5% Nidoped ZnS
E  5.0% Ni doped ZnS
-~ =
= [=] ~
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Fig. 1: XRD patterns of Ni (0, 2.5, 5.0) M% doped ZnS
nanoparticles

From the obtained structural data, an interesting
trend was noted: as the concentration of Ni increased, the
lattice constant exhibited a decrease, resulting in a
corresponding reduction in the volume of the unit cell.
Table 1 summarizes the structural parameters of both
pure and Ni-doped ZnS nanoparticles, highlighting the
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significant effects of doping on their crystallographic
characteristics.

The FESEM images (Fig. 2) reveal the
structural characteristics of Ni-doped ZnS nanoparticles
at doping concentrations of 0 M%, 2.5 M%, and 5.0 M%.
Notably, the analysis indicates that while pure ZnS
nanoparticles exhibit larger particle sizes, the
introduction of nickel as a dopant leads to a reduction in
particle size. This size modification can be attributed to
the incorporation of Ni ions into the ZnS lattice, which
influences the nucleation and growth processes during
synthesis. The observed agglomeration of nanoparticles
is consistent with findings by Chen et al. (2013) and
suggests that the dopant may enhance the stability of
smaller particle sizes through altered interparticle
interactions.

Additionally, the uniform distribution of
particle sizes in the Ni-doped ZnS samples can be linked
to the solvothermal microwave irradiation synthesis
technique employed. This method provides controlled
thermal conditions that promote uniform growth and
minimizes particle coalescence. The predominance of
nearly spherical shapes among the nanoparticles further
supports the effectiveness of this synthesis approach, as
spherical geometries are typically favoured in processes
where energy minimization is a factor. The combination
of these factors not only elucidates the role of nickel
doping in particle size reduction but also highlights the
importance of synthesis techniques in achieving desirable
material properties for potential applications in
photocatalysis and optoelectronics reported by Kumar et
al. (2019).

4.2 Elemental Analysis

Figure 3 illustrates the Energy Dispersive X-ray
Spectroscopy (EDX) results for pure ZnS nanoparticles
alongside ZnS nanoparticles doped with 2.5 M% and 5.0
M% Ni. The EDX analysis confirms the presence of zinc
(Zn), nickel (Ni), and sulphur (S) in the samples,
demonstrating that the incorporation of nickel does not
disrupt the fundamental stoichiometry of the ZnS matrix.
Fig. 3 a, b, and c illustrate the EDX (Energy Dispersive
X-ray Spectroscopy) findings for pure ZnS nanoparticles
as well as ZnS nanoparticles containing 2.5 M% and 5.0
M% Ni doping. Analysis via EDX indicates the existence
of Zn, Ni, and S elements while preserving their
stoichiometric  proportions. This is crucial, as
maintaining the stoichiometric proportions ensures that
the electronic and optical properties of the nanoparticles
remain optimal for applications in photocatalysis and
dye-sensitized solar cells. Moreover, the EDX findings
reveal insights into the effectiveness of nickel doping in
modulating the properties of ZnS nanoparticles. The
slight increase in nickel concentration correlates with
potential alterations in the band gap and charge carrier
dynamics, which could enhance photocatalytic efficiency
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(Raza et al. 2024). By maintaining the stoichiometric
balance between Zn and S while introducing nickel, these
nanoparticles are poised to leverage the unique properties
of transition metals, such as enhanced charge separation
and improved light absorption, thereby broadening their
applicability in advanced materials science and energy
conversion technologies (Jothibas et al. 2018).
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Fig. 2: FESEM images of (a) pure ZnS, (b) 2.5 M% Ni-doped
ZnS Nanoparticles, (c) 5.0 M% Ni-doped ZnS nanoparticles
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Fig. 3: EDX Spectra of (a) pure ZnS, (b) 2.5 M% Ni-doped ZnS
Nanoparticles, (c) 5.0 M% Ni-doped ZnS Nanoparticles

4.3 Optical Studies

The optical properties of Ni-doped ZnS
nanoparticles were systematically investigated through
UV-visible absorption spectroscopy, with results
illustrated in Figure 4(a). Notably, the absorption band
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edge was consistently observed between 270 nm and 370
nm across all samples. As the concentration of Ni dopant
increased, a red shift in the absorption spectrum was
noted, indicating a significant influence of the dopant on
the electronic structure of the nanoparticles. This shift
can be attributed to the quantum confinement effect,
which becomes more pronounced with higher doping
levels. The corresponding optical bandgap energies were
determined from the energy plots shown in Figure 4(b),
revealing values of 3.54 eV, 3.52 eV, and 3.50 eV for 0
M%, 25 M%, and 5.0 M% Ni concentrations,
respectively. These results suggest that as Ni
concentration increases, the optical bandgap decreases,
reflecting a higher charge carrier concentration that
facilitates enhanced photon absorption.

The decrease in the optical bandgap with
increasing Ni dopant levels signifies a transition in the
electronic properties of the nanoparticles, likely due to
enhanced interaction between the dopant and the ZnS
lattice. This increased charge carrier concentration
accelerates the absorption of photons, thereby optimizing
the photocatalytic potential of the Ni-doped ZnS
nanoparticles. The observed modifications in optical
characteristics underscore the suitability of these
nanoparticles for photocatalytic applications, as they
exhibit improved absorption capabilities that are essential
for effective energy conversion processes (Joseph et al.
2022). Such findings highlight the promising nature of
Ni-doped ZnS nanoparticles in various photcatalytic and
optoelectronic applications, further enhancing their
appeal in advanced material research (Kumar et al.
2019).

4.4 Photocatalytic Activity on MB Dye

The performance of photo catalysis is
influenced by crystallinity, surface area, and
morphology. The MB solution's peak absorbance
wavelength was observed at 665 nm (Markovic et al.
2015). The process of photocatalysis usually commences
with the absorption of photons, leading to generate
electron-hole pairs. Afterwards, the charged particles
spread to the surface of the sample. On the surface, they
react with water, producing reactive peroxide (O2") and
hydroxyl radical (*OH-), which are play role for breaking
down dye molecules. The process of photocatalytic
activity is as follows.

nS+hv —p e +ht
e+0," —» O7
h*+OH —  "OH
h*+H,0 —» H'+OH

*OH- + Methylene Blue — Degradation products

*O"+ Methylene Blue —  Degradation products

The interaction of highly reactive radicals such
as *OH and *O,~ with methylene blue dye is pivotal in
the degradation process. These radicals initiate a series of
oxidation reactions, breaking down the dye’s complex
structure into smaller, less harmful molecules. The
effectiveness of the photocatalytic activity is
quantitatively measured using the percentage of
degradation (D), calculated with the formula (Pouretodal
et al. 2010):
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Fig.4: (a) UV-Vis spectra of Ni (0, 2.5, and 5.0) M% doped ZnS nanoparticles (b) Tauc plot for Ni (0, 2.5, and 5.0) M% doped ZnS
nanoparticles
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Fig. 5: Photodegradation response of MB in water under UV radiation, (a) Pure ZnS, (b) 2.5 M% Ni, (c) 5.0 M% Ni doped ZnS
nanoparticles

% D = [(Co-C)/Co]*100 %  ---------

Where Cy is the initial concentration of the dye
and C is the concentration at various time intervals during
UV irradiation, up to 120 minutes. This method allows
for a clear assessment of the catalyst's efficiency in
reducing dye concentration over time.

Experimental results reveal that the degradation
efficiencies for pure and Ni-doped ZnS catalysts are 60.2
% for pure ZnS, 64.5% for 2.5 M% Ni-doped ZnS, and
an impressive 75.2% for 5.0 M% Ni-doped ZnS
nanoparticles. This data indicates a clear trend: as the Ni
doping concentration increases, the photocatalytic
efficiency improves significantly. The substantial
enhancement in degradation efficiency with higher Ni
doping can be attributed to several factors. Firstly, the
optimal 5.0 M% Ni doping may create more active sites
for the adsorption of MB dye, allowing for increased
interaction with reactive radicals. Furthermore, the
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presence of Ni can facilitate better charge separation,
reducing recombination rates of electron-hole pairs and
thereby increasing the availability of these charge
carriers for oxidative reactions (Jothibas et al. 2018).
This trend underscores the importance of optimizing
dopant concentration in enhancing photocatalytic
performance, making these Ni-doped ZnS nanostructures
particularly effective for environmental remediation
applications.

5. CONCLUSION

In this study, we successfully synthesized pure
and nickel-doped ZnS nanoparticles at concentrations of
0 M%, 25 M%, and 5.0 M% using the simple
solvothermal microwave irradiation (SMI) method,
which facilitated uniform growth and controlled particle
sizes. Characterization techniques, including X-ray
diffraction (XRD), field emission scanning electron
microscopy (FESEM), energy dispersive X-ray
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spectroscopy (EDX), and UV-visible absorption
spectroscopy, revealed remarkable structural integrity,
with XRD patterns confirming a cubic ZnS structure and
the successful incorporation of nickel without impurities.
FESEM analysis indicated a reduction in particle size
with increased Ni doping, while EDX results confirmed
the presence of zinc, nickel, and sulfur, ensuring
stoichiometric balance. The optical properties showed a
notable decrease in optical bandgap as the Ni
concentration increased, which enhanced charge carrier
dynamics. This culminated in significant improvements
in photocatalytic performance, with the 5.0 M% Ni-
doped ZnS nanoparticles achieving a remarkable
degradation efficiency of 75.2% for methylene blue dye.
This enhancement is attributed to increased formation of
reactive species, improved charge separation, and greater
active site availability for dye adsorption. These findings
highlight the effective modulation of ZnS properties
through nickel doping and underscore the potential of Ni-
doped ZnS nanoparticles as efficient photocatalysts for
environmental remediation, paving the way for further
exploration in advanced materials and optoelectronic
applications.
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