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Abstract

The present work is focused on the synthesis of nickel oxide (NiO) nanoparticles using hydrothermal
method. The structural properties of synthesized NiO were studied by using Scanning Electron
Microscopy (SEM), Energy-dispersive X-ray spectroscopy (EDAX) and X-ray diffractometer (XRD)
characterizations. The SEM results shows the spherical type of surface morphology. By using BET
method, the specific surface area was calculated and it was found to be 2.516 m?/g. EDAX spectra shows
the film has oxygen excess and also shows that the presence of Ni and O elements with non-
stoichiometry nature. XRD results reveal that crystalline nature of particles. The obtained peaks of
NiO match with JCPDS card No. 47-1049 and reveal Bunsenite face centred cubic (FCC) crystalline
structure of synthesized particle. Crystallite size was estimated using Debye Scherer's formula and it is
found that 29.35 nm.
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1. Introduction

Nanoparticles are becoming increasingly important in the 21% century due to their unique
properties and wide range of applications across various fields. Nanoparticles are particles that have at least
one dimension (diameter, length, or width) that is on the nanometer scale, typically ranging from 1 to 100
nanometers [1, 2]. They can be composed of various materials, including metals, metal oxides, polymers, and
carbon-based materials, among others. Nanoparticles exhibit unique physical, chemical, and biological
properties compared to their bulk counterparts due to their small size and high surface-to-volume ratio [3, 4].
These unique properties make nanoparticles attractive for a wide range of applications in various fields,
including medicine, electronics, environmental remediation, and catalysis, among others. Nanoparticles can
be synthesized using various methods, such as chemical synthesis, physical methods, and biological methods,
and can be engineered to have specific properties tailored for particular applications [5, 6]. Nanoparticles
enable the development of advanced materials with tailored properties, such as enhanced strength,
conductivity, and catalytic activity, which are crucial for technological advancements [6, 7]. Metal oxide
semiconductor (MOS) nanoparticles play a crucial role in various technological advancements and are
increasingly important in the current century due to their unique properties and versatile applications. MOS
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are extensively used in gas sensors for detecting a wide range of gases, including toxic gases and volatile
organic compounds [7-9]. Their high surface area, sensitivity, and selectivity make them ideal for
environmental monitoring, industrial safety, and healthcare applications. MOS nanoparticles are used in
energy storage devices, such as lithium-ion batteries and supercapacitors, due to their high specific surface
area, electrical conductivity, and electrochemical stability [3, 7, 9]. They are also employed in photovoltaic
devices, like solar cells, for efficient energy conversion. MOS nanoparticles are also used in optoelectronic
devices, such as light-emitting diodes (LEDSs), photodetectors, and transparent conductive films, due to their
optical transparency, electrical conductivity, and tunable bandgap properties. MOS nanoparticles encompass
a wide range of materials, each with its unique properties and potential applications [10, 11]. MOS divided
into two type n and p type. The most common metal oxide semiconductor materials that found application as
sensors are SnO2, ZnO, NiO, CeO, Fe203, TiOz, In203, Co304, and CuO [12-14].

Nickel oxide nanoparticles (NiO NPs) have gained significant attention in recent years due to
their unique properties and potential applications in various fields [15, 16]. One of the key properties of NiO
nanoparticles is their high surface area to volume ratio, which makes them ideal for use in catalysis, gas
sensing, and energy storage devices. Continued research into their synthesis, properties, and applications
could lead to further advancements and new opportunities in various fields [17, 18]. There are several
synthesis methods for synthesis of NiO nanoparticles, including chemical precipitation, sol-gel method, and
hydrothermal synthesis. Each method offers specific advantages in terms of particle size control, purity, and
scalability, making it possible to tailor the nanoparticles for different applications. NiO nanoparticles have
shown promise in fuel cells, supercapacitors, and environmental remediation due to their excellent electrical
conductivity and catalytic activity [19-20]. Additionally, they have been explored for use in sensors for
detecting toxic gases and biomolecules, as well as in biomedical applications such as drug delivery and
imaging agents. The future perspectives of NiO nanoparticles are bright, with ongoing research focused on
enhancing their performance and expanding their applications. Advances in the synthesis methods and surface
engineering are expected to further improve the properties of NiO nanoparticles, opening up new possibilities
in fields such as electronics, photonics, and water treatment. The unique properties, versatile synthesis
methods, and diverse applications of NiO nanoparticles make them a promising candidate for addressing
various technological and environmental challenges in the years to come.

In the present research work, the authors have focus on the synthesis and study of structural
characterizations of NiO nanoparticles by hydrothermal method.

2. Synthesis of NiO nanoparticles

The synthesis of NiO particles was synthesized by using Ni (NO3), 6 H>O as source of NiO.
By using hydrothermal technique the NiO particles was successfully synthesized. In this method, Ni (NO3),
6 H>O was dissolved in the 40 ml double distilled water. The prepared solution continuously stirred for 2
hours using magnetic stirrer. After two hours of stirring, the precipate was obtained. After data the obtained
precipate was keep in Teflon lined autoclave and heated to 180 °C for 24 hrs. Then dried at 100°C overnight
and then finally calcinated at 400°C for 2 hrs. After that obtained product was granded using molten and pestle
for 2-3 hrs. Then final product of NiO powder was obtained.

3. Result and discussion

3.1 Scanning Electron Microscopy (SEM)
SEM characterization was carried out using Scanning Electron Microscope instrument [Model
JOEL 6300 LA GERMANY]. Fig. 1 shows the SEM image of NiO nanoparticles.
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Figure 1: SEM image of NiO nanoparticles

The SEM results of NiO nanoparticles exhibit an irregular spherical shape with an average
particle size of approximately 42.35 nm. SEM images also show the surface structure like a surface roughness
or the presence of pores [20, 21]. The specific surface area is calculated using spherical particle diameter. The
Brunauer-Emmett-Teller (BET) method [Eqg.1] is used to determine the specific surface area spherical
particles [22, 23]. The specific surface area for NiO nanoparticles found to be 2.516 m?/g.

N
pd )
Where,

Sw - Specific surface area, d - Diameter of the spherical particles, and p — Composite density.

3.2 Energy-dispersive X-ray spectroscopy (EDAX)

Energy-dispersive X-ray spectroscopy analysis of pure NiO provides valuable information
about its elemental composition, purity, and spatial distribution of elements, aiding in the characterization and
quality control of the material for various applications [23]. The EDS results confirm the presence of nickel
(Ni) and oxygen (O) in the synthesised powder as illustrate in Table 1.

Table 1: Elemental composition of NiO nanoparticles

Element Weight % Atomic %
Ni 59.63 75.84
O 40.37 24.16

3.3 X-Ray Diffraction (XRD)

XRD is a powerful technique for characterizing its crystal structure, phase purity, and structural
properties, providing essential information for materials scientists and researchers studying its properties and
applications [24]. The XRD characterization was carried out using an X-ray diffractometer Rigaku
diffractometer [DMAX-500]. XRD data is used to calculate crystallographic parameters such as lattice
constants, unit cell volume, and crystallite size, providing insights into the structural properties of material
[24, 25]. The 26 values obtained peaks were match to data files from the Joint Committee on Powder
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Diffraction Standards (JCPDS). Origin 9.5 software was used to calculate the full width of half maxima
(FWHM). The crystal structure for NiO was found to be face centred cubic [JCPDS card No. 47-1049] (26,
27). The major peaks were detected at 20 = 37.28°, 43.38°, 63.12°, 75.19°, and 79.16° corresponding to the
Miller indices (111), (200), (022), (311) and (222) respectively (26, 27). The prominent peak was recorded at
43.38° and corresponds (200) plane. Fig. 2 shows the XRD plot of NiO nanoparticles.
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Figure 2: XRD plot of NiO nanoparticles

Debye Scherer formula, Eq. 2, is used to estimate the crystallite size [22, 23]. The crystallite
size was found to be 29.35 nm (23, 28).

D-_KA4
pCoso (2)

Where,
D= Crystallite size, K= Scherrer constant (0.9), f = Full width of half maxima (FWHM), and
A =wavelength of X source.

Conclusions

NiO nanoparticles successfully synthesis by eco-friendly hydrothermal technique.
Structural characterizations were carried out and studied using SEM, EDX and XRD.
XRD result shows formation of crystalline nanoparticles of NiO.

SEM results reveal the smooth and spherical particles formation.

Specific surface area was found to be 2.516 m?/g.

EDX shows non-stoichiometry nature of particles.
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