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ABSTRACT

In the current study, NiO nanoparticles were made from bulk structure using the induced plasma process and
various bombardment periods. These nanoparticles were created as thin layers on various thicknesses of glass
substrates (prepared at different times of shelling). After that, they were analyzed with an x-ray spectrum,
scanning electron microscope, atomic force microscope, and UV-visible spectrophotometer. When the optical
constants and characteristics were measured, the films' energy gaps ranged from 1.85 eV to 2.1 eV depending on
the bombardment periods. The AFM and SEM examination tools clearly reveal a structural change where the
roughness varies with bombardment time due to the variation in the diameter of the nanoparticles. Finally, layers
are completely crystalline by the x-ray spectrum
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1. Introduction

Nickel is a chemical element with atomic number extract it, the nickel-bearing ore is smelted in a
28, a shiny silver-white metal with a touch of high-temperature furnace, resulting in a fertile
gold. Nickel is a transition metal hard and mixture or mixture of metals. This mixture turns
malleable[1] . However, only small amounts of into nickel by mixing it with coke and heating it
nickel are found in the atmosphere[2]. and within in an oven at a high temperature. Nickel is known
large nickel-iron meteorites that are not exposed for its shiny silver color and density, which is
to oxygen outside the Earth's atmosphere. It is hard and malleable under heat. This means that it
believed that a mixture of iron and nickel forms can be modified in the desired way and shape.

the outer shell of the planet [3][4]. Nickel has In many disciplines, including physics, chemistry,
many uses, especially in alloys. This includes the biology, cosmetics, medicine, engineering, and
rapidly growing battery industry as a vehicle for polymer science, among others, the nanoscale
electric vehicles [5]. Nickel has many special uses range of materials is extensively used [8]. Among
in chemical manufacturing, such as hydrogenation the nanoparticles of transition metal oxide (TMO),
catalysts, battery cathodes, dyes, and metal Commonly employed in a wide range of
surface treatments [6]. Nickel is an essential applications, NiO is one of the significant
nutrient for some microorganisms and plants that transition metal oxide materials having a cubic
contain enzymes that use nickel as their active site lattice structure [9]. This nickel oxide NPs
[7]. Nickel has face center cub (fcc) structure possesses distinctive optical, thermal, electrical,
(figure 8), and it is an alloy of many metals, used chemical, and physical characteristics as well
in hundreds of industries in a variety of ways. It is [10]. NiO nanoparticles were created using a
considered one of the most famous minerals in number of different synthesis techniques,
human history. Initially, humans had great including pyrolysis [10], ball milling [11], electro
difficulty dealing with the bends of nickel because deposition [12], thermal plasma [13], chemical
it was difficult. Nickel is found in meteorites and vapour deposition [14], gas deposition [15],
can usually be found only in small quantities, but radiolytic reduction [16], sonochemical method
the largest source of it is in some ores, the [17], chemical precipitation [18], hydrolysis
minerals composed of iron, copper, and nickel. precipitation method [19], sol-gel method [20],
Perhaps this raw material is the most abundant and microwave assisted method. The microwave
source, since it is extracted and sent to most of the combustion process used to produce NiO NPs
industrial regions of the world. As for how to uses less energy and takes less time.
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Fig. 1: a - Diagram of the crystal structure of nickel [21] b- Diagram of the crystal structure of nickel [22]

Plasma physics has played an important role in much
of the development of contemporary physics, the
study of problems in the fields of astrophysics,
atomic physics, chemistry, life sciences, molecular
physics, magnetic and dynamic energy generation,
and atmospheric physics. [23].

Laser-induced plasma technology uses an ionized gas
consisting of approximately equal numbers of
positively charged ions and negatively charged
electrons. [24]. Plasma may contain neutral atoms. In
this case, the plasma is said to be partially or
incompletely  ionized.  Otherwise, plasma is
considered fully or completely ionized [25].

2. Experimental procedure

Using the induced plasma deposition approach,
solutions containing NiO nanoparticles were created
for various preparation times 4, 6, 8, and 10 min. The
Nano- NiO has been obtained from 99% pure metal
foils. The foils were cleaned with polishing paper and
then washed with ethanol alcohol to get rid of any
impurities on the metal's surface.

Where the Ni metal before placing it in the glass
beaker had dimensions of length and width of about 5
cm?, after that, a part of the Ni metal was cut to about
1.5 cm?. It will be submerged in a 10 ml beaker with
7 ml of distilled water, where the nozzle of the needle
is directed in the middle of the metal. The metal foil
will be linked to the positive electrode, while the
negative electrode will be connected to the needle
nozzle. if a needle nozzle is 7 cm from the target in
order to produce a spark in the shape of a scattered
blue flame. The process was carried out in the
presence of argon gas that flows at a constant rate (3
L/sec), then applying high voltage about 16 KV to
produce nano NiO. Where it was dissolved in
distilled water to form a light blue solution containing
nano NiO, a centrifuge was used to precipitate nano
NiO at the bottom of the tube, then placed on glass
slides in a regular manner to form a thin film, and a
thickness measurement was taken through a

spectrometer for each period of time, as shown in the
table 1.
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Fig. 2: Explain the operation of the induced
plasma -get

3. Results and Discussion

The induced plasma technique has been used to
bombardment the nickel oxide particles for varying
preparation times (bombardment) ranging at 4, 6, 8
and 10 minutes. Each solution's NiO particles' optical
characteristics  were  recorded. The optical
characteristics and constants for the solution created
at various times are shown in Figure 6. Over the
wavelength range of 300-400 nm, the transmittance,
absorbance, and reflectance rapidly changed before
becoming extremely saturated for the longer wave
lengths. The refractive index and the extinction
coefficient both decline with wavelength in the range
of 300—400 nm and then become remarkably stable
for the other longer wavelengths.

This change also occurs similarly in the optical
constants for the same wavelength range. For each
option, the predicted band gap in Figure.6 (f) altered
significantly. The band gap was 2 eV for the particles
prepared at 4 min, 1.85 eV at 6 min, and subsequently
increased to 1.88 eV and 2.1 eV for the particles
prepared at 8 and 10 min, respectively. Figure 2. (a).
The variation in particle size is what causes the band
gap to fluctuate, Figure 2 (b) we can see that the
energy gap widens as the grain size gets closer to the
nano scale. Table .2 shows the change of the grain
size with time and Table. 3 energy gap with time.
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Fig. 3: (a) Variation of NiO Eg with bombardment time

,(b) Variation of grin size with bombardment time

for NiO.

Atomic force microscope AFM photos demonstrate
how grain size varies with preparation time and
decreases with deposition time, which is consistent
with an x-ray spectrum in which the peaks have

shifted to the blue region. Additionally, the roughness
of the surface diminishes with the bombardment time.
table (1).
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Fig. 3: Structural properties of NiO after induced Plasma bombardment for different bombardment

periods (4,6,8 and 10) min .
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Table 1: Surface Thickness and Roughness Average from AFM for the nano NiO at different

bombardment times

bombardment time | Surface Thickness | Roughness Average
(min) (nm) (nm)
4 1.095 1.317
6 2.75 7
8 0.47 0.122
10 4.322 9.17

The layers are very crystalline have a cubic structure

according to the X-ray spectrum .The calculated grain

Table 2: show the average grain size at different

bombardment time

size indicates that the grain size decreases with Bombardment time | Average grain
bombardment period as shown in table (2), which is size nm
consistent with the AFM images. The peaks for all 4min 3.36
bombardment periods appear with small differences 6min 3.3
in 20 and small differences in intensities. 8min 3.3
g 8 10min 3.37
| SEM images show that the grain size decreases with
\ J At 10 min | bombardment time as shown in figure (5), and this
3 | agree with x-ray and AFM measurements.
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Fig. 4: Shows the X-ray diffraction of NiO after
preparing it with induced plasma bombardment

with different times.
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mages of NiO prepared at different bombardment periods (4,6,8,10)min.
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Fig. 6: effect of bombardment time on the optical properties a. transition b. absorption c. reflective d.
refractive index e. extinction coefficient f. energy gap.

Table 3: band gap of the NiO prepared at different

bombardment periods
bombardment time | Energy gap
(min) (eV)
4 2
6 1.85
8 1.88
10 2.1

4. Conclusions
Using the induced plasma method, Nickel oxide
nanoparticles have been created for various
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