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Introduction

Since ancient times, thin films have been used. It is one of the oldest arts, and due to its importance, it has kept pace
with modernity and development, to the extent that it is now considered one of the sciences that attract the attention of researchers
[1-2]. Its importance in solid-state physics has become apparent, and it has contributed to its development through theoretical
research and practical applications. It has been widely used in the electronics industry, particularly in semiconductors, where it
has demonstrated distinctive properties in the circuits and devices in which it has been used [3-4]. A thin film is a small material
formed on a glass substrate produced by depositing various types of materials (ionic, molecular, atomic) using physical or
chemical methods, each with its own advantages, properties, and disadvantages. The thickness of a thin film is usually a few
tens of nanometers. There is another type of film called a thick film, which is a small-dimensional material formed by the
accumulation of grains or masses of large groups of materials or by the thinning of a three-dimensional material [5]. Oxide
semiconductors have made significant progress and are now widely used in many electronic devices, including thin-film
transistors, light-emitting diodes, photovoltaic cells, non-volatile memory devices, sensors, and catalysts [6-7]. Metal oxides are
used in various technologies such as catalysis. Thin films made of oxides and formed on heat-resistant metal substrates provide
solutions to many practical difficulties and experimental problems caused by bulk oxidation [8].Recently, there has been a surge
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of scientific interest in nickel oxide-based nanomaterials due to their exciting physical and electronic properties [9], and its
various applications, including battery cathodes, catalysts, electrochromic films, and gas sensors [10-11]. Nickel oxide (NiO) is
a semiconductor and is a stable, transparent p-type transition metal oxide [12].The structural arrangement of nickel oxide (NiO)
is similar to that of the chemical compound NaCl [13]. Several methods have been used to form thin layers of nickel oxide,
including pulsed laser deposition (PLD), chemical vapor deposition (CVD), magnetic sputtering, atomic layer deposition (ALD),
thermal spray decomposition, electron beam evaporation, electrodeposition, sol-gel process, chemical bath deposition, and other
methods. One of these methods is chemical spray pyrolysis, which has several advantages and characteristics: it is easy to
prepare, inexpensive, allows for control of deposition conditions without the need for high vacuum, and provides the possibility
of deposition over a large area [14,15-16]. This technology is used in many new industries to deposit a layer on the surfaces of
substrates [17].Thin film deposition process using thermal spray technology The substrate is heated and a metal solution is
sprayed onto it. When the solution droplets hit the substrate surface, they spread out in a disc-like structure and undergo thermal
decomposition. The momentum and size of the droplet are the main factors affecting the shape and size of the disc, in addition
to the temperature of the substrate. Thus, oxide will form on the hot substrate after its conversion from the metal salt, which is
usually in the form of overlapping discs [18]. Removing organic components from the solution as part of the work process,
where ultraviolet rays are used for this procedure. Low-pressure mercury lamps with a wavelength ranging from 185 to 254
nanometers and excimer lamps are the most common sources of ultraviolet rays. These rays work to convert oxygen into active
oxygen, which in turn breaks the chemical bonds of organic compounds. This means that ultraviolet rays are used to remove
these compounds [19]. The aim of this paper is to study the effect of U-VC irradiation on the optical properties of nickel oxide
films.

2. EXPERIMENTAL DETAILS
2.1.Preparation of glass bases

Use glass bases measuring (2.5 x 2.5) cm and a thickness of (1) mm. These substrates are thoroughly cleaned of any
dirt stuck to their surface in order to obtain a surface free of impurities, as these negatively affect the accuracy of the results. The
next steps begin with washing the glass substrates with regular water, then with distilled water, and then placing them in an
ultrasonic device after immersing them in acetone and water for a period of (30) minutes. The glass substrates are then dried
using lens cleaning cloths and exposed to heat using an electric heater to dry them completely for (3) minutes.

2.2. Preparation of the solution

The solution was prepared using nickel nitrate with the chemical formula [Ni (NO3), .6H,O] and molecular weight
[M.W =290.81 gm/m] consisting of a green powder of Indian origin and supplied by the company (THOMAS BAKER) at a
concentration of (0.3) by adding (8.7243gm) of the substance to (100) ml of distilled water and placing it on a magnetic mixer
for 60 minutes to completely dissolve the solution, avoid clumping, and obtain a homogeneous solution. The solution is then
filtered using filter paper to obtain a high-purity solution free of impurities. To obtain the desired weight to be melted from
eq.(1)[20].
M= s (B2 (1)

th \%
Where, M: Molar concentration, M;: Mass of nickel nitrate, Myw: Molecular weight of the substance
and V: Volume of distilled water (100) mL.

2.3. Deposition process

After cleaning, the glass substrates are placed on an electric heater and heated to 450°C and 2 bar using an air
compressor. The prepared solution is placed in a sprayer with a diameter of 2 cm and a length of 12 cm. The distance between
the sprayer and the substrates is 30 cm. The spraying process begins with the solution falling in an inverted cone shape onto the
glass substrates to obtain thin films of nickel oxide, as shown in Fig.1
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Fig.1. Spraying system
3. RESULTS AND DISCUSSIONS
3.1. Measure the thickness of the prepared film
The thickness of the resulting NiO films was measured using the manual gravimetric method according to the eq.(2)[4]
at a deposition temperature of 450 °C. The thickness of the films is calculated based on the surface area of the glass substrate on
which they are deposited and the mass and density of the deposited film. The average thickness of the film obtained by this
method was approximately 200+10 nm.

Thickness= :/—A 2

3.2. The Optical absorption analysis

The interaction of light with thin NiO films was analyzed to learn more about their optical properties. An ultraviolet-
visible spectrophotometer (Shimadzu UV-1800) was used to analyze the optical properties of thin NiO films at a scanning rate
of 400 nm/min. The wavelength range of the absorption spectrum was (190-1100) nm. When light interacts with the thin film,
photoabsorption occurs against the wavelength spectra of the thin films created at a temperature of 450 °C for the glass substrates
on which the material was deposited.

3.2.1 Absorbance

When nickel oxide films are subjected to UV light with a wavelength of (254 +10), their optical characteristics are
impacted. This results from the rays' interaction with the film's atoms. The absorption spectrum's wavelength variation is
depicted in Fig.2 At 450°C, that the absorption spectra increases as the irradiation time increases.

3.2.2 Energy gap

The connection between ahv? and the incident photon energy for three distinct UV irradiation intervals is displayed in
Fig.3 in comparison to the non-irradiation state, which is (1, 2, 3) hours. Drawing an extension of the curve after the absorption
state, where it is tangent to the curve and intersects the photon energy axis at the point ahv?=0, yields the energy gap. It was
discovered that as the irradiation period increases, the energy gap value at 450°C decreases. An eq.3 is used to calculate it[20]:
(a.hv)V/* = B, (hv — Ey) (3)
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Fig.2. shows the change in the absorption spectrum as a function of wavelength for nickel oxide (NiO) membranes at different
exposure time.
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Fig.3. Optical band gap values for prepared NiO thin films at different exposure time.

3.2.3 Absorption coefficient
The Fig.(4) shows the relationship between wavelength and absorption coefficient at 450°C for three different

irradiation times compared to the non-irradiated condition. It shows that the absorption coefficient increases with increasing
irradiation time., The absorption coefficient can be calculated using the eq.(4) [21]:
a=2303A/t “)
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Fig.4. Absorption coefficient of NiO thin films as a function of wavelength at different exposure time.

3.2.4 Refractive index

The Fig.(5) shows the relationship between the refractive index and wavelength for different irradiation times at a
constant temperature. The figure clearly the refractive index increases with increasing irradiation time. It was calculated based
on the eq.(5),[22] The refractive index depends on the composition and type of material.
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Fig.5. Refractive index function of wavelength for NiO thin films at different exposure time.
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3.2.5 extinction coefficient
The Fig.(6) shows The extinction coefficient of nickel oxide thin films prepared at a temperature of 450 °C. An increase
in the extinction coefficient is observed with an increase in irradiation time for three consecutive hours. Through an eq.(6)

[23]that was calculate
_a

4T (6)

3.2.6 Real dielectric constants

From the Fig.(7), the real dielectric constant of nickel oxide films increases with increasing irradiation times, reaching
its maximum value at short wavelengths at the third hour of irradiation, then begins to decrease with increasing wavelength.
Using the eq.(7)[24], the true dielectric constant is calculated.
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Fig.6. extinction coefficient as a function of wavelength for NiO thin films at different exposure time.
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Fig.7. Real dielectric constants as a function of wavelength for NiO at different exposure time.

3.2.7 Imaginary dielectric constants

By observing the graph Fig.(8), increase in the imaginary dielectric constant with a gradual increase in the exposure
time of nickel oxide membranes to ultraviolet radiation prepared at a temperature of 450°C. The imaginary dielectric constant is
calculated using the eq.(8)[24]

& = 2nkK (8)
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Fig.8. Imaginary dielectric constants as a function of wavelength for NiO at different exposure time.
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The fig.9 illustrates the relationship between the energy gap and the duration of exposure of the nickel oxide membrane to
ultraviolet radiation for (0-3)hours. It was observed that when the irradiation time increased, the energy gap decreased, with the
lowest energy gap of 3.63 recorded at the third hour of irradiation.
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Fig. 9. Shows the relationship between the energy gap and the irradiation time for nickel oxide membranes.

3.3. Field emission scanning electron microscopy (FE-SEM) results

SEM analysis revealed the surface morphology of the nickel oxide films and the average size of the nanostructures. FE-
SEM analysis was used at 200 kX magnification. Fig.(10) shows the nickel oxide nanoparticles deposited on glass substrates,
exhibiting irregular spherical shapes with diameters ranging from 10 to 55 nm at a temperature of 450 °C.
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Fig.10. FE-SEM micrographs of NiO thin films for substrate temperature 450°C and the particle size distribution.
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Table 1 Comparison of thickness, Energy gap, and optical constants of NiO thin films with recent literature.

Deposition Method Thickness | Bandgap | Refractive Index (n) at Reference
(nm) (V) 550 nm
thermal chemical spraying 200+ 10 3.70 2.62 Present work
Sol-Gel 213 3.92 1.55 Tatyana Ivanova(2022)[25]
spray pyrolysis 200 3.65 2.6 kamal et al (2004)[26]
Spin coating 221 3.94 - Abdelghani & Said (2024)[27]
Spray coating - 3.8 3.7 Faycal et al (2018)[28]

4. Conclusions

Thin nickel oxide nanomembranes were produced using chemical thermal chemical spraying, which is a simple, fast
and inexpensive method. These membranes were exposed to ultraviolet radiation for a total of three hours, with each irradiation
session lasting one hour. The thickness of the films was found to be approximately 200 nm using the gravimetric method. Optical
properties such as absorption coefficient, conductivity, extinction coefficient, real dielectric constant, imaginary dielectric
constant, and refractive index were found to Increase with increased irradiation times. also note that the energy gap for allowed
direct transitions decreases with increasing irradiation times, with values of 3.70 before irradiation and 3.66, 3.64, and 3.63 after
irradiation, respectively. For irradiation times of 1 to 3 hours with a sequential increase of one hour, this indicates the occurrence
of atomic rearrangement and the emergence of additional energy states, which provides effective optical tunability based solely
on irradiation time control. An increase in the absorption spectrum was observed with increasing irradiation time, indicating the
presence of permanent photonic activation. This opens the door to the use of membranes in optical sensors and memories based
on long-term changes in optical properties. Through scanning electron microscope analysis, the nanoparticles appeared to be
irregularly spherical in shape, with diameters ranging from 10 to 55 nanometers. The irregularity of the particles suggests a non-
linear growth mechanism, which allows for the manufacture of membranes with surface roughness that is useful for increasing
light absorption and surface sensitivity. This is suitable for flexible electronics and low-power processors, as these results were
achieved without high temperatures.
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