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A B S T R A C T   

In this study, spray pyrolysis was used to produce nanostructured NiO thin films from high purity 
nickel acetate (Ni(CH3COO)2.3H2O) precursors on pre-heated ultrasonically cleaned soda-lime 
glass substrates. The metallic constituent concentrations in the films were varied, and the pre-
cursors were produced in distilled water at various molarities ranging from 0.1 to 0.4 M. In the 
study, the field-emission scanning electron microscope (FESEM) results strongly confirmed 
adherence of the films to the glass substrate at 350 ◦C. The presence of Ni and O in the samples 
was confirmed using Rutherford backscattering spectroscopy (RBS), X-ray diffractometry (XRD) 
and energy dispersive X-ray spectroscopy (EDX). For the 0.1 M NiO thin films, the thickness was 
approximately 43 nm, and for the 0.2 M, 0.3 M, and 0.4 M films, the thickness was 46 nm, 47 nm, 
and 49 nm, respectively. The XRD findings were supported by the increased Raman intensity 
peaks with increased precursor concentration, which confirmed the films’ improved crystallinity. 
For the same number of passes of films deposition, as the molar concentration increases, the films 
thickness increases. The amount of nickel in NiO thin films increases as the molarity increases, but 
the amount of oxygen in NiO thin films decreases as the molarity increases. It was discovered that 
as molarity increases, the optical transmittance decreases and the optical band gap narrows. The 
qualities of NiO discovered in this study suggest the films’ potentials for usage as window layer 
and buffer material in thin film solar cells.   

1. Introduction 

Around 13% of the world’s population does not have access to reliable energy. Many developing countries are still striving to find 
electricity that is reliable and inexpensive. Most of the worlds economies are seem to grow once the problem of epileptic power supply 
is fixed. Solar energy as a renewable energy source has significantly improved the security of electricity. Solar cells or solar panels 
convert solar energy into electricity, however solar cells are made from components that are both expensive and scarce in nature. It is 
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therefore important to replace solar cells with organic and inorganic metal oxides with appreciable band gaps. 
In recent years, the development of alternative energy sources such as wind, biomass, and solar, among others, has gained traction. 

One of the key motivations is the rise in environmental concerns relating to the greenhouse potential effects for future generations. In 
2013, fossil fuels accounted for nearly 80% of all energy produced, making them the villains responsible for the greenhouse impact. 
Fortunately, thanks to the utilization of renewable energy sources, this dependence has diminished in recent years [1,2]. Renewable 
energy, in particular, solar energy has been identified as a critical alternative solution to the current electricity crisis. In recent years, 
dye-sensitized solar cells (DSSC) have become increasingly important in solar power generation. It was discovered that adding more 
cells to a cell stack in a Tandem cell with a separate band gap improved DSSC performance [1]. PV solar energy output accounts for 
only 0.7% of the global renewable energy industry, or 22.1% of the total, with nearly 90% of commercialized solar modules based on 
high-cost monocrystalline and polycrystalline silicon PV cells. As a result, the low representation of the PV market is due to the high 
cost of producing solar cells, which is a barrier to the widespread adoption of this energy source [3,4]. 

Nickel II oxide (NiO) is one of the most researched metal oxides due to its low cost and numerous applications, such as electrode 
material for Li-ion batteries, light-emitting diodes (LEDs), DSSC, catalyst, transparent conducting oxide, photodetectors, electro-
chromic, gas sensors, photovoltaic devices, electrochemical super capacitors, heat reflectors, photo-electrochemical cell, solar cells, 
and many opto-electronic devices [5–10]. Nickel oxide (NiO) is a potential material for p-type transparent conducting oxide films due 
to its exceptional properties, such as its NaCl-type structure, significant band gap energy ranging from 3.25 to 4 eV, strong crystallinity, 
high chemical stability, and broad-spectrum range of transparency [9,11–13]. When Ni vacancies and interstitial oxygen are increased 
in the NiO structure, the resistivity of undoped NiO films can be significantly reduced at ambient temperature [14,15]. To change the 
energy level state of NiO, band gap energy is important. The development of nickel vacancies and interstitial oxygen atoms in the 
architectures of NiO thin films was identified as the cause of their low resistivity [16]. The stoichiometric ratio of nickel to oxygen 
atoms has a significant impact on the behavior of NiO. Due to their nonstoichiometry, nickel oxide films undergo various changes, and 
these changes in properties have various implications depending on the application [17,18]. 

Almad et al. [19] studied the impact of precursor solutions on the optical and structural characteristics of pyrolyzed NiO thin films 
deposited on corning glass substrates. The study’s X-ray diffraction results revealed that the cubic, polycrystalline NiO films had a 
preferential 111-orientation in the growth direction and a random in-plane orientation. The binding energies had shifted, according to 
the deconvolution of the Ni 2p and O 1s core level X-ray photoelectron spectra of nickel oxides made with various precursors. The 
sprayed NiO films produced from nickel chloride, nickel acetate, and nickel nitrate had optical band gap energies of 3.2, 3.43, and 
3.5 eV respectively. The research by Ukoba et al. [20] examined how different precursor concentrations affected the elemental, 
morphological, and structural properties of NiO films. They observed an increased surface grains with rising precursor solution 
concentration. There was also a reduction in oxygen concentration as precursor solution increased. Amorphous structure was 
discovered in their results at 0.25 M concentration, while polycrystalline with cubic structure was found at higher concentrations. It 
was discovered that the crystallinity of NiO increased as the concentration of the precursor solution increased. The thickness of the 
films was reported to increase with concentration, and the film strongly adhered to the glass substrate at 350 ◦C. 

Ukoba et al. [21] investigated the effect of NiO films deposition using the Spray Pyrolysis Technique (SPT) for solar photovoltaic 
cells as a potential device for solving developing-countries electricity problems. The major precursors for NiO thin films deposition 
were reported to be nickel chloride, nickel acetate, nickel nitrate, nickel hydroxide, nickel sulfate, and nickel formate. The most 
commonly used and widely available precursors were reported to be nickel chloride and nickel acetate. Unlike nickel acetate, nickel 
chloride precursor corroded the deposition equipment (spray gun) because it contains an acid (HCl) as a final product, which corroded 
the spraying gun. The acid also reduces the durability of the final films. Xuan-Hao et al. [22] prepared compact nickel oxide (NiO) thin 
films on various substrates using a simple SPT. The optical measurement performed show that the NiO films prepared are p-type 
transparent semiconductors with a band gap of 3.70 ± 0.05 eV [21]. Obaida et al. [23] prepared NiO thin films from nickel acety-
lacetonate through pulsed SPT on glass substrates. The study revealed that at low substrate temperatures and short spray time, the 
obtained films were observed to be amorphous single crystal structure, whereas the films deposited at higher temperatures and long 
spray time had a cubic phase single crystal structure. The study observed an increase in lattice parameter and crystallite size with 
increased deposition temperature and spray time. However, NiO strain was observed to decrease with increased deposition temper-
ature and spray time. The energy band gap was estimated to be 3.52–3.89 eV. 

One bottom-up technique for nano-structuring materials is the thin film, which is a layer of materials with a thickness of between 
one and one hundred nanometers (nm), or less than 1 μm. In materials research, thin films technology is crucial because, at the nano- 
scale, materials demonstrate uniqueness in all their properties, including electrical, optical, thermal, magnetic, mechanical, and anti- 
corrosion ones [11,24,25]. SPT has been found to have greater advantages over other deposition processes, including being more 
cost-effective and consuming less power, than all the different thin films deposition methods [26–28]. The thickness, elemental 
composition, and stoichiometry of most thin layers can be determined using Rutherford backscattering spectrometry (RBS), a precise, 
non-destructive analytical technique based on ion beams. It is very helpful for both thin films and bulk materials [29,30]. 

A review of the literature revealed that there are not many studies on ion beam examination of NiO thin films for opto-electronics 
applications. Consequently, this study used SPT to prepare different molarities (0.1, 0.2, 0.3 and 0.4 M) of NiO thin films from nickel 
acetate precursor on a soda-lime glass substrate which it has been preheated and ultrasonically cleaned. The RBS was used to measure 
the thickness, stoichiometry and elemental profile of the films, while the structural characteristics of the samples were analyzed by X- 
ray diffractometer (XRD) and Raman microscopy, the morphological properties of the samples were examined by field-emission 
scanning electron microscope (FESEM) and a UV–visible spectrophotometer were used to evaluate their optical properties. The 
study provided details on the composition, thickness, morphology, structural and optical characteristics of NiO thin films with higher 
molarities for their prospective usage as photovoltaic devices. 
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2. Materials and methods 

2.1. Material 

The substrate used in this study is a commercially available soda-lime glass substrate with dimensions of 6.8 mm in thickness and 
241. 8 mm2 in cross-section. To lower the contamination to a suitable level, the substrates were ultrasonically cleaned with acetone, 
methanol, and then distilled water. As a precursor source, nickel acetate, which is soluble in distilled water, was employed to syn-
thesize NiO. The choice of nickel acetate precursor over other NiO precursors has been reported by Ref. [21]. 

2.2. Thin films preparation 

In this study, high purity nickel acetate (Ni(CH3COO)2.4H2O) precursor was used to synthesize NiO thin films. The precursors were 
prepared in distilled water at various molarities (0.1, 0.2, 0.3, and 0.4 M). The amount of nickel acetate (Ni(CH3COO)2.4H2O) that was 
dissolved in a specific volume (10 ml) of distilled water to produce various molarities is given in Eqs. (1)–(1)–(3)(1)–(3). 

Amount (mol)= concentration × volume
(
dm3) (1)  

Amount (mol)=
mass (g)

molar mass
( g

mol

) (2)  

Mass (g)=Amount (mol) × Molar mass
( g

mol

)
(3) 

Substitute amount of substance in Eq. (1) into Eq. (3) 

Mass (g)=
concentration × volume

(
dm3

)
× Molar mass

1000
(4) 

The 1000 as a denominator in Eq. (4) is due to the relationship between cm3 and dm3 (i.e 1 dm3 = 1000 cm3), since the volume of 
the distilled water was measured in cm3, it is imperative to convert it to dm3. 

To obtain the mass of nickel acetate to produce 0.1 M in 10 ml of distilled water, the following parameters were required. 
molar mass of Ni(CH3COO)2.2H2O = 248.70 g/mol 
concentration = 0.1 M 
volume of distilled water = 10 ml = 10 × 10− 3 

The quantity of mass that was measured for 0.1 M = 0.1×248.70×10
1000 = 0.25 g. 

where 1 dm3 = 1000. 
0.2 M 2 × 0.75 = 0.5 g. 
0.3 M 3 × 0.75 = 0.75 g. 
0.4 M 4 × 0.75 = 1 g. 
To produce 0.1–0.4 M precursor solutions, nickel acetate salts of 0.25 g, 0.5 g, 0.75 g, and 1 g were measured and dissolved in 10 ml 

of distilled water. The precursor solutions were vigorously shaken and allowed to dissolve for a short period of time before being 
sprayed over a soda-lime glass substrate that had been heated up and held at an extended pressure (4.2 N/m2) for 60 s. To produce 
high-quality films, all deposition parameters were optimized [11,24,25]. Eq. (5) describes the chemical process by which liquid nickel 
acetate precursor was pyrolyzed at 350 ◦C to produce NiO. 

Ni(CH3COO)2.2H20̅̅̅̅̅̅̅̅̅̅̅→ΔH,350 ◦C NiO+ 2CO2 + 2CH4 + H2O (5)  

2.3. Characterization 

RBS was used in this study to evaluate the thin films’ thickness, elemental composition, and RBS spectra utilizing a 4He + incident 
ion beam, 2.2 MeV energy, exit, and scattering angle of 12◦, and 168◦, respectively. The backscattered data and elemental profiles were 
fitted using the SIMNRA software code with a fit precision of 0.01 over a range of 300–1200 fit regions [26–29]. Charges in the range of 
1–2 C were also employed, and the energy used (2.2 MeV) was determined to be suitable for the examination of the thin films. The 
electrons were removed from the accelerated beam of negative ions using a stripper channel located inside the high voltage terminal. 
As a stripper, either a thin carbon foil (2–5 g/cm2) or a low-pressure gas in a small channel was employed. However, nitrogen gas is 
typically employed in the RBS measurements at the Center for Energy Research and Development (CERD) laboratory at Obafemi 
Awolowo University in Ile-Ife. The probe voltage was adjusted at 17.7 kV, and a pre-accelerating voltage of 6.0 kV was used to obtain 
the total energy of 2.2 MeV. Because Cornell geometry is a type that is available at CERD, Cornell geometry was employed in this 
project. 2.2 MeV 4He + beam analysis was performed on the samples. The information was gathered electronically, and CERD-licensed 
SIMNRA software was used for the analysis. For the simulation of backscattering or forward scattering spectra for ion beam analysis 
with MeV ions, SIMNRA is an MS Windows software. The layer thickness and element compositions of different components found in 
the sample and on different layers were calculated using this simulation. 

Powdered X-ray diffractometer (XPERT-PRO diffractometer; Analytical BV, Netherlands) with a 0.02◦ step size in the range of 2θ 
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values from 35 to 100◦ reflection geometry and a CoK α-radiation source (λ = 0.178901 nm) at 50 kV and 30 mA was used to analyze 
the samples’ microstructural characteristics. The Witec alpha 300 RAS + confocal micro-Raman microscope (Focus Innovations, 
Germany) was used to obtain the Raman spectra data at a laser wavelength of 532 nm, 5 mW power, and 120 s acquisition time. The 
morphology of the samples were examined using a JEOL JSM-7600F Field-Emission Scanning Electron Microscope (FESEM) at the 
Rolab Research Laboratory of the International Institute of Tropical Agriculture (IITA), in Ibadan, Nigeria. The apparatus has upper 
and lower secondary electron detectors, a retractable lens backscatter detector, and a high stable probe current. Energy dispersive X- 
ray spectroscopy (EDX) connected to the FESEM microscope was used to analyze the films’ composition and identify the various peaks. 
The optical characteristics of the produced samples were evaluated using a UV–visible spectrophotometer. However, the RBS analysis 
of the thickness of the films functioned as a fundamental variable to determine the energy band gap of the films. 

3. Results and discussion 

3.1. NiO thin films stoichiometry and thickness 

Simulated measurements of the films’ thickness and composition were performed with the help of the SIMNRA software, and the 
resulting spectra are presented in Fig. 1. The films are deposited on soda-lime glass substrates as shown in Fig. 1(a–d), with NiO peaks 
visible as indicated. The substrate is the area that is below the peaks. Table 1 presents the compositions and thicknesses of the films as 
determined for the NiO films. Since concentration should increase with composition, it is expected that the percent composition of Ni 
will increase as molarity increases in Table 1. The increase in Ni content as precursor concentration increases may be caused by an 
increase in surface grains with rising precursor solution concentration [30]. The table makes it clear that as concentration rises, the 
thickness of the films also rises. From Table 1, it was determined that the films’ thicknesses were roughly 43 nm for a 0.1 M NiO and 
46 nm, 47 nm, and 49 nm for three other concentrations. It was found that for a given number of films deposition passes, the films’ 
thickness grows as the molar concentration does. The same tendency has been discovered by Refs. [20,31]. In conclusion, NiO thin 
films’ oxygen content decreases with molarity, which is consistent with the findings of [20,32]. The rise in deposition rate, which can 
also account for the decline in grain orientation and oxygen concentration, was the primary factor in the NiO films’ considerable 
increase in grow rate as molarity increased. NiO’s has higher crystalinity with rising precursor solution concentration and may also be 

Fig. 1. RBS spectra analysis of NiO thin films (a) 0.1 M (b) 0.2 M (c) 0.3 M (d) 0.4 M.  
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the cause of the increase in the growth rate of the NiO films as molarity increases. 

3.2. NiO thin films’ microstructures 

Fig. 2 depicts the XRD patterns of (0.1–0.4 M) NiO thin films deposited on soda-lime glass substrates. The figure shows the rela-
tionship between intensity (a.u) and position of 2θ (degree). After removing background noise from the diffraction angles, the spectra 
were displayed within the range of 35◦–100◦. The results of the SEM micrograph in Fig. 4 and the presence of many diffraction peaks in 
the XRD spectra both demonstrated that Bragg’s law of diffraction had been obeyed and that the deposited films have polycrystalline 
morphology. The films were found to have five diffraction peaks, with peak (111) being the most prominent, and a single phase NiO 
cubic crystal structure. The (hkl) indices (111), (200), (220), (311), and (222), which were seen at their respective positions of 2θ, 
exhibited diffraction peaks that were associated with the cubic NiO crystal structure (COD 96-101-0096; space group Fm-3m) [33]. 
The NiO phase is stable and forms independently of the substrate temperature as a result of no other peak matching to the other phases 
in the XRD patterns [34]. The small change in the position of 2θ as the precursor grew is caused by the microstructure of the NiO 
structure being rearranged because of the higher precursor and deposition temperatures. The small change in the position of 2θ is also 
as a result of stress or a crystallographic defect in the NiO structure [35]. The Debye Scherrer equation, which is presented in Eq. (6) 
[36], was used to determine the crystallite size. For thin films produced from NiO containing 0.1–0.4 M, the estimated grain size is 
26 nm, respectively. With increased precursor concentration, there was no noticeable change in the grain size. Similar results were 
reported for 0.025, 0.05, 0.07, and 0.1 M NiO thin films at plane (111) [20]. The XRD result from this study is consistent with the 
findings of previous studies [20,33,34,36,37]. 

D=
Kλ

β COS θ
(6)  

where D is crystallite size. 
K = Debye constant = 0.90 
θ = Diffraction angle 
λ = wavelength of the X-ray (λ = 0.178901 nm) 
β = FWHM determined for each angle. 
The plot of samples’ Raman intensity from 1500 to 3000 a.u against wave number from 1000 to 2500 cm− 1 is shown in Fig. 3. The 

Raman peaks of (0.1–0.4 M) NiO were formed at the same wave number of approximately 800 cm− 1. Raman intensity peaks of 0.1 M 
and (0.2–0.4) M were measured at 1875, 2250, 2625, and 2995 a.u, respectively. The fact that there was no observable change in the 
size of the crystallite as the precursor concentration increased could be the cause of the formation of the Raman peaks at the same 
wavenumber. However, the XRD finding was supported by the increased Raman intensity peaks with increased precursor concen-
tration, which confirmed the films’ improved crystallinity. This study’s plotted Raman spectra’s center Raman peak, which was ob-
tained at 800 cm− 1 wavenumbers, is consistent with a previous study on the cubic crystal structure of NiO thin films by authors in 
Ref. [38]. 

Table 1 
Composition and thickness of NiO thin films.  

Thin film Ni O Thickness (nm) 

0.1 M 0.09 0.91 43 
0.2 M 0.12 0.88 46 
0.3 M 0.19 0.81 47 
0.4 M 0.24 0.76 49  

Fig. 2. XRD patterns of NiO thin films.  
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3.3. Morphological characteristics of the films 

The micrographs of 0.1 M and 0.2 M NiO thin films are shown in Fig. 4(a) and (b). There was evidence of surface modification with 
higher precursor concentration when comparing the micrographs individually. The micrographs showed that the films were evenly 
spread across the substrate. The FESEM micrographs verified the presence of homogeneous, smooth, well-adhered coatings free of 
pinholes and cracks as proof of good growth on the substrate surface [20,29]. Strong substrate adherence of thin films in this case, may 
be caused by the requirement for a pre-heated substrate in the SPT deposition method. The 0.1 M NiO crystal lattice structure shows 
several visible vacancies in Fig. 4(a). At 0.2 M, it was observed that more NiO grains were occupying the voids, as illustrated in Fig. 4 
(b). As seen in Fig. 4(b), there was a clustering of grains that eventually formed a single cubic crystal with a higher precursor 

Fig. 3. Raman spectra analysis of NiO thin films.  

Fig. 4. SEM micrographs and EDX Spectra Analysis of NiO Thin Films (a) 0.1 M (b) 0.2 M.  
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concentration. 
The elemental composition of thin films produced from 0.1 to 0.2 M NiO is shown by the EDX spectra in Fig. 4. The findings 

demonstrate that NiO thin films were successfully deposited on soda-lime glass by the SPT method without impurities because Ni and O 
were the only elements detected by the EDX probe. In 0.1 M NiO, the percentage composition of the elements was found to be 79.74% 
Ni and 20.26% O, whereas in 0.2 M, it was found to be 79.76% Ni and 20.24% O. The RBS and XRD results in Figs. 1 and 2, and the EDX 
result confirmed Ni and O as the primary elemental composition of the deposited films. The EDX results show that the Ni content in NiO 
thin films increased with precursor concentration, and that the oxygen content decreased with precursor concentration. The increase in 
films’ growth on the glass substrate is the cause of the decrease in oxygen concentration in the deposited NiO films as precursor 
concentration increased, making less of the glass (oxygen) visible [20]. 

3.4. Optical properties of the films 

The optical properties of spray deposited NiO thin films on glass substrate were examined with the aid of the transmittance and 
absorbance spectra taking as a function of wavelength (λ) across the ultraviolet (UV)-visible electromagnetic wave spectra ranges (λ: 
300–900 nm). The spectra are presented in Figs. 5 and 6. Fig. 5 depicts the transmittance spectra of the prepared films, and the spectra 
indicate the deposited NiO films exhibit transmittance coefficient falling in the region of 60–80% across the visible range. It can also be 
observed that the optical transmittance of the spray deposited NiO is dependent on the concentration of the precursor as it declined 
with increasing precursor. It is expected that when the precursor concentration increased, the films would get thicker, which might 
ultimately result in a reduction in transmittance since there would be larger clusters and more surface roughness, all of which would 
enhance light scattering [23]. The increase in NiO molecules with increasing precursor concentration may also cause reduction in the 
films’ transmittance. The incident light will hit several molecules as it travels through the samples, blocking more of it and lowering the 
transmittance. This feature can be attributed to the increasing surface defects of the films with the precursor concentration which often 
results into films of higher light attenuation properties [39]. Another contributing factor to the observable trademark in nano-
structured spray deposited metal oxide thin films is the thickness of the films which interestingly was found to increase as the molarity 
of the precursor increases. Increasing thickness of films enhances photon scattering and consequently contribute to free carrier ab-
sorption which thus reduces the optical transmission [40,41]. The optical absorption spectra of the deposited NiO thin films samples 
are depicted in Fig. 6. From the spectra, one could deduce that the films demonstrate low absorption properties in the visible 
wavelength ranges suggesting the films’ potentials for usage as window layer in thin films solar cell [40]. Red shifts can also be 
observed with respect to increasing precursor concentration. This observable feature found in mesoporous metal oxide nanomaterials 
have been ascribed to an indication of intrinsic absorption properties attributable to the presence of oxygen vacancy [40,42]. It also 
suggests the importance of our deposited films as buffer materials capable of being used as charge transport layers for recombination 
reduction in layered organic solar cell [40]. The optical band gap of the spray deposited NiO thin films are estimated with the use of 
Tauc’s relations in Eqs. (7) and (8). 

αhv=C
(
hv − Eg

)n (7)  

α=
2.3A

t
(8)  

where α is absorption coefficient, h is Planck’s constant, v is the frequency, Eg is the energy band gap, C is constant called band tail 
parameter, A is absorbance data, while n indicates the optical transition mode which is either 2, 3/2 or ½ for indirect allowed, direct 
forbidden or direct allowed transitions, respectively [42–44]. Tauc’s plots featuring the plots of (αhv)2 against hv and the extrapolation 
of the linear path of the plots to the intercepts of the x-axis, were evaluated to exhibit the best fit, thus indicating the deposited NiO thin 
films demonstrate direct allowed transition property. These plots are presented in Fig. 7 and the estimated values of Eg for each sample 
are correspondingly indicated on the plots. The variation in the values with the varying precursors’ concentration corroborate the 

Fig. 5. Optical transmittance spectra analysis of NiO thin films.  

V.A. Owoeye et al.                                                                                                                                                                                                     



Heliyon 9 (2023) e13023

8

observable reds shifts of the absorption spectra. The varying bandgap values were also analyzed using Burstein-Moss principle of band 
shift and the results show the reduction in the band gap energies of the deposited NiO films enhances the material’s electrical con-
ductivity by lowering the barrier height for easy hopping of electron [40,42,45]. 

4. Conclusion 

In this paper, an investigation of NiO thin films deposition on soda-lime glass substrate at different precursor concentrations 
(0.1–0.4 M) from Nickel acetate tetrahydrate precursors using chemical SPT was carried out. The presence of Ni and O in the films was 
confirmed from the experimental results obtained using the RBS, XRD and EDX. The conclusions drawn from the study’s findings are: 
The concentration increased with composition, as molarity increased, so did the percentage composition of Ni. The oxygen content of 
NiO thin films was found to decrease with increased molarity. The thickness of the films was obtained as approximately 43 nm for 
0.1 M NiO and 46 nm, 47 nm and 49 nm for 0.2 M, 0.3 M and 0.4 M respectively. It was discovered that as the molar concentration 
increased, so did the films’ thickness for the same number of films’ deposition passes. The results of the SEM micrograph and the 
presence of many diffraction peaks in the XRD spectra both show that the deposited films have polycrystalline morphology with single 
phase cubic crystal structure. Raman intensity peaks increased with precursor concentration, which confirmed the films’ improved 
crystallinity with increased precursor concentration. The optical transmittance of NiO thin films in the UV–visible spectrum 
(300–900 nm) was found to be highly transparent in the visible spectrum range (60–90%). The optical transmittance of 0.1 M NiO was 
examined to be approximately 94%, this value decreased to 92, 75 and 62% of 0.2, 0.3, and 0.4 M respectively. The red shifts in 
absorption edges of NiO were evaluated to be 325, 330, 440 and 450 a.u for 0.1, 0.2, 0.3, and 0.4 M respectively. The band gap value 
for 0.1 M NiO was estimated to be 4.02 eV, which was observed to reduce to 3. 90, 3.32 and 2.10 eV of 0.2 M, 0.3 M, and 0.4 M 
respectively. It was discovered that as the molarity of NiO films increased, the optical transmittance decreased, the thickness increased, 
and optical band gap decreased. The values of the NiO thin films thickness, transmittance and energy bandgap obtained in this study 
are consistent with those observed in previous studies even at higher molarities. The reduction in the band gap energies of the 
deposited NiO films enhanced the material’s electrical conductivity by lowering the barrier height for easy hopping of electron. 
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