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Abstract: In Present study the Nickel oxide (NiO) nanostructures was successfully achieved through two distinct synthesis 
methods. i.e. sol-gel and chemical bath deposition (CBD). The preparative parameters for nanocrystalline NiO thin films 
were meticulously optimized. Various characterization techniques, including UV-spectrometry, Scanning Electron 
Microscopy (SEM), Energy-Dispersive X-ray Spectroscopy (EDX), X-ray Diffraction (XRD), and Fourier-Transform 
Infrared Spectroscopy (FTIR), were employed to comprehensively analyzed the synthesized material by both the methods. 
UV-Visible analysis revealed a distinct energy band gap value of 3.6 eV and 3.55 eV by CBD and Sol-gel method for the 
NiO thin films. Morphological properties were investigated using SEM, confirming the formation of nickel oxide nanoflakes 
and nanoparticles by CBD and Solgel respectively. XRD analysis confirmed the presence of well-crystallized and highly 
pure NiO phases, with an average particle size of 12 nm upon for CBD and 8 nm by solgel method, After the calcination at 
300°C. Notably, the XRD results indicated sharpened peaks and increased crystallite size with higher calcination 
temperatures for the films prepared by both the methods, suggesting an enhancement in crystallinity and larger particle size 
with elevated calcination temperatures. These findings underscore the critical impact of calcination temperature on the 
structural properties of the synthesized NiO nanostructures. 

Keywords: Nickel oxide (NiO), thin film, Chemical bath deposition, sol-gel.   

1 Introduction  

Nickel oxide is p-type semiconductor with 
antiferromagnetic transition metal oxide.[1] Nickel oxide 
(NiO) is a wide band gap (3.6 to 4.0 eV) that demonstrates 
remarkable chemical stability, making it an ideal candidate 
for various advanced applications in the field of materials 
science. [2] Nickel oxide (NiO) is one of the most 
extensively studied materials and is considered highly 
suitable for various applications such as electrochromic 
devices, catalysis, solar cells and gas sensors.[3] Nio 
nanoparticles (NPs) are studied because their nano-
dimensional scale imparts distinct properties compared to 
bulk materials. These include a higher surface area to 
volume ratio and unique electro-optical, magneto-optical, 
chemical, and mechanical characteristics, resulting in 
exceptional optical, electronic, and physicochemical 
properties. [4] These nickel oxide Nanoparticles have 

unique properties including optical, thermal, electrical, 
chemical and physical also [5]. Various synthesis methods, 
such as pyrolysis. [6-7] sol-gel method. [8-12] 
hydrothermal method. [13-15] chemical bath deposition 
(CBD)method. [16-19] and spin coating method. [20-21] 
have been employed to produce nickel oxide nanoparticles 
with controlled size and morphology [22]. The highly 
porous CBD NiO thin film exhibited significantly better 
electrochromic compared to the smooth, compact sol-gel 
NiO thin film. The CBD NiO thin film showed a 
transmittance variation of up to 82% at 550 nm and a 
coloration efficiency of 42 cm²/C, while the sol-gel NiO 
thin film demonstrated only 35% transmittance variation 
and 28 cm²/C at 550 nm. [23] Chemical bath deposition is 
a versatile and low-cost method for producing thin films of 
various compounds. It is an economical, convenient, and 
highly reproducible technique. [24] By choosing the 
appropriate precursor and surfactant, along with an 

mailto:mahen3569@rediffmail.com
http://dx.doi.org/10.18576/ijtfst/140206


 112                                                                                                   L. Bhoye et al.: Comparative Study on Nickel Oxide Thin Films… 

 
 
© 2025 NSP 
Natural Sciences Publishing Cor. 
 

optimized calcining process, NiO nanoparticles with 
uniform sizes and shapes can be achieved for sol-gel 
method offers several advantages, such as simplicity, high 
purity, high yield, low energy consumption, and no special 
equipment requirements. [25] sol-gel process combined 
with subsequent calcination has been developed to 
synthesize single crystalline NiO nanowires. In this 
process, citric acid was used as a chelating agent, which 
played a crucial role in the formation of the NiO 
nanowires.[26] 

In present work we report on the NiO thin film 
synthesized by sol-gel and chemical bath deposition 
methods. The synthesis of NiO nanoparticles is 
characterized by optical, structural, morphological, and 
electrical properties. Morphological properties were 
investigated using SEM and FE-SEM confirming the 
formation of nickel oxide nanocrystals. The 
comprehensive investigation provides insights into the 
synthesis and characterization of NiO thin films and 
nanoparticles, contributing to the understanding of the 
sol-gel method and its application in producing functional 
nanomaterials. NiO thin films for gas sensors were 
successfully fabricated through a process involving the 
preparation of NiO films via sol–gel and chemical bath 
deposition methods. 

2. Experimental details 

2.1 NiO thin films deposition 

2.1.1 sol-gel 

In contrast, for the synthesis of NiO thin films using the 
sol-gel technique, a 0.5 M solution of nickel nitrate 
hexahydrate in 50 ml underwent magnetic stirring at 90°C 
for 60 minutes. Subsequently, a 0.5 M solution of sodium 
hydroxide in 30 ml of double-distilled water was added, 
and the solution was stirred for an additional 30 minutes, 
initiating gel formation. The gel was washed with 
deionized water, dried in an oven at 100°C for 24 hours, 
and finally annealed at 250°C for 4 hours. This method 
focused on key steps, including gel formation, washing, 
and thermal treatment, to ensure the successful 
preparation of NiO thin films with optimal properties. 

2.1.2 chemical bath deposition  

In the synthesis of nickel oxide (NiO) nanostructures, 
distinct methods were employed for nanocrystals and 
nanotubes. For the nanocrystals, a 0.2 M solution of 
nickel nitrate hexahydrate served as the source of nickel 
ions, with the addition of 0.5 M potassium persulphate as 
the oxidizing agent. A 28-30% aqueous ammonia 
solution, acting as a complexing agent and aiding pH 
control, was dropwise added while maintaining the pH at 
12. The solution was mixed at 100°C for 60 minutes, and 
the resulting material was deposited onto a glass 
substrate, washed with deionized water, and dried at room 
temperature for 6 hours. 

3. Result and discussion 

3.1 Structural Properties   

XRD involves monitoring the diffraction of X-rays after 
they interact with the sample. It is a crystallographic 
technique used for identifying and quantifying various 
crystalline phases present in solid materials and powders.  
In XRD the crystal structure can be determined as well as 
the size of grains and nanoparticles. When X-rays are 
directed at a regular crystalline sample, a proportion of 
them are diffracted to produce a pattern. From such a 
pattern the crystal phases can be identified by comparison 
to those of internationally recognized databases (such as 
International Center of Diffraction Data - ICDD) that 
contain reference patterns. In sensing applications, XRD 
is generally used to correlate the properties of a material 
to its sensing performance. 

The X-ray diffraction (XRD) analysis was conducted to 
investigate the structural properties of nickel oxide (NiO) thin 
films synthesized via sol-gel and chemical bath deposition 
(CBD) methods. Figure 1(a) displays the XRD pattern of NiO 
thin films prepared by sol-gel method, exhibiting 
characteristic peaks aligned with standard values from the 
JCPDS card 780429, confirming the face-cantered cubic 
(FCC) structure. The observed peaks at 37.20, 43.25 and 62.86 
correspond to orientations along (111), (200) and (220) 
respectively. Figure 1(b) illustrates the XRD pattern of NiO 
thin films prepared by the Chemical Bath Deposition (CBD), 
method, where the observed d values match the standard 
values from the JCPDS card 780429, confirming an FCC 
structure. The significant peaks at 34.91 and 39.28, represent 
orientations along (222) and (400), respectively, suggesting 
the formation of nano-crystals. The XRD analysis affirms the 
crystalline nature and structural consistency of the synthesized 
NiO thin films, highlighting the distinction in nanostructure 
morphology achieved using sol-gel (nano-crystals) and CBD 
(nanoflakes) methods. XRD is one of the most utilized 
techniques for determining the structure of inorganic and 
organic materials. It is also widely used for studying nano-
structured thin films and nanoparticles. However, the 
materials must have ordered structure, and it cannot be used 
directly to study amorphous materials. In crystallography, the 
solid to be characterized by XRD has a space lattice with an 
ordered three-dimensional distribution (cubic, rhombic, etc.) 
of atoms. These atoms form a series of parallel planes 
separated by a distance d, which varies according to the nature 
of the material. For any crystal, planes have their own specific 
d-spacing. When a monochromatic X-ray beam with 
wavelength λ is irradiated onto a crystalline material with 
spacing d, at an angle θ, diffraction occurs only when the 
distance traveled by the rays reflected from successive planes 
differs by an integer number n of wavelengths to produce 
constructive interference. Such constructive interference 
patterns only occur when incident angles fulfil the Bragg 
condition such that: 

2d sinθ = nλ        (1) 
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By varying the angle θ, the Bragg Law condition is 
satisfied for different d-spacing’s in polycrystalline 
materials. Plotting the angular positions versus intensities 
produces a diffraction pattern, which is characteristic of 
the sample. When a mixture of different phases is present, 
the resultant diffractogram is a superposition of the 
individual patterns. The XRD pattern, the diffracted 
intensities are plotted versus the detector angle 2θ. Each 
peak is then assigned a label indicating the spacing of a 
crystal plane. Bragg’s law states the condition for sharp 
diffraction peaks arising from crystals which are perfectly 
ordered. Actual diffraction peaks have a finite width 
resulting from imperfections, either the irradiation source 
or the sample. A useful phenomenon is that as crystallite 
dimensions enter the nanoscale the peaks broaden with 
decreasing crystal size. It is known that the widths of the 
diffraction peaks allow the determination of crystallite 
size. Practically, the size of crystallites can be determined 
using variants of the Scherrer formula. 

𝑫 = 𝒌𝝀
𝜷𝒄𝒐𝒔Ɵ

                                       (2) 

Where D is the average crystalline size, l is the X-ray 
wavelength, K is a constant which depends on the 
crystallite shape, and B is the full width at half maximum 
of the broadened peak. The average crystallite size was 
calculated using the Scherrer equation, and it was found 
to be 12.09 nm (Sol-gel) and 8.09 nm (CBD). 

 
(a) 

 
(b) 

Fig. 1: XRD patterns of NiO thin films (a) Sol-gel NiO thin 
film, (b) CBD NiO thin film 

3.2 SEM Analysis 

  
(a) 

 
(b) 

Fig. 2: SEM image of (a) sol-gel NiO thin film, (b) CBD 
NiO thin film. 

Figure 2. Presents the SEM image of the as-deposited thin 
film by chemical bath deposition techniques. The film 
deposited shows a porous structure from Figure 2. (b) 
Following annealing treatment at temperatures ranging from 
300°C to the film morphologies as a porous structure, similar 
to what has been previously reported by X.H. Xia et al. [27] 
The surface morphology of NiO nanocrystals was examined 
using scanning electron microscopy from Figure 2. (a) shows 
SEM image of NiO nanocrystals synthesized from nickel 
nitrate hexahydrate. In every instance, the NiO nanopowder 
was successfully produced through a straightforward sol-gel 
method. Figure 2. (a) illustrates the SEM micrograph of NiO 
nanocrystals, which were characterized using the sol-gel 
process with nickel nitrate hexahydrate as the precursor.[28] 
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3.3 Optical Properties  

 
(a) 

 
(b) 

Fig. 3: (a) Absorbance Vs Wavelength and (b) ahn2 Vs hn by 
Sol-gel method. 

 
                                             (c)                                                                   

 
(d) 

Fig. 4: (c) Absorbance Vs Wavelength and (d) ahn2 Vs hn by 
(CBD) method 

Ultraviolet-visible (UV-Vis) spectroscopy is widely 
utilized to quantitatively characterize organic and 
inorganic nanosized molecules. A sample is irradiated 
with electromagnetic waves in the ultraviolet and visible 
ranges and the absorbed light is analyzed through the 
resulting spectrum. It can be employed to identify the 
constituents of a substance, determine their 
concentrations, and to identify functional groups in 
molecules. Consequently, UV-vis spectroscopy not only 
is used for characterization, but also for sensing 
applications. The samples can be either organic or 
inorganic and may exist in gaseous, liquid or solid form. 
Different sized materials can be characterized, ranging 
from transition metal ions and small molecular weight 
organic molecules, whose diameters can be several 
Angstroms, to polymers, sup molecular assemblies, nano-
particles and bulk materials. Size dependent properties 
can also be observed in a UV-visible spectrum, 
particularly in the nano and atomic scales. These include 
peak broadening and shifts in the absorption wavelength. 
Many electronic properties, such as the band gap of a 
material can also be determined by this technique. The 
energies associated with UV-visible ranges are sufficient 
to excite molecular electrons to higher energy orbitals. 
Photons in the visible range have wavelengths between 
800-400 nm, which corresponds to energies between 36 
and 72 kcal/mol. The near UV range includes wavelengths 
down to 200 nm, and has energies as high as 143 kcal/mol. 
UV radiations of lower wavelengths is difficult to handle 
for safety reasons and is rarely used in routine UV-vis 
spectroscopy. 

The diffused reflectance spectra (UV-Vis DRS) of NiO thin 
film are shown in graph of wavelength Vs Absorption 
coefficient and graph of (αhѵ)2 Vs hѵ of the nanocrystalline 
NiO thin films were synthesized by A simple chemical bath 
deposition and sol gel methods. Figure 3. (a, b) and Figure 4. 
(c, d) the strong adsorption between 200 and 400 nm is 
attributed to the absorption of NiO in the UV light region a 
near band at 349 nm (3.55 eV) by Sol-gel and 344 nm (3.6 
eV) by (CBD) method. The value estimated from the 
intercept of the tangents to the plots was 3.55 eV and 3.6 eV, 
which was consistent with that of the reported for NiO thin 
films. A fundamental property of semiconductor compounds 
is the band gap, the energy separation between the filled 
valence band and the conduction band. The energy bandgap 
calculation as below- 

The energy band gap is -     

 
𝐸 = ()*+

,-./010	3-4565789
              (3) 

 Where-maximum wavelength (l) is 344 nm by (CBD) and 
349 nm (Sol-gel) 

𝐸 = ()*+
:**

             and     ()*+
:*;

              (4) 

Band gap E=3.55 eV.  by Sol-gel method and 3.6 eV. by 
chemical bath deposition (CBD). 
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3.4 Electrical properties 

The film's resistivity is affected by multiple factors such as 
the preparation technique, parameters, doping agent, 
annealing temperature, and measurement conditions. The 
resistivity of the deposited thin films was calculated using 
Equation (3) at temperature range (300C -1700C) [18].  

ρDC= 𝑅(𝑏 ∗ 𝑡/𝑙)                 (5) 

where ρ∗ is the resistivity, R is the resistance of the sample 
(thin film), b represents the width of the (Al) pole, t is the 
film thickness, and l is the distance between two (Al) poles. 

The electrical resistivity of the NiO thin film on the glass 
substrate was found to be in the range of 10^-1 to 10^-2 cm 
at room temperature, which agrees with previously reported 
values. The thermal activation energy was calculated for the 
NiO thin film using relation  

ρ = ρ0 exp (Ea/kT)                          (6) 

the variation in electrical resistivity with the thickness of the 
NiO film. The decrease in resistivity observed with 
increasing film thickness can be attributed to the improved 
crystallinity of the film. This phenomenon is likely due to the 
size effect. 

 
(a) 

 
(b) 

Fig. 5: Resistivity versus temperature for NiO thin films. (a) 
Chemical bath deposition (b) solgel 

 
(a) 

 
(b) 

Fig. 6: Activation energy for NiO thin films (a) Chemical 
bath deposition (b) solgel 

4. Conclusion 

The nanocrystalline NiO thin films were synthesized by A 
simple chemical bath deposition and sol gel methods and its 
comparative gas sensing properties were investigated. The 
following statements can be made from the present 
investigation: 

I) A simple chemical bath deposition and sol gel methods 
were used to fabricate nanocrystalline NiO thin films 
characterized by XRD, FESEM, E-DAX and UV-VIS 
spectra. 

II) The structural and optical properties are studied by XRD 
and UV-Vis-DRS techniques. The XRD pattern indicates 
that the samples obtained via the CBD method only consist 
of a pure phase of NiO thin films. The diffraction peaks of 
NiO thin films can be attributed to the wurtzite hexagonal 
crystal structure. The diffused reflectance spectra (DRS) of 
NiO thin film reveal the energy bandgap in UV –Vis region 
of solar spectrum with 3.55 eV sol-gel and 3.6 eV (CBD).  
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