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ABSTRACT 
 

We deposited thin films of Nickel Oxide (NiO) on microscopic glass substrates using chemical 
bath deposition technique at room temperature. The deposition of the films was achieved with the 
use of Nickel chloride hexahydrate which served as precursor for Ni2+, ammonium hydroxide 
which served as a pH stabilizer and source of oxygen and EDTA which served as complexing 
agent for slow precipitation of the cations (Ni2+ ion). The deposited films were subjected to optical 
and microstructural characterizations. The optical characterization was achieved with the use of 
using StellarNet UV-VIS-NIR spectrometer (Blue-Wave Miniature; Model: UVNb). Micrographs 
of the films were photographed using Digital Microscope of magnification of 100X. XRD analysis 
was done using Rigaku Ultima IV X-ray diffractometer machine. The absorbance value obtained 
showed that nickel oxide films are non-absorbing films with absorbance values ranging from 0.088 
to 0.061. Transmittance results show that the deposited films are highly transmittive within the 
ultraviolet, visible light and near infrared regions with values ranging from 86.90 % to 81.65 %. 
Our result also shows that NiO is a non-reflective thin film material. Energy band gap obtained 
from optical absorption ranges from 3.50 eV to 3.90 eV.  Average grain size of 32.65 nm was 
obtained from the X-ray spectra result. 
 
Keywords: Nickel Oxide, Chemical bath deposition, optical properties, micrograph, ImageJ 
software, band gap. 
 
1.0 Introduction 
 
Considerable attention has been paid to prepare metal chalcogenide thin films by different 
techniques such as chemical bath deposition, chemical vapor deposition, electrodeposition and 
vacuum evaporation methods. Chemical bath deposition (CBD) is a method of depositing thin 
films and nano-materials. It can be employed for large-area batch processing or continuous 
deposition. The chemical bath deposition involves two steps, nucleation and particle growth, and 
it is based on the formation of a solid phase from a solution. In the chemical bath deposition 
procedure, the substrate is immersed in a solution containing the precursors. This method depends 
upon parameters like bath temperature, pH of the solution, molarity of concentration and time. 

Nickel oxide (NiO) films have a cubic rock salt structure with a lattice constant of 4.178 Å and 
wide band gap energy from 3.5eV to 4.00	eV (Fasaki et al, 2008). The p-type semiconducting 
behavior can be produced by the creation of native defects, nickel cation vacancies and interstitial 
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oxygen in NiO crystallites formed in non-stoichiometric NiOx. In spite of this behavior, NiO is an 
insulator at room temperature with resistivity of the order (1013Ωcm), (Verma, 2013). It is an 
attractive material due to its excellent chemical stability, optical, electrical and magnetic 
properties. NiO is used as an anti-ferro magnetic material, in chemical sensors, electrochromic 
devices, catalysts and fuel cell electrodes.  

The thin film formation of NiO can be done by a variety of available techniques each with 
advantages and disadvantages. These include electrodeposition evaporation/physical vapour 
deposition, a combination of sputtering, molecular beam epitaxy, chemical vapour deposition and 
chemical bath deposition. In this work, nickel oxide thin films were deposited using chemical bath 
method. 

 
2.0 Materials and Methods 

Thin films of Nickel oxide were deposited by the reaction of a solution containing Nickel (II) 
chloridehexahydrate, disodium ethylene-diamine-tetra-acetate (Na4(C10H16N2O8) commonly 
known as EDTA, ammonium solution (NH4OH) and distilled water in a beaker. EDTA as 
complexing agent slowed down the precipitation of the nickel ions in the mixture. Ammonium 
solution was used to stabilize the pH of the mixture.  Nickel chloride hexahydrate served as the 
precursor for nickel ion while ammonium hydroxide solution served as precursor for oxygen ion 
through the hydrolysis of the ammonium hydroxide. 
 
The deposition of Nickel oxide thin film of “Sample 1” was carried out using 100ml glass beaker 
at an average room temperature of 300K. 10mls of 0.1 M Nickel (II) chloride hexahydrate was 
measured and transferred into the beaker, after which 5mls of 0.05 M of EDTA was then added. 
The mixture was stirred for 3 minutes after which a homogeneous mixture was obtained. 5 mls of 
ammonium solution were added to the solution in drops, then in excess and stirred. The solution 
was stirred for 3 minutes followed by the addition of 60ml of distilled water. The final solution 
was stirred to obtain a homogenous mixture. The remaining three samples of nickel oxide thin 
films were prepared in the same way with different molar concentration of nickel ion precursor. 
Other molar concentrations of nickel chloride hexahydrate used for the deposition were 0.15 M, 
0.20 M and 0.25 M. A constant volume of 3 mls of ammonium solution, a constant time of 18 hrs 
and temperature of about 300K were maintained throughout the deposition period. The pH of the 
five reaction baths were measured, the values are presented in Table 1 below. At the end of 18 
hours, the substrates were removed, rinsed with distilled water and dried in open air at room 
temperature of 300K. The deposited films were annealed at a temperature of 473K for 2 hours.  
 
Table 1: Chemical Constituents of the Deposited Nickel Oxide Thin Films 

Samples NiCl2·6H2O  NH4OH 
Vol (ml) 

EDTA  H20  
Vol (ml) 

pH Dip Time 
(hrs) Vol (ml) mol Vol (ml) Mol 

1 10.00 0.10 5.00 5.00 0.05 45 11.2 18 
2 10.00 0.15 5.00 5.00 0.05 45 11.1 18 
3 10.00 0.20 5.00 5.00 0.05 45 11.2 18 
4 10.00 0.25 5.00 5.00 0.05 45 11.3 18 
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2.1 Sample Characterization 

The deposited samples of NiO thin film were characterized to determine their optical properties, 
crystal structure and surface morphology. The optical characterization of the deposited films was 
carried out using 752W UV-VIS-NIR Grating Spectrophotometer, while the micrographs of the 
films were photographed using Digital Microscope. XRD analysis was done using Rigaku Ultima 
IV X-ray diffractometer machine. 
 
3.0 Results and Discussion 
 
3.1 Optical Characterization 
Figure 1 shows the graph of absorbance plotted against wavelength. The absorbance of the films 
show a slight step – wise decrease as wavelength increases. The result shows that the deposited 
NiO thin films have low absorbance values in UV, VIS and NIR region. This slight step – wise 
decrease in absorbance affect other optical properties. A maximum absorbance value of 0.088 at 
200 nm was obtained for film deposited with 0.25 M of the Ni2+ ion precursor while minimum 
absorbance value of 0.061 at 1100 nm was obtained for film deposited with 0.15 M of Ni2+ ion 
precursor. Film deposited with 0.05 M of Ni2+ ion precursor has absorbance values of 0.08 to 0.079 
in UV region, 0.079 to 0.071 in VIS region and 0.071 to 0.061 in NIR region. Figure 2 shows the 
graph of transmittance plotted against wavelength. The transmittance of the films deposited 
decreases as the concentration of Ni2+ ion precursor increases. The result shows that the deposited 
NiO thin films have high transmittance in UV, VIS and NIR region. A maximum transmittance 
value of 86.90 % at 1100 nm was obtained for film deposited with 0.10 M of the Ni2+ ion precursor 
while minimum transmittance value of 81.65 % at 200 nm was obtained for film deposited with 
0.25 M of Ni2+ ion precursor. This result is in line with the result obtained by (Jlassi et al., 2014; 
Ezema et al., 2008 and Ghougali et al., 2016). Figure 3 shows the graph of reflectance of the 
deposited Nickel oxide films plotted against wavelength. The reflectance decreases slightly as 
wavelength increases. The result shows that deposited films of Nickel oxide are of low reflectivity 
and depicts the excellent antireflection properties of the NiO layer. Film deposited with 0.1 M of 
Ni2+ ion precursor has the least reflectance value of 7.00 % in NIR region while deposited with 
0.25 M of Ni2+ ion precursor has maximum reflectance values of 9.54 % in UV region. 

Figure 1: Plot of Absorbance against Wavelength for Nickel Oxide Thin Film 
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Figure 2: Plot of Transmittance against Wavelength for Nickel Oxide Thin Film  

Figure 3: Plot of Reflectance against Wavelength for Nickel Oxide Thin Film  

Figure 4 show the plotted graphs of absorption coefficient squared against photon energy for the 
deposited NiO thin films. Direct band gap energy was extrapolated at the axis of the photon energy 
where α = 0. Sample deposited with 0.10 M of Ni2+ has a band gap value of 3.90	eV, sample 
deposited with 0.15 M of Ni2+ has a band gap value of 3.75	eV, sample deposited with 0.20 M of 
Ni2+ has a band gap value of 3.70	eV and sample deposited with 0.25 M of Ni2+ has a band gap 
value 3.50	eV. The result shows a decrease in the band gap energy as Ni2+ ion concentration 
increases. These results are close to band gap energies obtained by other researchers such as Desai, 
(2016), who obtained an energy band gap of 3.67	eV,  Sriram and Thayumanavan, (2013) obtained 
band gap range of 3.6	eV to 3.50	eV, while Gomaa et al., (2016) obtained energy band gap range 
of 3.54	eV  to 3.62	eV. Lei et	al, (2008), obtained energy band gap of 3.80	eV which is within the 
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values obtained in this work, while Ezema et al, (2008) obtained optical band gap ranging from 
2.10	eV to 3.90	eV. Ghougali et al., (2016) obtained band gap value of 3.86 eV to 3.68	eV.  

Figure 5 gives the average optical thickness as a function of molar concentration of Ni2+ ion 
precursor. Optical thickness of the films decreases as molar concentration of Ni2+ precursor 
increases. Peak value of thickness was found to be 0.036	μm (36 nm), while the least value of 
optical thickness was found to be 0.013	μm (13 nm). Average optical thickness of  0.0215	μm 
(21.50 nm) was obtained. These results show that deposited films have optical thickness within 
the nanoscale region of ~	100	nm. 

Figure 4: Plot of Absorption Coefficient Squared against Photon Energy for Nickel Oxide 
Thin Film 

 

Figure 5: Plot of Optical Thickness against Molar Concentration of Ni2+ ion precursor for 
Nickel Oxide Thin Film 

0.036

0.022
0.015 0.013

0

0.01

0.02

0.03

0.04

0.05

0.06

0.1 0.12 0.14 0.16 0.18 0.2 0.22 0.24 0.26

Th
ic

kn
es

s (
µm

)

Molar Concentration of Ni ion Precursor



Page 49 

Proceedings on 3rd AFRICAN CONFERENCE/WORKSHOP (An International Conference on All Aspects of Nanotechnology) 15-21 
July, 2018 At University of Nigeria, Nsukka 

3.2 Microstructural Characterization  

Figure 6 show the microscopic image of deposited thin films of nickel oxide. ImageJ for 
Microscopy Image Analysis (Abramoff et al., 2004) software was used to determine the average 
particle size of the films from the micrograph images. The average particle size was found to be 
between 18.26 nm and 6.76 nm as shown in Table 2. The particle count shown in the table reveals 
the number of possible particles contained in the samples. Average particle size of 12.73	nm was 
obtained for the deposited films. 

   
Figure 6: Optical Microscopy Image of Nickel Oxide Thin Films; (a) 0.10 M of Ni2+ ion 
precursor, (b) 0.15 M of Ni2+ ion precursor, (c) 0.20 M of Ni2+ ion precursor and (d) 0.25 M 
of Ni2+ ion precursor 
 

Table 2:  ImageJ Analysis of Microscopic Image of Deposited NiO Films  
 
 

 

 

 

3.3 Structural Characterization 

X-Ray Diffraction pattern of the deposited Nickel Oxide thin film was obtained with λ = 1.54Ǻ 
and with theta ranging from 10° to 80° is shown in Fig. 7.  The peaks were observed at 37.30°, 
43.61° and 62.80° corresponding to (200), (111) and (220) plane which indicates that the grown 
film is polycrystalline in nature. The average grain size of NiO film obtained using Scherrer’s 
formula is 32.65 nm. The result corresponds to JCPDS data with file number (47-1049) which is 
of cubic phase with lattice parameter a = b = c = 0.417	nm. The d – spacing values observed 
were in line with the standard values from the JCPDS data file. This RXD result obtained are in 

Samples Count Average Size (nm) 
1 1869 18.26 
2 3367 13.26 
3 7762 12.63 
4 6214 6.76 
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line with those obtained by (Turgut, 2016 and Karitha et al., 2016) while the grain size obtained is 
close to the one obtained by (Mahmoud et al., 2011). 

Figure 7: X – ray Pattern of the Deposited Nickel Oxide Thin Film  

4.0 Conclusion 

We have successfully deposited thin films of Nickel Oxide on five surfaces of microscopic glass 
substrates using chemical bath deposition technique at room temperature. The deposition of the 
films was achieved by the reaction between nickel chloride hexahydrate, ammonium hydroxide, 
EDTA and distilled water. Nickel chloride hexahydrate was used as precursor for Ni2+, ammonium 
hydroxide was used as a pH stabilizer and source of oxygen and EDTA served as complexing 
agent for slow precipitation of the cations (Ni2+ ion). The deposited films were subjected to optical 
and microstructural characterizations. The optical characterization was achieved with the use of 
StellarNet UV-VIS-NIR spectrometer (Blue-Wave Miniature; Model: UVNb). The micrographs 
of the films were photographed using Digital Microscope of magnification of 100X. The deposited 
films are transparent and adherent to the microscopic glass substrates. The absorbance result 
obtained showed that nickel oxide films are non-absorbing films with absorbance values ranging 
from 0.088 to 0.061. There is a slight increase in the absorbance values of the deposited films as 
molar concentration of nickel ion precursor increases. Our transmittance results show that these 
deposited films are highly transmittive within the ultraviolet, visible and near infrared regions of 
the electromagnetic spectrum. Transmittance increases as wavelength increases and ranges from 
86.90 % to 81.65 %. The transmittance decreases as molar concentration increases. Reflectance of 
the films is generally low with value ranging between 9.54 % and 7.00 %. Reflectance increases 
slightly as molar concentration of Ni2+ ion precursor increases. This result shows that NiO is a 
non-reflective thin film material that could be used in an anti-reflective industry for antireflective 
coating.  
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