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Abstract
Nickel oxide thin films have been prepared by sol-gel dip-coating technique on glass

substrate. These films have been characterized by using Fourier Transform Infra-Red
Spectroscopy (FTIR), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM) and
UV-visible spectro-photometry. It is shown that Ni2O3 thin films have single crystalline
nature. Ni2O3 thin films high transmission in the wave length range of 300–900 nm and
decrease of band gap with increase in withdrawal speed. The SEM micrograph shows
cubic crystallites.

1. INTRODUCTION

Nickel oxide (NiO) is a useful material preferably required for catalysis, battery cathodes
(Yoshio 1998), gas sensors, electro-chromic films (Alcantara 1998; Wu 2007). The
nickel oxide thin films were deposited using numerous methods i.e. thermal evaporation 
(Patel 2011), organic solvent method (Velevska 2011) chemical vapor deposition , electro-
chemical deposition, sol–gel (Nalage 2012), sputtering (Miller 1997), chemical solution
deposition (Vidales-Hurtado 2008). Among all these deposition routes sol-gel dip coating
is an advantageous technique owing to be inexpensive, low-temperature synthesis and
liberty to deposit materials on various substrate.
In this project, Ni2O3 thin films were deposited by sol–gel dip coating route and their
structural, optical and surface properties were studied.

2. EXPERIMENTAL DETAILS

Ni2O3 thin films are synthesized by a sol–gel dip coating route using nickel chloride
NiCl2.6H2O, de-ionized water and NH4OH. After one day of aging Ni2O3 sol was deposited
on to a glass substrate at withdrawal speed of 70 and 80 mm/sec and dried on a hot plate
at 60 °C for 20min.



The structural properties were studied by Bruker XRD model D8 Discover (Germany) in
the 2θ range of 20-60 degree. Surface was investigated by SEM (S-3400N, Hitachi) and 
transmission curves of films were measured by UV-Vis spectrophotometer (UV-Vis,
HITACHI U-2800). Transmission-wavenumber relation was studied by FTIR Model M 2000
Midac USA.

3. RESULTS AND DISCUSSION

3.1. FTIR
FTIR spectra of Figure 1 indicate the formation of Ni2O3 by the sol–gel method and
thermal annealing treatment. The absorption bands raised due to the nickel oxide were

observed between 400 and 850 cm¹ (Teoh 2012). Peak at 454 cm-1 represents Ni2O3 bonds.
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Fig. 1 FTIR of Ni2O3

3.2. STRUCTURAL PRPPERTIES
The X-Ray Diffraction curves of the thin films showed diffraction peak (Fig. 2). Thin films
are found to be single crystalline with a peak at (002) plane. Same diffraction peak is
found for films at withdrawal speed of 70 and 80 mm/s.



20 30 40 50 60

140

160

180

200

220

240

260

80mm/sec

70 mm/sec70 mm/sec

In
te

n
s
it

y
(A

.U
)

2 Theta (degree)

Fig. 2 XRD pattern of Nickel oxide thin films

The diffraction peak was utilized to evaluate the crystallite size using the Scherrer equation
D=0.9λ/ βcos θ 

The crystallite size is found to decrease from 9.46 to 8.57 nm with enhancement in
withdrawal speed from 70-80 mm/s.

3.3. OPTICAL CHARACTERSTICS
The transmission spectra of Ni2O3 thin films deposited on glass substrates at 70 and 80
mm/sec are presented in Figure 3. The increase in the withdrawal speed of the substrate
results in decrease in the transmission.
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Fig. 3 Transmission Spectra of nickel oxide thin films



Figure 4 shows plot of (ahν)2 versus the photon energy (hν) for both, films deposited at 70
and mm/s withdrawal speed. A band gap is obtained from the intersection of the fitted
straight line and the abscissa. The band gap values decreased with increase in withdrawal
speed from 3.66 eV to 3.46 eV.
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Fig. 4 (ahν)2 versus the photon energe
3.4. Surface study
The SEM micrograph of the films prepared at 70mm/sec indicates uniform distribution of
closely packed grains in certain regions as shown in Fig. 5a. With the increase of
withdrawal speed to 80mm/sec nucleation of grains took place (Fig. 5b). The nucleation of
grains is determined by the driving force for nucleation.

Fig. 5 SEM micrographs of nickle oxide thin films deposited at (a) 70 and (b) 80mm/sec

(a) (b)



4. CONCLUSION
Preparation of nickel oxide films using sol-gel dip coating route is reported. Films are found
to be single crystalline. The band gap of the films is found to be dependent on the
withdrawal speed of substrate. The film prepared at a withdrawal speed of 70mm/sec, in
this study show large band gap and high transmission. Surface study shows that with
increase in withdrawal speed nucleation of grains took place.
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