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ABSTRACT: The effect of ageing on properties of nickel oxide thin films deposited using
spray pyrolysis technique was the focus of this study. Freshly prepared and aged nickel
oxide films were successfully deposited by spray pyrolysis technique on a glass substrate
at 350°C. The morphological, elemental, structural and optical properties of two different
films were studied. The surface morphology was studied using field emission gun scanning
electron microscope. The X-ray diffraction shows that both freshly prepared and aged
films have a polycrystalline cubic structure with a preferred orientation along the (1 1 1)
and (2 0 0) planes. Optical studies show a high transparency in the visible and near infra-
red regions. The band gap grew with ageing from 3.60 eV to 3.70 eV. The optical constant
including the refractive index and extinction coefficient reduced with ageing. Based on
the result obtained, the prepared sample can be used as the absorber layer of solar cells.
The findings may open new frontiers in affordable and efficient solar cell fabrication in
developing countries.

Keywords: Aged nickel oxide, NiO, spray pyrolysis technique, optical properties, solar
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1. INTRODUCTION

Over 20% of the world population still struggles with access to electricity, with
the majority of those affected being from sub-Sahara Africa and South Asia."> The
solution to such electricity woes may be found in nanostructured metal oxide.?
This is due to the low cost of processing and the simplicity of deposition of metal
oxides. Nickel oxide (NiO) holds great promise being a p-type metal oxide with

© Penerbit Universiti Sains Malaysia, 2019. This work is licensed under the terms of the Creative
Commons Attribution (CC BY) (http://creativecommons.org/licenses/by/4.0/).



Aged Nanostructured Nickel Oxide 2

a vast range of applications.*® Several methods have been used to deposit NiO
with a view to optimising it for various applications. The deposition methods
are hydrothermal growth, laser ablation, sol-gel, sputtering and atomic layer
deposition.”!'" However, spray pyrolysis technique (SPT) is preferred for films
because it allows coatings on large areas in thin layers with uniform thickness.!?
SPT’s simplicity, affordability and the possibilities for mass production singled it
out for this study.'>!*

The optical properties of a metal oxide play a vital role in its usage in the fabrication
of optoelectronic devices.!* The optical properties reveal information relating to
the microscopic behaviour of the material. Very few works have studied the effect
of ageing on NiO films despite the promise it holds.'® The objectives of this study
were to prepare and deposit nanostructured NiO thin films on a glass substrate
using SPT, then to determine the effect of ageing on the properties of the NiO
films.

2. EXPERIMENTAL

Soda lime glass substrate was chemically and ultrasonically cleaned before used
for deposition. The precursor was a mixture of analytical grade nickel acetate
tetrahydrate Ni(CH,C0OO),.4H,0 of 0.05 M mixed and stirred in 50 ml distilled
water. The freshly prepared sample was spray deposited immediately after
preparation. The aged sample was left for 192 h (one week and one day) after
mixing to age before deposition. Figure 1 illustrates the schematic set-up used for
spray depositing the samples.!”
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Figure 1: Experimental set-up of spray pyrolysis technique.



Journal of Physical Science, Vol. 30(1), 1-15, 2019 3

The sprayed solution on the preheated substrate glass undergoes evaporation, solute
precipitation and pyrolytic decomposition according to Equation 1."* The end
product is a nickel oxide thin film. The pictorial representation of the experimental
set up is shown in Figure 2.

Ni(CH;C00), 4H,0 —=*~ NiO + 7H,0 1+4CO, 1 (1)

Optimum deposition parameters of the spray deposited NiO films are shown in
Table 1. A thermocouple was fixed to the substrate’s surface to record substrate
temperature.

Figure 2: Experimental set-up of the spray pyrolysis.

Table 1: Optimum deposition parameter of SPT NiO films.

Deposition parameter Value

Substrate temperature 350°C

Height of spraying nozzle to substrate distance 20 cm

Spray rate 1 ml min™!

Spray time 1 min

Time between sprays 30s

Carrier gas Filled compressed air of 1 bar

The prepared NiO films were observed to be grey in colour, uniform and strongly
adherent to the glass substrate.
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2.1  Characterisation

The morphology of deposited NiO film was studied using a scanning electron
microscope (ZEISS EVO MAI15VP). An energy dispersive X-ray spectrometer
(EDS or EDX: GENESIS XM2) was used for assessing elemental composition.
An Empyrean (PANalytical) X-ray powder diffractometer was used for structural
properties of deposited NiO films from 5° to 90° 20 angles. The absorption of
the film was conducted using a Perkin Elmer spectrum 100 Fourier transform
infrared (FTIR) spectrometer. The measured film thickness was compared with
the weight difference method. Optical properties were studied in the wavelength
range of 300 nm to 1000 nm with a Shimadzu UV-3600UV-VIS spectrometer. The
results of characterised freshly prepared and aged samples were compared and are
reported.

3. RESULTS AND DISCUSSION

3.1 Morphological Studies

The surface morphologies of the freshly prepared and the aged NiO films are
represented in Figure 3. The freshly prepared micrograph reveals scattered
distribution of the tiny particles across the surface of the film. The aged films,
however, reveal broader flake-like particles across the surface of the film. Both
films have even distribution, are adherent to the film surface, and are devoid of
cracks. This may be attributed to proper optimisation of the deposition parameters.
This is an improvement on the 24-h aged NiO films reported by Sriram and
Thayumanavan.'

2pm - EHT=20.00kV Signal A=SE2 2pm - EHT =2000kV Signal A= SE2
Wag=14TKX WD =87 mm H thgs200KK WD=85mm
(a) (b)

Figure 3: SEM micrographs of NiO film on a glass substrate for (a) freshly prepared, and
(b) aged for one week and one day.
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3.2 Elemental Composition Analysis

The elemental composition analysis of freshly prepared and aged NiO thin films
are presented in Figures 4(a) and 4(b). Both spectra confirm the presence of Ni and
O elements in the NiO thin films. Oxygen concentration decreased with ageing.
Similarly, nickel weight percent grew for the aged sample in comparison with
the freshly prepared film. This may be due to increment in film grown on the
glass substrate causing a reduction in the oxygen concentration of the aged films.
This observation was also reported by Lu and Hwang."” Apart from the nickel and
oxygen, silicon (Si) was also observed. The existence of the Si is as a result of the
elemental composition of the soda-lime glass used as substrate and the EDX of the
empty soda-lime glass is shown in the Figure 4(c).”

(@)

(b)
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Figure 4: EDX spectra of NiO film on a glass substrate of (a) freshly prepared, (b) aged
for one week and one day, and (c) EDX of empty glass.
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3.3 Structural Studies
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Figure 5: XRD of aged and freshly prepared NiO films.

The phase present and the preferred orientation of deposited nanostructured NiO
films was determined using an X-ray diffractometer (XRD). The XRD patterns
of the aged and freshly deposited films are shown in Figure 5. The films were
observed to be polycrystalline with cubic structures. The peaks for the freshly
prepared films were observed at 20 values of 37° and 43° for (1 1 1) and (2 0 0)
planes respectively. However, the aged films were observed at 20 values of 36.38°,
43.47° and 62.01° for (1 1 1), (2 0 0) and (2 2 0), respectively. The XRD analysis
confirms Bunsenite which corresponds to JCPDS card number 89-7130 for NiO
films. The slight difference in the diffraction angle (20) of the freshly prepared and
aged sample may be attributed to the ageing effect of the precursor. The 28 for the
aged obtained for this study gives an improvement on the earlier reported value
of on 20 = 36.362°, 20 = 43.43° and 20 = 62.58° obtained for 24-h aged NiO films
earlier reported by Sriram and Thayumanavan.'®

The films’ average particle size was obtained from the Scherrer expression in
Equation 2:2!%

__kA
b= BcosO )

where £ is full width at half maximum (FWHM), A is wavelength, 0 represents
Bragg’s diffraction angle and & is 0.89 respectively. The values are 22 nm and
60.4 nm.
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3.4  NiO Film Absorption (FTIR)

Figure 6 shows the FTIR spectra used to identify molecular components and the
structure of the NiO films. It is done in the range of 400 cm™ and 4000 cm™. The
Ni-O stretching vibration mode was recorded in the broad absorption band region
of432 cm™' to 698 cm™'. This was also earlier reported as the range of absorption for
NiO films.* The broadness confirms that the NiO is nanocrystalline. The NiO film
FTIR absorption is blue-shifted due to their nanostructure size. Other significant
absorption bands were also recorded. There is no band indicating the presence of
other groups. This confirms that there is no impurity in the film and that the sample
was washed and well cleaned. This result agrees with standard FTIR data for NiO
films as reported by Qiao et al.**
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Figure 6: FTIR spectrum of aged and freshly prepared NiO films.

3.5 Optical Properties

3.5.1 Film thickness

The film thickness was considered for both freshly prepared and aged films.
The film thickness was obtained using SEM cross-sectional profiling as shown in
Figure 7.
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Figure 7: The film thickness of NiO film on soda lime glass substrate for (a) freshly
prepared, and (b) aged for one week and one day using SEM.
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Figure 8 gives the results for the film thickness computed using the weight
difference method expressed in Equation 3:%

=4 ()

where ¢ denotes film thickness, m represents the actual mass deposited, 4 denotes
thin film area, while p represents the density of the material. The film thickness
grew with ageing. The thickness of the films was controlled by keeping deposition
parameters constant. The NiO thin films average thickness was between 6.277 um
and 8.627 um for freshly prepared and aged respectively.

9 8.56

8
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Figure 8: The calculated film thickness of freshly prepared and aged NiO films.

There is no marked difference between both values from the SEM profiling and the
weight difference computed result.

3.5.2 Transmittance

The transmission spectra of the freshly prepared and aged NiO films are shown in
Figure 9. The absorption edge occurred for both samples at 360 nm which compares
favourably with 350 nm obtained by Sriram and Thayumanavan.'® The aged film
has more transparency than the freshly prepared films occurring at approximately
83% and 78%, respectively. The aged films showed high transparency in both
visible and near-infrared (NIR) regions.
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Figure 9: Transmission spectra of freshly prepared and aged NiO films.

3.5.3 Optical band gap

10

Figure 10 shows a graph of (ahv)? against hv for aged and freshly prepared spray
deposited NiO films. The optical band gap is obtained from extrapolation of
Figure 10 to the hv axis when (ahv)* = 0. The optical band gap grew with the aged
NiO films. A shift towards lower energy was observed for the value of the optical
band gap. This may be attributed to the Moss-Burstein shift.”**” The recorded
optical energy band gaps are 3.60 eV for freshly prepared and 3.70 eV for aged
NiO films. This gives a better optical band gap compared to the existing reported
value of 3.50 eV by Boschloo and Hagfeldt.?® This may be ascribed to crystallite
size increment.”? Quantum size effect may be responsible for the large value of the
band gap of NiO films.** Careful and well-optimised deposition parameters also

helped in obtaining better optical band gap values.
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Figure 10: Graph of (a¢hv)? against hv of freshly prepared and aged NiO films.

3.5.4 Optical constant

The optical constant can be termed as the “fingerprint of an optical material.”
The optical constant alongside the thickness of the film is useful for allowing
repeatable manufacturing. Refractive index and extinction coefficients are jointly
termed optical constants. They are actually not a constant because their values are
influenced by photon energy. They both describe how photons of different energies
interact with the films.*! The interface between a film and the incident ray which
is associated with refraction and absorption gives the refractive index () and the
extinction coefficient (k), respectively.*?
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Figure 11: The extinction coefficient of freshly prepared and aged NiO films.
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The films extinction coefficients were computed over the visible and near-infrared
wavelength from the absorption coefficient using Equation 4 by Lee and Lai:*

=5 )

where k denotes the extinction coefficient, a represents the absorption coefficient,
while A is wavelength. Figure 11 gives the extinction coefficient for the freshly
prepared and aged NiO films. It shows that the extinction coefficients of both films
vary within the UV region and are almost constant for both visible and NIR regions.
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Figure 12: Refractive index of freshly prepared and aged NiO films.

Figure 12 shows the refractive index of both samples. Refractive index is a major
property of an optical material which gives the electronic polarisation of ions and
the local field inside the material.’** The refractive index of deposited films was
calculated using the refractive index and optical band gap expression is shown in
Equation 5 by Reddy et al:*

n=y/(12.417/(Eg - 0365)) Q)

where 1 denotes refractive index while E, represents optical band gap. The
refractive indices were found to be 1.9592 and 1.9295 for freshly prepared and
aged, respectively. This is an improvement on reported values of 1.95 and 1.99 by
Sriram and Thayumanavan.'
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4. CONCLUSION

This study was able to advance research on NiO films for solar cells fabrication
by spray depositing freshly and 192 h aged NiO films. The surface morphology
of the deposited NiO films showed broader flakes with ageing. Nickel weight
percent grew for the aged sample in comparison with the freshly prepared film.
Film thickness grew with ageing. An improved absorption edge was recorded
for both freshly prepared and 192 h aged NiO films at 360 nm. The aged film
had more transparency than the freshly prepared films, with the aged film having
approximately 83% and freshly prepared 78% transparency. An improved value
for optical band gaps for NiO films was recorded at 3.60 eV and 3.70 eV for freshly
prepared and aged NiO films, respectively. The “fingerprint of an optical material”
for NiO films was reduced for the aged film. The extinction coefficients of both
films varied within the UV region and were almost constant for both visible and
near-infrared regions. The refractive indices were found to be 1.9592 and 1.9295
for freshly prepared and aged films, respectively. Based on the result obtained, the
prepared sample can be used as the absorber layer of a solar cell. These improved
results were as a result of careful and well-optimised deposition parameters.
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