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Abstract

In this study, thin films of nickel oxide (NiO) were prepared on glass substrates
at different temperatures (400, 450, and 500)°C using spray pyrochemical
decomposition. The aim was to investigate the effect of temperature variations on
the structural and optical properties of the nickel oxide films and the effect of
irradiation on the absorption spectrum and energy gap of the prepared films. The
thickness of the prepared films was measured using two methods to increase the
accuracy of the results: the conventional gravimetric method and a scanning
electron microscopy (FE-SEM) method. The average thickness of the prepared
films was 200 nm.

The structural properties were measured using several tests (XRD, FE-SEM, and
AFM). X-ray diffraction (XRD) results showed that the nickel oxide films have
a polycrystalline, cubic structure with a series of sharp peaks. The crystalline size
varies with temperature, with average crystalline sizes of (17.635, 17.572, and
17.579) nm at (400, 450, and 500)°C, respectively. (FE-SEM) results revealed
irregular spherical grain shapes distributed across the sample surface, with grain
diameters increasing with deposition temperature to (28.675, 33.263, and 37.930)
nm at (400, 450, and 500)°C, respectively.

However, through examination by atomic force microscopy (AFM), roughness
was shown on the surface of the prepared films, and this roughness changes with
the change in temperature, where (4.386, 5.434 and 2.782)nm were found, and
the average root square of the surface roughness was (6.534, 8.895 and 3.683)nm.
As for the diameter of the grains, it was around (42.98, 85.71 and 22.03)nm for
temperatures (400, 450 and 500)°C respectively. A UV-Visible 1800 double-
beam spectrophotometer was used to measure the optical properties of the
prepared films. The optical gap was calculated and found to decrease with
increasing temperature, ranging from (3.739 to 3.669) eV at (400, 450, and
500)°C, respectively. Several optical constants, such as the absorption
coefficient, refractive index, extinction coefficient, optical conductivity, and the
real and imaginary dielectric constants, also showed a decrease with increasing
deposition temperature.



The (FT-IR) results showed the types of chemical bonds as wavenumber
functions. The Ni-O chemical bond appeared at wavenumbers of (618.37, 618.54,
and 618.60)cm™. Several functional groups were then identified, including
carbonyl (C-O), hydroxyl (O-H), and alkene (C=C). Photoluminescence (PL)
analysis was then used, and using models CIE1931 and CIE1976, it was shown
that the emitted colors were in the blue-violet region at 400°C, in the green-
yellow region at 450°C, and in the yellow-white region at 500°C. The prepared
nickel oxide films were irradiated with UV-C radiation for different irradiation
times ranging from (1-5)hr in successive increments of (1hr) in each irradiation
process. An increase in the absorption spectrum and a slight decrease in the
energy gap values were observed at a deposition temperature of 400°C. The
energy gap values ranged from (3.514-3.606)eV for a temperature of 450°C, and
were around (3.510-3.603)eV for a temperature of 450°C, while at a temperature
of 500°C they were around (3.506-3.602)eV respectively for the different
irradiation times.
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