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Abstract

In this study, an integrated thermal chemical decomposition system was
constructed and utilized for the deposition of thin copper oxide (CuO) films
on glass substrates at various temperatures (300 °C, 350 °C and 400 °C)
under a pressure of 2 bar, with a rate of 10 sprays over a period of 10
seconds per spray. The study included examining the effect of changing the
substrate temperature on the optical and structural properties of the prepared
films. The absorption spectra of the prepared films were measured over a
wavelength range of 310-910 nm using a UV-Vis Double Beam
Spectrophotometer. The results showed that the absorbance varied with
wavelength, starting at its highest value at 328 nm, then exponentially
decaying with increasing wavelength until reaching the lowest absorbance at
700 nm. It was also observed that the absorbance remained constant in the
range of 700-910 nm, with the highest absorbance value at 300 °C and the
lowest at 400 °C.

The band gap for allowed direct transitions was calculated, revealing values
between 2.59 and 2.68 eV, decreasing with increasing temperatures.
Additionally, the results for some optical constants indicated a decrease in
the absorption coefficient, extinction coefficient, refractive index, dielectric
constants, and optical conductivity with increasing substrate temperature.
Furthermore, the prepared films were irradiated at different temperatures
with two types of radiation: gamma rays (y-ray) emitted from a cobalt-60
(®®Co) source at doses of (0, 5, and 10) kGy with an absorption rate of 14
Gy/h, and UVC radiation for different durations ranging from one to five
hours with a sequential increase of one hour per irradiation process. It was
observed that the absorbance increased with gamma ray (y-ray) and UVC
radiation, as did all optical constants (absorption coefficient, extinction
coefficient, refractive index, dielectric constants, and optical conductivity).
Additionally, a decrease in the optical band gap values was also found after
irradiation.

The structural properties of the prepared films at different temperatures were
studied using X-ray diffraction (XRD), field emission scanning electron
microscopy (FE-SEM), and atomic force microscopy (AFM). X-ray
diffraction results showed that the copper oxide films had a polycrystalline
cubic structure, with multiple peaks corresponding to CuO and a single peak



for CuO2. The crystallite size of the prepared films was calculated, revealing
an increase with rising substrate temperatures, while dislocation density,
crystallinity, and number of layers decreased. FE-SEM results demonstrated
a significant increase in particle size with increasing substrate temperatures
and using Image J software to plot particle diameters indicated that the
average nanoparticle diameters of the prepared films increased with higher
substrate temperatures. AFM measurements showed changes in root mean
square and surface roughness with rising substrate temperatures. The images
indicated that the films had a solid structure with agglomerated particles and
irregular nanostructures, and the average grain size of the prepared
nanoparticles increased with higher substrate temperatures.
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