
19 | INTERNATIONAL JOURNAL OF MEDICAL ANTHROPOLOGY AND BIOETHICSW 

https://multijournals.org/index.php/valeology 
 

 
 

 

 

 
OPTIMIZATION OF STRUCTURAL AND OPTICAL 

PROPERTIES IN CU1-XNIXO COMPOSITE THIN FILMS 
VIA SPIN COATING 

 

 

 

 

Zaidoon Kadhim Dhiab, Najat A.Dahham 

Iraq, Salah al-Din, University of Tikrit, College of Science, Department of Physics 
 

 

Abstract: 

 
In this work, copper-nickel oxide (Cu1-xNixO) thin films with varying nickel substitution ratios were 

prepared using spin coating route. The X-ray diffraction (XRD) results showed that all samples are 

polycrystalline nanostructure. Increasing substitution ratio led to a gradual convert from monoclinic CuO to 

the cubic NiO phase. Scanning electron microscopy (SEM) revealed porous structure of CuO film. Nickel 

addition reduced particle size, increased bonding, and decreased surface porosity. High nickel ratio films 

exhibited disc-shaped structures with nano dimensions. The EDX analysis indicated the low content of 

oxygen suggesting oxygen vacancies. FTIR spectroscopy showed characteristic bands for nanocrystalline 

copper oxide, with nickel substitution resulting in the emergence of broad bands corresponding to Ni-O 

vibrations. Optical absorption spectroscopy showed the absorption edge around 350 nm for all samples, with 

high transmittance up to 93% for nickel oxide in the visible range. The optical bandgap increased with nickel 

substitution from 3.90 eV for pure copper oxide to 3.98 eV for pure nickel oxide. The high transmittance and 

large surface area of Cu1-xNixO films make them ideal for use in gas sensors, photocatalysts, and as window 

materials in solar cells applications. 
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Introduction 

 

 

Introduction 

In semiconductor physics, copper oxide has received much attention due to its interesting 

properties. There are two stable oxides in the copper oxide family, cuprous oxide (Cu2O) and cupric 

oxide (CuO) [1]. These oxides have unique physical properties and crystalline structure [2]. CuO 

has been widely used in many different fields due to its excellent electrochemical capabilities, good 

thermal stability, ease of fabrication, and abundance of naturally occurring raw materials, especially 
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in its nanoform, in many applications, including antibacterial [3], gas sensors [1], 

photoelectrochemical sensors [4], solar cells [4], and catalysis [5]. 

NiO, on the other hand, is a p-type semiconductor with a wide bandgap of approximately 3.6 to 4.0 

eV [6]. It is valued for its excellent electrochemical stability, high transparency in the visible region, 

and catalytic properties, making it a strong candidate for applications in batteries, and transparent 

conductive coatings [7]. 

Because the size and shape of nanoparticles create different qualities than their bulk state, studying 

the process of crystallization is both theoretical and practical. The physical-chemical characteristics 

are determined by the manner of nanoparticle growth tendency. the growth of nanoparticles varies 

based on the conditions and approach used [8]. Several techniques are employed for preparing 

nanostructures with different properties, and each offering unique advantages, such as chemical 

vapor deposition, thermal evaporation, sol-gel, electrodeposition, etc [9]. For depositing CuO thin 

films, These deposition techniques provide diverse options for fabricating cupric oxide thin films, 

allowing researchers to modify film properties for specific applications [10]. 

Combining two metal oxides, such as CuO and NiO, to form composites at different ratios binds the 

advantages of both oxides more effectively than their individual forms [11]. This compositional 

tuning allows for the optimization of the structural, optical, and electronic properties of the resulting 

films, making them more efficient for a wider range of applications [12]. By adjusting the 

composition ratio, the optical bandgap of the composite can be precisely controlled, enhancing 

performance in applications such as photovoltaic cells and optical sensors [13]. The presence of 

both metal sites creates more active sites for catalytic reactions, improving efficiency in catalytic 

applications [14]. 

Given these benefits, metal oxide composites are promising candidates for a variety of applications. 

In gas sensors, the improved sensitivity and selectivity due to the increased surface area and 

enhanced catalytic activity make these composites ideal for detecting gases [15]. In photovoltaic 

cells, the tunable bandgap and transparency combined with the conductive properties can enhance 

the efficiency of solar cells [16]. In photocatalysis, the large surface area and enhanced catalytic 

properties make these composites highly effective for applications such as water purification and 

pollutant degradation [17]. 

In this work, the structural properties, surface morphology, and optical properties of the prepared 

Cu1-xNixO composite thin films at different ratios, produced by the spin coating technique, were 

investigated. 

Methods 

Material  

Copper nitrate (Cu(NO3)2.3H2O) and Nickel nitrate hexahydrate Ni(NO3)2·6 H2O of 99.9% purity, 

provided by Sigma-Aldrich company, were used as started material.  

Samples preparation 

Aqueous solutions of Cu(NO3)2.3H2O and Ni(NO3)2·6 H2O salts were separately and at different 

molar ratios prepared at 0.2 M concentration in 40 ml distilled water. The solutions were prepared 

at different Ni substitution ratios of 0, 0.2, 0.4, 0.6, 0.8, and 1 as in form of Cu1-xNixO using 

magnetic stirrer. Diethanolamine was added gradually to each mixed solution of 0.84 g and mixed 

on a magnetic stirrer at room temperature. The pH was adjusted at 7 by adding some drops of HCl 

acid. After completing the dissolution process and obtaining the solution, thin films were 

immediately deposited on the previously cleaned glass substrates using spin coater at 1000 rpm and 

annealed at 500°C for 30 minutes to obtain metal oxide films. 
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Samples Characterization 

The prepared Cu1-xNixO films at different ratios were examined by X-ray diffraction (PHILIPS PW 

1840), Field emission scanning electron microscopy (MIRA3 TESCAN), Fourier transform infrared 

spectroscopy (FTIR) Spectroscopy (Shimadzu), and UV-visible absorption spectrometer (UV-

1800). 

Results and discussions 

Figure1. shows the XRD patterns of Cu1-xNixO films at different ratios (x=0, 0.2, 0.4, 0.6, 0.8, and 

1.0). All samples showed polycrystalline structure as the curves showed multiple diffraction peaks. 

These peaks appeared broad in appearance which indicates the nanostructure of the prepared 

samples. The pure sample showed two diffraction peaks at diffraction angle 2θ=35.39° and 38.74° 

which are attributed to the (11-1) and (111) crystallographic directions of the monoclinic CuO 

crystal structure according to the JCPDS standard card No. 96-410-5683. The replacement of nickel 

instead of copper and increasing the substitution ratio led to a gradual decrease in the intensity of 

these two peaks until disappear at x=0.8 ratio while a new phase begins to appear at this ratio 

corresponding to cubic structure of NiO. Two peaks appeared at 37.39° and 43.49° which are 

corresponding to the crystallographic directions (111) and (200) according to the JCPDS card No. 

96-432-0488. The intensity of these two peaks increases with increasing nickel content which 

indicates an increase in the degree of crystallization of the sample. A slight shift in the locations of 

the peaks was noticed with changing the Ni content due to the strain resulting in the crystal lattice 

from the difference in the ionic diameter between the replaced and substituted ions.  

 

Figure 1. XRD patterns of Cu1-xNixO composite thin films at different ratios. 

Figure 2. shows a two-dimensional representation of the XRD of Cu1-xNixO films using Xpowder 

software, which shows the phase transition point with the nickel compensation ratio. This figure 
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indicates that the CuO phase appears as a single phase in the pure sample and at low nickel content 

up to x=0.4. This is due to the fact that the added nickel ions penetrate into the copper oxide lattice 

as a substitution element instead of copper ions. This substitution leads to strain in the lattice, which 

appears in the form of a slight shift in the positions of the diffraction peaks, which is clearly evident 

between x values of 0.4 and 0.6 in the (111̅) direction. Increasing the nickel ion ratio greater than 

0.6 led to a phase inversion to be the nickel oxide composition is dominant. 

 

Figure 2. Two-dimensional representation of XRD of Cu1-x NixO thin films using Xpowder 

software showing the phase transformation with nickel element compensation. 

The interplaner distances (dhkl) were calculated using Bragg's equation [18]: 

n λ = 2 dhkl sin θ (1) 

where θ is the Bragg diffraction angle, λ is the wavelength of the X-rays used for the copper target 

inside the X-ray generating tube and is equal to 0.15406 nm, and n is the diffraction order. 

The crystallite size (D) was calculated using the Debye-Scherrer formula based on the full width at 

half maximum of diffraction lines intensity (FWHM) [19]: 

𝐷 =
0.9 𝜆

𝐹𝑊𝐻𝑀 .𝑐𝑜𝑠(𝜃)
 (2) 

Table 1. lists the XRD results represented by the Bragg angles, FWHM, dhkl and D. The calculated 

dhkl values are very close to their values in the standard card. The difference in D values for two 

peaks in the same sample indicates the difference in growth in different directions. Increasing the 

nickel ratio in the sample leads to a decrease in the grain size of the copper oxide crystals until they 

disappear at the ratio x=0.6, while a greater increase in the nickel replacement shows an increase in 

the crystallite size of the nickel oxide crystals. 
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Table1. XRD parameters of Cu1-xNixO composite thin films at different ratios. 

x 2θ (Deg.) FWHM (Deg.) dhkl Exp.(Å) D (nm) hkl Phase 

0.0 
35.39 0.5170 2.5343 16.1 (11-1) Monoclinic CuO 

38.74 0.8490 2.3225 9.9 (111) Monoclinic CuO 

0.2 
35.44 0.7170 2.5308 11.6 (11-1) Monoclinic CuO 

38.74 0.8460 2.3225 10.0 (111) Monoclinic CuO 

0.4 
35.84 1.8460 2.5035 4.5 (11-1) Monoclinic CuO 

37.84 1.0100 2.3757 8.3 (111) Monoclinic CuO 

0.6 43.44 0.8330 2.0815 10.3 (200) Cubic NiO 

0.8 
37.39 1.8630 2.4032 4.5 (111) Cubic NiO 

43.49 0.7940 2.0792 10.8 (200) Cubic NiO 

1.0 
37.39 1.1570 2.4032 7.3 (111) Cubic NiO 

43.44 0.7000 2.0815 12.2 (200) Cubic NiO 
 

The surface structure of the samples has a significant effect on many physical properties. The 

morphology of the samples surface was examined within the nanoscale range using field effect 

scanning electron microscopy (FE-SEM). Figure 3-a, and b show the top-view images, at two 

magnifications, of the Cu1-xNixO thin films prepared with different compensation ratios. The pure 

copper oxide sample showed a porous structure formed by close interconnection between 

microstructures with dimensions of about 3 μm forming the general porous structure. The images 

with higher magnification showed nanoparticles with diameters ranging from 79 to 137 nm attached 

to the surface of the microparticles. The addition of nickel at a molar ratio of 0.2 led to a change in 

the surface structure of the sample where the compact structures appeared with smaller sizes with a 

diameter of about 1 μm with increased interconnection between the particles and decreased surface 

porosity. The image with higher magnification power shows cubic nanoparticles attached to the 

surfaces with side length of about 250 nm. Increasing the nickel ratio to 0.4 led to the particles 

being more compact with each other. The variation in the degree of compactness of the samples 

with changing the Ni content is due to the difference in the nature of the crystallization of the 

metals. This change in the general structure of the sample leads to a change in other properties such 

as optical properties. The thin film sample at the ratio x = 0.6 showed an extended surface 

consisting of stacked plate like structures containing some cavities. The deposited films also contain 

disk-like shapes fixed in random directions in the surface with nanoscale dimensions with a 

diameter of 93 nm and a thickness of 26 nm. Increasing the Ni ratio to x = 0.8 leads to an increase 

in the number of disk-like shapes per unit area, until they become highly dense. These disks have 

diameters of about 154 nm and a thickness of 20 to 25 nm. The disk-like belong to the nickel oxide 

structure, where many studies have shown the possibility of depositing doped nickel oxide in the 

form of nanodiscs [20,21]. Many applications depend heavily on the surface properties and 

composition of the nanostructure, where the sample meets the requirements of a large surface-to-

volume ratio. This structure with a large surface area is preferred in gas sensor or photocatalyst 

applications [22,23] . The thin film sample at x=1 exhibited a regular, slightly porous extended 

surface consisting of spherical nanoparticles of almost uniform sizes with diameters ranging from 

34 to 61 nm stuck together.  
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Figure 3 (a). Top-view SEM images of Cu1-xNixO films at x ratios = 0, 0.2, and 0.4. 

 

Figure 3 (b). Top-view SEM images of Cu1-xNixO films at x ratios = 0.6, 0.8, 1. 
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Figure 4. illustrates the transmittance patterns of FTIR in the wavenumber range of 400 to 4000 cm-

1 for Cu1-xNixO films at different blending ratios. In the pure copper oxide sample, the sharp 

absorption peaks at 426 and 513 cm-1 are attributed to the symmetric and asymmetric stretching 

vibrations of the Cu-O bond in the monoclinic copper oxide phase [24] . Additional absorption 

bands appeared in the curve, notably at 3548.18 cm-1, which are due to the N-H stretching vibration 

from residual raw materials. The band at 3457.81 cm-1 is due to the stretching vibration of the 

hydroxyl ion (O−H), while the band at 1767.13 cm-1 is due to the bending vibrations in water 

molecules adsorbed on the surface of the sample. The band at 1635.95 cm-1 is due to the N-H bond, 

1382.35 cm-1 to the C-H bond, 1047.13 cm-1 to the C-O bond, and the bands at 880.97, 787.69, and 

679.84 cm-1 are due to the C-H bond ]1[. These values, listed in Table 4.3, arise from the 

atmosphere or as residual materials in the sample from the raw materials [25].  

Replacing the copper ion with the nickel ion and increasing the percentage of Ni led to a gradual 

decrease in the intensity of the peaks due to Cu-O until they disappeared, with broad bands 

appearing around wavenumbers 671.09 and 516.60 cm-1 at the ratio x=0.6 and above, attributed to 

the vibrations of the Ni-O bond [26] . Differences in the intensity and locations of other peaks are 

due to fluctuations in the amount of adsorbed material on the surface, which depend on several 

factors such as the sample's porosity. The slight difference in the location of the bonds 

corresponding to copper oxide and nickel oxide indicates a slight decrease in bond energy, resulting 

from the difference in bond length caused by lattice strain from crystal defects. 

 

Figure 4. FTIR spectra of Cu1-xNixO thin films at different ratios. 

Table 2: Bond types and energies in Cu1-xNixO thin films at different ratios. 

Band Type x=0 x=0.2 x=0.4 x=0.6 x=0.8 x=1.0 

N-H 3548.18 3548.18 - - - - 

O-H stretch 3457.81 3443.24 3449.07 3437.41 3449.07 3434.49 

H-O-H bending 1767.13 1764.21 
 

- - 1767.13 

N-H 1635.95 1635.95 1635.95 1638.87 1638.87 1638.87 

C-H 1382.35 1385.26 1382.35 1385.26 1385.26 1388.18 

C-O 1047.13 1050.04 1050.04 1050.04 1050.04 - 

C-H 880.97 880.97 880.97 - - 828.50 
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787.69 784.78 778.95 - - - 

679.84 679.84 676.92 - - - 

Asymmetric Cu-O 513.68 512.77 510.68 - - - 

Symmetric Cu-O 426.24 434.98 432.07 - - - 

Ni-O vibration 
- - - 671.09 670.30 656.52 

- - - 516.60 504.94 481.62 
 

The optical properties of thin films is a useful tool for determining the interaction of light with the 

material to determine the possibility of using them in optoelectronic applications such as solar cells 

and photodetectors. Figure 5 shows the absorption spectra of Cu1-xNixO thin films deposited at 

different mixing ratios over the wavelength range from 300 to 1100 nm. In general, the absorbance 

decreases with increasing wavelength for all samples, which is a general characteristic of 

semiconductors, as only photons with energy greater than the energy gap (less than the critical 

wavelength) can generate electron-hole pairs. We notice that the absorption edge is located at 

approximately 350 nm for all samples, i.e. in the ultraviolet region. While the absorbance is very 

low (i.e. the transmittance is high) in the visible range. These films with high transmittance can be 

used as windows in solar cell applications [27] . The absorption spectra are affected by the 

components of the material and the nature of its composition. A decrease in absorbance can be 

observed with increasing the Ni content. 

 

Figure 5. Absorption spectra variation of Cu1-xNixO thin films prepared at different ratios. 

The optical energy gap of Cu1-xNixO thin films prepared at different mixing ratios was calculated 

using Tauc's relation. This method involves plotting (αhʋ)2 against photon energy hʋ, as shown in 

Figure 6, where α, h, and ʋ represent the absorption coefficient, Planck's constant, and light 

frequency, respectively. The point of intersection of the tangent with the x-axis represents the 

energy gap. A slight change in the optical energy gap values was observed, which gradually 

increased with increasing nickel substitution from 3.90 eV for the copper oxide sample to 3.98 eV 

for the nickel oxide sample. The slight difference in the energy gap is attributed to the variation in 

the material composition of the samples, with NiO thin films having a wide energy gap of up to 4 

eV [28] . 
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Figure 6. Relationship between (αhυ)2 and hυ for Cu1-xNixO thin films prepared at different ratios. 

Conclusions 

The prepared Cu1-xNixO films with varying nickel substitution ratios using spin coating technique 

demonstrating significant structural and functional changes with increasing nickel content. The 

XRD results showed polycrystalline structures with a nano scale. The pure sample exhibited a 

monoclinic CuO structure, which gradually converted to the cubic NiO phase with increased nickel 

substitution. Scanning electron microscopy (SEM) revealed that the CuO film had a porous 

structure. The addition of nickel reduced particle size, increased connectivity, and decreased surface 

porosity. High nickel ratio films exhibited disc-shaped structures with nano dimensions. The EDX 

analysis indicated a lower content of oxygen, suggesting oxygen vacancies that are beneficial for 

catalytic activity. FTIR spectroscopy showed characteristic bands for nanocrystalline copper oxide, 

with nickel substitution resulting in the emergence of the Ni-O bands. Optical absorption studies 

showed the absorption edge around 350 nm for all samples, with high increasing transmittance up to 

93% for NiO in the visible range, suggesting their suitability for solar cell applications. The optical 

bandgap slightly increased with nickel substitution. The high transmittance and large surface area of 

Cu1-xNixO films make them ideal for use in gas sensors, photocatalysts, and as window materials in 

solar cells, enhancing their efficiency and performance in these applications. Varying the nickel 

substitution ratios proved to be an effective way to tune the properties of the deposited films, 

allowing for precise control over their structural, optical, and catalytic characteristics. This method 

offers a useful approach to adjusting the films for specific applications. 
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