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Thin films of polycrystalline CuO were effectively synthesized on pre-cleaned glass 
substrates through the hydrothermal method. Both undoped and chromium-doped samples 
were rigorously characterized using X-ray diffraction (XRD), field emission scanning 
electron microscopy (FE-SEM), energy-dispersive spectroscopy (EDS), and UV–Vis 
spectroscopy. The results of the XRD analysis confirmed that all films displayed a 
monoclinic polycrystalline structure, with the doping of chromium affecting the primary 
crystallite reflections: (110), (002), and (111) for undoped CuO, and (110), (020), and 
(111) for CuO films doped with 3%, 6%, and 9% chromium. The crystallite sizes, 
determined using Scherrer’s formula, varied from 38.12 nm to 33.26 nm. Analysis of the 
UV–Vis spectra indicated that the incorporation of chromium modified both the 
transmittance and the energy band gap, with the Eg values escalating from 1.99 eV for 
undoped CuO to 3.6 eV for the 9% chromium-doped variant. The FE-SEM imagery 
demonstrated a smooth and uniform morphology of the films, while EDS analysis verified 
the presence of chromium as a dopant, along with copper and oxygen. The optical 
characteristics, encompassing absorbance, transmittance, and band gap energy, were 
significantly affected by the concentration of chromium. 
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1. Introduction 
 
The distinctive characteristics and structural variability of metal oxide nanostructures have 

garnered significant scientific attention for several nano-applications, including electronics, 
catalysis, optics, optoelectronics, and biosensing [1]. In the realm of metal oxide semiconductors, 
CuO nanofilms have become a significant study focus owing to their exceptional physicochemical 
features. CuO is a p-type semiconductor with intriguing features, including a direct energy band 
gap between 1.1 and 2.1 eV [2]. The synthesis of diminutive CuO nanoparticles with distinct 
geometries (e.g., nanorods or nanowires) has garnered the interest of researchers owing to their 
remarkable performance and distinctive features [3]. Therefore, it has become necessary to study 
different synthetic approaches to regulate the form, size, and phase of CuO nanostructures to 
accomplish technological improvement. Too far, a number of techniques have been employed to 
generate CuO nanostructures, including hydrothermal methods [4], oxidation processes [5], spray 
pyrolysis [6], sonic emulsions, thermal evaporation, electrochemical approaches, and precipitation 
[7,8]. Each of these approaches has unique advantages and challenges, including high cost, 
complexity, and synthesis time, in addition to potential issues associated with the use of 
surfactants or templates and elevated synthesis temperatures, which can negatively impact process 
efficiency and economics [9]. CuO nanocrystals have been manufactured by a hydrothermal 
technique employing precursors such as copper acetate dihydrate, copper nitrate hexahydrate, and 
hexamethylenetetramine. The precursor solution is reacted in an autoclave at high pressure and 
high temperature (120 °C) for a long duration (12 h). The approach reported by Yu et al. requires 
two weeks to synthesis CuO nanostructures; Laksa et al., however, have presented similar 
synthetic methods. & Jiang et al. created copper oxide nanowires by thermally oxidizing a copper 
substrate at high temperatures (400 to 700 °C) in air. Cr doping may greatly increase the surface 
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shape, donor density, surface charge, incidence of oxygen vacancies, and catalytic activity of CuO. 
This doping procedure is especially useful for semiconductor materials since the inclusion of 
chromium may drastically influence the characteristics of CuO, impacting numerous parameters 
such as ammonia detection, transmittance, and optical bandgap. Pat et al. produced Cr-doped 
CuxO thin films using a thermal ionic vacuum arc plasma method, displaying outstanding 
transparency and dielectric constant. Recent improvements include the deposition of transition 
metal oxides to increase the crystalline quality of CuO films. Although various research groups 
have explored the physical and chemical characteristics of doped CuO films [10,11,12], the extant 
literature on Cr-doped CuO films is quite limited. The emphasis of this work is on the synthesis of 
Cr-doped CuO films utilising a conventional process that is easy, environmentally benign, and 
suitable to growth across a broad range of area sizes. 

 
 
2. Experimental 
 
2.1. Preparation of CuO seed layer 
The solution was produced by dissolving copper acetate dihydrate (Cu (CH3COO)2·H2O) 

at a concentration of 10 mM in 50 ml of ethanol and sonicating for 15 minutes. The solution was 
then sprayed to a new glass substrate at a temperature of 100 degrees Celsius using a spray 
technique of deposit. The settings that were optimized for the process comprised a spray duration 
of 10 seconds, an average deposit rate of 10 cm3/min, a distance of 30 cm between the nozzle and 
the substrate, and filtered compressed air as the gas that was utilized to carry the process. The 
pressure of the process was maintained at 105 Nm-2. The rise in size of copper oxide (CuO) films 
was assisted using a hydrothermal technique. Ultimately, all films were tempered on a hot plate at 
a temperature of 250°C for 2 hours and 30 minutes in an air environment. 

 
2.2. Growth of CuO: Cr  
After depositing the CuO seed layer, the seed substrate was put vertically in an autoclave 

holding the growth solution and heated to a temperature of 120°C in an oven for 10 h, ensuring 
that the seed layer substrate was looking downwards. The solution for growth was produced by 
mixing 30 mM of C6H12N2, Cr (NO3)3, and Cu (NO3)6 in 50 ml of deionized water and sonicating 
for 15 minutes. The concentrations of chrome and copper oxide were set to generate films of 
varied composition, namely, undoped, 3% Cr, 6% Cr, and 9% Cr. After the culture procedure, the 
produced films were gently washed with deionized water in order to eliminate the salt from their 
surface that was bonded to them. Ultimately, all of the films were tempered on a hot plate at 400 
degrees Celsius for two hours. 

 
 
3. Results and discussion 
 
3.1. Structural characterization  
X-ray diffraction was applied to analyze the composition and structure of the Cr-doped 

CuO films. A Cu Kα source of radiation (λ = 0.154187 nm) was utilized, it operated at 40 keV and 
30 mA at the ambient temperature with 2θ values ranging from 20° to 65°. The patterns obtained 
from the XRD studies for the samples containing undoped CuO, 3% Cr doped CuO, 6% Cr doped 
CuO, and 9% Cr doped CuO are presented in Figure 1. These patterns feature a distinctive 
monoclinic structure, which is particular to CuO. The peaks that are seen at (110), (002), (111), 
and (020) are attributable to the CuO phase (ICDD 00-005-0661) [13,14]. The precise patterns of 
diffraction in the spectra suggest that the films are formed of pure CuO. Additionally, the variation 
of the doping ratio modified the XRD patterns of the coated films, which revealed that structural 
changes occurred as a consequence of the Cr (3%), Cr (6%), and Cr (9%) doping. Previous 
research has demonstrated variations in the parameters of crystallinity related with an increase in 
the Cr concentration. Changes in the characteristics of crystallites due to doping of metal ions in 
CuO have previously been observed by various groups of researchers.[15]. Specifically, the 
location of the (110) plane in the initial film of CuO was displaced to narrower angles of 
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diffraction owing to doping with Cr. This event illustrates the success of the doping procedure, as 
the peak location is changed inside the film's substance owing to the differing sizes of ions in the 
dopant and the host metal (Cr2+: 0.73 Å, Cu2+: 0.57 Å; coordination number 6).[16]. 

 
 

 
 

Fig. 1. The XRD patterns of un-doped and Cr-doped CuO films on glass substrate are displayed. 
 

 
The lattice parameters (and associated coefficient) are derived from the following 

equation.[17] 
 

𝑑𝑑ℎ𝑘𝑘𝑘𝑘 = 𝑎𝑎

 �4 3�        ℎ2+𝑘𝑘2+ℎ𝑘𝑘+𝑙𝑙
2 𝑎𝑎2

𝑐𝑐2

                                                               (1) 

 
The size of the crystallite (D) was computed using the width of the corner at the complete 

length of the (110) plane, using the following formula. [18]. 
 

𝐷𝐷 = 𝐾𝐾 λ
𝛽𝛽𝛽𝛽𝛽𝛽𝛽𝛽θ

                                                                             (2) 

 
where 𝐷𝐷: The size of the crystal, stated in terms of its longest dimension, is λ= 1.5406 A°, β its 
beta value is 1.5406 A°, and its diffraction angle θ is 1.5406 A°. 

The examination of the crystal size of Cr-doped CuO films that were subjected to 400 
degrees Celsius for two hours indicated that the D value altered with Cr doping.  

The number of defects present in the sample (δ) is assessed using the corresponding 
equation [19]: 

 
δ = 1

D2
                                                                              (3) 

 
In the context of dislocation density (denoted as 𝛿𝛿), it has been demonstrated that the value 

of δ is proportional to the square of the value of D.  
The duration of the elongation period is regulated by the concentration of the Cr dopant. 

As a consequence, it is believed that the principal impact of modifying D is derived from the 
strain's variance. Dulay et al. revealed that Cr-doped CuO films displayed a drop in strain values 
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with concentration changes, this was caused by a decrease in D that led to strain relaxation. The 
fluctuation of strain was measured for every movie using the provided formula [20]:   

 
𝜀𝜀 = 𝛽𝛽

4𝑡𝑡𝑡𝑡𝑡𝑡θ
                                                                              (4) 

 
The data collected using X-ray diffraction (XRD) that comprises the values of tip 

orientation, strain (ε), crystal size (D), dislocation density (δ), and interplanar spacing (d-spacing), 
is given in Table 1. 
 

 
Table 1. The calculation of structural parameters based on the dislocation density  

at the (110) peak position. 
 

Samples D (nm)        𝒅𝒅𝒉𝒉𝒉𝒉𝒉𝒉  strain Dislocation Density 
𝜹𝜹  x 𝟏𝟏𝟏𝟏𝟏𝟏𝟏𝟏  𝒎𝒎−𝟐𝟐) 

CuO-Undoped 38.12 2.79575 11.6149 0.688 
CuO:Cr(3%) 8.62 2.79623 51.3255 13.458 
CuO:Cr(6%) 41.15 2.80572 10.7949 0.590 
CuO:Cr(9%) 33.26 2.80541 13.3546 0.903 

 
 
3.2. FE-SEM analysis 
The physical features of the films were examined using field emission scanning electron 

microscopy (FE-SEM), as indicated in Figure 2. The granules are regularly spaced, and the surface 
of the film is barely smooth. This ordered grain structure is particularly obvious in the Cr-doped 
CuO and pure CuO films, which is induced by the creation of the compound. The CuO:Cr crystals 
are rod in form, and all grains have a similar description; these photos illustrate the distribution of 
size and surface properties seen for tiny particles on the film. These nanorods fully envelop the 
surface, which implies that they have a substrate that is nanorods. The average diameter of the 
(CuO) films was assessed using Image J software, and the findings reveal that modifying the 
doping ratio has varied impacts on the average diameter of the films. Specifically, the average 
diameter was shown to decrease with increasing Cr doping levels (0%, 3%, 6%, and 9%) (to 61, 
60, 42, and 40nm, respectively). Figure 2 illustrates the FE-SEM picture of the cross section of the 
3%Cr-doped CuO film, whereas Figure 3 presents the FE-SEM images of the undoped CuO and 
Cr-doped CuO films.[21] 

 
 

 
 

Fig. 2. The FE-SEM picture shows the cross section of a 3% Cr-doped CuO film. 
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Fig. 3. FE-SEM pictures of unoped CuO and Cr-doped CuO films that lacked doping. 
 
 
3.3. EDS analysis 
Energy dispersive spectroscopy (EDS) is a chemical analysis technique that utilizes an 

electron beam (10 keV) to identify the chemical or elemental makeup of a sample. The approach is 
developed from the interaction between an X-ray source and the thing being investigated. The 
characteristic of EDS is the ability to discriminate components.  

 

 

 
 

Fig. 4. EDX spectrum of undoped CuO and Cr doped CuO thin films. 
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This is derived from the premise that each element has a distinct atomic composition that 
creates a specific spectrum of peaks that may be noticed in its electromagnetic emission. The EDS 
technique was applied to confirm the chemical composition of copper (II) oxide (CuO). The EDS 
spectrum of CuO in Figure 4 demonstrates that all of the elements present in the film, including 
Cr, Cu, and O, are compositionally connected with the film. For the Cr-doped samples, the 
composition of elements is confined to Cu, Cr, and O. The composition of the 3%, 6%, and 9% 
Cr-doped CuO samples is reported in Table 2 [22]. 

 
 

Table 2. Composition analysis of 3%, 6% and 9% Cr-doped CuO samples. 
  

 
Undoped CuO 
 

 
CuO:Cr(3%) 
 

 
CuO:Cr(6%) 
 

 
CuO:Cr(9%) 
 

Element Wt% Wt % Wt% Wt % 
O 20.80 41.39 29.48 26.49 
Cu 79.20 58.39 68.87 67.88 
Cr 0 0.23 1.65 5.62 
Total 100.00 100.00 100.00 100.00 
 
 
3.4. Optical Properties of CuO  
The optical band gap (Egap) is a material property that is intrinsic to all substances, and can 

be altered by adding foreign atoms to the material's lattice composition. Measuring this property is 
accomplished by exciting electrons across the valence conduction band at a specific frequency. 
When the primary absorption threshold is reached, the optical transition is decided by utilizing the 
classical equation for calculating the band gap energy (Egap) [23]. 

 
αhν=B (hν – Egap) r                                                                           (5) 

 
In this case, B is the tail's band's constant, hv is the photon's energy, and r is the direct 

band's gap, which is depending on the crystalline or amorphous nature of the material. The 
classification of the band gap is based on the value of m, and is as follows: direct transitions that 
are directly permitted have a value of 2, while indirect transitions that are permitted have a value 
of 1/2; direct transitions that are forbidden have a value of 3, and indirect transitions that are 
forbidden have a value of 3/2. To calculate the Egap of pure CuO and Cr-doped CuO films, plots 
of (αhv)² against (hν) were generated as depicted in Figure 5.  

 

 
 

Fig. 5. Optical bandgap assessments for pristine CuO and chromium-doped CuO thin films. 
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The linear connection between these (αhν)2 and (hν) plots permitted the direct 

measurement of the film's band gap directly (Egap). The values of the band gap energy (Eg) found 
were: 1.99 eV for pure CuO, 2.61 eV for 3% Cr doped CuO, 3.56 eV for 6% Cr doped CuO, and 
3.6 eV for 9% Cr doped CuO. 

Figure 6 demonstrates the link between the absorbance coefficients of pure CuO and Cr-
doped CuO thin films that are formed on glass substrates. The findings reveal that the absorption 
coefficient of the Cr-doped CuO layer is lower at longer wavelengths. Additionally, the rise in Cr-
doping causes the absorption coefficient to grow shorter, as indicated by the reduction in the 
measured value of the absorption coefficient. The modifications in the absorption characteristics of 
CuO thin films imply their prospective utilization in varied sectors, including photovoltaic devices 
[24]. 

 

 
 

Fig. 6. The fluctuation in absorbance for both virgin CuO and chromium-doped CuO films is depicted as a 
function of (λ). 

 
 
Article 7 This article explains the optical transmission of pure copper oxide (CuO) thin 

films and the optical transmission of chromium-doped copper oxide (CuO) thin films for the 
purpose of optical research. The room temperature transmission spectra of these layers was 
measured in the region of 300-800nm. The findings reveal that pure CuO has a poor transmission 
below 700nm, and a boost in transmission beyond 700nm. In contrast, the chromium-doped CuO 
has a greater range of transmission, the greatest transmission is recorded at 800nm. 

 

 
 

Fig. 7. The transmission spectra of unoped and Cr doped copper oxide thin films are presented in the figure. 
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5. Conclusions  
 
Ultimately, CuO nanorod arrays were generated utilizing a hydrothermal technique, these 

treatments comprised varied concentrations. The X-ray diffraction (XRD) data indicated that the 
films were polycrystalline and contained a monoclinic structure. It was discovered that the full 
width at half maximum (FWHM) of the films increased with doping, which is suggestive of a 
reduction in grain size. Morphological tests employing field emission scanning electron 
microscopy (FE-SEM) indicated that the deposited films were smooth and had a uniform surface. 
Additionally, energy dispersive spectroscopy (EDS) study indicated that Cr doping affected the 
distribution of grains and confirmed that all constituent components are present in the films. 
Additionally, optical investigations indicated that Cr doping in pure CuO films may considerably 
boost the absorption and transmission of light as well as the optical band gap. 
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