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ABSTRACT  
Aim: The structural, morphological and opto-electrical characteristics of cuprous oxide 
produced by thermal oxidation are investigated in this study. 
Methodology: Thermal oxidation of copper foils was used to develop high-quality cuprous 
oxide crystals, and the process proved to be effective in producing cuprous oxide films with 
high purity and big grain size. 
Results: X-ray diffraction (XRD) analysis revealed the film’s cubic structure. Large peaks in 
the XRD patterns indicate that the produced films were made up of a single Cu2O phase with 
no interstitial phase and a nano-grain structure with a preferred (111) orientation at 2θ angle 
of 36.51

0
. The mean crystallite size calculated using the Debye Scherrer model was found to 

be 26nm. Scanning electron microscope (SEM) revealed that the material is rough on a 
microscale, and the average grain size for the crystal was estimated to be 0.68µm. There 
were reflections of crystal defects such as vacancies and dislocation due to the process of 
annealing. The room temperature optical absorption coefficient was analysed using 
transmission spectra data where the optical band gap energy was found to be 2.11eV. 
Conclusion: The findings are important in applications in semi-conductor devices such as 
solar cells, optical sources and detectors. 
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1. INTRODUCTION  
 
Copper's superior electrical conductivity and low-cost manufacture make it ideal for a wide 
range of electronic applications. Copper's usage in nanoelectronics is limited by two main 
issues: i) its diffusivity and (ii) easy oxidation, even in vacuum. [1]. The key features of Cu2O 
that makes it attractive are: it is environmentally friendly and affordable due to its lack of 
toxicity. It's also easy to come by and plentiful. Similarly, factors such as tuning the particle 
size can easily change the band gap of Cu2O. [2]. Various methods were used to prepare 
cuprous oxide nanoparticles such as electrodeposition [3], thermal oxidation [4] and so on. 
[5] used RF sputtering to create high-quality copper dioxide (Cu2O) and copper oxide (CuO) 
thin films and investigate the impact of thermal oxidation on their physical properties for 
optoelectronic applications. [5]. [6] also used thermal oxidation to make cupric oxide 
nanowires and investigated their electrical characteristics. [6]. [7] and his associates 
synthesized cuprous oxide by a simple wet-chemical process, and its physical 
characterisation was obtained for biomedical diagnosis, carriers in drug-delivery agents, and 
cell imaging, [7]. 



 

 

As synthesized, Cu2O is a P-type semi-conductor with a band gap of 2eV and has been 
considered as a potential of light absorbing material in solar cells [8]. Cuprous oxide was 
produced due to its non-toxicity, environmental acceptability, availability and costly 
affordable via thermal oxidation technique in this work. The sample was analysed using 
XRD, SEM, UV-VIS and four point resistivity probe method.  

 

2. EXPERIMENTAL PROCEDURE 
 
2.1 SAMPLE PREPARATIONS  

The surface of high purity copper foil (thickness 0.1mm, industrial grade 99.00 percent) was 
properly cleaned and smoothed with the end of a beaker, then polished to remove any 
grease or dirt. It was then plunged for two minutes in a 30 percent nitric acid (HNO3)2 
solution. It was cut into regular sizes of 2cmx2cm, washed in deionized water before being 
dried using tissue paper. [9].  

2.2 THERMAL OXIDATION 
Thermal oxidation was carried out at atmospheric pressure in a Gallen Kamp type M1220 
high temperature furnace. The temperature was kept constant at 950°C. The samples were 
held in a ceramic crucible. With the help of tongs, the sample was placed into the furnace 
after the oxidation temperature was reached. To begin the oxidation time count, the furnace 
door was closed and the stop clock was activated. The sample was brought out and quickly 
quenched in cold deionized water to stop further oxidation as soon as the oxidation time 
reached 5 minutes. At the same temperature and for different times (950/7mins and 
950/9mins), the process was repeated for the remaining samples. This was done to 
determine the optimal oxidation time, after which the best oxidized sample was chosen [10]. 
To prevent additional oxidation, the samples were quickly quenched in distilled water. The 
samples were heat treated (annealed) in a furnace for 1 1/2 hours at a lowered temperature 
of 500

0
C. This was accomplished by heating the samples to 500°C in a furnace (Gallen 

Kamp model no. M1220) and leaving them there for 1 1/2 hours before quenching them in 
cold deionized water. The samples were then immersed in a solution containing 10 grams of 
FeCl2, 8 grams of NaCl dissolved in 200 millilitres of deionized water, and 40 cm

3
 of 

concentrated HCl. It was shook for 4 minutes till the colour of Cu2O turned reddish-brown. 
To stop the etchant from acting any further, the samples were dipped in a solution containing 
10 grams of sodium per sulphate (Na2S2O8) dissolved in 250mls of deionized water, and 
then cleaned in deionized water. The samples were then immersed in a solution comprising 
100cm

3
 of concentrated nitric acid (HNO3) and 2 grams of NaCl to remove the copper (I) 

oxide (Cu2O) layer from one side before being dipped in a solution containing 5 grams of 
sodium per sulphate in 100cm

3
 deionized water. After that, the samples were rinsed with 

deionized water and dried. [9]. 

2.3 RESISTIVITY MEASUREMENT. 

Resistivity measurement was carried out on copper (I) oxide samples which were initially 
thermally oxidized in laboratory air while some were oxidized in the presence of HCl vapour. 
Measurements were made on both annealed and un-annealed samples using the collinear 
four-probe [11]. Some samples were given heat treatment (annealing) at 500

0
C and then 

etched before measurements were taken. The resistivity value ( ) was calculated using 
inverse of the slope and the thickness (t) of the copper (I) oxide layer.  

2.4. CHARACTERISATION DETAILS 

 The structural properties of the prepared specimen were examined using the X-ray 
diffraction system (operating at 40 kV and 40 mA, using Cu-Kα radiation collected at        
20°-80° with phase size 0.01°. Bruker AXS D8 advance diffractometer). The surface 
morphology and micro structure of copper foil and layer were observed using the scanning 



 

 

electron microscope (SEM) model (ProX): phenom world: 800-0733, and the electrical 
resistivity of the semiconductor material was measured using the four point probe device. 
 

3. RESULTS AND DISCUSSION 
 
3.1 THE XRD ANALYSIS  
The XRD patterns of the samples revealed five Cu2O peaks with 2θ values of 29.51

0
, 36.51

0
, 

42.39
0
, 61.50

0
, 73.56

0
, and 77.44

0
, respectively, corresponding to the crystal planes of (110), 

(111), (200), (220), and (311). All of the peaks in the XRD patterns agree with the standard 
data in the power diffraction file (PDF) phase identification value 050667, indicating that the 
Cu2O cubic crystal structure is present. There are no more phases that have been 
discovered. Cu2O reflects prominently along the (111) plane at a 2θ angle of 36.51

0
. The 

five peaks in the XRD spectrum matched the results provided by in a good way [12][13]. The 
crystal size of the particle was calculated using Scherrer's formula equation (1) and found to 
be 26.6nm, which agrees well with [2] findings, and the lattice parameter of Cu2O was 
calculated using equation (2) and found to be 0.4257nm, which agrees well with [14]. 

 D =  
     

     
      (1) 

           
            (2) 

                 
With   as the wavelength of X-rays, having a value of 1.54059Å, β is the full width at half the 

maximum and   is the diffraction angle of the Bragg, h, k, l is the Miller indices and dhkl as 
the inter-planar spacing. 

 
Fig. 1 XRD spectra of Cu2O 

 

3.2 THE MORPHOLOGY ANALYSIS 
The scanning electron microscope (SEM) model (ProX): phenom world: 800-0733 at 
Ahmadu Bello University Zaria (Chemical Engineering Department), was used to examine 
the surface morphology and microstructure of copper foil layer. SEM micrographs depict the 
surface morphology and crystallinity of copper (I) oxide that was oxidized at 950°C for 5 
minutes and then annealed at 500°C for 90 minutes, revealing the compactness and smooth 
grain structure. Cu2O micrographs look darker due to the dense nature of crystal formation 
as a result of the annealing process, as well as the creation of black CuO on top of the red 
layered Cu2O, which was later removed by etching. The grains in the micrograph are nearly 
similar in size, and the gaps between them could be the product of inadequate grain 



 

 

development after the oxidation process. The number of grain boundaries has also been 
discovered to increase when grain size decreases. The dark areas of the micrograph are 
where the surface crystals are being removed for the first time [15]. On both sides of the 
grain boundaries (an essential location in polycrystalline solar material), an electrostatic 
barrier forms, which blocks the bulk of carrier fluxes and acts as a huge series resistance. 
The average grain size of the Cu2O sample crystals was calculated to be 0.68 μm. 
 

 
 
Fig. 2. scanning electron microscope (SEM) model image 
 

3.3 OPTICAL MEASUREMENT ANALYSIS 
The Tauck’s plot of the UV-Vis spectra graph of         against      were plotted for Cu2O. 
Developing the electronic band structure of a nanomaterial frequently necessitates 
determining the band gap energy (  ). The band gap energy of Cu2O was found to be 

2.11eV, as shown in the graph (figure 3), which is in concord with previous results [14][16] 
[17][2]. This demonstrates that Cu2O particles are photoelectrically active when exposed to 
visible light [2]. 



 

 

 
 
Fig. 3. Optical measurement analysis 
 

3.4 RESISTIVITY MEASUREMENT ANALYSIS 
The sample oxidized in the presence of HCl vapour and further annealed give the best 
resistivity value of 2.59 x10

2 
Ωcm which shows a significant decrease in the resistivity value 

when compared to the value found for the sample not oxidized in the presence of HCl 
vapour. The lower resistivity value of Cu2O is ascribed to chlorine [15] [18]. The resistivity 
has been calculated by [19][20] using the expression for resistivity given by equation (3). 

      
 

   
 
 

 
         

 

 
     (3) 

Where V is voltage between the inner probes, I the Current through the outer probes and, t 
is the sample thickness. From the graph of I-V (figure 4) plot for Cu2O, the electrical 
resistivity of Cu2O was calculated to be 2.59 x10

2 
Ωcm, which is also in good agreement with 

the reports of [21]. 
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Figure 4 : A graph of current versus voltage. 
 
 

4. CONCLUSION 
 
Cuprous oxide was successfully synthesized via thermal oxidation technique, XRD analysis 
indicate that the produced films are made up of a single Cu2O phase with no interstitial 
phase and a nano-grain cubic structure with a preferred (111) orientation at 2θ angle of 
36.51

0
 and crystal size of 26.6nm. SEM micrograph reveals that the material is rough on a 

micro-scale with an average grain size of 0.68µm, while the room temperature optical 
absorption coefficient was analysed using transmission spectra data, and the optical band 
gap energy was estimated to be around 2.11eV. The low electrical resistivity of 2.59x10

2 

Ωcm was calculated for Cu2O which makes it a good candidate for photovoltaic applications.  
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