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1. ABSTRACT 

 

The Cu2O is an oxide semiconductor with the potential for many applications. This study 

focused on changes in the structural and chemical properties of Cu2O under different 

environmental conditions.   The samples were stored under six different environmental 

conditions, for one month, to study the changes in Cu2O surface morphology. The 

different environmental conditions are Dark-low humid, Dark-high humid, Illuminated-

low humid, Illuminated-high humid, Illuminated - low humid under heat and Illuminated 

- high humid under heat. Cu2O samples were prepared using electrolyte cell method and 

chemical bath heating method under same conditions. The sample characterization 

method of Scanning Electron Microscope (SEM) was used to study the surface 

morphology and X-ray Diffraction (XRD) was used to study the structural changes of 

Cu2O under different environmental conditions compared to Cu2O initial sample. The 

results revealed that, if the environment is high humid the Cu2O nanoparticles will 

degrade whether it is at dark, illuminated, heated or at room temperature. The 

morphological feature of the Cu2O particle can controlled or slowdown by applying the 

heat under low humidity. 

 

2. INTRODUCTION 

Copper oxide (Cu2O) is a very important semiconductor for optoelectronics and 

photovoltaic applications; it is a promising candidate for technological applications due 

to its nontoxicity, and its wide and direct band gap in the order of 1.9-2.2 eV [1]. When 

thin films of copper oxide are forming, the copper atoms in Cu2O are organized into a 

face-centered cubic (fcc) sublattice and the oxygen atoms into a body-centered cubic (bcc) 

sublattice as it crystallizes[2]. The lattice constant of this structure is 4.2696Å, and one 

sublattice is displaced by one-fourth of the body diagonal. Each copper atom in the lattice 

is linearly coordinated by two nearby oxygen atoms, and each oxygen atom is surrounded 

by four copper atoms [2]. 
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As it is designated a low-cost semiconductor material, cuprous oxide (Cu2O) has being 

researched for use in low cost, environmentally friendly material for solar cells and other 

optoelectronic devices [3]. A recent study by Madusanka et al [4] have attempted to grow 

Cu2O thin films on conducting glass substrate. And an extension of this study (not 

reported), to fabricate a solar cell; have revile a rapid degradation in IV characteristics 

under illumination. 

 

The one of the challenges in Cu2O nanoparticle research is the issue of stability and 

oxidation. Cu2O nanoparticles are easily oxidized in presence of water and their 

nanostructure can be destroyed under certain external conditions such as pH. Therefore, 

finding ways to enhance the stability of Cu2O nanoparticles and protect them from 

oxidation is a crucial direction for future research [5]. 

 

In application of solar cells, the devices are exposed to environmental conditions mainly 

heat, moisture and sun light. Therefore, the effects of environmental factors on Cu2O 

nanoparticle stability and oxidation are an area that requires further investigation. 

Understanding how environmental factors such as pH, temperature, and light intensity 

affect the stability and oxidation of Cu2O nanoparticles is important for their practical 

applications [6]. This study is focused on identifying the influences of heat and light on 

Cu2O nanoparticles on a thin film under low and high humid condition.  

 

3. METHODOLOGY 

 

3.1 Sample preparation 

A thin layer of Cu2O was deposited on a ITO glass plate using electrodeposition and 

thermal oxidation. The ITO glass plate was cut into small pieces (1cm×3cm) to use as an 

electrode (cathode) to deposit a thin metallic copper later. A piece of copper metal of 

purity 99%, (2cm×3cm) is used as the anode of the electrodeposition cell. First, ITO 

conductive glass and copper pieces were cleaned and the pieces were dried at room 

temperature[7]. The electrolyte solution was prepared with 0.3 moldm-3 of copper sulfate 

pentahydrate (pure) and 0.5 moldm-3 of sulfuric acid, mixed in 1:1 ratio by volume. Also, 

added a small amount of 0.05 moldm-3 PEG400 and 0.002 moldm-3 Sodium Chloride 

were added to the electrolyte solution [8]. The copper electrode position was performed 

by applying 2V potential between the electrodes  using a KEITHLY 2400 source meter 

for 40 minutes [4]. After deposition of the metallic copper layer, the ITO glass was 

cleaned with distilled water and methanol [4]. 

 

The next step is to thermally oxidizing copper in to Cu2O by using a chemical bath heating 

method [9]. The Cu-deposited ITO glass was dipped in a 0.1 moldm-3 CuSO4 bath at 

temperature between 70°C and 80°C, with continues slow stirring, using a magnetic 

stirrer. In the final step of sample preparation, the sample was cleaned using deionized 

water. 
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3.2. Exposure to different environmental conditions 

Samples (Cu2O films) were exposed to four different environmental conditions: (i) Dark 

& low humid, (ii) Dark & high humid (iii) Illuminated & low humid, (iv) Illuminated & 

high humid. The dark condition is maintained by covering the samples under fully 

covered black substance. The illuminated area was created using a 11W compact 

fluorescent lamp (CFL, Philips) [10]. 

Furthermore, the low moisture content of the environment was maintained by placing 

desiccant surrounding the sample in a closed sealed capsule. The high humidity condition 

was applied to the samples by supplying water droplets into the closed capsule, 

surrounding the sample area with water droplets but without been contact with the 

samples. Several samples were prepared and stored under these four different 

environmental conditions. The desiccant in the low humidity environment condition was 

replaced once a week to maintain the humidity level. The humidity level and the average 

temperature of each environment condition were measured using a humidity meter. 

Further to understand any effects due to heat and the illumination (e.g. in a solar cell 

application the device gets heated under the sun), a set of separate samples were placed 

under tungsten lamp as the source (heat - illuminated) under low humidity and under high 

humidity conditions. 

Samples were analyzed using SEM and XRD after continues 30 days of exposure to 

different environmental conditions. A fresh sample was used as the control. A Zeiss EVO 

model SEM was used to characterize the surface morphology of the Cu2O nanoparticles, 

and ImageJ software was used to analyze the micrographs obtained. A Rigaku Ultima IV 

model X-Ray power diffractometer with Cu Kα monochromatic source was used to 

analyze the chemical composition of the samples. 

 

4. RESULTS AND DISCUSSION 

 

4.1 Initial Cu2O characterization 

 

 

 

Figure 1 - a) 1k× magnification SEM image of Cu2O layer. b) 5k× 

magnification SEM image of Cu2O, c) 25k× magnification SEM image 

of Cu2O layer 

 

a)                                  b)               c) 
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SEM is used to study the surface morphology of the Cu2O layer, grain size, and surface 

features. The SEM images of the prepared Cu2O nanoparticles (fresh sample) are shown 

in Figure 1. In the absence of the exposure to any environmental conditions, the products 

were large and showed a typical agglomeration feature [11], as suggested in Figure 1-a) 

and b). The Cu2O particles were agglomerated into a spherical shape with an average 

diameter of ~10.1 µm. From the high SEM image in Figure 1 c), samples composed of 

numerous nanoparticles with an average diameter of ~426.9 nm were observed. Shape of 

these Cu2O nanoparticles are truncated octahedron and octahedral [12]. 

 

XRD analysis shows that the peaks of Cu2O at 2θ = 35.8°, 41.8°, 60.8° correspond to 

planes (1 1 1), (2 0 0) and (2 2 0), and well suited with ICDD[13]. In addition to the peaks 

of Cu2O, the peaks of Cu also appeared at 2θ = 42.7°, 49.85°, and 73.6°; correspond to 

planes (1 1 1), (2 0 0), and (2 2 0), and also well suited with ICDD[13]. There are no 

signatures of byproducts (such as CuO) or residual products (Cu(OH)2) remaining in the 

Cu2O sample.  
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Figure 2 - XRD pattern of Initial Cu2O sample. Cu2O at 2θ = 35.8°, 

41.8°, 60.8° correspond to planes (1 1 1), (2 0 0) and (2 2 0), and the 

peaks of of Cu also appeared at 2θ = 42.7°, 49.85°, and 73.6°; 

correspond to planes (1 1 1), (2 0 0), and (2 2 0) 
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4.2 XRD analysis of Cu2O under different environment conditions 

 

The XRD analyses for samples at four different environment conditions were compared 

with the initial condition to identify whether the new components were produced in the 

Cu2O sample area. But there are no byproducts (such as CuO) created on the one month 

aged Cu2O sample under any environment condition when compared with the initial 

sample peak positions. All the Cu2O peak positions were appeared in the aged sample 

compared with the initial sample. Only the intensity of the Cu2O peaks were decreased.  
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Figure 3 – XRD analysis of an initial Cu2O sample, under Dark-high 

humidity Cu2O sample, Dark-low humidity Cu2O sample, Light-high 

humidity Cu2O sample and Light- low humidity Cu2O sample.  

 

Figure 3 shows that the peaks of Cu2O at 2θ = 35.8°, 41.8°, 60.8° correspond to planes (1 

1 1), (2 0 0) and (2 2 0) respectively and matched well with ICDD. In addition to the 

peaks of Cu2O, the peaks for metallic Cu are also appeared at 2θ = 42.7°, 49.85°, and 

73.6°; correspond to planes (1 1 1), (2 0 0), and (2 2 0), respectively. After 5 months aging 

there is neither shift no new peaks occur. Only the intensities of Cu2O peaks at 2θ = 35.8°, 

41.8°, 60.8° were changed. Also, similar results were observed for Cu peaks at 2θ = 42.7°, 

49.85°, and 73.6°. The Figure 3 illustrate that there is no shift occur in peak positions due 

to aging or environmental conditions. The Cu2O and Cu can identify after aging. 

 

4.3 SEM analysis of Cu2O under different environment conditions  

 

The figure 4 illustrates the 25kx magnification SEM image of 1-month aged Cu2O sample 

under different environmental conditions. All the environment conditions maintain while 
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the ambient humidity is in between 62.5%RH – 74.7%RH and average ambient room 

temperature is closer to 30 °C.  

 

 

Figure 4 – 25k× magnification Cu2O nanoparticle SEM image under, a) 

dark low humidity condition (28.5%RH – 51.7%RH), b) illuminated low 

humidity condition (26%RH – 50.6%RH), c) dark high humidity condition 

(92.2%RH – 94.1%RH), d) illuminated high humidity condition (94.1%RH - 

95.7%RH) 

 

Figure 4.a) displays a 25kx magnification SEM image of a one month-old Cu2O sample 

that was exposed to low humidity and darkness. The humidity of dark and low humid 

environmental condition is in between 28.5%RH – 51.7%RH. The average temperature 

of the dark and low humid environmental condition is 30.2 ⁰C. The nanoscale particles 

(observed in Figure 1.c)) are not visible in this sample. The surface morphology implies 

erosion (melting like effect) in the topology.    

Figure 4.b) shows a SEM picture of a one month-old Cu2O sample that had been exposed 

to low humidity and light conditions. The humidity of the light and low humid 

environmental condition is in between 26%RH – 50.6%RH. The average temperature of 

the light and low humid environmental condition is 30.7 °C. The nanoscale particles 

(observed in Figure 1.c)) are not clearly visible in this sample. The surface morphology 

implies erosion in the topology, but signatures of nanoparticles on the topology with a 

lower density compared to Figure 1.c) is observed. 

Figure 4.c) displays a 25kx magnification SEM image of a Cu2O sample exposed to high 

humidity and darkness for a month. The Humidity of Dark and High humidity 

  a)   b) 

  c)   d) 
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environmental condition is in between 92.2%RH – 94.1%RH. The average temperature 

of the Dark and High humidity Environmental condition is 29.8 °C. The nanoscale 

particles (observed in Figure 1.c)) are not visible in this sample and the surface 

morphology implies erosion in the topology. 

Cu2O sample that exposed to the high humidity and light for a month is shown in Figure 

4.d) as a SEM image. The humidity of light and high humid environmental conditions 

were in between 94.1%RH - 95.7%RH. The average temperature of the illuminated and 

high humid environmental conditions is 29.8°C. Here too, features are similar to Figure. 

4.c) the nanoscale particles (observed in Figure 1.c) are not clearly visible in this sample. 

The surface morphology implies erosion in the topology, but a signature of nanoparticles 

appears on the topology with a lower density compared to Figure 1.c). 

Summarizing the above observations, it clearly shows degradation in the surface 

morphology and topology under variations in environmental condition. It was interesting 

to note irrespective of the lighting condition, the samples kept at low humidity 

environments have degraded in similar proportions. Similarities in the degraded surface 

morphologies were observed for the samples kept at high humidity, irrespective of 

lighting condition. In ability to lower the humidity further downwards was a disadvantage 

in the study. Since the samples under low humidity, have exposed to fair amount of 

humidity, it can be concluded that the humidity has played a major role in the degradation. 

 

               

 

 

 

 

 

 

 

 

Figure 5 - 25k× SEM image of a) light - high humidity under heat condition, 

b) light – low humidity under heat condition 

 

Analyzing the results under dark and illuminate condition, it implies the high humidity 

have enforced a delay or have retarded the degradation process. Both samples kept at high 

humidity have not fully eroded/melted compared to the samples kept in low humidity. 

Further study of the sample kept heating (~45 °C) under a continues heat source (tungsten 

lamp) at high and low humid conditions, shown in Figure.5, revealed the degradation is 

a

) 

b

) 
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suppressed in the low humid heating sample compared to the high humid heating sample. 

This is attributable to vaporizing samples more easily or efficiently due to absorbance on 

the Cu2O surface compared to the samples at room temperature (~30 °C). Further, the 

sample kept at high humidity was in a water vapor saturated environment, so the contact 

of water vapor and the Cu2O are constant. So, there can be a constant thin water-layer 

present on the Cu2O surface enforcing the degradation. In the previous samples, even 

under the low humid conditions, there were comparatively considerable amount of water 

vapor present in its environment. Hence it can be assumed that a thin water layer can still 

be formed on the surface of samples. The reason for slowness in degradation of the sample 

kept at high humidity is not clear at this moment and needs substantial future work. It is 

interesting that, all three sample kept at high humidity have shown a similar surface 

morphology / topology despite other conditions (dark, light, and heat). Further studies 

will require for a better understanding of this situation as well. 

This observation implies that the heating of the Cu2O is retarding the degradation process 

of the Cu2O crystals, under low humidity, and this is an encouraging observation 

especially regarding the photovoltaic applications of Cu2O. As the photovoltaic cell is 

heated with the exposure to the sun, it can easily maintain a low humid condition by 

sealing the devices. In general, solar cells are planted in dry regions that are typically low 

in humidity. Therefore, these natural environmental conditions, themselves will slow the 

degradation of the Cu2O film and hence the device too.  

 

 

5. CONCLUSION 

 

According to the observe results it can be concluded that there is an effect from the high 

humidity condition greater than 90% RH for the stability of Cu2O. There are 

morphological differences identified in the Cu2O particles under light area, dark area as 

well as under heat condition. Therefore, if the environment is high humid the Cu2O 

nanoparticles will degrade at dark, illuminated, heated or at room temperature.    

Under low humidity condition, the illumination and dark condition, the surface 

morphology of Cu2O samples was changed after one month. When applying heat 

condition, and the temperature was increased up to 45°C average temperature, there are 

no drastic changes in the surface morphology was identified after one month exposure. 

Therefore, it can be concluded that the morphological feature of the Cu2O particle can 

control by applying the heat (45°C average temperature) under low humidity.  

Further studies are required to understand the effects of heat itself without light radiation 

and effects of solvents used when fabricating the hole conductors and any influences by 

the ITO or FTO glass substrate.  
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