
Fine Chemical EngineeringVolume 5 Issue 1|2024| 135

Fine Chemical Engineering
http://ojs.wiserpub.com/index.php/FCE/

Copyright ©2024 Phung Khac Nam Ho. 
DOI: https://doi.org/10.37256/fce.5120244244
This is an open-access article distributed under a CC BY license 
(Creative Commons Attribution 4.0 International License)
https://creativecommons. org/licenses/by/4.0/

Research Article

Green Synthesis of Cu2O Nanoparticles and Their Application for the 
Photodegradation of Methyl Orange in Aqueous Media

Phung Khac Nam Ho

Institute of Chemistry and Materials, 17 Hoang Sam, Nghia Do, Cau Giay, Hanoi, Vietnam
Email: homyhu@gmail.com

Received: 9 January 2024;  Revised: 27 February 2024;  Accepted: 13 March 2024

Abstract: The existence of colorants in water has caused many disadvantages to aquatic systems and the environment. 
Scientists have made efforts to decompose and remove them using many different methods. In this study, Cu2O 
nanoparticles were synthesized with a mixture of reducing agents, including glucose and ascorbic acid, as a 
photocatalyst for decomposing azo dyes. The prepared nano Cu2O was fully characterized using scanning electron 
microscope (SEM) imaging, X-ray diffraction (XRD) diffraction measurements, and band gap energy determination. 
The obtained nano Cu2O was of a uniform truncated block shape with particle size ranging from 50 to 150 nm. The 
prepared nano Cu2O showed remarkable photocatalytic behavior toward methyl orange under visible light radiation with 
the removal percentage of 95.46% after 4 hours of reaction. In addition, the catalyst can be reused many times without 
much impact on catalytic efficiency. Photocatalytic degradation using Cu2O nanoparticles is a promising method for the 
removal of methyl orange, contributing to creating a safe and sustainable environment.
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1. Introduction
Colorants called azo dyes have one or more azo groups (-N = N-), primarily employed in consumer goods, food, 

and cosmetics technology.1,2 Technological applications include laser dyes, photonics, antioxidants, anti-bacterial and 
anti-cancer drugs.3-6 In these applications, the textile industry generates large amounts of dye wastewater, which is toxic 
and non-biodegradable. These dyes cause serious environmental pollution problems due to the release of toxic and 
carcinogenic substances. The color of these pigments is unsightly and affects soil and aquatic life.2,7-8 Some industries 
and factories release waste into the environment without treatment, causing substantial environmental pollution. The 
demand for colorants is so high that thousands of colorants are produced for use in large quantities around the world. 
Azo dyes are also known as potential carcinogens. Studies have found that azo dyes resist conventional wastewater 
treatment processes and do not decompose under natural environmental conditions. Certain azo dyes degrade over time, 
releasing substances known as aromatic amines, some of which are carcinogenic.9-10 They are easily absorbed when in 
contact with the skin, entering the body and causing DNA damage in humans.11 One of the most critical contaminants 
is synthetic colorants. Methyl orange (MO) is an acidic azo artificial colorant used in the textile industry and is a known 
carcinogen that can damage the hematopoietic system due to its substantial toxicity.11

Around the world, the problem of treating organic color pollution in surface water and waste water has been 
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researched, mentioned, and given attention. Removing highly organic pigments from sewage is a very urgent issue. It 
has great significance in treating clean water for human needs and ensuring water quality and safety for human health. 
Treating hazardous, non-biodegradable waste is a concern and attracts domestic and international researchers, improving 
the efficiency of treatment measures and reducing costs. Research into new materials and advanced materials applied 
to environmental treatment has received and continues to receive special attention from domestic and international 
scientists. Many methods have been used, such as adsorption,12-14 electrochemical,15-17 microorganisms,18-20 photocatalyst 
degradation,21-24 etc., to remove methyl orange.

Cu2O has a narrow direct band gap energy of 2.0-2.2 eV, making it a p-type semiconductor. Therefore, Cu2O has 
an advantage in using sunlight compared to semiconductors with expansive band gap energy, such as TiO2, ZnO, SnO2, 
CdS, ZnWO4, etc. On the other hand, Cu2O has many beneficial intrinsic properties. Other advantages include low 
toxicity and environmental friendliness. The primary raw material used is copper, which is widely available in nature, 
has a low cost, and is a simple, inexpensive material manufacturing process. These advantages make the material Cu2O 
have potential applications in various fields: photovoltaics,25-26 photocatalysts,27-32 gas sensors,33-35 high-performance 
solar cells,36-38 etc. Cu2O has been synthesized by several methods, such as hydrothermal,39 thermal decomposition,39 wet 
precipitation40, electrochemical,41 etc. The green synthesis pathway of nano Cu2O has attracted enormous attention from 
scientists recently.

Herein, Cu2O nanoparticles are fabricated using a green reducing agent mixture of glucose and ascorbic acid with 
ethylene glycol. The obtained Cu2O was evaluated for its characteristics and ability to photocatalyse the decomposition 
of methyl orange dye. 

2. Experimental section
2.1 Materials

Copper (II) sulfate pentahydrate (99%, CuSO4·5H2O), Sodium hydroxide (95%, NaOH), Glucose (99%, 
C6H12O6), Ascorbic acid (99%, C6H8O6), Ethylene glycol ((CH2OH)2, 99.8%), and Sodium potassium tartrate (99%, 
NaKC4H4O6·4H2O) were purchased from Macklin.

2.2 Synthesis of Cu2O nanoparticles

50 mL of NaOH 2 M + NaKC4H4O6 1.5 M solution was added drop-wise into 50 mL of CuSO4 0.1 M solution and 
stirred for 15 minutes. After that, 2 mL of ethylene glycol and 10 mL of ascorbic acid 0.6 M + glucose 0.6 M solution 
were added to the solution, stirring for an hour at 60 °C. The precipitate was vacuum filtered and thoroughly risen with 
absolute ethanol and deionized water 2-3 times and dried at 60 °C for 12 hours. The obtained Cu2O nanoparticles were 
stored in the vacuum for further characterization.

2.3 Characterization

X-ray diffraction with CuKa (λ = 1.5418 Å) was used to describe the crystalline phase of the produced samples, 
with a scanning rate of 5°/min. The samples’ morphology was determined using a scanning electron microscope. 
An Ultraviolet and visible spectrophotometer (UV-Vis) was used to measure the diffuse reflectance UV-Vis diffuse 
reflectance spectroscopy (DRS) spectra.

The photocatalytic activity of the prepared Cu2O nanoparticles: In each typical experiment, 25 mg Cu2O was 
exposed to 50 mL of 10 mg·L-1 MO solution in a transparent glass tube. The adsorption process took place in the dark 
after 30 minutes. Then, the glass tubes are put into the lighting cabinet, using the light source as a Xenon lamp (350 
W) under air circulation conditions. The MO solution was removed from the mixture after a predetermined amount of 
time, and the concentration was measured using UV-Vis photometry on UV-Vis DV-8200 equipment (Drawell). The 
equation to determine MO concentration was built as follows: C = 14.012·Abs + 0.2768 (R2 = 0.9983) where C is the 
concentration of MO solution, mg·L-1; Abs is the light absorption intensity at λ = 464 nm.

The degradation efficiency of MO in the presence of a catalyst is calculated according to the formula:14
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The MO removal data by photocatalysis were fed into a pseudo-first-order kinetic model for kinetic analysis: 
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Where C0 and Ct are concentrations of MO (mg·L-1) initially and at time t, and k1 is the reaction rate constant.

3. Results and discussion
3.1 Characterization of the prepared Cu2O nanoparticles

The Cu2O’s crystal structure was observed by examining the XRD pattern (Figure 1). The 2θ diffraction peaks at 
29.6°, 36.5°, 42.4°, 61.5°, 73.7°, and 77.6°, respectively, are in excellent accord with the standard cards (JCPDS file 
no. 05-0667) of Cu2O.40,42 These correspond to the [110], [111], [200], [220], [311] and [222] crystal planes of Cu2O. 
The absence of Cu, CuO, and Cu(OH)2 diffraction peaks suggests that the produced Cu2O nanoparticles are in their 
pure crystal phase.39-40 Furthermore, the presence of the sharp diffraction peaks demonstrates that the prepared Cu2O 
nanoparticles are highly crystalline.
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Figure 1. The XRD pattern of the prepared Cu2O nanoparticles

Mainly, the particle size of Cu2O depends on the synthesis mode, including initial concentration, surfactant content, 
stirring speed, etc. Meanwhile, the material particle shape depends on the above factors and the selected reducing agent. 
The SEM image of Cu2O particles obtained by the reduction method with a mixture of glucose and ascorbic acid is 
shown in Figure 2. The morphology of the created Cu2O has a uniform truncated block shape, similar to the research 
results of Yuanyuan Zhang’s work.42 Particle size distribution ranges from 50 nm to 150 nm, which is consistent with 
previous published works.39-42 
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Figure 2. The SEM image of the prepared Cu2O nanoparticles

The optical properties of the material were also evaluated through the UV-Vis DRS spectrum. The results presented 
in Figure 3 show that the band gap energy Eg of Cu2O nanoparticles, calculated according to the formula of Tauc, is 
1.945 eV, respectively, with the highest adsorption intensity at wavelength 477 nm. The results on the band gap energy 
of Cu2O obtained are equivalent to previous publications.28 Cu is a transition metal element. Although the outermost 
electron is distributed in the 4s1 layer, it belongs to the d subshell, so this single electron can easily change its energy 
level to achieve photocatalytic activity and is well represented in the visible region.30
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Figure 3. The UV-Vis DRS spectrum and band gap energy diagram of the prepared Cu2O nanoparticles

3.2 Removing methyl orange with Cu2O photocatalyst

The photocatalytic ability of nano Cu2O to oxidize azo dye (methyl orange) was evaluated under simulated sunlight 
conditions. The result is shown in Figure 4. Experimental conditions were set up, including an initial MO concentration 
of 10 ppm, catalyst content of 0.5 g/L, and Xenon lamp power of 300 W. The results showed that MO rapidly degraded 
after 1 hour of irradiation and nearly lost color after 4 hours of exposure to light. Under simulated sunlight, electrons 
concentrated on the Cu2O surface can theoretically react with adsorbed O2 to produce ·O2

–. After that, ·O2
– reacts with 

H2O to produce hydrogen peroxide (H2O2) and hydroxyl radical (·OH). This is the reason for the high activity of Cu2O 
in decomposing MO. The prominent reaction modes of MO decomposition are ·O2

– and ·OH, and the photocatalytic 
mechanism of MO by Cu2O is demonstrated through the reactions described as follows:28-29
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Figure 4. The UV-Vis spectrum (a) and digital image (b) of methyl orange with different illumination times

The photocatalytic activity of Cu2O was tested for the decomposition of methyl orange under visible light 
irradiation for up to 4 hours. The MO decomposition efficiency of Cu2O after 1, 2, 3, and 4 hours was 69.57, 84.88, 
92.45, and 95.46%, respectively, as shown in the graph in Figure 5 (a). Compared to the MO decomposition efficiency 
under sunlight after 4 hours without any catalyst, it is 1.02%. The photocatalytic degradation data were calculated using 
a pseudo-first-order reaction kinetic model, as shown in Figure 5(b). The MO decomposition rate constant (k1) of Cu2O 
is 0.0127 min-1.

Cu2O was used six times to test the catalyst’s recyclability in the MO decomposition reaction. This process was 
accomplished by centrifuging the photocatalyst, washing it in pure ethanol, and drying it in an oven at 80 °C for an 
hour. After using it in each subsequent round of catalytic reactions. According to the results, the response metabolism 
did not significantly change (Figure 6). It is obvious that the removal percentages of the MO decrease negatively after 5 
cycles of testing, demonstrating that the Cu2O nanoparticles photocatalyst is relatively stable in the aqueous solution. 
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Figure 5. Degradation efficiency of methyl orange (a), and the pseudo-first-order kinetic of MO degradation (b) using Cu2O photocatalyst under 
visible light irradiation
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Figure 6. Reusability of nano Cu2O photocatalyst for the removal of the MO dye

4. Conclusion
In summary, Cu2O nanoparticles have been successfully fabricated using the reduction process with green reagents 

of glucose and ascorbic The obtained nano Cu2O exhibited a consistently truncated block morphology, featuring particle 
sizes in the range of 50 to 150 nm. When subjected to visible light irradiation, the synthesized nano Cu2O demonstrated 
noteworthy photocatalytic performance against methyl orange, achieving a removal efficiency of 95.46% after a 
4-hour reaction period.  According to our research, the Cu2O photocatalyst has the potential to minimize environmental 
pollutants since it can effectively reduce methyl orange dye when exposed to visible light. The photocatalyst underwent 
negligible degradation during six cycles of recovery and repurposing. Cu2O-based photocatalytic reduction is a 
potentially effective technique for reducing hazardous organic chemicals in general and azo compounds specifically.
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