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Abstract 

Cu2O and Ag-Cu2O nanoparticles were prepared via reflux method using EDTA. From the PXRD, FTIR, UV-DRS 

studies the synthesized NPs were characterized. The morphologies of the prepared NPs were studied by SEM and TEM 

analysis. The synthesized NPs were tested for photocatalytic and photoluminescence studies. The PXRD data indicated 

that the synthesized nanoparticles belong to cubic phase structure and space group Pn-3m. The SEM data revealed that 

cube like structure were obtained. Cu2O and Ag-Cu2O Nps were taken for determine the photocatalytic activity study on 

methylene blue dye, the results indicated that Ag-Cu2O NPs exhibited promising photocatalytic activity. This is due to 

occurrence of Ag particles on the Cu2O material, which makes the catalyst more sensitive. Furthermore, a 

photoluminescence study reveals that Cu2O and Ag-Cu2O nano particles shown yellow light emission. Copyright © 

VBRI Press. 
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Introduction 

Industrial dyestuff contains one of the largest groups of 

organic compounds that lead to discoloration of water 

and cause great loss of aquatic life. The elimination of 

these colors and other organic materials is a priority for 

ensuring a safe and clean environment [1]. Over the last 

decades, photocatalysis has attracted special attention as 

an economic and environmentally safe option for 

solving energy and pollution problems [2]. Among 

various semiconductors showing photocatalytic activity, 

wide band gap semiconductors such as TiO2, ZnO, etc. 

bear tremendous hope in helping ease the energy and 

environment crisis through effective utilization of solar 

energy based on photovoltaic and water-splitting 

devices [3, 4]. Unfortunately, their wide band-gaps do 

not allow the utilization of visible light, which limit 

their practical applications. Therefore, it is imperative 

to develop new kinds of photocatalysts with high 

activities under visible light in view of the efficient 

utilization of solar energy.  

 Cu2O is one of the few p-type direct band gap 

semiconductors with a narrow band gap of 2.17 eV [5], 

which matches the solar visible spectrum well. With the 

additional advantages of nontoxicity, low cost and 

abundance of its starting material, Cu2O has attracted 

interest as a good candidate material for photocatalytic 

degradation of organic pollution, such as methyl orange 

(MO) [6, 7], brilliant red X-3B, [8] and methylene blue 

etc. However, previous reports indicated that Cu2O 

usually exhibited low photocatalytic activity [9, 10], 

and could be deactivated by photo corrosion [11]. 

Aravind, et al. [12] the preparation for Cu2O/Ag 

nanocomposite (NPs) using ethylene glycol under 

microwave irradiation within a short duration of time 

the catalytic application of Cu2O/Ag NPs for the 

synthesis of substituted pyrroles via multicomponent 

reaction (MCRs) by using an aldehyde, amine, 1,3-

diketone and nitromethane at room temperature. 

Zhenghua et al. [13] Ag/Cu2O heterogeneous 

nanocrystals are successfully prepared by depositing 
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noble metal nanoparticles onto the surfaces of Cu2O 

octahedral nanocrystals through a simple photocatalytic 

process. The photocatalytic properties of the prepared 

Ag/Cu2O heterogeneous nanocrystals are studied, 

showing enhanced photocatalytic activities. Wang et al. 

[14] employ a facile and novel route to synthesize  

Ag-Cu2O nanocomposite films through the self-

assembly of nanoparticles at an air-liquid interface. In 

the ethanol-water phase, AgNO3 and Cu (NO3)2 were 

reduced to Ag-Cu2O nanoparticles by NaBH4 in the 

presence of cinnamic acid. A K Sasmal, et al. [15] 

Cu2O–Ag has been found to exhibit excellent anionic 

dye adsorption properties together with organic 

transformation for effective water remediation. Cu2O–

Ag was prepared through a facile but controlled 

galvanic reaction between cuprous oxide (Cu2O) and 

silver nitrate (AgNO3), rendering stability and porosity. 

The experimental results of adsorption showed that 

Cu2O–Ag bears an exceptionally high adsorption 

capacity toward methyl orange (501.23 mg g–1), which 

is higher than most reported results. Weixin, et al. [16] 

Cu2O/Ag composite nanospheres (CNSs) with tunable 

Ag coverage and optical properties have been prepared 

based on a one-pot room temperature method by adding 

AgNO3 solution to fresh Cu2O nanosphere-produced 

mother solution in various ratios. The photocatalytic 

activity enhanced. Jianbo, et al. [17] Ag–Cu2O 

nanocomposites were synthesized via a wet-chemical 

precipitation route. The photocatalytic property was 

studied upon simulated sunlight. Enhanced 

photocatalytic property of Ag–Cu2O composites, 

compared to pure Cu2O particles. Yangang, et al. [18]  

a facile solution deposition method has been 

demonstrated for the fabrication Ag/Cu2O 

heterostructures. Ag/Cu2O heterostructures exhibits 

enhanced photocatalytic activity under visible-light 

irradiation. Siyuan, et al. [19] Ag–Cu2O nano-

composites have been controllably prepared by a simple 

synthesis. Ag–Cu2O with suitably exposed Ag surface 

shows much higher photocatalytic activity.  Shouqiang, 

et al. [20] Ag/Cu2O films have been fabricated using a 

facile method. Photocatalytic activity of Ag/Cu2O films 

is higher than that of Cu2O. Ag is well-known for its 

intense interactions with visible-light via the resonance 

of the oscillations of the free electrons within the 

particles [21], and is considered as a relatively cheap 

noble metal. Photo excited electrons in the conduction 

band (CB) of a semiconductor can be transferred to the 

noble metals, which act as electron sinks due to the 

Schottky barrier at the metal−semiconductor interface, 

while the holes can remain on the semiconductor 

surface [22, 23]. The recombination of electrons and 

holes can therefore be prolonged, and the photocatalytic 

activity will be improved [24]. In addition, the plasmon 

resonance of noble metal nanoparticles (NPs) is 

expected to enhance absorption of incident photons, 

which will enhance the photocatalytic efficiency of the 

semiconductors [25]. Therefore, it is postulated that 

Cu2O nanospheres modified with Ag particles may 

exhibit an enhanced photocatalytic activity. 

 Herein the synthesis of Cu2O and Ag-Cu2O 

nanoparticles via reflux method using citric acid and 

EDTA. The prepared NPs were characterized using 

powder X-ray diffraction (PXRD), Fourier transform 

infrared analysis (FTIR), UV-diffused reflectant 

spectrum (UVDRS), scanning electron microscopy 

(SEM) and transmission electron microscopy (TEM) of 

the Cu2O NPs. Photocatalytic activity of Cu2O was 

examined by photodegradation of methylene blue (MB) 

under visible light illumination and photoluminescence 

(PL) study was also carried out. 

Experimental 

Synthesis of Cu2O by reflux method using EDTA  

100 mL of 10 mM copper nitrate solution, 3.4 mM 

EDTA and 34 mg of PVP was mixed and stirred for  

30 minutes. 10 mL of NaOH (2M) was added drop 

wisely. The solution is again stirred for 30 minutes. The 

resulting solution was mixed with 10 mL of ascorbic 

acid as a reducing agent and heated the solution for  

2 hours at 70oC. The obtained product was washed with 

water followed by methanol and dried.  

Characterization 

The synthesized nanoparticles were characterized by 

using powder X-ray diffractometer (Rigaku Smart Lab). 

FTIR (Bruker-alpha) to analyze metal oxide bond 

stretching frequencies. The UV- DRS spectrum of the 

NPs was measured using UV-Visible spectro-

photometer (Lab India-Diffuse reflectance spectra and 

Cary 60 Agilent technologies-Absorbance spectra).  

The morphologies of the prepared nanoparticles  

were scanned using Scanning Electron Microscopy 

(Hitachi-7000 Table top). Shape and size of the Cu2O 

crystallites was determined using transmission electron 

microscope (JEOL 3010). Photoluminescence studies 

were recorded using fluorescence spectrophotometer 

Agilent Technology Cary Eclipse).  

Photocatalytic activity 

Photo-Reactor “Heber” was purchased from Chennai. 

The photocatalytic reactor consists of a medium 

pressure mercury vapor lamp (λ max = 365 nm, 250W) 

in a jacketed quartz crystal tube. The heat caused by the 

lamp was removed from cold water by continuous 

circulation throughout the jacket. The tube has an inside 

diameter of 2.3 cm, with an outer diameter of 2.7 cm 

diameter, which is 37 cm long, 100 ml capacity and is 

placed around the lamp. 

 The gap between the mercury lamp and the quartz 

tube containing pollutant was 6 cm. The uniform 

distribution of catalytic particles throughout the 

solution was achieved using air pump [26]. The solution 

was allowed for constantly bubbled in the dark for 30 

minutes to ensure the organization of an adsorption-

desorption equilibrium between the photocatalyst and 

MB previous to irradiation of light source. The 
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suspension 2 mL was withdrawn from the reactor over 

30 minutes intervals. Centrifuge the solution using spin 

win microcentrifuger to remove the Cu2O NPs from the 

mixture. The dye concentration of left-over aqueous 

solution was measured using UV-Vis spectro-

photometer at 664 nm. The % degradation of the MB is 

calculated using the equation (i)  

              (1) 

where Ci initial and Cf final dye concentrations in ppm. 

The photocatalytic experiment was repeated by 

changing different parameters such as concentration of 

dye, catalytic load, pH variation, catalyst recycling, etc. 

 

Result and discussion 

PXRD study 

The PXRD patterns of Cu2O nanoparticles are 

represented in Fig. 1. From the XRD data indicated that 

Cu2O NPs has cubic phase structure and space group 

Pn-3m resemble with the standard JCPDS card number 

1-1142 [27].  No extra peaks were found in the pattern 

which indicates that purity of the samples. The average 

crystallite size was measured to be 9.5 nm for Cu2O and 

7.5 nm for Ag-Cu2O, respectively.  
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Fig. 1. Powder XRD patterns of Cu2O and Ag-Cu2O nanoparticles.  

 

FTIR study 

The FTIR spectra of Cu2O and Ag-Cu2O nanomaterials 

were recorded between the ranges of 4000 to 400 cm-1 

as shown in Fig 2. Additionally, characteristic bands  

of Cu2O, which include the Cu-O symmetric and 

asymmetric stretching vibrations at 630 cm-1 were also 

observed [28].  The broad peak at 3413 and 1619 cm-1 is 

due to the stretching and bending vibrations of -OH, 

which is due to the absorbed moisture on the surface of 

the catalyst [29, 30].  
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Fig. 2. FTIR spectra of Cu2O and Ag-Cu2O nanoparticles.  

UV-Visible Diffuse reflectance studies: (UV-DRS) 

Fig. 3 shows the UV–Visible spectra of Cu2O and  

Ag-Cu2O NPs synthesized by EDTA. The spectra 

demonstrate with absorption band shown nearly at  

490 to 510 nm. Due to electron transfer from valence 

band to conduction band. The calculated Eg values 

were found to be 2.4 eV and 2.3 eV for Cu2O and  

Ag-Cu2O NPs respectively [31]. 

 
 
 

 

 

 

 

 

 

 

 

Fig. 3. UV-DRS spectra of Cu2O and Ag-Cu2O nanoparticles. 

 
Scanning Electron Microscopy (SEM) studies 

Fig. 4 (a, b) represents SEM images of the compound 

Cu2O and Fig. 4 (c, d) for Ag- Cu2O NPs. The particles 

are looking like a cube like structures, which are 

formed by the agglomeration of NPs. The single layered 

cubes like structures are visible from the SEM images.  

 

 
Fig. 4. SEM images of Cu2O nanomaterials (a) and (b), and Ag-Cu2O 

nanomaterials (c) and (d). 
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Transmission Electron Microscopy (TEM) studies 

Fig. 5 shows the TEM images, HR-TEM.images and 

SAED pattern of synthesized Ag-Cu2O NPs using 

EDTA via reflux method. From the TEM images  

(Fig. 5a, b) we can clearly observe the fine distribution 

of silver (Ag) on cube like Cu2O nanomaterials.  

In the Fig. 5c. The distributed silver (yellow colored 

mark) on Cu2O acquired spherical shape with size of 

5.22 to 19.3 nm. The sizes of Cu2O cubes (red colored 

mark) were observed 62.08 to 88.42 nm. From the 

SAED pattern, (Fig. 5d) it is confirmed as a 

polycrystalline in nature due to the diffracted spots  

are combined together to form a fringe of circles and 

these circles are well matched with the d-spacing values 

and planes calculated from XRD data. The planes at 

(110), (111) and (200) planes having highest intensity 

in XRD and which are matched with bright circular 

fringes in SAED pattern. From the Fig. 5e, it is 

confirmed that the size of the Ag nanoparticles was 

present in the range of 5 to 20 nm and 70 % distribution 

was observed for 15 to 17 nm sized particles. From the 

Fig. 5f, it is confirmed that the size of the Cu2O 

nanoparticles were present in the range of 60 to 80 nm 

and 68 % distribution was observed for 75 to 80 nm 

sized particles.  
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Fig. 5. TEM images (a,b), HR-TEM images (c) and SAED pattern  

(d) of Ag-Cu2O nanomaterials, (e) distribution of Ag on Cu2O,  

(f) distribution of Cu2O. 

Photocatalytic degradation of Cu2O and Ag-Cu2O 

NPs 

Under light radiation, the semiconductor absorbs 

photons of energy greater than the band gap of 

semiconductors and then creates electrons and holes in 

the valence and conducting band. If the charge carriers 

don’t accompanied, then they’ll travel on the surface 

wherever free electrons form the reduction of oxygen 

and form the peroxides and superoxides and created 

holes oxidize the water and form the OH·; these 

generated species are extremely reactive and unstable 

and ultimately cause to the degradation of organic dyes.  

 Many factors are influencing the Photocatalytic 

action on dyes, i.e., band gap, surface area, crystallinity, 

phase composition, surface hydroxyl density, size 

distribution, morphology, and particle size of the 

photocatalyst [32]. Prepared Cu2O NPs were taken as 

photocatalyst to check the methylene blue dye 

degradation under UV-light. In every 30 minutes, 2mm 

of the aliquots sample solution was withdrawn and it 

was centrifuged and absorption of the samples was 

recorded. By measuring the change in intensity, we can 

calculate the degradation rate of dye at λ max-664 nm. 

Effect of dye concentration 

The concentration of the dye is playing a crucial role in 

photocatalytic activity of Cu2O nanomaterials. Hence, 

so as to judge the optimum concentration of dye for 

promising photocatalytic activity, the experiment was 

carried out by changing the dye concentration of 5-20 

ppm under catalytic loading constant (100 mg) and UV 

light as in Fig. 6.  

 This clearly shows that as the dye concentration of 

5-20 ppm increases, the photocatalytic degradation is 

reduced by 80-20% and 5 ppm is the most effective 

concentration for dye degradation. Generally, as 

increases the dye concentration, the number of dye 

molecules is adsorbed on the surface of Cu2O 

nanoparticles, so the degradation rate decreases. On the 

other hand, adsorbed dye molecules were not degraded 

more rapidly because of the constant light intensity and 

catalyst loading.  

 The higher the dye concentration, the smaller the 

penetration power of light, which means that the 

photocatalytic decomposition is less at higher 

concentrations with less occurrence of hydroxyl groups 

and superoxide radicals [33]. 
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Fig. 6. Degradation MB with varying concentration of dye constant 

and catalyst load constant. 
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Effect of catalytic load 

Fig. 7 represents the graph of MB degradation  

with varying catalyst load (5-20 mg) by maintaining  

the constant concentration of dye (100 mL of 5 ppm). 

The data clearly reveals that as the catalyst load 

increases over 120 minutes, the rate of dye degradation 

increases from 80% to 100%. This is because  

more active sites are available due to increased catalytic 

load [33]. 
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Fig. 7. Degradation of Methylene Blue with varying catalyst load and 
constant dye concentration. 
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Fig. 8. Degradation of MB with varying pH of the solution and 

keeping the catalyst load and constant dye constant. 

 

Effect of pH 

In order to see the optimum pH for the photolysis of the 

MB dye, experiments were conducted at completely 

different pHs (2 to 12) by maintaining the constant 

catalyst (100 mg) and the dye concentration  

(5 ppm), and the result represented in Fig. 8. This 

clearly shows that the MB degradation was effective in 

the basic medium [34, 35] with the very best 

degradation rate at pH 10. On top of this pH the 

degradation decreases, which may be explained on the 

basis of zero potential charge. The presence of a large 

number of OH- ions on the surface of the 

catalyst can produced less range of OH• radicals, that 

act as primary oxidizing agents and are responsible 

for the degradation of MB dye [36-40].  

Kinetics of photocatalytic degradation 

The obtained results of photocatalytic activity of  

Cu2O and Ag-Cu2O NPs were explained through  

kinetic study using Langmuir–Hinshelwood model.  

The photodegradation of MB dye as presented in the 

following relation  

ln(C0/Ct) = kt                                  (2) 

where, C0 is the initial concentration of dye (mg/L) at  

t = 0, Ct is the concentration after irradiation in the 

selected time interval (30 min), k is the rate constant. 

The plots of ln (Co/Ct) as a function of reaction time 

which is approximate. From Fig. 9. The slopes of the 

straight lines from the plot of ln (Co/Ct) vs reaction 

time are the rate constants (k) for photocatalytic 

degradation of MB for Cu2O and Ag- Cu2O NPs. The 

rate constant k has the highest value for Ag-Cu2O NPs 

was 0.5 × 10−2 min−1 compared to Cu2O which was  

0.3 × 10−2 min−1 under visible light illumination [41]. 
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Fig. 9. Photocatalytic kinetic studies of Cu2O and Ag-Cu2O NPs. 

 

Catalyst recycling  

To evaluate the stability of the photocatalyst, a 

recycling experiment was carried out to degradation the 

methylene blue dye (Fig. 10). The experiment was 

carried out with 100 mg of catalyst and 100 ml of  

5 ppm dye. The decomposition potency of MB was 

nearly an equivalent for six cycles. This figure clearly 

shows a reduction in potency of nearly 80% altogether 

six cycles.  
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Fig. 10. Recycling of 10 mg of catalyst and 100 ml of 5 ppm dye. 
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Mechanism scheme 

A schematic representation of the degradation of MB 

using Cu2O superstructure is shown below. 

Cu2O + hν → Cu2O (h+
vb + e-

cb) 

OH−
ads + h+

vb → OH•
ads (in basic medium) 

MB + OH•
ads → dye degradation 
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Mechanism. 1. Graphical representation for the mechanism of Cu2O 

under the irradiation of UV light. 
 

Detection of OH· radicals 

OH• radicals are the most reactive species throughout 

photocatalytic degradation reactions. The rate of OH• 

formation and detection can be measured with straight 

forward, sensitive and quick PL (photoluminescence) 

techniques using coumarin as the probe molecule. OH• 

reacts with coumarin to produce a fluorescent 

compound 7-hydroxyl coumarin at 456 nm. 
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Fig. 11. Concentration of hydroxyl radicals against irradiation time. 

 

 In this method, Cu2O (130 mg) was dispersed in  

1 mM coumarin (50 mL) aqueous solution was taken in 

borosil jar. The solution mixture was allowed to stand 

for 10 minutes to attain adsorption-desorption 

equilibrium between Cu2O, water and coumarin before 

irradiation. This reaction was irradiated with ultraviolet 

light of 60 W capacity as a light source. Aliquots of  

2 milliliters were collected each ten minutes and the PL 

spectra were measured using an Agilent Technologies 

Cary Eclipse spectrophotometer. Fig. 11 shows that the 

PL intensity at 531 nm will increases linearly with time 

and clearly indicates that the formation of OH on the 

Cu2O surface is directly proportional to the irradiation 

time [42]. It shows that formation of OH• increases with 

an increase in time. This OH• is liable for the 

decomposition of organic dyes. 

Photoluminescence studies 

PL study is one among the helpful technique for notice 

the potency of charge carrier separation within the 

semiconductor [43]. The PL emission spectrum of 

Cu2O and Ag-Cu2O NPs were recorded in room 

temperature with an excitation wavelength of 250 nm 

represented in Fig. 12a. The pure Cu2O Nps provides a 

strong ultraviolet emission peak at 712 nm and weak 

emission peak at 564 nm. In case of Ag-Cu2O Nps, the 

obtained PL emission intensity decreased and the 

resultant data are in good agreement with the Stern-

Volmer quenching.  

 This indicates the efficiency of high charge carrier 

separation in Ag-Cu2O NPS. The emission peaks in 

visible region can be ascribed to bound excitons and 

defect states positioned at surface of nanostructured 

pure and doped Cu2O Nps respectively. Chromaticity 

coordinates are used to find luminous colored objects 

and it can be estimated by Commission International De 

I’Eclairage (CIE) system. CIE chromaticity diagram of 

Cu2O and Ag-Cu2O Nps represented in Fig. 12b reveals 

that both the material emits yellow light region [44, 45].  
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Fig. 12. PL spectrum of Cu2O and Ag-Cu2O (a) emission spectra (b) 

CIE diagram (c) CIE diagram. 
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Conclusion 

In this study, Cu2O and Ag-Cu2O nanoparticles were 

prepared by employing reflux method using EDTA. 

The XRD pattern shows that Cu2O and Ag-Cu2O 

nanoparticles belong to a cubic phase with an average 

crystallite size of 9.5 nm and 7.5 nm respectively. The 

SEM image clearly shows that the cube like structures 

of Cu2O. The TEM image shows that the particles are 

virtually agglomerated and crystalline. The prepared 

Cu2O and Ag-Cu2O NPs display 80 to 90 % 

photodegradation activity over methylene blue dye.  

The photoluminescence study reveals that Cu2O and 

Ag-Cu2O nano particles shown yellow color emission.  
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