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Zn(1–-x)CuxO (x = 0, 1, 3, 5%) nanocrystals were synthesized via a 

hydrothermal method at 150°C for 24 h. The structural, 

morphological, optical and photocatalytic properties of the samples 

were investigated, and found to be dependent on the content of the 

copper dopant. The UV photocatalytic activities of Zn(1–x)CuxO 

nanocrystals were evaluated by the photodecomposition of the methyl 

orange (MO) dye. The nanocrystals with a Cu content of 5% exhibited 

the highest UV photocatalytic activity with a photodegradation 

efficiency of 94% during 120 min as compared to that of pure ZnO 

with 73%. The enhancement of the photocatalytic activity of 

Zn0.95Cu0.05O originates from the better separation of the 

photogenerated electron-hole pairs.  

 

 
INTRODUCTION 

Owing to its interesting physicochemical 

properties, zinc oxide ZnO remains among the most 

studied materials in fundamental and applied 

research. ZnO is an attractive material because of its 

multiple applications in various fields.1–3 For instance, 

pure and doped ZnO present interesting 

photocatalytic activities to degrade organic colorants 

in an aqueous solution.4,5 The application of various 

dyes in textiles, leather, paper, ...., generates 

considerable quantities of environmentally hazardous 

effluents. ZnO, whether pure or doped, can be used to 

find solutions for wastewater decontamination. 

Doping ZnO with a given metal (Mn, Cu, Co,...) can 

significantly promote its photocatalytic efficiency. 

ZnO-Cu nanocrystals often show an improvement in 

the photocatalytic capacity as compared to pure 

ZnO.6–8 The present work deals with the effect of the 

Cu doping on the UV photocatalytic activity of ZnO 

to decompose the anionic methyl orange (MO) dye 

taken as a model pollutant. We report the 

hydrothermal synthesis of Zn(1–x)CuxO (x = 0, 1, 3, 

5%) nanocrystals, the investigation of their structural, 
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morphological, optical, and photocatalytic 

characteristics.  

EXPERIMENTAL  

1. Materials and samples preparation 

Zinc chloride (ZnCl2, Fluka, 98%), copper chloride 
(CuCl2, Fluka, 98%), polyvinylpyrrolidone (PVP K30, Sigma-
Aldrich) as a dispersing agent, and sodium hydroxide (NaOH, 
Sigma Aldrich, 98%) were used to prepare Zn(1–x)CuxO samples. 
All nanocrystals were prepared by a hydrothermal method 
using twice-distilled water. Typically, PVP K30 (1667 mg), 
NaOH (360 mg, 0.2M), and zinc chloride (409 mg, 0.2 M) 
were mixed in 15 mL of twice-distilled water (solution S1). 
The mixture was maintained under vigorous stirring for 20 
min, then transferred in a 20 mL Teflon-sealed autoclave and 
was heated at 150 °C in an electrical oven for 24 h. The ZnO 
nanocrystals were collected by centrifugation, washed several 
times with water and ethanol, then air-dried at 60 °C for 12 h. 
For Cu2+-doped zinc oxide (Zn(1–x)CuxO) with different copper 
content x = 0, 1, 3, and  5 at %, the appropriate amount of 
CuCl2 was added to the solution S1 subjected to the same 
procedure as before. In the following, Zn(1–x)CuxO is labeled as 
ZCu(x) for a particular value of x and the overall series Zn(1–

x)CuxO are denoted ZCu. 

2. Photocatalytic experiments  

The photocatalytic degradation of MO (Biochem, 98%) was 
conducted under UV light irradiation produced by two Actinic 
BL TL 8W mercury lamps emitting around 370 nm. A typical  

reaction involves the dispersion of 60 mg of the catalyst in 60 

mL of methyl orange (MO) solution (10 mg·L–1) at a controlled 

neutral pH and keeping it under continual stirring for 50 min in 

the dark to reach the adsorption/desorption equilibrium. Next, 

the light was turned on. At equal intervals of irradiation time  

(20 min), 2 mL of the reaction solution was taken out, and 

centrifuged (12,000 rpm for 3 min) to remove the photocatalyst. 

The UV–Visible spectra of the supernatants were recorded with 

a Perkin Elmer apparatus.  

3. Characterization 

The XRD data were collected in 2 range: 5°–70° using an 

X'Pert MPD diffractometer operating with Cu (Kα) radiation 

(λ = 1.5418 Å). Transmission electron microscopy (TEM) 

images were taken by using a Tecnai G2 TEM operating at 

200 kV. Energy Dispersive X-Ray Analysis (EDX) where 

performed using JSM-6490 LV equipment. The diffuse 

reflectance spectra were obtained using a Shimadzu 2600 UV–

visible spectrophotometer in the interval 300–800 nm.  

RESULTS AND DISCUSSION 

1. Structural and micro-structural analysis 

The X-ray diffraction (XRD) patterns of the 

prepared ZCu powders are displayed in Fig. 1. All 

the patterns exhibit diffraction peaks of the ZnO 

wurtzite phase (JCPDS file N° 36-1451).9  

 

 

Fig. 1 – XRD patterns of ZCu (0, 1, 3, 5%) nanocrystals.  

 

For ZCu (3 and, 5 %) samples, minor 

additional peaks at 2θ values of 43.39 and 50.55° 

corresponding to the cubic phase of metallic Cu 

could be observed (space group Fm-3m),10 and 
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their intensity increases with the Cu content. 

Figure 2 displays the TEM images of ZnO, 

ZCu(3), and ZCu(5) samples and shows the 

presence of irregularly shaped platelets with 

sizes varying between 200 and 300 nm. Some 

rod-like shapes whose size and abundance 

depend on the Cu dopant concentration are also 

observed. For pure ZnO, these rods are only a 

very minor fraction of the sample and of low 

size (150–250 nm in length and about 60 nm in 

diameter) (Fig. 2a). For the ZCu(3) sample, the 

rod sizes increase slightly both in length (160–

350 nm) and in diameter (60–70 nm). For the 

ZCu(5) sample, larger rods with lengths up to 

400-500 nm and diameters up to 60–80 nm were 

formed (Fig. 2c).  

 

 

Fig. 2 – TEM images of (a) pure ZnO, (b) ZCu(3),  and (c) ZCu (5).  

  

Table 1 displays the sample’s nominal Cu/Zn 

ratios and the actual ones as determined by energy 

dispersive X-ray spectroscopy. It reveals that Cu 

was present in all doped ZnO nanostructures and 

the measured ratios Cu/Zn increased with copper 

content.

 
 

Table 1 

Gap energies, nominal Cu/Zn ratios, and actual ones as obtained from EDX analysis of ZCu samples 

Sample ZnO ZCu(1) ZCu(3) ZCu(5) 

Gap Eg (eV) 3.21 3.19 3.20 3.19 

Actual Cu/Zn – 0.013 0.047 0.056 

Nominal Cu/Zn – 0.010 0,031 0,053 

 

For ZCu(1) and ZCu(5) particles, the actual 

Cu/Zn ratios were very close to those of the starting 

precursors. A positive deviation of the actual Cu/Zn 

ratio is observed for ZCu(3) nanocrystals that 

suggests some zinc deficiency for this sample.  

2. Optical properties  

Fig. 3a shows the UV-visible absorption spectra 

of ZCu particles. A significant increase in 

absorption for all nanocrystals can be observed 

towards 377 nm, a value in accordance with the 

optical bandgap of ZnO.11 In the visible range 

(400–750 nm), ZnO and ZCu(1) nanocrystals only 

weakly absorb while a slightly increased 

absorption is observed for ZCu(3) and ZCu(5) 

samples. The optical bandgaps Eg of the samples 

were determined by plotting the Tauc’s curves12 

from the equation (1):  

  (h)2 = A (h – Eg)                 (1)  

where , A, h, and  are the absorption coefficient, 

a constant, Planck constant, and photon frequency, 

respectively. The Tauc’s plots representing (h)2 

versus h are shown in Fig. 3b; the obtained 

bandgaps values were almost similar, varying 

between 3.21 and 3.19 eV, which indicated that the 

sample’s bandgaps were not significantly affected 

by the Cu doping (Table 1). 
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Fig. 3 – a) UV-visible absorbance spectra for ZCu (0, 1, 3, 5 %) nanocrystals and b) the corresponding Tauc’s plots. 

 

3. Photocatalytic activity of ZCu catalysts 

Figure 4 shows the UV-visible absorption 
spectra of MO during photocatalytic tests using 
ZnO and ZCu (5) samples.  

Note the progressive decrease of the absorbance  

of MO at 464 and at 271 nm for both catalysts, 

which indicates that the OM degradation  

takes place. The latter signal (271 nm) is 

characteristic of phenyl groups and the former 

one (464 nm) can be assigned to azo groups  

(–N=N–)13 (Fig. 4).  

 

 

 

Fig. 4 – UV-visible absorbance spectra of MO as a function of irradiation time for a) ZnO and b) ZCu(5) catalysts. 

 

The photodegradation efficiency (PE) for MO 

was calculated as:        

       PE = [(C0 – Ct)/C0]·100 %               (2) 

where C0 and Ct are the concentrations of MO at  

t = 0 and at the time t of the irradiation, 

respectively. The PE values for ZCu catalysts, 

determined at 120 min of irradiation, are displayed 

in Table 2. The highest PE value (94%) 

corresponds to the ZCu(5) catalysts. 
 

Table 2 

 Kinetic order and photodegradation efficiency of MO for ZCu series 

 

Sample 

Zero-order kinetic 

k0 (mg·L–1·min–1);    *R2 (%) 

First order kinetic 

k1 (min–1);    *R2(%) 

Photodegradation 

efficiency (PE %) at 120min 

ZnO  59.87×10–3;             98.66 13.69×10–3;       92.31 73 

ZCu (1) 52.05×10–3;              99.33 13.53×10–3;      94.71 70 

ZCu (3) 44.20×10–3;              95.94 9.66×10–3;      87.98 46 

ZCu (5) 77.11×10–3;             99.44 22.41×10–3;      88.20 94 

       *R2 refers to the correlation coefficient. 
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Fig. 5 – Zero-order rate plots of the MO photodegradation for ZCu photocatalysts. 

  

We examined the validity of the zero-order 

and the pseudo-first order kinetics that take 

respectively the following forms:    Ct = – k0 t + C0     

and    ln(C0/Ct) = k1t, where k0 and k1 refer to the 

corresponding rate constants. The values of k0 and 

k1 were determined from the slopes of the linear 

fits for zero and first order, respectively, and  

are given in Table 2. The highest R2 values 

ranging from 95.94 to 99.44% match well with 

zero order kinetic14,15 that was illustrated in  

Fig. 5. As expected, the maximal constant k0 of  

77.11×10–3 mg·L–1·min–1 is obtained for the ZCu 

(5) catalyst with the optimal Cu content.  

4. Photodegradation mechanism using  

ZCu catalysts 

To investigate the main photogenerated species 

involved in the MO photodegradation process, 

some experiments using the ZCu(5) catalyst in the 

presence of scavengers were carried out.  

 

 
Fig. 6 – a) UV photodegradation efficiency of MO using the ZCu (5) catalyst with and without scavengers, b) schematic illustration 

of the proposed photocatalytic mechanism for the MO photodegradation. 

  

When benzoquinone (10–3 M), t-BuOH (40 

mL/L), or KI (10–2 M), respectively used as 

scavengers of O2
•- and •OH radicals and of holes 

(h+)16,17 were added to the dye solution, the 

degradations were strongly reduced (Fig. 6a). 

Hydrogen peroxide H2O2 (0.19 M), used as electron 

scavenger, had no significant effect indicating that 

the major part of the electrons reacts with O2 to 

generate O2
•- radicals. It can be concluded that O2

•- 

and •OH radicals and h+ are the main active species 

involved in the MO decomposition.11,18 Based on 

these results, a plausible photocatalytic mechanism 

can be proposed. As schematically illustrated in 

Fig. 6b, following the UV excitation of the 

photocatalyst, electrons e− are transferred from the 

valence band (VB) to the conduction band (CB) of 

ZnO, leaving holes h+ in the VB. Due to the close 

contact of ZnO and Cu particles, a Schottky barrier 

is created at the interface. Then, the Fermi levels of 

ZnO and Cu particles combine to generate a new 

equilibrium state Fermi level. Thus, the 

photogenerated electrons can be transferred to Cu 

particles that act as electron sinks. Next, these 

electrons react with adsorbed O2 molecules to 
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produce O2
●- radicals. The holes (h+) remaining in 

the VB react with OH- or with H2O to produce  

(•OH) radicals. Holes can also directly oxidize MO 

into MO+. The photoproduced O2
•-, h+, and •OH 

species are responsible for MO decomposition into 

CO2, H2O, and degradation products. 

CONCLUSION 

Cu-doped zinc oxide Zn(1–x)CuxO (x = 0, 1, 3, and 

5 %) nanocrystals were synthesized using a simple 

and cost-effective hydrothermal method. The 

photocatalytic activity of the 5% Cu-doped ZnO 

under UV irradiation is higher than that of pure ZnO 

with a PE of 94% after 120 min irradiation. The 

optimal Cu doping of 5% provides the best 

separation efficiency of the photogenerated carrier 

charges. Therefore, ZCu (5) nanocrystals have 

proven to be an effective way to clean up 

wastewater contaminated by different dyes. 
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