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Cu2+-doped TiO2 nanoclusters are prepared by the sol-gel method. Scanning electron microscopy and X-
ray diffractometry are applied to characterize their structural properties. The photocatalytic analysis is 
done by UV-Vis absorption spectrum. The results of X-ray diffraction (XRD) shows the presence of rutile 
peak with a strong orientation along (1 1 0) plane. Scanning electron microscopy (SEM) study shows the 
uniform distribution of agglomerated nanoclusters. EDS spectrum confirms the presence of doped metal 
ion Cu2+ in the TiO2 crystal lattices. In this work, the photocatalytic effect of Cu2+-doped TiO2 on the 
degradation of methyl orange dye is studied. TiO2 doped with 5 wt% Cu2+ gives an excellent result in the 
degradation of methyl orange. 
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1. Introduction 

In this modern world, wastewater treatment is a challenging task by the 
textile industries. The most common effluents used by the textile 
manufacturers are synthetic organic compounds, such as dyes. Due to the 
stability of modern dyes, it is difficult to remove them from wastewater 
and may require tertiary and further treatments [1]. Semiconductor 
nanoparticles used in disposing of environmental pollutant by a method 
called Heterogeneous photocatalysis [2]. TiO2 is a well-known 
photocatalyst for removing effluents from wastewater [3-5]. The 
photocatalytic efficiency of TiO2 nanoparticles is improved by doping Cu 2+ 

metal ions with TiO2 [6]. In this article, we present a simple method to 
synthesize Cu2+-doped TiO2 nanoparticles and investigate the 
decolourizing effect on degradation of methyl orange (MO) dye under UV 
light irradiation.  
 

2. Experimental Methods 

2.1 Preparation of TiO2 Nanoparticles 

Cu2+-doped TiO2 nanoparticles are prepared by hydrolysis of TTIP 
(titanium tetra-isopropoxide) by deionized water. In this procedure, the 
suitable amount of doping material (Cu2+, 1 & 3 wt%) dissolved in 10 mL 
of deionized water is added to 100 mL of ethanol taken in a beaker under 
room temperature. The mixed solution is stirred well up for ten minutes. 
Now the pH of the solution is adjusted in the acid range by using nitric acid. 
Then 15 mL of TTIP is added dropwise to the mixed solution of precursor 
and metal ions. During the addition TTIP hydrolysis reaction takes place 
and TiO2 nanoparticles are obtained in the form of a gel in the beaker. The 
gel is filtered, dried and calcinated to 500 C to get rutile crystalline phase 
TiO2 nanoparticles. Fig. 1 shows the photograph of the synthesis method 
of Cu2+-doped TiO2 nanoparticles. 

 
2.2 Characterization 

The synthesized materials are characterized by various sophisticated 
techniques. Powder X-ray diffraction (PXRD) is carried out using XPERT 
PRO diffractometer with diffraction angle 2θ in the range 20-80º using Cu-
Kα radiation of wavelength 1.54060 Å. Surface morphology is carried out 

using Carl Zeiss SUPRA 55VP model Scanning Electron Microscopy (SEM) 
instrument. EDS spectra are recorded using JEOL Model JED-2300 Energy 
Dispersive Spectrometer. 
 

 
Fig. 1 Photograph of Synthesizing Cu 2+-doped TiO2 nanoparticles 

 
2.3 Study of Photocatalytic Activity 

The photocatalytic activity of the Cu2+-doped TiO2 nanoparticles is 
evaluated by the photodegradation of MO aqueous solution with an initial 
concentration of 1 mg/L. Two UV-A (18 W) fluorescent lamp is used as the 
light source. The degradation of the solution is analyzed by recording UV–
Vis absorption spectra of MO. According to the standard curve between 
concentration and absorption, the value of ((C0-Ct/C0) x 100%) is 
calculated, denoted as the degradation percentage. Fig. 2 shows the image 
of the experimental reactor.  
 

 
Fig. 2 Image of the Photocatalytic Experimental Reactor (1. UV- lamp, 2. MO 
solution and 3. stand) 
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3. Results and Discussion 

3.1 Powder X-Ray Diffraction Analysis 

Figs. 3 and 4 show the PXRD patterns of 1 and 3 wt% Cu2+-doped TiO2 
nanoparticles calcinated at 500 °C. Both the samples show similar peaks 
with various intensities. Sharpening of peaks indicates that the degree of 
crystallinity is high and the crystallites are higher in size due to calcination 
[7, 8]. All the peaks are identified and indexed in accordance with the 
JCPDS file JCPDS 21-1276 of a rutile crystalline structure [9]. Peaks of CuO 
is not found due to the lower content of Cu. The average crystal size of the 
Cu 2+-doped TiO2 nanoparticles have been found out using the most intense 
reflection (1 1 0) by Debye – Scherrer formula, D = 0.89λ/bcosθ, where D 
is the mean crystallite size, λ is the wavelength of X-ray, θ is the Bragg 
angle, and b is the half width of the full maximum [11, 12]. The crystallite 
size of Cu 2+-doped TiO2 nanoparticles are found to be 40 and 61 nm for 1 
and 3 wt% Cu 2+-doped TiO2 nanoparticles, respectively which is agrees 
with the earlier report of Gorska et al. [13]. 

 

  
Fig. 3 PXRD pattern of 1 wt% Cu 2+-doped TiO2 nanoparticles 

 

 
Fig. 4 PXRD pattern of 3 wt% Cu 2+-doped TiO2 nanoparticles 

 
3.2 Scanning Electron Microscopy (SEM) Analysis 

Figs. 5 and 6 show the SEM micrograph of 1 and 3 wt% Cu 2+-doped TiO2 
nanoparticles. SEM micrographs show that the synthesized nanoparticles 
are spherical in shape and are agglomerated nanoclusters. Such a 
morphology is formerly obtained by Hamadanian et al. by the Sol-Gel 
method [14]. 
 

 
Fig. 5 SEM micrograph of the 1 wt% Cu 2+-doped TiO2 nanoparticles 

 
3.3 EDS Analysis 

In order to prove the existence of Cu 2+ in the TiO2 crystal lattice, the EDS 
spectrum is recorded for 3 wt% Cu2+-doped TiO2 nanoparticles. Fig. 7 
shows the EDS spectrum of 3 wt% Cu2+-doped TiO2 nanoparticles. The 

peaks of copper exist at 0.9, 8.0 and 8.8 keV. This confirms the 
incorporation of copper in the TiO2 crystal lattice. In addition to these high 
and low intense peaks of Ti and O are clearly arising in the spectrum 
suggests bulk surface of TiO2 [14]. 
 

 
Fig. 6 SEM micrograph of the 3 wt% Cu 2+-doped TiO2 nanoparticles 

 

 
Fig. 7 EDS spectrum of 3 wt% Cu 2+-doped TiO2 nanoparticles 

 
3.4 Photocatalytic Activity Results 

The photocatalytic activity of Cu2+-doped TiO2 nanoparticles is 
evaluated by examining the degradation of MO under UV light (18 W, UV-
A fluorescent lamp) irradiation. For this typical study, 50 mL of 10 ppm 
aqueous MO solution is taken in a 100 mL beaker. 100 mg of powdered 
TiO2 nanoparticles was dispersed in this solution. The solution is 
irradiated with UV light up to 210 min. Every 30 min, 5 mL of MO solution 
is taken out and is centrifuged immediately to remove the catalyst. The 
degradation efficiency of Cu2+-doped TiO2 nanoparticles is viewed through 
UV-vis absorption spectra of MO solution. 
 

 
Fig. 8 Absorption spectra of methyl orange in photodegradation assisted by 1 wt% 
Cu2+-doped TiO2 nanoparticles 

 

 
Fig. 9 Absorption spectra of methyl orange in photodegradation assisted by 3 W% 
Cu2+-doped TiO2 nanoparticles 
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Fig. 10 Photocatalytic efficiency of 1 and 3 wt% Cu2+-doped TiO2 nanoparticles 

 
Figs. 8 and 9 show the UV-Vis absorption spectra of MO excited with a 

UV lamp at different intervals of time. Photocatalytic performance of the 
Cu2+-doped TiO2 nanoparticles is tested by the UV light excitation and the 
results are shown in Fig. 10. It is found that both the Cu 2+-doped TiO2 
nanoparticles show average photocatalytic efficiency. But, 5 wt% Cu 2+-
doped TiO2 nanoparticles shows higher degradation of 54%, which is 16% 
higher than 1 wt% Cu2+-doped TiO2 nanoparticles. The photodegradation 
mechanism of MO by using Cu2+-doped TiO2 nanoparticles are proposed as 
follows [15,16]. 

 
TiO2+ hν                TiO2 (𝑒−  + ℎ+) 
h + 𝑂𝐻−    𝑂𝐻. 
𝑒− + O2     𝑂2

− 
Methyl Orange + 𝑂𝐻.   Degraded products 
Methyl Orange + 𝑂2

−           Degraded products 
 
UV irradiation of light energy greater than or equal to its band gap falls 

on Cu 2+-doped TiO2 nanoparticles excites electrons from a filled valence 
band to an empty conduction band, supplying electron-hole pairs. The 
holes in the valence band react with adsorbed 𝑂𝐻− to produce hydroxyl 
radicals (𝑂𝐻.), whereas the electrons (𝑒−) in the conduction band react 
with O2 and produce superoxide 𝑂2

− radicals. The hydroxyl and superoxide 
radicals react with MO giving rise to degraded products. 

According to the earlier report of Hamadanian et al. [10] doping with 
Cu2+ causes suppression of the electron-hole pair recombination. 
Furthermore, which could be induced sub-band levels near the bottom of 
the conduction band and easily trapping photoinduced electrons. Hence, 
the separation of photoexcited chargers could be enlarged, resulting in the 
enhancement of the photocatalytic activity of TiO2 under UV irradiation. 
Thus, the efficiency is improved in our prepared Cu 2+-doped TiO2 
nanoparticles. 

 

4. Conclusion 

In summary, rutile phase Cu 2+-doped TiO2 nanoclusters are successfully 
prepared by the Sol-Gel method. The result of photocatalytic study proves 

the improvement in the photodegradation of MO under UV irradiation for 
both Cu2+-doped TiO2 nanoparticles. Hence, the Cu2+-doped TiO2 
nanoparticles synthesized by the Sol-Gel method are the efficient and 
superior photocatalyst for wastewater treatment. 
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