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Visible-light-driven Ce-doped CdS nanowires were synthesized by a solvothermal method. 

Phase and morphology of Ce-doped CdS nanowires were investigated by XRD and SEM 

analyses. The analytical results certified that both CdS and Ce-doped CdS samples were 

uniform pure phase of hexagonal CdS nanowires. The photocatalytic activities of CdS and 

Ce-doped CdS nanowires were investigated through the photodegradation of rhodamine B 

(RhB) under visible light irradiation. The 3% Ce-doped CdS nanowires have the highest 

photocatalytic efficiency of 95.75% within 120 min and are the promising material used 

for wastewater treatment.   
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1. Introduction

In recent years, water pollution caused by organic pollutants from different industries, 

such as paper, textile, pigment, cosmetic, food and drug manufacturing has become a global issue 

due to its diverse effects on environment and living organisms [1-4]. Several conventional 

treatment methods of organic pollutants from wastewater including biodegradation, absorption, 

membrane filtration, flocculation-coagulation and ozonation have a common drawback because 

they are unable to completely remove dyes from wastewater, including the cause of secondary 

pollution and expensive treatment process [1, 2, 4, 5]. Thus, a visible light driven photocatalyst as 

green technology has been focused in the degradation of environmental pollutants under visible 

light by active radicals because visible light is available in the solar spectrum and is abundant 

(∼43%) much more than UV light (∼4%) [2, 5-7]. 

Currently, cadmium sulfide (CdS) as II–VI type semiconductor shows the outstanding 

performance as a visible light driven photocatalyst in the field of environmental treatment due to 

its effective direct band gap of 2.42 eV, low cost, photostability and appropriate conduction band 

potential [1, 2, 8-10]. It is widely used in many applications including physicochemical, 

photoluminescence and potential application in many fields such as photovoltaic material, gas 

sensors, photo detectors, light-emitting diodes, window materials, solar cells, optoelectronic and 

piezoelectric devices [1, 11, 12]. Nevertheless, the photocatalytic performance of CdS is limited by 

its rapid recombination of photo-generated charge carriers in photocatalytic reaction under visible 

light irradiation and photo-corrosion in air [2, 8, 9]. Thus, rare earth metal ions such as La, Ce, Yb, 

Tb, Pr and Sm are doped in the semiconductor photocatalyst which can lead to improve the 
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photocatalytic performance by inhibiting the combination of photo-excited electron and photo-

induced hole pairs and to enlarge the range of light absorption of the semiconductor [5, 13-15]. 

In this work, the visible-light-driven photocatalytic Ce-doped CdS nanowires were 

synthesized by solvothermal method. Phase and morphology of CdS and Ce-doped CdS 

nanomaterials were studied. The photocatalytic activities of CdS and Ce-doped CdS nanomaterials 

were investigated by photodegradation of rhodamine B (RhB) under visible light irradiation. The 

results revealed that Ce dopant can play the role in improving the photocatalytic activity of CdS 

under visible light irradiation. 

 

 
2. Experimental procedure 
 

To synthesize CdS doped with different contents of Ce, 0.001 mole Cd(NO3)2·4H2O and 

0–3 % Ce(NO3)3·6H2O by mole were dissolved in 50 ml ethylenediamine solutions. Subsequently, 

each 50 ml of 0.001 mole NH2CSNH2 in ethylenediamine solution was added to the above 

solutions which were continuously stirred for 30 min. They were put in 200 ml of home-made 

stainless steel autoclaves and heated in an electric oven at 200 
o
C for 24 h. The light yellow-orange 

precipitates were filtered, washed with distilled water several times and absolute ethanol, and dried 

at 60 
o
C for 24 h. The crystalline phase and morphology investigation of pure CdS and Ce-doped 

CdS samples were characterized by an X-ray diffractometer (XRD, Philips X’Pert MPD) operating 

at 45 kV 35 mA and using Cu-Kα line in the 2θ of 10
o
–60

o
 range and a field emission scanning 

electron microscope (FE-SEM, JEOL JSM-6335F) operating at 35 kV.  

Photocatalytic activity was evaluated through the degradation of rhodamine B (RhB) 

solution using a xenon lamp as a visible light source with a 420 nm cut-off wavelength filter. The 

0.2 g photocatalyst was added to 1x10
–5

 M of 200 ml RhB solutions which were continuously 

stirred in the dark for 30 min to form homogeneous solutions. Under visible light irradiation, ~5 

ml solution was withdrawn from the tested solution every 30 min and centrifuged to remove the 

residual photocatalyst. The content of RhB solution was measured by a PerkinElmer Lambda 25 

UV–visible spectrophotometer at λmax of 554 nm. The degradation efficiency was calculated by the 

below equation. 

 

              Decolorization efficiency (%) = 

o

o

C

C -C t
x 100                                         (1) 

 

Co is the initial concentration of RhB in dark condition and Ct is the concentration of RhB after 

visible light irradiation within the elapsed time (t). 

 
 
3. Results and discussion 
 

Fig. 1 shows XRD patterns of the CdS nanostructure with different concentration of Ce 

dopant. All diffraction peaks of pure CdS sample without Ce doping correspond with the wurtzite 

hexagonal CdS structure as compared to the reference JCPDS No. 77-2306 [16]. Other 

characteristic diffraction peaks of impurities were not detected. Thus, the CdS sample is high 

purified phase. Furthermore, XRD patterns of Ce-doped CdS with different concentration of Ce 

dopant were similar to that of the hexagonal CdS structure, indicating that the Ce dopant did not 

play the role in the phase of hexagonal CdS structure. It suggests that Ce
3+

 ions were successfully 

substituted for Cd
2+

 ions of CdS lattice. The XRD patterns of Ce-doped CdS clearly showed that 

the diffraction peaks were shifted as compared to those of the pure CdS sample. This leads to an 

expansion of unit cell and the size effect. Clearly, the positions of main diffraction peaks of Ce-

doped CdS were shifted to higher angle because the ionic radius of Ce
3+

 ion (1.14 Å [17-20]) is 

larger than that of Cd
2+

 ion (1.03 Å [21, 22]). The unit cell parameters are a = 4.1388 Å and c = 

6.7125 Å for pure CdS sample and a = 6.7125 Å and c = 6.6666 Å for the 3% Ce-doped CdS 
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sample. Thus, the unit cell volume of pure CdS sample is slightly larger than that of 3% Ce-doped 

CdS nanostructure due to the introduction of cerium ions into CdS lattice [13-15].  

 

      
(a)                                                               (b) 

 

Fig. 1. X-ray diffraction patterns of 0–3% Ce-doped CdS samples synthesized by solvothermal method  

at 2θ range of (a) 10–60
o
 and (b) 23–30

o
. 

 

 

The morphologies of CdS and 3% Ce-doped CdS samples were observed by SEM as the 

results shown in Fig. 2. The low magnification SEM image of CdS without Ce dopant presents that 

the sample is composed of uniform nanowires with length in the range of 2-3 μm. The high 

magnification SEM image of CdS without Ce dopant demonstrates the presence of CdS nanowires 

with 20-30 nm diameter and smooth surface grew along the [001] direction. Upon doping with Ce, 

the doped sample shows the same morphology as the pure CdS sample. The diameter and length of 

3% Cd-doped CdS nanowires are 30-50 nm and 2-4 μm, respectively. No other morphologies of 

the 3% Cd-doped CdS were detected, indicating that the 3% Cd-doped CdS sample has highly 

uniform morphology.  

 

    
(a)                                                            (b) 

   
(c)                                                            (d) 

 

Fig. 2. SEM images of (a and b) CdS and (c and d) 3% Ce-doped CdS nanowires synthesized by 

solvothermal method at low and high magnifications. 
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The photocatalytic activities of CdS with different concentration of Ce dopant were 

studied through the degradation of RhB under visible light irradiation within 120 min. The 

absorption spectra of the RhB dye solution exposed to visible light for different time periods in the 

presence of 3% Ce-doped CdS nanowires are shown in Fig. 3. The maximum absorption peak of 

RhB at 554 nm was rapidly decreased with the increase of visible light irradiation time. It almost 

disappeared after 120 min of irradiation and accompanied by the blue shift process. Thus, the RhB 

was degraded by a series of N-deethylated intermediates during photocatalysis [23-25].  

 

 
 

Fig. 3. UV–visible absorption of RhB in the solution containing 3% Ce-doped CdS nanowires 

 under visible light irradiation within 120 min. 

 

 

Fig. 4a shows the photocatalytic efficiencies of CdS containing different contents of Ce 

dopant. The degradation efficiency of CdS nanowires under visible light irradiation within 120 

min is 92.02% while those of 1%Ce-doped CdS, 2%Ce-doped CdS and 3%Ce-doped CdS were 

increased to 93.52%, 94.76% and 95.75%, respectively. Clearly, the Ce dopant played the role in 

improving the photocatalytic performance of CdS because Ce acted as an electron acceptor and 

inhibited the recombination of electrons and holes during photocatalytic reaction [13, 15]. The 

kinetics behavior for photodegradation of RhB over CdS and Ce-doped CdS was further 

investigated and the pseudo-first-order reaction model is shown in Fig. 4b.   

 

      
(a)                                                                (b) 

 

Fig. 4. (a) Decolorization efficiency and (b) kinetics rate reaction for photodegradation of RhB  

over 0, 1, 2 and 3% Ce-doped CdS nanowires during visible light illumination within 120 min. 

 

 

The plot shows the linear correlation with the time of photocatalytic reaction (R
2
 > 0.98). 

The results indicate that the photodegradation of RhB over CdS and Ce-doped CdS is in 

accordance with the pseudo-first-order reaction [15, 23, 25-27]. The reaction rate constants for 

photodegradation of RhB for 0%, 1%, 2% and 3% Ce-doped CdS nanowires are 0.0192, 0.0218, 

0.0239 and 0.0261 min
–1

, respectively. Obviously, the rate constant of 3% Ce-doped CdS 

nanowires is 1.36 times that of the as-synthesized CdS nanowires. The photocatalytic activity of 
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CdS is greatly improved by introducing an appropriate amount of Ce dopant. In addition, the 

stability and recyclability of 3% Ce-doped CdS nanowires were investigated through RhB 

degradation for five recycles. At the end of each reaction cycle, the photocatalyst was collected 

and dried for further reuse of the next cycle as the results shown in Fig 5. At the end of cycle five, 

the photodegradation of RhB was 90.35%. Clearly, 3% Ce-doped CdS nanowires remain as the 

photocatalyst for wastewater treatment under visible radiation. 

 

 

Fig. 5. The repeated photocatalytic test of reused 3 % Ce-doped CdS nanowires 

 for RhB degradation  under visible light irradiation. 

 

 

The primary active species of RhB degradation were studied using isopropanol (IPA), 

benzoquinone (BQ) and triethanolamine (TEOA) as the scavengers for 
●
OH, 

●
O2

–
 and h

+
 as the 

results shown in Fig. 6 [28-31]. Upon the addition of IPA and BQ, the photodegradation of RhB 

was greatly restrained because IPA and BQ trapped the 
●
OH

 
and 

●
O2

–
 radicals. The results 

indicated that 
●
OH

 
and 

●
O2

–
 are the main active species for RhB degradation over 3% Ce-doped 

CdS nanowires. In case of TEOA adding, the photodegradation of RhB was slightly decreased. 

Thus, 
●
OH

 
and 

●
O2

–
 radicals are the main active species for the photodegradation of RhB over 3% 

Ce-doped CdS nanowires under visible light irradiation. 

 

 
 

Fig. 6. Comparison of photocatalytic activities of 3 % Ce-doped CdS nanowires containing in RhB solutions  

with and without different scavengers. 

 
 
4. Conclusions 
 

In summary, Ce-doped CdS nanowires were synthesized by solvothermal method. The 

XRD and SEM analyses indicated the pure hexagonal phase of Ce-doped CdS nanowires with 

growth direction in [001]. The photodegradation of RhB over 3% Ce-doped CdS nanowires was 

the highest of 95.75% within 120 min under visible light irradiation because Ce as an electron 

acceptor played the role in inhibiting the recombination of electrons and holes during 

photocatalytic reaction. The 3% Ce-doped CdS nanowires were high stable and reusable for 

photocatalytic reaction within five recycled test. Thus, Cd-doped CdS nanowires are a promising 

visible-light-driven photocatalyst for wastewater treatment. 
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