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Ce doped CdS nanoparticles were successfully synthesized by the cost 

effective chemical co-precipitation method at room temperature. The 

structural, morphological, compositional and Raman studies were carried out 

using X-ray diffraction (XRD), scanning electron microscopy (SEM), energy 

dispersive analysis of X-rays (EDAX) and high resolution Raman 

spectroscopic techniques respectively. Broadened XRD peaks show the 

formation of Ce doped CdS nanoparticles with wurtzite structure. SEM and 

EDAX analysis show surface morphology and elemental composition of 

prepared nanoparticles. The Raman spectra of undoped and Ce doped CdS 

nanoparticles showed longitudinal optical mode. Compared with the 1LO 

and 2LO Raman modes (296 and 590 cm
-1

) of undoped CdS nanoparticles, 

the Raman modes of Ce doped CdS nanoparticles were slightly shifted 

towards lower frequency. 
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INTRODUCTION  

Among the II–VI group semiconductors, CdS is an important compound with a wide band gap. Compared 

to bulk material, reduction in the particle size to nano – range strongly influences the crystallinity, melting point, 

optical and structural stability. By changing  the  particle  size of  the  prepared  nano-sized  semiconductors, they  

can  have  considerable limitations,  and also have potential applications in solar energy conversion, 

photoconducting cells, non-linear optics, heterogeneous photocatalysis and electro-luminescence device applications 

due to  quantum confinement [1–5]. The size - controlled nanoparticles finds interesting application in displays 

because they can easily be made into film devices compared to traditional phosphors. 

Besides the transition metal ions, rare earth ions doped systems mainly reflect the properties of the dopant 

and find interesting luminescence based applications. Doping of rare earth element like cerium reduces the particle 

size of the nanomaterials and also increases surface area [6-8].  By using organic or inorganic capping agents, the 

particle size of the nanomaterial can be controlled. PVP as a capping agent plays a significant role not only to 

increase the stability but also for the effective doping of Mn into the CdS nanophosphors, which can be attributed to 

the formation of coordinate bonding groups  between lone pair of oxygen atoms and those of metallic atoms Cd and 

Mn in the CdS nanocomposite [9, 10]. 

 In this study, a simple and cost effective chemical co-precipitation method was described to prepare 

cerium doped CdS nanoparticles at different concentrations of cerium and PVP is used as capping agent. The dopant 

effect on structure, surface morphology, composition and Raman studies were investigated in detail. All the 

techniques support the effective doping of Ce into CdS host material. 
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EXPERIMENTAL AND CHARACTERIZATION DETAILS 

  All chemicals were of analytical reagent grade and were used without further purification. Undoped CdS, 

cerium (Ce) (1, 2 and 3 at.%) doped CdS nanoparticles were prepared by a simple chemical co-precipitation method 

with biocompatible polyvinylpyrrolidone (PVP) as a capping agent. The reactants were CdCl2, CeCl3.7H2O (1, 2 and 

3 at.%), Na2S and polyvinylpyrrolidone (PVP).  Ultrapure de-ionized water was used as the reaction medium in all 

the synthesis steps. In a typical synthesis, desired molar proportions of CdCl2, CeCl3.7H2O (1, 2 and 3 at.%),  each 

in 50 ml were dissolved in ultrapure de-ionized water. An appropriate amount of capping agent PVP was added to 

control the growth of the nanoparticles during the reaction. Later stirring the solution for 60 min, Na2S solution was 

drop wisely added to the solution at room temperature under constant stirring which was continued for four hours to 

get fine precipitation. The obtained precipitate was washed with de-ionized water several times. Finally, the powders 

were vacuum dried for 3 hours at 80 
0
C to obtain Ce, doped CdS nanoparticles. Undoped CdS nanoparticles were 

also synthesized by the same procedure.  

 The prepared nanopowders were then characterized by studying the structure, composition, surface 

morphology and Raman studies.  The X-ray diffraction patterns of the samples were collected on a Rigaku D X-ray 

diffractometer using Cu-Kα radiation (λ=1.5406A°). The morphology and elemental composition of the prepared 

samples were analyzed through EDAX using Oxford Inca Penta FeTX3 EDS instrument attached to a Carl Zeiss 

EVO MA 15 scanning electron microscope. Raman Spectroscopic studies of the as prepared samples were carried 

out using a LabRam HR800 Raman Spectrometer. 

 

RESULTS AND DISCUSSION 
 

 Structural analysis 
               The XRD patterns of Ce doped and pure CdS nanoparticles at different concentrations of Ce (1, 2 and 3 

at.%) are shown in Fig. 1. The broadening of peaks indicates that particles are in the nano-size regime. The XRD 

pattern shows (100), (002), (101), (102), (110), (103) and (112) planes of wurtzite CdS corresponding to JCPDS File 

No. 41-1049. As there are no such peaks of Ce, CeS, Ce2S3, confirmed the successful incorporation of Ce3+ ions 

into the crystal lattice of CdS nanoparticles [8]. The intensity of the planes increases with increasing the doping 

concentration of Ce. In the diffraction patterns, peak broadening is due to four factors: deformation of the lattice, 

crystalline domain size, crystalline faults and domain size distribution [11]. From the XRD spectra it was also 

observed that no diffraction peaks corresponding to the impurity phases were detected and this rule out Ce 

precipitation or secondary phases. The average particle size calculated by Debye Scherrer’s equation [9] for PVP 

capped Ce doped CdS nanoparticles lies in the range of 4 - 6 nm. 

 

 

Figure 1: XRD patterns of Pure and Ce (1, 2 and 3 at.%) doped CdS nanoparticles 

  

 Morphological and Compositional analysis  
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       The SEM images of Pure and Ce doped CdS nanoparticles are shown in Fig. 2.  

 
Figure 2: SEM images of Pure and Ce (1, 2 and 3 at.%) doped CdS nanoparticles 

 

Figures 2(a), 2(b), 2(c) and 2(d) show the SEM images of pure CdS, CdS: Ce (Ce =1, 2 and 3 at.%) nanoparticles 

respectively. SEM images showed the slightly agglomerated nanoparticles of the prepared samples and 

agglomeration is decreased with increasing Ce concentration.  

Fig. 3 shows representative EDAX spectra of pure and Ce (1, 2 and 3 at.%) doped CdS nanoparticles. It is evident 

from the EDAX Spectra that no other elemental peaks other than Cd, S and Ce are observed except that only the 

elemental carbon arises due to adhesion of carbon tape on to the stud used in the analysis. Fig. 3 (a) shows the 

EDAX spectra of pure CdS. Fig. 3 (b), (c) and (d) confirm the effective doping of Ce (1, 2 and 3 at.%)  into CdS 

host lattice.  

 

      
Figure 3: Representative EDAX spectra of (a) Pure CdS (b) Ce =1 at.%, (c) Ce = 2 at.% and (d) Ce = 3 at.% doped 

CdS: Ce nanoparticles 

 

 Raman Studies 
       Fig.  4 shows the Raman spectra of the undoped and Ce (1, 2 and 3at.%) doped CdS nanoparticles in the 

frequency range 200 - 700 cm
-1

. In case of bulk CdS, the Raman spectrum exhibits the first longitudinal optical 

phonons (1LO) peak and the second longitudinal optical phonons (2LO) peak at 304
 
and 600 cm

-1 
respectively [12-

14]. The Raman spectrum of pure CdS nanoparticles exhibited strong but broad peaks around 296 and 590 cm
-1

 

corresponding to 1LO and 2LO optical phonons, respectively. In the case of large surface-to-volume ratio, surface 

scattering contributes more to the Raman signal than volume scattering. The frequency shifts of the 1LO and 2LO 

modes observed in the present samples may be attributed to a smaller size and larger surface-to-volume ratio 

compared with that of the undoped CdS. Another possible reason for the Raman shift is that the ionic radius of Ce
3+

 

ion is higher than that of Cd
2+ 

ion. Lattice defects are introduced or intrinsic host lattice defects are activated when 
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Ce
3+

 ions are incorporated and the Ce
3+

 ions tend to occupy substitutional cationic sites resulting in host lattice 

defects. Further, no additional Raman modes due impurities were observed in Ce doped CdS nanoparticles. This 

revealed the absence of impurity phases in the prepared nanopowder samples. 

  
Figure 4: Raman Spectra of Pure and Ce (1, 2 and 3 at.%) doped CdS nanoparticles 

 

CONCLUSIONS 
Cerium doped CdS nanoparticles were successfully synthesized by the cost-effective chemical co-

precipitation method at room temperature. The influence of dopant concentration on structural, compositional, 

morphological and Raman spectroscopic properties of the prepared samples was studied.  XRD studies confirmed 

the wurtzite structure of the prepared samples. EDAX spectra showed the effective doping of cerium into CdS. 

Raman spectra of the pure CdS nanoparticles showed Raman peaks at 296 and 590 cm-1correspond to the 1LO 

mode and 2LO mode. Compared to pure CdS, Cerium doped CdS samples showed an asymmetric broadening and a 

slight red shift indicating phonon confinement effects. 
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