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Abstract:Semiconductor nanoparticles have drawn significant attention due to their excellent application in 

optoelectronics and photonics. Cadmium Sulphide extended its application in the field of photoluminescent 

materials. In present study, Zr and Sn doped Cadmium Sulphide nanoparticles prepared by Chemical 

coprecipitation method. The morphology of nanomaterial was examined with the scanning electron microscopy 

(SEM). EDX spectra confirmed the presence of Zr and Sn in Cadmium Sulphide material. X-ray diffraction 

analysis explains the range of material synthesized is in nanoscale. Photoluminescence property was studied by 

PL spectra and it was observed that Zr and Sn doped CdS nanomaterial shows excellent photoluminescency 

stoichiometric proportion synthesis of doped CdS material hamper the intensity. 
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1   Introduction 

Photoluminescence is the emission of light by absorbing photons. It is caused by moving of electrons to higher 

levels by the absorption of photons. In case of  solid, the electronic states of solid are excited by some energy 

from an external source and excited energy is released as a light. Cadmium Sulphide is one of the most 

important semiconductor because of its physical, chemical, optoelectronics and photoluminescence property. It 

has a band gap of 2.42 eV which can easily tuned by adding impurities. Cadmium Sulphide when radiated with 

UV light, it shows green luminescence. Photoluminescent Cadmium Sulphide may have applications in 

fluorescent lamps, PL-LCD, Plasma display, LASERs, LSCs, Paints[1]. Earlier researchers have doped 

Cadmium Sulphide with transition metals and rare earth metals that shows grate potential in various 

applications. Also the photoluminescence intensity of Cadmium Sulphide is tunable by doping it with transition 

metal and post transition metal. 

There are several methods to synthesize Cadmium Sulphide nanoparticles like solgel method, mechanochemical 

method, surface ionic layer adsorption and reaction method (SILAR), microemulsion method spray pyrolysis 

method, chemical bath deposition method and chemical coprecipitation method etc. In present work Zr and Sn 

doped   Cadmium Sulphide nanoparticles were synthesized by coprecipitation method. It is very efficient, 

having simple route of synthesis and requires less environmental conditions. It consumes less time for the 

synthesis. 

2 Experimental Work 

2.1    Synthesis of Zr and Sn doped CdS 

Cadmium sulphide nanoparticles doped with Zr and Sn were prepared by chemical coprecipitation method. For 

the synthesis of CdS nanaparticles, cadmium acetate dihydrate (0.01 M), zirconyl nitrate ZrO(NO3)2(0.01 M), 

stannous chloride SnCl.2. 2H2O(0.01M), and sodium sulphide were used.. All the chemicals were analytical 

grade. Distilled water was used as solvent.  

For the synthesis 2.66 g cadmium acetate, 2.25 g stannous chloride and 2.312 g of Zirconyl nitrate were 

dissolved in distilled water separately. Also the 1.14 g of sodium sulphide was dissolved in distilled water. The 

mixture of cadmium acetate, stannous chloride and Zirconyl nitrate was stirred on magnetic stirrer.  
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Sodium sulphide was added drop wise with constant stirring. Ammonia solution was added to maintain the 

pH~11 [2].Yellowish solution was formed. The mixture was then stirred at 70
 0

 C for about one hour. Yellow 

colournanoparticles were filtered, washed with water and acetone several times to remove the organic residue 

present in the nano compound. Then sample was taken to the hot air oven for about 6-8 hours then it was kept 

stored in desiccators before taken to characterization.  

2.2   Characterisation of Sample 

 The samples were characterized to determine the morphology of prepared nanomaterial by SEM, elemental 

analysis to confirm doping of Zr and Sn by EDX and crystal structure by XRD. The photoluminescence spectra 

were recorded on Fluorescence spectroscopy. For the analysis of sample on fluorescence spectrometer 1x 10
-

5
mM solution was prepared in methanol. 

3 Results and discussion 

3.1    SEM images 

Figure a and b shows the SEM images of Zr and Sn Doped CdS showing clusters of nanoparticles equally 

distributed. Most of the particles are spherical in shapes. SEM data reveals particles are nanosized. The surface 

grain size is more than void area which indicates the formation of high quality crystals. 

 
                         Fig. 1.     Fig. 2. 

 

 

Fig. 3 

Fig. 1, 2 and 3. Images of Zr and Sn Doped CdS 
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3.2    EDX 

Energy Dispersive X-ray analysis data confirmed the CdS naonparticles doped with Zr and Sn elements .The 

EDX results also confirms prepared Zr and Sn doped cadmium sulphide having consistent stoichiometric 

composition.  

 
Theta 

Fig. 4. EDX image of Zr and Sn doped Cds 

 

Table 1 EDX analysis showing composition of the sample 

Element Weight% Atomic% 

S K 6.67 19.24 

Zr L 28.24 28.65 

Cd L 30.97 25.50 

Sn L 34.12 26.60 

Totals 100.00 100.00 

 

3.3    XRD  

X- ray diffraction Study shows the sample prepared is in crystalline form. The diameter of peak confirms nano 

size particles are having a crystal structure. The particle size of the crystal is 53 nm calculated by Sherrer 

Formula. 

 

  
  

     
 

 

  
           

             
 

 

                                                          Crystal size d= 53 nm         
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Fig. 5. XRD pattern of Zr and Sn doped CdS 

 

3.4    Photoluminescence spectroscopy 

Zr and Sn Doped Cadmium Sulphide shows yellow colour and no luminescence and no luminescence in visible 

light but shows green coloured photoluminescence in UV –light. 

 

                                Fig. 6.                    Fig. 7. 

Fig. 6 and 7 Visible light and UV light image of Zr and Sn doped CdS showing  green photoluminescence. 

Photoluminescence spectra of Zr and Sn doped Cadmium sulphide were recorded on fluoroscence spectrometer 

( Instrument RF-5301). 

. 

Fig. 8.  Photoluminescence spectra of Zr and Sn doped CdS 
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The spectra exhibit sharp emission peaks i.e. intensity peaks at 442nm, 443 nm and 366nm.It shows the 

intensity 187.266, 185.987 and 186.062 respectively. It is clear from figure that Sn and Zr doped Cadmium 

sulphide shows the excellent photoluminescence.  This means Zr and Sn doped CdS is good phosphor.  

4    Conclusions 

Formation of yellow colored crystals confirmed the formation of doped cadmium Sulphide. Zr and Sn doped 

Cadmium Sulphide nanomaterial prepared by chemical co-precipitation method is highly crystalline structure. 

Stannous and zirconium doped Cadmium Sulphide is an excellent photoluminescent semiconductor.  
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