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Abstract 

Semiconductor nanoparticles doped with transition metal ions have attracted wide 

attention due to their excellent luminescent properties. The transition metal doped 

nanoparticles shows different optical properties corresponding to their host counter parts and 

these nanoparticles have tremendous applications in optical light emitting diodes. The 

microwave assisted solvothermal method was used to prepare the nanoparticles. The 

nanostructured materials of CdS were characterized by XRD, SEM and  EDAX techniques. 

The sizes of the crystallites were determined by XRD method. The effect of Zn
2+

 dopant in 

CdS nanoparticles was studied in this work. 

Key words: nanoparticles; solution route; doping; characterization; XRD; SEM;                      

EDAX 

 

 

 

1.Introduction 

II–VI group semiconductor nanomaterials are very important in the field of optics 

due to their strongly size dependent optical properties [1]. Numerous methods have been 

developed for the fabrication of such materials [2–6]. Recently, the solvothermal process as a 

powerful method for the synthesis of materials has attracted tremendous attentions [7, 8]. 

Comparing with the synthesis route based on colloid chemistry, this method takes the 

advantage of obtaining pure and clean nanoparticles in high degree of crystallinity. And it 

also exhibits the merit of relatively mild reaction conditions in comparison with the band-gap 

engineering methods, such as chemical and physical vapour deposition, laser ablation, 

molecular beam epitaxy, atom layer epitaxy. Many papers have been published recently 

reporting the synthesis of chalcagenides with solvothermal method [9–19]. The elementary 

sulphur powder was normally used as the chalcogenide source in these studies. We choose 

thioacetamide as the sulphide source in this paper. It is much easier for thioacetamide to 

release sulphide ions. This will be beneficial to lower the reaction temperature and shorten 

the reaction period. And also we choose the nontoxic, in corrosive ethylene glycol as the 

solvent and this is more favourable to the environment. 
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2. Experimental method 

2.1   Solvothermal synthesis of pure and doped CdS nanoparticles 

 

The chemicals used here including ethylene glycol (HOCH2CH2OH), thioacetamide 

(CH3CSNH2) and cadmium acetate (Cd(CH3COO)2.2H2O) were  of analytical reagent grade. 

Here ethylene glycol was used as the solvent. Thioacetamide and cadmium acetate were 

added in the ratio 1:1 and mixed with 30 ml of ethylene glycol and stirred well at room 

temperature to get a clear transparent solution. The solution was subjected to microwave 

irradiation of 800 W for 20 minutes. Thioacetamide can react with the trace water containing 

in ethylene glycol and also with cadmium acetate, and releases H2S gradually. The orange 

coloured CdS nanocrystallites were separated out from the productive mixtures and washed 

with de-ionized water for four times and then with alcohol twice. The CdS  was annealed at 

200 ºC for 12 minutes and 20 minutes and let these be called as sample 1 and 2. The sample 

was annealed at about 100 ºC for 2 hours to get phase-pure nanoparticles of CdS. This sample 

is known as sample A. Similarly, sample B is annealed at about 200 
o
C for 2 hours and 

sample C is annealed at about 300 
o
C for 2 hours.   The structure and morphology of the 

nanocrystals were studied with X-ray diffractometer and Scanning Electron Microscopy. 

In order to synthesize nanoparticles of doped CdS:Zn, chemical such as zinc acetate 

was added in 1  mol%, 2 mol% and   3 mol%   to the solutions of thioacetamide and 

cadmium acetate separately. Microwave oven was used for heating the solutions for the 

reaction to take place. Let the zinc doped CdS nanoparticles be called as samples  A1, A2 

and A3. 

 

2.2 Instrumentation  

The powder X-ray diffraction method is one of the most important tools for the 

qualitative analysis of materials. An X-ray diffractometer utilizes a powdered sample, a 

goniometer, and a fixed-position detector to measure the diffraction patterns of unknown 

powdered materials. The X-ray diffraction (XRD) patterns for pure cadmium sulphide 

samples and doped nanoparticles samples were recorded on a Shimadzu XRD 6000 X-ray 

powder diffractometer with Cu K radiation ( λ = 1.5406 Å) with 2θ ranging from 10° to 

80° at the speed of 2° min
-1

. The samples were deposited on the glass substrates. After the 

ethanol was volatilized, the samples were analyzed.   

The morphologies of the as-prepared samples were investigated through Scanning 

Electron Microscopic (SEM) images. The SEM images were taken for the nano-powdered 

samples prepared by the present solvothermal method using Model Hitachi S 2400 

device. The morphology and topography of the samples were studied using imaging 

techniques such as Scanning Electron Microscopy (SEM). Surface Morphology of the 

sample has been studied using FEI Quanta FEG 200 High Resolution Scanning Electron 

Microscope (HRSEM) with energy dispersive X-ray spectrometry (EDAX. 
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 3.  Results and discussion 

   3.1   Powder XRD of pure CdS nanoparticles  

The powder XRD results for CdS nanoparticles are shown in the Fig.1. It contains 

cubic phase with a little hexagonal phase of CdS. Cubic CdS phase was most often found in 

synthesized colloidal CdS particles, but the macroscale phase of CdS is normally with the 

hexagonal structure [20]. In solvothermal synthesis, the hexagonal phase is more common 

[22,23]. The coexistence of cubic and hexagonal phases has also been reported [21]. We 

also obtain cubic phase as well as hexagonal phase in the present system. The XRD pattern 

consists that there are three distinct peaks at three different angles.  From the XRD pattern 

of sample A, sample B, sample C, it observed that the synthesized sample belongs to pure 

CdS phase. The XRD peaks are broadened and this is due to the nanocrystalline nature of 

particles. These nanocrystals have lesser lattice planes compared to bulk, which contributes 

to the broadening of the peaks in the diffraction pattern. This broadening of the peak could 

also arise due to the micro-straining of the crystal structure arising from defects like 

dislocation and twinning etc.  These defects are believed to be associated with the 

chemically synthesized nanocrystals as they grow spontaneously during chemical reaction.  

Broad and diffused pattern of XRD lines are indicative of the small size of the CdS 

nanoparticles and the ‘hkl’ values as compared with the standard JCPDS file (5-0566).   

XRD peaks  are found to be very broad indicating very fine size of the grains of the 

samples. The XRD patterns exhibits prominent, broad peaks at 2  values of 26.60, 44.30 

and 52.03  which could be indexed to scattering from(1 1 1),( 2 2 0) and ( 3 1 1) and planes 

respectively of cubic CdS [24,25]. 
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Fig.1: XRD patterns of CdS sample 1 and sample 2. 
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Fig.2: XRD patterns of CdS samples A, B and C  

 

The grain size of the nanocrystalline CdS was calculated from the Scherrer’s equation 

and is  given by 

D =  Cos9.0  

Where D is the crystallite size in nm,  is the wavelength of the X-rays (1.5406 Å),  is the 

full width at half maximum and  is the diffraction peak angle. . The results are given in the 

tables 1 and 2.  

 

Table 1: The size of  CdS nanoparticles  prepared at 200 
o
C by varying annealing time 

 

Name of the sample Temperature 

Annealing 

time (min.) 

Peak height 

(count) 

Particle size  

(nm) 

Sample 1 200 
o
C

 
12 121.32 14.06 

Sample 2 200 
o
C 20 328.47 18.33 
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 Table 2: The size of CdS nanoparticles prepared at different annealing temperatures  

                      and at annealing time of 2 hours 

 

The XRD patterns of samples annealed at different times for the temperatures of 200 

°C shows that with increasing the annealing time, the conversion of amorphous to crystalline 

phase started. It seems that the effect of temperature on crystal phase formation is more 

predominance than annealing time. As the annealing time increases, the diffraction peaks 

become sharper and narrower, and the intensity increases which indicates that the 

intensification in crystallinity. Moreover it is found that annealing time does not show any 

change in the particle size of the nanoparticles. 

  From table 2, it is found that the peak width increases with the decrease of annealing 

temperature, which is an indication of particle size decrease with the decrease of annealing 

temperature. Also peaks seem to be slightly shifted towards 26.68 which imply that the 

particle becomes more crystallized as the annealing temperature increases. The particle size is 

found to increase with increase in annealing temperature. In heating process when the 

particles are formed, they collide and either coalesce with one another to form a larger 

particle or coagulate. The process which occurs depends upon the temperature and available 

energy, that is why particle size increases with increasing of annealing temperature.  

 

3.2 Powder XRD of doped CdS nanoparticles 

Fig.3 shows the XRD pattern stack view of CdS doped with Zn
2+

. The effect of 

doping concentration of Zn
2+  

is studied for 1 mol%, 2 mol% and 3 mol% respectively. It 

shows that  with increase the doping concentration of Zn
2+

 ion, however, the intensity of the 

diffraction peaks decreased and full width at half maximum (FWHM) is gradually increased. 

The increase of doping concentration results the decrease of crystallinty and increase of 

disorder effect which resulted in the broadening and decrease of intensity of the XRD peaks. 

It is clearly seen that all the XRD patterns correspond to cubic structure of CdS. It is 

observed that there are no peaks for the doped metal (zinc) in the  XRD patterns of doped 

CdS samples. With the increment of doping percentage, the peak positions shift slightly to 

lower angles, which indicates the slight increment of lattice parameters and the 

corresponding XRD data are provided in the table 3.  

Name of the 

sample 

Temperature 

 

Annealing 

time(min.) 

Max. Peak 

(count) 

Particle size  

(nm) 

Sample A 100 
o
C 120 26.40 16.65 

Sample B 200 
o
C 120 26.66 21.05 

Sample C 300 
o
C 120 26.68 23.36 
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Fig. 3: XRD patterns of Zn doped CdS  nanoparticles 

Table 3:Values of particle size for the samples A1, A2 and A3 

 

 

 

 

 

 

 

 

 

 

 

 

3.3 Scanning Electron Microscopic (SEM) studies  

The morphologies of the as-prepared samples were investigated through Scanning 

Electron Microscopic (SEM) images. The SEM images were taken for the nanopowdered 

samples prepared by the present solvothermal method. Figure 4 shows the SEM images of 

CdS nanoparticles and one can visuvalize the hexoganal  and cubic phases of CdS 

Sample 

Maximum peak 

value  

(degrees) 

FWHM (2θ) 

Particle size 

(nm) 

Pure CdS 26.663 0.2676 16.65 

CdS + Zn2+  

( 1 mol%) 

26.57 0.5353 14.49 

CdS + Zn2+  

(2 mol%) 

26.359 0.6022 11.82 

CdS + Zn2+ 

( 3 mol%) 

26.29 0.6691 10.28 



International journal of advanced scientific and technical research       Issue 5 volume 1, January-February 2015          

Available online on   http://www.rspublication.com/ijst/index.html                                             ISSN 2249-9954 

R S. Publication, rspublicationhouse@gmail.com Page 204 
 

nanoparticles.  The rough and spongy surface morphology is evident which makes it difficult 

to estimate the correct crystallite size due to agglomeration of the particles. 

  

 

  Sample A1 (CdS : 1 mole % of Zn)                        Sample A (Pure) 

 

   

Sample A2 (CdS : 2 mole% of Zn)                Sample A3 (CdS :  3 mole% of Zn) 

Fig: 4. SEM images of pure and doped CdS nanoparticles 

 

3.4 Energy Dispersive X-ray Analysis (EDAX) of as-prepared samples 

  Fig.5 shows the energy dispersive X-ray (EDAX) spectra of the pure and zinc doped 

cadmium sulphide nanoparticles. The elements such as Cd, S and Zn  are  identified from the 

samples.  The EDAX spectra of the doped samples depict the doping of zinc in the CdS 

nanoparticles. The percentages of the chemical species found in the samples are given in 

Table 4. The average deviation of the estimated compositions from the target compositions is 

within ±2.5%. 
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       CdS (pure)                                           CdS:Zn  ( 1 mole% of Zn) 

 

     
CdS:Zn  (2 mole% of Zn)                                         CdS:Zn ( 3 mole% of Zn) 

                                   Fig: 5. EDAX images of pure and doped CdS nanoparticles 

 

Table 4: Elemental composition of the samples. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Sample 
Cd 

(%) 

S 

(%) 

Zn 

(%) 

Pure CdS 47.58 52.42 0 

CdS: Zn ( 1 

mole% of Zn)  
47.12 51.95 0.93 

CdS: Zn ( 2 

mole% of Zn) 
46.58 51.74 1.68 

CdS: Zn ( 3 

mole% of Zn) 
46.14 51.11 2.75 
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4.  Conclusion 

In this work, we have demonstrated that a versatile process of microwave 

solvothermal synthesis of nanocrystalline leads to fast, simpler and energy efficient 

technique. From the results we can conclude that the cubic as well as hexogonal phase of 

CdS nanoparticles can be fabricated through a solvothermal process with ethylene glycol as 

the solvent and thioacetamide as the sulphide source. Here we find that the annealing effect 

had increased the crystalline size of the CdS nanoparticles. Moreover, the particle size of the 

metal ion doped nanoparticles increases with the concentaration. The presence of the dopants 

is confirmed by the EDAX  studies. The percentages of the chemical species found by 

EDAX analysis. The hexagonal and cubic morphology are identified in the samples as seen 

by SEM images and the average particle size is found to be around 16 nm. 
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