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Abstract 

 

Cd0.8Zn0.2S semiconductor compounds doped with different amounts of 

magnesium(Mg) have been synthesized by controlled co-precipitation 

method from aqueous solution containing cadmium acetate, zinc acetate and 

thiourea at 0.02 mol% of Mgx(x=0~50ml).The elemental, structural, optical 

and vibrational properties of Cd0.8Zn0.2S:Mg samples have been studied by 

Energy Dispersive X-ray analysis (EDAX), Scanning Electron Microscopy 

(SEM), UV-vis spectrophotometer and Fourier Transform Infrared 

Spectroscopy (FTIR) techniques. From the EDAX studies, the elemental 

analysis of the compounds was done and found that the cadmium, zinc, 

sulphur and magnesium elements were present in the compound. The 
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microstructure and grain size were examined by SEM studies. The energy 

band gaps of these samples were estimated from the optical absorption 

studies. The optical measurements revealed that the samples possess direct 

band gap and the band gap increases with an increase in the Mg dopant 

concentration. In FTIR studies, it is observed that the characteristic 

vibrational frequencies of undoped and Mg doped Cd0.8Zn0.2S are similar and 

showed the vibrational modes pertaining to Cd-S and Zn-S. 

 

Keywords: Co-precipitation method, Doping, EDAX, FTIR spectroscopy, 

SEM and UV-vis spectrophotometer. 

 

 

1. INTRODUCTION 

II-VI Semiconductor materials are useful in fabricating photo voltaic devices and 

hetero junction solar cells due their band gaps and lattice parameters [1-4]. And also it 

forms ternary and quaternary alloys because of its high absorption coefficient. Mixed 

compound semiconductors like Cd1-xZnxS, Cd1-xZnxSe, CdSe1-XTeX, In1-xGaxSd1-yAsy 

have potential applications in the fabrication of Photoconductive, Photovoltaic and 

Solar cells in the field of electronic and optoelectronic devices [5-8]. The higher 

optical transmittance and wider band gap are essential in solar cell applications [9-

12]. The CdZnS compound potentially used as window material for fabrication of p-n 

junction without lattice mismatch in CdTe or CuInxCa1-x Se2 solar cell devices. Nano 

crystalline binary and ternary semiconductors of group II-VI have wide uses in 

photovoltaic and photo-luminescence [13].  

 

These compounds were greatly employed in the applications of light emitting diodes 

(LEDs), optoelectronic and photo electrochemical devices. The main advantages of 

these semiconductor nano-crystals are due to a small percentage of dopant to alter its 

electronic, magnetic, and optical properties [14-17]. The materials doped with 

different activator ions provide intrinsic defects which cause increase in 

photoconductive properties. The most of the researcher reported on optical properties 

of different metals doped with CdS, ZnS, ZnSe and CdSe nanostructures, but the 

studies on their combined doped alloys were observed limited. 

 

The incorporation of alkali earth metals like Mg into interstitial sites of Cd0.8Zn0.2S 

leads to the formation of Mg+2 shallow donor centers. The operation and construction 

of a semiconductor diodes, which is the most basic semiconductor device used in 

electronic circuits. Electronic devices are very smaller, faster, and more reliable 

during the past five decades in the developments of semiconductor technology. 

Semiconductors are very important in technologically and economically, these are 
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essential materials in all modern electronics devices, from computers to cellular 

phones to digital audio players[18-22].  

 

More attention to attract the binary semiconductor compounds because of its novel 

properties and promising applications and it is essential to tune the emission wave 

length in some applications of optoelectronic devices [23-24]. The ternary 

semiconductor of CdZnS thin films proved to be equally useful in solar cells 

fabrication and these thin films frequently shown improved structural, chemical and 

optical properties. Examine of ternary Cd1-xZnxS semiconductor compounds have 

attracted academicians and technologists due to their energy gap can be tuned and the 

lattice parameters can be changed suitably with the variation of x [25]. In solar cells, 

cadmium sulfide (CdS) with band gap energy of 2.3eV at room temperature is used as 

an n-type direct gap semiconductor compounds and it requires a large band gap in a 

highly efficient luminescent material zinc sulfide (ZnS) semiconductor. II–VI 

compound semiconducting Nano-crystals have attracted more attention, because of its 

unique optical properties that can be tuned not only by changing the particle size but it 

also variation with the alloys composition[26-28]. 

 

In the present research work, the effect of Mg content on EDAX, SEM, UV and FTIR 

studies of undoped and Mg doped Cd0.8Zn0.2S samples, prepared by co-precipitation 

method have been studied and the results are explained based on the effects 

incorporated with doped Mg. 

 

 

2. EXPERIMENTAL DETAILS: 

2.1 Preparation of Sample: 

Co-precipitation method was used to prepare semiconductor powders with different 

amounts of Magnesium doping of Cd0.8Zn0.2S compound. Cadmium acetate 

[(CH3COO)2Cd. 2H2O], Zinc acetate [C4H6O4Zn.2H2O], Magnesium Sulphate 

[MgSO4.7H2O] and thio-urea [NH2CSNH2] chemicals were used for the preparation. 

1mol solution of cadmium acetate, zinc acetate and thiourea were prepared 

proportionally to obtain CdZnS compound with the composition of Cd0.8Zn0.2S. 0.02 

mol% of Mgx doped in to the Cd0.8Zn0.2S compound with different amounts (x=0, 5, 

10, 15, 20, 25, and 50 ml). 

 

A complexing agent of 1mole solution of tri-ethanol-amine [C6H15NO3] was added to 

the prepared solution. This solution was made alkaline with 25% of liquid ammonia 

[NH3] to maintain pH of 10 and heated at 80°C with a constant stirring process for 1 

hr. The colour of the solution changes from white to dark yellow, which indicates the 

formation of precipitation. The bath was heated further for 3 hrs to complete the 

reaction. The precipitate was filtered through whattman filter paper No.40 and 
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repeatedly rinsed with de-ionized water. The final precipitate was dried at room 

temperature. The sample was placed into a high temperature tubular furnace (1000°C) 

with facility to pass inert gas through the tube. The precipitate was pre-sintered for 2 

hrs at 300°C in nitrogen atmosphere. After slow cooling (2° C/min), the heat treated 

precipitate was made to fine powder and pelletized to10mm diameter with 2mm 

thickness under the pressure of 10 ton/cm2. The pellets were sintered at 800°C for 6 

hrs in nitrogen gas maintained uniform pressure of 0.2 kg/cm2[29-33]. The pellets of 

Cd0.8Zn0.2S compound containing different amounts of 0.02 mol% of Mgx (x =0, 5, 

10, 15, 20, 25 & 50 ml) were prepared and these pellets were used for EDAX, SEM, 

UV and FTIR studies. 

 

2.2 Measurement models: 

The microstructure and elemental analysis of sintered samples was investigated using 

SEM (HITATCHI S-3700N) at 15 kV and 10 kV. Using UV-Spectrophotometer 

model SHIMADZU, UV-1800, the optical absorption spectra were recorded at room 

temperature in the wavelength region 200-400 nm. FTIR spectra (400-4000cm-1) of 

the samples were recorded using KBr pellets contains the sample powders in small 

amounts on a SHIMADZU-8400S spectrometer. 

 

 

3. RESULTS AND DISCUSSION 

3.1 EDAX Studies:  

The energy dispersive X-ray analysis (EDAX) spectras of undoped and Mg doped 

Cd0.8Zn0.2S semiconductor samples were shown in Figure.1. It is observed that 

cadmium, zinc, sulphur and magnesium are present in the compound as per the 

compositions taken. A line traces of Mg ion in EDAX, evidence that the Mg ion 

present in the lattice. The samples weight (weight %) ratios of Cd, Zn, S and Mg were 

showed in Table 1. The consideration of small region of the sample powder may be 

the weight percentages of Cd, Zn and S present in all the samples is not same. 

 

3.2 SEM studies: 

Scanning electron micrographs of undoped and Mg doped Cd0.8Zn0.2S semiconductor 

samples are shown in Figure.2. From SEM micrographs, it is observed that the 

samples have polycrystalline nature and hexagonal structure. The samples grain size 

varies from 121 to 229 nm. The observed grain size values from SEM micrographs 

are presented in Table 2. 
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Figure.1. EDAX spectras of undoped and Mgx(x=0~50ml) doped Cd0.8Zn0.2S 

compounds. 
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Figure.2. SEM micrographs of undoped and Mgx(x=0~50ml) doped Cd0.8Zn0.2S 

compounds. 

 
x=10ml 
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Table 1: Elemental analysis data from the EDAX study. 

 

Sample  

Cd0.8Zn0.2S:Mgx 

(x in ml) 

 

Element 

 

Weight (%) 

x=0 Cd L 

Zn L 

S K 

78.27                                                                

2.25                                                                                            

19.48 

x=5 Cd L 

Zn L 

S K 

Mg K 

81.48                                                                                           

3.97                                                                                            

14.55 

0.01 

x=10 Cd L 

Zn L 

S K 

Mg K 

76.76                                                                

2.94                                                                

20.16                                                                                          

0.14 

x=15 Cd L 

Zn L 

S K 

Mg K 

77.82                                                              

2.73                                                                                             

19.37                                                                                          

0.15 

x=20 Cd L 

Zn L 

S K 

Mg K 

76.80                                                                                          

3.84                                                                                            

19.22                                                                                         

0.17 

x=25 Cd L 

Zn L 

S K 

Mg K 

78.85 

1.62 

19.32 

0.21 

x=50 Cd L 

Zn L 

S K 

Mg K 

75.91 

3.92                                                                                                                                

19.92                                                                                         

0.25 

 
 

3.3 Optical absorption studies: 

Using the UV-vis spectrophotometer, the optical absorption spectra of the undoped 

and 0.02 mol% of Mg doped Cd0.8Zn0.2S samples have been recorded at room 

temperature. The sample powders were spread in glycerin with the help of magnetic 

stirrer for 20 minutes at room temperature to lead homogeneous colloidal solution for 

recording absorption spectra. With reference of glycerin solution, the optical 

absorption spectra’s were recorded.  
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Table 2: The observed grain size of SEM micrographs with the doping concentration. 

 

Doping Concentration 

(x in ml) 

Grain Size 

(nm) 

x=0 121 

x=5 138 

x=10 161 

x=15 183 

x=20 198 

x=25 216 

x=50 229 

 
The measurement of loss per unit length by absorption coefficient (α) and it has a unit 

of m-1. Absorption coefficient is determined using the following equation (1). 
 

α = 2.303( 
 𝐴

𝐿
 )                                                                      (1) 

 

From above equation, A is the normalized absorption and is given by A= log (I0/It), I0 

and It are the incident and transmitted intensities of the radiation and L is the path 

length throw the covettee. 

 

Table 3: Energy band gap (Eg) values of Cd0.8Zn0.2S doped with Mgx (x=0~50 ml). 

 

Samples Cd0.8Zn0.2S:Mgx 

(x=ml) 

Energy band gap 

(Eg) eV 

x=0 

x=5 

x=10 

x=15 

x=20 

x=25 

x=50 

2.60 

2.95 

3.32 

2.98 

3.54 

3.42 

3.83 

 
 
As a function of wavelength, the optical absorption spectra of undoped and Mgx(x=10 

ml) doped Cd0.8Zn0.2S compound was shown in Figure.3. It is observed that the 

absorption decreases with increasing wavelength in all the samples. In absorption 

spectra of each compound, it is observed that a sudden decrement at absorption edge. 

This shows the existence of an energy band gap in all compounds. From Figure.3, It 

was also observed that the absorption edge shifts towards the lower wavelength side 

of the doped Cd0.8Zn0.2S samples as compared to the undoped Cd0.8Zn0.2S compound. 

Using the Tauc relation, the energy band gaps of all compounds were calculated [34]. 
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Figure.3. UV–vis Optical absorption spectra of Mgx(x=10 ml) doped Cd0.8Zn0.2S 

compound. 

 
The absorption coefficient is given by the Equation(2) corresponding to Tauc relation.  

 

αhυ =C (ℎυ − Eg)
𝑛                                                                           (2) 

 

From the above equation, α is the absorption coefficient, ℎυ is the photon energy, Eg 

is the energy band gap, C is a constant and the exponent ‘n’ depends on transition 

type, ‘n’ values are 1/2, 2, 3/2 and 3 according to direct allowed, indirect allowed, 

direct forbidden, and indirect forbidden transitions. Choose n=1/2, as CdZnS 

compounds have direct allowed transitions. Figure.4 indicate the Tauc’s plot drawn 

between (αℎυ)1/n and ℎυ for Mgx(x=10ml) doped Cd0.8Zn0.2S samples taking n = 1/2 

and 2. The graph drawn for indirect transition (n=2) gives energy gap values for both 

undoped and Mg doped samples much below the least occurrence of indirect 

transition in Cd0.8Zn0.2S compounds may not be considered. 

 

Considering that, the Eg values deduced from linear portion of the graph drawn for 

n=1/2 gives the values all in the range 2.42–3.94 eV as stated earlier [35]. It is 

concluded that the Cd0.8Zn0.2S compounds have direct allowed transitions in the 

Figure.4. The value of the band gap energy of each Cd0.8Zn0.2S compound is 

calculated by extrapolating the linear portion of the curve to (α ℎυ)2 =0. The direct 

band gap energy of Cd0.8Zn0.2S compound has been estimated and found to be 2.60 

eV, which matches with Eg(2.62 eV) value attained by pawan kumar et al [36] and in 

similar way all the samples the direct energy gap calculated are shown in Table 3.  

 

The variation of band gap energy with Mg doping concentration in Cd0.8Zn0.2S 

compounds are shown in Figure.5. It is observed that from the Figure.5, the value of 

the band energy gap increases from 2.60 to 3.83 eV with the increase in Mg doping 

concentration. The possible mechanism for the increase of band gap induced by the 
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Mg doping could be due to the enhancement of internal pressure as a result of the 

smaller ionic size of Mg occupying the interstitial positions of the lattice. A similar 

observation was also shown by Sambasivam et al [37] in Zn1-xFexS compound thin 

films. A decrease in the energy band gap in Ni doped CdS and attributed the decrease 

of Eg to the exchange interaction were observed by Srinivasa Rao et al [38]. Thus, it 

may be understood in case of Cd0.8Zn0.2S compound doped with Mg that the 

additional impurity atom at the interstitial could develop internal pressure and cause 

perturbation potentials due to exchange interaction and finally resulting in a change of 

energy eigen values. 

 

 
 

Figure.4. Graph of (αhυ)1/n versus ℎυ of Mgx(x=10 ml)  doped Cd0.8Zn0.2S 

compounds. 

 

 
Figure.5. Graph of energy band gap versus Mgx (x=0~50 ml) content of Cd0.8Zn0.2S 

compounds. 
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3.4 FTIR Study: 

FTIR spectras of undoped and 0.02 mol% of Mg doped Cd0.8Zn0.2S semiconductor 

samples were recorded in the wavelength range 4000–400cm-1 are shown in Figure.6a. 

The characteristic vibrational frequencies of undoped and 0.02 mol% of Mg doped 

Cd0.8Zn0.2S are similar (Figure 6a).  

 
 

Figure.6a. FTIR spectras of undoped and Mgx (x=0~50 ml) doped Cd0.8Zn0.2S 

compounds. 

 

 

The FTIR spectra of Mgx(x=10ml) doped Cd0.8Zn0.2S semiconductor sample 

particularly in order to observe the FTIR bands prominently are shown in Figure.6b. 

Table 4 shows the wave numbers corresponding to various bonds (absorption bands) 

present in the compounds. The absorption strong bands 2924 and 1631 cm-1 are 

suiting to formation of microstructure of the sample and 1116 and 468 cm-1 observed 

corresponding to Zn–S vibration [39]. The absorption medium band 540cm-1 was 

arranged to the Cd–S stretching frequency [40-43]. Due to the C═O stretching modes 

occurring from the absorption of atmospheric CO2 on the surface of the samples, the 

medium bands at 1458 and 1745 cm-1 respectively [44]. The narrow absorption peaks 

centered at 1383, 2852 and 2955 cm-1 are ascribed to the C-H bonding due to the 

formation of coordinate bond between the nitrogen atom of the NH3 present in air and 

Cd2+ ions [45, 46].  

 

The vibration strong band peak at 2924 cm-1 is due to intermolecular hydrogen bonds 

as reported [47]. Due to the O-H stretching vibrations of water (H2O) molecules, the 

absorption band is at near 3421–3668 cm-1 [48]. There is no band corresponding to 

Mg-S was observed, it is obvious that Mg is existing at the interstitial position of 

CdZnS lattice without any bond with its neighboring sulfur atoms.  
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Hence we may expect that the Mg atom 

 

Mg→Mg2++2e-                                                                                     (3) 
 

It will contribute an electron for the conduction process. 

 
Figure.6b. FTIR spectra of Mgx(x=10 ml) doped Cd0.8Zn0.2S compound. 

 

 

Table 4. Positions and Vibrational Assignments of Cd0.8Zn0.2S:Mgx(x=0~50ml) 

compounds from FTIR spectra. 

 

Positions(cm-1) Intensities Assignments 

3421 Strong O–H Stretching 

1458 

1745 

2355 

Strong C=O Stretching 

1383 

2852 

2955 

Medium C–H Bending 

540 Medium Cd–S Stretching 

468 

1116 
Strong Zn–S Stretching 
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CONCLUSIONS 

 

1. Cd0.8Zn0.2S semiconductor compounds of undoped and 0.02 mol% of 

Mgx(x=0~50ml) doped are prepared by controlled co-precipitation method. 

2. It was observed that from EDAX analysis, the cadmium, zinc, sulphur and 

magnesium are present in the compound as per the compositions considered.  

3. From SEM micrographs, it was confirmed that the samples have polycrystalline 

nature and hexagonal structure with grain size varies from 121 to 229 nm.  

4. The UV-optical absorption spectra of the Cd0.8Zn0.2S compound doped with 

Mgx(x=0~50ml) samples showed that the absorption mechanism is direct band 

gap transitions and the optical energy gap increases with increasing in Mg 

dopant concentration from 2.60-3.83 eV. 

5. The characteristic vibrational frequencies of undoped and 0.02mol% of Mg 

doped Cd0.8Zn0.2S compounds are similar and it is showed the vibrational 

modes belonging to Cd-S and Zn-S. 
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