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ABSTRACT 

Synthesis of nanostructured Zn-Pb-Se alloy films has been carried out through 
electrochemical codeposition technique. The inclusion of lead affect significantly the 
characteristics of zinc selenide thin films synthesized and tested under similar 
experimental conditions. Photoaction spectral studies have been carried out for the 
measurement of the band gap of zinc selenide and Zn-Pb-Se alloy films. Capacitance 
measurements and current–voltage behaviour in dark and under illumination have 
also been used for their characterization. The results clearly indicate that Zn-Pb-Se 
alloy films exhibit improved quality terms of enhanced photoresponse and stability. 

KEYWORDS: Alloy films, electrochemical formation, photoresponse, photoaction 
spectral studies, capacitance, band gap. 

 

  

ISSN 2321-743X 
International Journal of Research in 

Engineering and Bioscience 
Volume 2 Issue 5 (Pages 29- 35)  

  

 

IJREB 

 



ELECTROCHEMICAL SYNTHESIS AND PEC BEHAVIOR OF NANOSTRUCTURED ZN-PB-SE ALLOY FILMS - Md. 
Rashid Tanveer, Deepak Mishra, Aradhana Kashyap and A. K. Tiwari  2014 Vol. 2 (5)  Page 30 

INTRODUCTION 
Development of alternative sources of 

energy is an important issue [1,2], which has 
attracted attention over the past decade. A 
major step towards the realization of this goal 
has been achieved by the 
photoelectrochemical and voltaic cells [3-5]. 
Photoelectrochemical process at the 
semiconductor - electrolyte interface has 
received much attention because of their 
possible applications in the conversions of 
solar energy into electrical energy and 
especially in the case of water splitting to 
generate environmental friendly fuels. Choice 
of materials plays an important role for the 
fabrication of any photoelectrochemical cell. 
Great interest has been devoted to the 
fabrication of nanostructured thin films [6] 
for semiconducting devices due to their 
exceptional properties, which are remarkably 
different from those of bulk materials. They 
are believed to be the result of surface and 
quantum confinement effects. They are thus 
suitable for short wavelength optoelectronic 
devices including blue UV light emitting and 
room temperature UV lasing diodes. In recent 
past, researches on wide band gap 
semiconductor materials such as selenide, 
sulphide and oxide films e.g., ZnSe, CdS, 
ZnS, ZnO, TiO2, SnO2, WO3 and Nb2O3 etc. 
[7-9] has received significant attention 
because of their minutely structured 
crystalline size with an enormous internal 
surface area.  
  Among various metal chalcogenides 
zinc selenide itself has large band gap and 
considered useful only for the formation of p-
n liquid junction solar cells [10-11]. The 
present investigation deals with the 
possibility of lowering down the band gap 
and the enhancement of photoelectroactivity 
of zinc selenide thin film by formation of Zn-
Pb-Se alloy. A prior consideration suggests 
that such alloy films are expected to have 
enhanced p-type semiconductivity in 

comparison to zinc selenide thin films [12]. 
Photoactivity data in conjunction with 
capacitance measurements and current 
voltage behavior in dark and under 
illumination indeed show that Zn-Pb-Se alloy 
films exhibits enhanced photoresponse. 

 EXPERIMENTAL 
 Synthesis of zinc selenide and Zn-Pb-
Se alloy films were carried out by 
electrochemical codeposition method using 
three electrode cell. A titanium plate was 
polished with diamond paste, cleaned with 
emery paper (2 micron and 3 micron size), 
and washed successively with acetone and 
deionised water. The plate was then kept in 
electroplating solution for about one hour for 
soaking. Electrodeposition was carried out by 
adjustment of the potential of the titanium 
plate, with respect to saturated calomel 
electrode, to a desired value. For the 
measurement of photoactivity, the deposited 
films were combined with a platinum counter 
electrode to form a cell and illumination was 
done with the help of 1000 watt tungsten 
lamp. Photopotential generated was measured 
using a digital multimeter. Capacitance 
measurements were carried out using 
Electronic LCR meter. For spectral studies 
monochromator was used. All the 
characterizations were done in the redox 
solutions consist of 1M ZnSO4, 0.1M KI and 
50 mM I2. 

 RESULTS AND DISCUSSION 
       ZnSe and Zn-Pb-Se alloy films were 
synthesized by electrochemical codeposition 
method under almost identical experimental 
conditions. These experimental conditions 
are summarized in Table 1. During 
electrochemical synthesis the initial current is 
much higher. But due to the resistance of 
deposited film the current falls rapidly and 
after some time almost constant value is 
obtained.  It is observed that in the synthesis 
of Zn-Pb-Se alloy films this constant or 
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steady current is much higher than in the case 
when the electroplating solution does not 
contain lead chloride. This clearly shows the 
formation of Zn-Pb-Se alloy films.  The 
deposited thin films were tested for their 
photoactivity in I3

- / I2 redox couple. The 
results are presented in Table 2. Both thin 
films become anodic upon illumination 
indicating their p-type semiconducting nature 
[13-14]. Zn-Pb-Se alloy films, however, 
exhibit much improved functional activity as 
expected [15]. Variation of the photoeffect 
with light intensity is shown in Fig. 1. In both 
cases of ZnSe and Zn-Pb-Se alloy films, EP 
are found to increase with increase in light 
intensity but at higher light intensity a 
condition of saturation is observed. However, 
the graph between log light intensity and EP 
exhibit straight line. This result is presented 
in Fig.2. The occurrence of the straight line 
shows the formation of a good Schottky 
barrier [16-18].  

For the determination of band gap 
photoaction spectral studies were out. A 
comparison of the photoaction spectral 
studies of ZnSe and Zn-Pb-Se alloy films is 
presented in Fig.3. For higher wavelength 
region of these curves λ vs Ep

2 plots were 
obtained (Fig.4). From the intercept of 
straight line on λ-axis the value of threshold 
frequency is determined. The threshold wave 
length values in the case of zinc selenide and 
the Zn-Pb-Se alloy films are 542 nm and 583 
nm respectively corresponding to band gap 
equal to 2.17 eV for zinc selenide and it is 
2.04 eV for Zn-Pb-Se alloy films. Thus 
incorporation of lead results in lowering of 
the band gap of the material. This indicates 
possibility of enhancement of the capture and 
conversion of light energy into photo effect. 

 For the determination of flat band 
potential and donar density capacitance 
measurements were carried out. The results 
are presented in the form of Mott-Schottky 

plots in Fig.5. These results support the 
inference derived on the basis of 
photoactivity measurements that Zn-Pb-Se 
alloy films, prepared by electrochemical 
codeposition, exhibits p-type 
semiconductivity. This is also consistent with 
the current voltage behavior of these thin 
films examined in dark and under 
illumination (Fig.6). The donar density and 
the flat band potential values derived from 
the slopes of the Mott-Schottky plots are 
compared in Table.3. While flat band 
potential values are comparable in the two 
cases, the donor density is substantially 
higher in the case of Zn-Pb-Se alloy films, 
again indicating the possibility of enhanced 
photoresponce. 

CONCLUSION 
 The results presented above show the 
possibility of the formation of Zn-Pb-Se alloy 
films. Such alloy exhibit improved quality in 
terms of photoresponce. Further the 
elctrochemically deposited zinc selenide and 
Zn-Pb-Se alloy films are found to endowed 
with p-type semiconductivity. 
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Table 1. Experimental conditions for synthesis of three samples of zinc selenide and Zn-
Pb-Se alloy films each. 

Electroplating 

Solution 

Applied Potential 

(V) 

Final deposition 

current (mA) 

Deposition time 

(hours) 

0.02 M ZnSO4 and 

0.01M SeO2 

-0.70 

-0.70 

-0.70 

0.18 

0.13 

0.17 

3 

3 

3 

0.02M ZnSO4, 

0.01M SeO2 and 

10-3M PbCl2 

-0.70 

-0.70 

-0.70 

0.89 

1.03 

0.99 

3 

3 

3 

 
 

 



ELECTROCHEMICAL SYNTHESIS AND PEC BEHAVIOR OF NANOSTRUCTURED ZN-PB-SE ALLOY FILMS - Md. 
Rashid Tanveer, Deepak Mishra, Aradhana Kashyap and A. K. Tiwari  2014 Vol. 2 (5)  Page 33 

 

Table 2. Photoactivity exhibited by zinc selenide and Zn-Pb-Se alloy films. 

            Thin Films ED (mV) EL (mV) EP (mV) 

ZnSe films -97 

-117 

-116 

42 

34 

29 

139 

151 

145 

Zn-Pb-Se alloy films -163 

-173 

-114 

145 

123 

118 

308 

296 

232 

Here ED is the dark potential; EL , the potential on illumination and EP, the photopotential. 

 

Table 3.  Flat band potential and donar density values of zinc selenide and Zn-Pb-Se alloy 
films. 

 Thin Films Efb vs SCE (V) ND (cm13) 

Zinc selenide films 

Zn-Pb-Se alloy films 

0.64 

0.78 

 

2.71 x 1017 

9.28 x 1017 

 

 

Fig.1. Dependence of photopotential on light intensity for zinc selenide and                             
Zn-Pb-Se alloy films. 
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Fig. 2. Variation of photopotential EP with log light intensity for zinc selenide and Zn-Pb-Se 
alloy films. 

 

 

Fig.3. Photoaction spectrum of zinc selenide and Zn-Pb-Se alloy films 

 

 
Fig. 4.   λ vs EP 

2  plots for determination of threshold wavelength. 
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Fig. 5. Mott-Schottky plots for the determination of flat band potential and charge carrier     
density. 

 

 

Fig.6. Current voltage behavior for ZnSe and Zn-Pb-Se alloy films.  


