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ABSTRACT: Synthesis of lead containing zinc selenide semiconducting films has been carried out through electrochemical codeposition 

technique and compared with the photoelectrochemical characteristics of zinc selenide synthesized and tested under similar experimental 

conditions. The inclusion of lead affects significantly the characteristics of zinc selenide. Photoaction spectral studies have been carried out 

for the measurement of the band gap of zinc selenide and lead containing zinc selenide films. Capacitance measurements and current–

voltage behavior in dark and under illumination have also been used for their characterization. The lead containing zinc selenide films 

exhibit relatively improved quality in terms of enhanced photoresponse but inclusion of higher concentration of lead cause decrease in the 

stability of deposited films. However addition of cetyl pyridinium chloride in small concentration stabilizes these deposited films and 

decreases their corrosion rate. 
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Introduction 

Development of alternative sources of energy [1-3] is an important issue which has attracted attention over the past decade. A major 

step towards the realization of this goal has been achieved by the photoelectrochemical [4,5] and voltaic cells [6-8]. Photoelectrochemical 

process at the semiconductor - electrolyte interface then became much important with a view 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. Such material may be polycrystalline, single crystal etc.  Many workers 

are using nanostructured thin films [9] 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. [10-12] has 

received significant attention because of their minutely structured crystalline size with an enormous internal surface area. Further metal 

chalcogenides, especially zinc, cadmium and lead, have a lot of potential as efficient absorbers of electromagnetic radiation [13-15]. In recent 

years, there has been considerable interest in lead chalcogenides and their alloys due to their demanding applications as detectors of infrared 

radiation, photoresistors, lasers, solar cells, optoelectronic devices, thermoelectric devices, and more recently, as infrared emitters and solar 

control coatings [16-18]. A lot of work has also been focused on the fundamental issues of these materials possessing interesting physical 

properties including high refractive index [19-20]. There have been many theoretical and experimental studies on lead chalcogenides such as 

PbS, PbSe and PbTe [21-22]. These chalcogenides are narrow and direct band gap semiconductors (IV-VI groups). They crystallized at ambient 

condition in the cubic NaCl structure. They possess ten valence electrons instead of eight for common zinc blend and wurtzite III-V and II-VI 

compounds. They also exhibit some unusual physical properties, such as anomalous order of band gaps, high carrier mobility and high dielectric 

constants. All these unique properties of these semiconductors have inculcated great interest in the fundamental studies of these materials. Thin 

film semiconductor compounds, especially lead chalcogenides and their alloys have drawn a lot of attention due to their technological 

importance and future prospects in various electronic and optoelectronic devices [23-26]. 

  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 [27-28]. The present investigation deals with the possibility of lowering down the band gap and the enhancement of 

photoelectroactivity of zinc selenide thin film by inclusion of lead. A prior consideration suggests that such films are expected to have enhanced 

p-type semiconductivity in comparison to zinc selenide films [29]. Photoactivity data in conjunction with capacitance measurements and current 

voltage behavior in dark and under illumination indeed show that lead containig zinc selenide semiconduting films exhibits enhanced 

photoresponse.    

 

Experimental 

 Synthesis of zinc selenide and lead containig zinc selenide films were carried out by electrochemical codeposition method using three 

electrode cell. A titanium plate was polished with diamond lapping compound of specification S-1 and S-2  and Hifin fluid ‘OS’ (Madras 

Metallurgical Services Pvt Ltd.). It is then cleaned successively with emery polishing paper of grade 1/0, 2/0, 3/0 and 4/0 (Kohinoor Products, 

India). Finally it was 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 titanium counter electrode to form 

a cell and illumination was done with the help of 1000 watt tungsten lamp. Photopotential thus generated, was measured using a digital 

multimeter. Capacitance measurements were carried out using LCR meter (Systronics, Model 925). All the characterizations were carried out in 

testing solution consisting of 1M ZnSO4, 0.1 M KI and 50 mMI2. For spectral studies monochromator was used. All the characterizations were 

done in the redox solutions consist of 1M ZnSO4 solution containing 0.1M KI and 50 mM I2. 
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 Results and Discussion 

In the synthesis of zinc selenide the electroplating solution used consist of ZnSO4 and SeO2. In the synthesis of lead containing zinc 

selenide, addition of salt of lead in the electroplating solution gives precipitate of PbSO4. To overcome this problem we have replaced ZnSO4 by 

ZnCl2 in the synthesis of lead containing zinc selenide. Further for the deposition of zinc selenide the suitable composition electroplating solution 

is 0.05 M ZnCl2 and 0.01M SeO2. But on addition of PbCl2 in higher concentration causes increase in the deposition current and hence the 

deposited films were incoherent with low photoresponse. Thus we reduced the concentration of ZnCl2 in the electroplating solution. Then various 

zinc selenide and lead containing zinc selenide films were synthesized by electrochemical codeposition method u s i n g  electroplating 

solution c o n t a i n i n g  0.02 M ZnCl2 and 0.01M SeO2. For lead containing zinc selenide we added 10-3 M PbCl2 in the electroplating solution 

a n d  p r e p a r e d  v a r i o u s  f i l m s under almost identical experimental conditions. The experimental conditions of electrosynthesis are 

summarized in Table 1. During electrochemical synthesis, the initial current was 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 however observed that in the 

synthesis of lead containing zinc selenide films, the steady current is much higher than that observed in the case when the electroplating 

solution does not contain lead chloride. This clearly shows the deposited material consist of lead containing zinc selenide. The deposited 

films were tested for their photoactivity in I3
-/I2 redox couple. The results are presented in Table 2. Both t y p e s  o f  films i.e., 

zinc selenide and lead containing zinc selenide films become anodic upon illumination indicating their p-type semiconducting nature 

[30-31]. Lead containing zinc selenide, found to exhibit much improved functional activity as expected [32]. Variation of the photoeffect 

with light intensity is shown in Fig. 1. In both cases of zinc selenide and lead containing zinc selenide 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 [33-34].  

For the determination of band gap photoaction spectral studies were carried out. A comparison of the photoaction 

spectral studies of zinc selenide and lead containing zinc selenide films is presented in Fig.3. For higher wavelength region of these 

curves, λ vs Ep
2 plots were obtained which is presented in Fig.4. From the intercept of straight line on λ-axis the value of threshold 

frequency is determined. The threshold wavelength values in the case of zinc selenide and the lead containing zinc selenide films are 542 nm 

and 583 nm respectively corresponding to band gap equal to 2.17eV for zinc selenide and it is 2.04 eV for lead containing zinc selenide 

films. Thus, incorporation of lead i n  zinc selenide i s  e v i d e n t  w h i c h  results in lowering of the band gap of the material. This 

c a u s e s  enhancement of the capture and conversion of light energy into photoeffect.  

            For the determination of flat band potential and donor 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 lead containing zinc selenide film, prepared by electrochemical codeposition, exhibits p- type 

semiconductivity. The donor 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 lead containing zinc selenide, again indicating the possibility of enhanced photoresponse. The nature of 

semiconductivity of zinc selenide and lead containing zinc selenide films were further confirmed by examination of their current voltage 

behavior in dark and under illumination. The result is presented in Fig.6. This study again shows p- type semiconductivity of 

deposited films.   

The electrodeposited zinc selenide and lead containing zinc selenide films were quite stable against corrosion. But when the 

concentration of PbCl2 in the electroplating solution was kept higher, the photoresponse of deposited films were found to be sufficiently high. 

But it leads to instability in the deposited films. Thus, it is necessary to control their corrosion rates.  The lowering of corrosion rate may be 

achieved by many ways. Incorporation of non-metals like boron, phosphorous etc., is often used to improve corrosion resistance. Many workers 

have used primary amine, mercaptan, amide like urea thiourea etc. But these compounds cause increase in the particle size of the depositing 

material and thus lower the photoresponse. In the present investigation we have used a surface active agent, cetyl pyridinium chloride for this 

purpose. A surface active agent causes reduction in the potential of discharging metal ions and hence expected to reduce corrosion rate. We 

have introduced cetyl pyridinium chloride in the electroplating solution in different concentrations and synthesized lead containing zinc selenide 

films by maintaining other conditions of deposition identical. The deposited films were then tested for corrosion behavior by polarization 

method. The result presented in the Fig.7 in the form of anodic polarization curves. Further, RP, polarization resistance may be given as [35]. 

RP  =   
ΔE

Δi
 

Thus  the reciprocal of slope of the straight lines of anodic polarization curves gives the values of RP  

                                                                                   RP  =   
1

Slope
 

The polarization resistance is related to corrosion current density icorr by the relationship [36]   

icorr  =    
RT

F Rp
 

From the values of corrosion current density, corrosion rate Rcorr is then determined by the relationship 

Rcorr  =  icorr × 
E

F
 

Here E is the equivalent weight of the depositing film. The values of corrosion parameters calculated using above relationships are presented in 

Table 4. The values of Ecorr, included in the first column of the table is the value of equilibrium potential, i.e., the potential with respect to the 

saturated calomel electrode when i = 0. The result shows a sharp drop in the corrosion rate is observed with increasing concentration of cetyl 

pyridinium chloride. This decrease in the corrosion rate may be attributed to the adsorption of surfactant molecules on the electroactive sites of 

the electrode surface. 

Conclusion:  

The above studies illustrate the possibility of inclusion of lead in the zinc selenide lattice. This inclusion causes the lowering of band gap and 

improves the quality of the deposited films in terms of their photoresponse. But its higher concentration cause decrease in its stability of 
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deposited films. However, addition of cetyl pyridinium chloride in electroplating solution in small concentration stabilizes these deposited films 

and decreases their corrosion rate. 
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Table 1. Experimental conditions for synthesis of three samples each of zinc selenide and lead containing zinc selenide films. 

Deposition  potential: -0.70 V 

Deposition period: Three hours 

Electroplating solution Initial current (mA) Final current (mA) 

0.02 M ZnSO4 and 

0.01M SeO2 

0.761 

0.594 

0.783 

0.18 

0.13 

0.17 

0.02 M ZnCl2, 

0.01 M SeO2 and 

10-3 M PbCl2 

1.132 

1.147 

1.164 

0.89 

1.03 

0.99 
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Table 2. Photoactivity exhibited by zinc selenide and lead containing zinc selenide films. 

Photoactive  films ED (mV) EL (mV) EP (mV) 

zinc selenide films -97 

-117 

-116 

42 

34 

29 

139 

151 

145 

lead containing zinc selenide 

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 donor density values of zinc selenide and lead containing zinc selenide films. 

Photoactive films Efb vs SCE (V) ND (1016 cm-3) 

zinc selenide films 0.66 

0.24 

0.39 

2.91 

3.63   

3.18 

lead containing zinc selenide 

films 

0.76 

0.81 

0.73 

9.35 

9.12 

6.74 

 

Table 4. Variation in the corrosion parameters of lead containing zinc selenide films on addition of cetyl pyridinium chloride in the 

electroplating solution. 

[CPC] 

(10-3M) 
Ecorr (i = 0) 

(mV) 

RP 

(kΩ) 

icorr 

10-6 (A) 

Rcorr 

10-10gs-1 

0.00 -317 3.22 7.95 5.93 

0.20 -295 4.76 5.38 4.02 

0.40 -279 6.25 4.10 3.06 

0.60 -261 8.33 3.07 2.29 

0.80 -234 1.25 2.05 1.53 

 

 
                                                                                                  Light intensity (Lux) 

Fig.1. Dependence of photopotential on light intensity (a) for zinc selenide and (b) for lead containing zinc selenide films. 
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log(light intensity) (lux) 

Fig. 2. Variation of photopotential EP with log(light intensity) (a) for zinc selenide and (b) for lead containing zinc selenide films. 

 

 
λ (nm) 

Fig. 3. Photoaction spectrum of (a) for zinc selenide and (b) for lead containing zinc selenide films. 
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λ (nm) 

Fig. 4.   λ vs EP 
2  plots for determination of threshold wavelength (a) for zinc selenide and (b) for lead containing zinc selenide films. 

  

 
E(V) vs SCE 

Fig. 5. Mott-Schottky plots (a) for zinc selenide and (b) for lead containing zinc selenide films. 

 

. 

 

 

 

 

 

 

 

0

2

4

6

8

10

460 480 500 520 540 560 580 600 620

0

5

10

15

20

25

0 0.2 0.4 0.6 0.8

E
P

 2
 x

 1
0

3
 (

m
V

)2
 

(b) 

 

(a) 

 

(a) 

 

(b) 

 

1
/C

2
 1

0
1
3
 [

F
cm

-2
] 

http://www.jetir.org/


January 2018, Volume 5, Issue 1                                                                                                JETIR (ISSN-2349-5162)  

JETIR1801018 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org 105 

 

 

                                                              

  Fig.6.  Current voltage behavior (a) for zinc selenide and (b) for lead containing zinc selenide films. 

 
                           

 

 

 

Fig. 7. Polarization curves of lead containing zinc selenide films on addition of cetyl pyridinium chloride in the electroplating solution (1) 0.00 

mM, (2) 0.20 mM, 

(3) 0.40 mM, (4) 0.60 mM and (5) 0.80 mM 
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