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ABSTRACT

          Copper tin sulfi de thin fi lms were electrodeposited on the indium tin oxide 
glass substrate in a bath containing CuSO4, SnCl4, SnCl4 2, SnCl2, SnCl .2H2.2H2 2.2H2.2H O and Na2S2S2 2S2S O3.5H2.5H2.5H O at 
pH 1 and temperature 25°C. The cyclic voltammetry of the fi lm formation was 
studied in a potential range of 1000 mV to –1000 mV versus Ag/AgCl. Infl uence 
of different deposition potentials on the surface morphology and fi lms structure of 
Cu4SnS4SnS4 4SnS4SnS  fi lms was investigated by atomic force microscopy and X-ray diffraction, 4 fi lms was investigated by atomic force microscopy and X-ray diffraction, 4
respectively. The X-ray diffraction data showed the intensity of major peaks at 
2θ = 30.2° which belonged to (221) plane of Cu4SnS4SnS4 4SnS4SnS . The atomic force micros-4. The atomic force micros-4
copy images indicated that the electrodeposited fi lms were smooth, compact and 
uniform at deposition potentials of -600 mV versus Ag/AgCl. The bandgap energy 
and type of optical transition were determined from optical absorbance data. The 
fi lm was found to exhibit direct transition in the visible spectrum with a bandgap 
value of about 1.58 eV. 

Key words: Electrodeposition, Cyclic voltammetry, Thin fi lms, Semiconducting 
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INTRODUCTION

          In search of new semiconducting materials for effi cient solar energy conver-
sion through photoelectrochemical solar cells, metal chalcogenides are increasingly 
studied. The vast preparation and studies of metal chalcogenides thin fi lms can be 
classifi ed into two categories: binary compounds and ternary compounds. Examples 
of binary compounds are MnS (Gumus et al., 2005), ZnSe (Riveros et al., 2001), 
Cu2S (Anuar et al., 2002), SnSe (Zainal et al., 2003) and SnS (Subramanian et al., 
2001) while CuInSe2 (Pathan and Lokhande, 2005), CdSSe (Mane and Lokhande, 
1997) and CuInS2 (Berenguier and Lewerenz, 2005) are examples of ternary metal 
chalcogenides. For photovoltaic cells, ternary systems of the compound semicon-
ductors are particularly interesting. Among the ternary semiconducting materi-
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als, sulphur-containing compounds occupy an important place. There are many 
methods for preparing thin fi lms such as chemical bath deposition (Cortes et al., 
2004), electrodeposition (Mahalingam et al., 1999), thermal evaporation (Lee et al., 
1999), spray pyrolysis (Nascu et al., 1997), sputter deposition (Gupta et al., 2006) 
and plasma-enhanced chemical vapor deposition (Atif et al., 2006). Amongst these 
deposition methods, electrodeposition is more attractive, since it offers the advan-
tages of simplicity, economy and convenience and several experimental parameters 
can be controlled more precisely.

          In this paper, we studied the voltammetric behavior of the copper tin sulfi de 
on indium tin oxide glass substrate from aqueous solutions. The thin fi lms were 
prepared by electrodeposition at different deposition potentials. We investigated 
the infl uence of the deposition potential on the optical properties, morphological 
and structural characteristics of electrodeposited thin fi lms by using UV-Visible 
spectrophotometer, atomic force microscopy and X-ray diffraction, respectively. 

MATERIALS AND METHODS

          The deposition bath contained copper sulfate (CuSO4), tin chloride 
(SnCl2.2H2O) and sodium thiosulfate (Na2S2O3.5H2O). All the reagents used 
were of analytical grade. The pH of the solution was adjusted to 1 by using HCl. 
The pH was maintained low to prevent the formation of hydroxyl and insoluble 
compounds.  Films were deposited using a three-electrode cell. The Bioanalytical 
System BAS 100W electrochemical analyzer was employed for recording the cyclic 
voltammograms and controlling the deposition potentials. The electrodes were an 
indium-doped tin oxide (ITO) glass substrate as the working electrode, a platinum 
wire as the counter electrode and a silver-silver chloride as the reference electrode. 
The substrates were cleaned ultrasonically in water and ethanol before use.  Purifi ed 
nitrogen was fl owed into the deposition bath for a few minutes to create oxygen-
free environment. The experiment was carried out at room temperature.  In order 
to determine the optimum condition, the fi lms were deposited at various deposition 
potentials, ranging from –400 mV to –1000 mV versus Ag/AgCl. Upon deposition, 
the deposits were rinsed with distilled water and kept for further analysis. 

          X-ray diffraction (XRD) analysis was carried out, using a Philips PM 11730 
diffractometer for the 2θ ranging from 30° to 60° with CuKα (λ=1.5418 Å) ra-
diation. Topography was measured by using an atomic force microscopy (Quesant 
Instrument Corporation, Q-Scope 250) operating in contact mode, with a com-
mercial Si3N4 cantilever. Optical absorption study was carried out, using the Perkin 
Elmer UV/Vis Lambda 20 spectrophotometer. The fi lm-coated ITO glass was placed 
across the sample radiation pathway while the uncoated ITO glass was put across 
the reference path. The absorption data were manipulated for the determination of 
the band gap energy, Eg.
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RESULTS AND DISCUSSIONS

Cyclic voltammetry
          Cyclic voltammetry was used to monitor the electrochemical reactions in 
solutions of CuSO4, SnCl2.2H2O and Na2S2O3.5H2O, then in their combined solu-
tion of the same concentration and pH (Figure 1). The cyclic voltammogram was 
scanned in the potential range 1000 mV to –1000 mV versus Ag/AgCl at a sweep 
rate 10 mVs-1. All voltammetry curves were scanned fi rst in the cathodic direction 
and positive current indicated a cathodic current.

Figure 1: Cyclic voltammogram or (a) 0.01 M copper sulfate (b) 0.01M tin chloride 
(c) 0.01M sodium thiosulfate (d) mixture of (a), (b) and (c) solutions at 
room temperature, scan rate: 10 mV/s and pH 1.

         In the case of copper sulfate solution (Figure 1a), the current rise started at 
–50 mV, followed by large reduction wave at –500 mV. This response was associated 
with Cu (II) reduction on ITO substrate. The deposition reaction was reconfi rmed 
by the reverse scan. The two stripping peaks at positive potential limits, 200-600 
mV indicated the oxidation of the copper compound.  

          Figure 1b shows the voltammogram recorded for tin chloride on ITO glass 
substrate. The forward scan showed a reduction potential starting at about –500 
mV. This was due to the reduction process of tin onto the working electrode. The 

(a) (b)

(c) (d)



CMU. J. Nat. Sci. (2008) Vol. 7(2)320

reduction peak increased towards the more-negative region where hydrogen evolu-
tion also occurred. During the reverse scan, the oxidation wave of tin could be seen 
starting at about –450 mV. This peak reached a maximum value of about –200 mV. 
This oxidation peak clearly showed that the process was reversible whereby the 
deposited tin dissolved upon reversing the potential. 

          The forward scan of sodium thiosulfate solution (Figure 1c) shows the ca-
thodic current to start fl owing at about –500mV. The shoulder at –700 mV might be 
associated with the reduction of thiosulphate ions. This reduction wave could be due 
to the S2O3

2- ions released during the disproportion of Na2S2O3 at the pH of 1.0.  

          Figure 1d shows the cyclic voltammogram of the ITO working electrode in 
the mixture of copper sulfate, tin chloride and sodium thiosulfate. The wave around 
–475 mV corresponded to the formation of Cu4SnS4 layers and the cathodic current 
increased gradually up to –1000 mV, indicating the growth of layers. The anodic 
peak around 54 mV corresponded to the stripping of deposited layers in the reverse 
scan. Based on the above results, the voltammogram suggested that a deposition 
on the working electrode can be expected when the potentials above –500mV are 
applied. 

XRD analysis
          Figure 2 shows the XRD pattern for the fi lms deposited at various deposi-
tion potentials ranging from –400 mV to –1000 mV. Four main peaks at 2θ =30.3°, 
35.5°, 45.2° and 50.6°, corresponding to d-spacing values 2.95, 2.55, 2.00 and 
1.80 Å which attributed to the (221), (420), (512) and (711) planes, respectively 
were detected from all the samples. All these peaks are related to the compound of 
Cu4SnS4 of orthorhombic structure (a =13.5580 Å, b = 7.6810 Å, c = 6.4120Å, 
α = β = γ=90°) (Jaulmes et al., 1977). Since not many researches have been done for 
these compounds from other methods such as chemical bath deposition, evaporation 
deposition, comparison of data could not be concluded at the moment. However, 
these observed d spacing values and the standard values were in good agreement 
with the Joint Committee on Powder Diffraction Standards values (Reference 
code: 010710129) in Table 1 that showed the highest peak at 2.95Å, correspond-
ing to (221) plane. Raising the deposition potential further to –600mV and more 
negative of values, resulted in the disappearance of the plane (022) and some new 
peaks gradually could be observed. The new peaks corresponded to copper sulfi de 
(Reference code: 000653556) that started to appear at –700 mV, while peaks for 
sulfur (Reference code: 010740791) could be observed at above –900 mV.
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Figure 2:X-ray diffraction pattern of samples prepared at different deposition 
potentials Cu4SnS4 (  )     S12 ( ♦ )       CuS ( ◊ ).

AFM analysis
          In order to achieve a more direct insight into the surface structural features 
of the fi lms, atomic force microscopy (AFM) imaging had been performed. The 
surface images in an area of 10 μm X 10 μm of the thin fi lms deposited at various 
deposition potential values are shown in Figure 3. It can be observed that the surface 
of the fi lms was not very compact (Figure 3a). The fi lms were constituted by nano 
particles with an irregular size distribution. A lot of empty spaces could be seen 
between these particles. 

          AFM images of samples clearly show the conversion of nano particles into 
spherical grains that were quite uniform over the entire glass substrate (Figure 3c). 
However, it is seen from the intensity distribution that the fi lm consisted of smaller 
and larger nano particles in deposition potential above –700 mV (Figure 3d-g). 
This might be due to the difference of rate of nucleation and growth. At the right 
hand side of the image, intensity strip is shown which indicates the height of the 
surface grain along Z-axis. AFM picture shows the presence of high hills on top of 
a homogeneous granular background surface. The height of the hills was found to 
be decreased as the deposition potential increased.
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Figure 3:Atomic force microscopy images of Cu4SnS4 thin fi lms at different 
deposition potentials (versus Ag/AgC1)

                (a) –400 mV (b) –500 mV (c) –600 mV (d) –700 mV (e) –800 mV 
(f) –900 mV (g) –1000 mV.

Figure 4:Absorbance versus wavelength spectra for  Cu4SnS4  fi lms deposited
different deposition potentials (versus Ag/AgC1)
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(c) (d) (g)(g)
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Table 1. Comparison between observed d spacing values of Cu4SnS4 at different 
deposition potential with JCPDS data.

Deposition 2θ (º) d-spacing Compounds

Observed values (Å) JCPDS data (Å)

-400 mV 30.2
35.2
36.4
45.2
50.5

2.96
2.55
2.47
2.01
1.81

2.96
2.54
2.46
2.00
1.80

Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4

-500 mV 30.3
35.2
36.4
45.3
50.6

2.95
2.55
2.47
2.00
1.80

2.96
2.54
2.46
2.00
1.80

Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4

-600 mV 30.2
31.7
35.2
36.5
45.2
50.6

2.96
2.82
2.55
2.46
2.00
1.80

2.96
2.82
2.54
2.46
2.00
1.80

Cu4SnS4
CuS

Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4

-700 mV 30.3
31.7
35.1
45.2
50.6

2.95
2.82
2.56
2.00
1.80

2.96
2.82
2.54
2.00
1.80

CuS
Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4

-800 mV 30.2
35.2
45.3
50.6

2.96
2.55
2.00
1.80

2.96
2.54
2.00
1.80

Cu4SnS4
Cu4SnS4
Cu4SnS4
Cu4SnS4

-900 mV 30.2
35.3
41.4
45.2
50.6

2.96
2.55
2.18
2.01
1.80

2.96
2.54
2.17
2.00
1.80

Cu4SnS4
Cu4SnS4

S12
Cu4SnS4
Cu4SnS4

-1000 mV 30.3
35.3
41.6
45.4
50.6

2.95
2.54
2.17
2.00
1.80

2.96
2.54
2.17
2.00
1.80

Cu4SnS4
Cu4SnS4

S12
Cu4SnS4
Cu4SnS4
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Optical properties
          Deposition was carried out on an ITO glass substrate to study the optical 
behavior of the Cu4SnS4 fi lms. Figure 4 shows the optical absorbance data of the 
fi lms versus wavelength obtained from UV-Visible spectrophotometer. The absorp-
tion could be observed between 300 to 700 nm. The spectrum shows a gradually 
increasing absorbance throughout the visible region for all samples, which makes it 
possible for this material to be used in a photoelectrochemical cells. The absorbance 
of thin fi lms deposited at –600 mV produced higher absorbance value. However, it 
is seen from fi gure that as the deposition potential increased (above –700 mV), the 
absorbance value decreased. 

          The band gap energy and transition type was derived from mathematical treat-
ment of data obtained from optical absorbance versus wavelength with the following 
relationship for near-edge absorption (Zainal et al., 2004):

                                                                                                                              (1)

where v is the frequency, h is the Planck’s constant, k equals to constant while n car-k equals to constant while n car-k
ries the value of either 1 or 4. The value of n is 1 and 4 for the direct transition and 
indirect transition, respectively. The band gap, Eg, could be obtained from a straight 
line plot of (Ahvline plot of (Ahvline plot of ( )2/n as a function of hv. Extrapolation of the line to the base line, 
where the value of (Ahvwhere the value of (Ahvwhere the value of ( )2/n is zero, will give Eg. The straight-line plot in Figure 5a 
indicates that the energy band gap of Cu4SnS4 is direct transition and yields a band 
gap of 1.58eV. Further analysis on Figure 5b, as a comparison plot for indirect transi-
tion (n=4), showed negative band gap value that is inappropriate and unacceptable 
even though correlation coeffi cient (R2) for straight line fi t of 0.9993.
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Figure 5:Plot of (Ahv)2/n versus hv for deposited thin fi lms at-0.6 V (a) n=1 for 
direct transition(b)n=4 for indirect transition
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Table 2 lists the direct band gap for the Cu4SnS4 thin films deposited at 
different deposition potentials. The direct band gap energy of the thin fi lms initially 
increased (1.61 to 1.65 eV) with increasing the cathodic potential from –400mV to 
–500 mV. The fi lms had direct energy band gap of 1.58 eV, close to optimum value 
required for effi cient light absorption at –600 mV. However, further increasing in 
deposition potential (more negative than –700 mV) caused increasing in the band 
gap energy. Therefore, the deposition potential has some infl uence on the band gap 
of the fi lms. 

Table 2. The direct band gap energy for the Cu4SnS4 fi lms deposited at different 
deposition potentials

Deposition potential (versus Ag/AgC1) Direct transition (eV)

-400 mV 1.61

-500 mV 1.65

-600 mV 1.58

-700 mV 1.60

-800 mV 1.84

-900 mV 1.86

-1000 mV 1.97

CONCLUSION

          Cu4SnS4 thin fi lms cathodically electrodeposited on an indium tin oxide glass 
substrate were found to be of orthorhombic structure as indicated by their XRD 
patterns. Decreasing in deposition potential resulted in an increase in the size of the 
grains and caused in growth of spherical particles. The fi lm was found to exhibit 
direct transition in the visible spectrum with a bandgap value of about 1.58 eV at 
–600 mV. The fi lm deposited at –600 mV showed the best optimum condition for 
preparation of Cu4SnS4 fi lms because of higher absorption characteristics when 
compared to the fi lm prepared at other deposition potentials. This result correlates 
well with the information obtained from the XRD and AFM which shows good fi lm 
formation at this potential. 
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