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ABSTRACT
Ni3Pb2S2 thin films were prepared by chemical bath deposition method. Here, the objective
of this research is to investigate the influence of complexing agent on the properties of films.These
films were characterized using atomic force microscopy, UV-Visible spectrophotometery and X-ray
diffraction. It was found that the increase in the concentration of tartaric acid, film thickness increased,
but, the band gap reduced. For the films prepared using 0.1M of tartaric acid, were found uniform
and completely covered with the substrates.
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INTRODUCTION
Chemical bath deposition is one of the
well-known deposition methods to produce thin films
on a variety of substrates such as indium tin oxide,
fluorine-doped tin oxide and microscope glass slides.
Uses of films obtained by chemical bath deposition
in applications such as solar cells, laser devices,
diode devices, electronic and opto-electronic devices
fabrications. In recent years, ternary chalcogenide
thin films have become the subject of considerable
interest due to the possibility of using these
films in photovoltaic cells. These films have been
prepared using different deposition methods such

as chemical bath deposition1-4, electro deposition5,
photoelectrochemical deposition6, successive ionic
layer adsorption and reaction7 and spray pyrolysis
technique8.
In this experiment, we report the deposition
of ternary chalcogenide thin films using chemical
bath deposition method at various concentrations of
complexing agent for the first time. In this paper, we
present the results of UV-Visible spectrophotometer
and atomic force microscopy characterization of the
absorption properties and surface morphology of the
Ni3Pb2S2 thin films, respectively.
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MATERIALS AND METHODS
Reagents used for the deposition of
Ni 3Pb 2S 2 thin films include sodium thiosulfate,
tartaric acid, nickel (II) sulfate and lead (II) nitrate.
The microscope glass slide was used as substrate
during the deposition process. The microscope glass
slide was degreased with ethanol, then dipped into
deionized water (a resistivity of 18.2 MWcm), and
finally air dried. Before the deposition of thin films, 20
mL of 0.1M of nickel (II) sulfate and lead (II) nitrate
were taken into separate beakers. Following that,
20 mL of various concentrations (0.1M, 0.125M and
0.15M) of tartaric acid solutions was added into each
beaker. Finally, microscope glass slide was dipped
vertically into a liquid contained in beaker. The beaker
was maintained in the bath temperature of 70 °C and
pH of 1.5. After 60 minutes, the obtained films were
rinsed with distilled water and finally dried at 70 °C
for 8 hours.
The surface morphology was examined
by recording atomic force microscopy images
with a Q-Scope 250 in contact mode with a
commercial Si3N4 cantilever. The structural analysis
of the obtained films was recorded on the X-ray
diffractometer (Philips PW) with Cu-Ka radiation of

1.5418A wavelength. Optical absorption study was
carried out using the Perkin-Elmer UV/Vis Lambda
20 spectrophotometer. The film-coated glass slide
was placed across the sample radiation pathway
while the uncoated glass slide was put across the
reference path.
RESULTS AND DISCUSSION
Nowadays, it is quite common that
complexing agent is used to improve the quality of
films. As can be seen from literature review, complexing
agents such as hydrazine 9, tri-sodium citrate 10,
ammonia11, triethanolamine12, polyethyleneimine13,
sodium borohydride14, tartaric acid15, oxalic acid15,
acetic acid15, disodium ethylenediaminetetraacetic
acid16 and ammonium hydroxide17 were popular
choices in the deposition of films. In this experiment,
influence of complexing agent (tartaric acid) on the
chemical bath deposited films has been investigated.
Figure 1 demonstrated that Ni3Pb 2S 2 thin films
were prepared under various concentrations of
complexing agent ranging from 0.1 M to 0.15M.
Three dimensional atomic force microscopy images
of films were recorded over scan area of 10 µm X
10 µm.

Table 1: Comparison of observed d values with standard d values for
thin films deposited under various concentrations of tartaric acid
Concentration of tartaric acid
     0.1 M

     0.125 M
     0.15 M

Standard d values (Å)

Observed d values (Å)

(hkl) plane

3.97
1.97
1.31
3.97
1.97
3.97
1.97

3.88
1.98
1.31
3.88
1.98
3.88
1.98

012
024
1010
012
024
012
024

The films prepared using 0.1M of tartaric
acid exhibit a uniform distribution of grain sizes with
average size in the range of 0.2-0.3µm.Meanwhile,
it is seen that the grain size is likely to be irregular
in shape as the concentration of tartaric acid is
increased. The films grown using 0.125M and 0.15M
of tartaric acid consist of average size of about 0.50.7µm, and 1-1.5µm, respectively. On the other hand,
the film thickness increases with the increase of the

concentration of complexing agent with values of
131.9, 539.7 and 633.4 nm using 0.1M, 0.125M and
0.15M, respectively.
The X-ray diffraction data of obtained films
which deposited under various concentrations of
tartaric acid are displayed in Table 1. According to
Table 1, the observed d values are found to be in
good match with the standard d values (JCPDS
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data: 00-006-0459). It means that the formation
of Ni3Pb2S2 thin films under current experimental
conditions. On the other hand, for the films deposited
using 0.1M of tartaric acid, there are three peaks
can be detected as Ni3Pb2S2 which attributed to
the (012), (024) and (1010) planes. However, the
number of Ni3Pb2S2 peaks is reduced to two, as the
concentration of tartaric acid is increased to 0.125
M and 0.15 M, respectively.
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The values of optical absorption were
obtained from UV-Visible spectrophotometer in the
range from 300 to 900 nm. All the films absorb light in
the visible, near Infrared and UV ranges as indicated
in Figure 2. By comparison, absorption spectra of the
films prepared using 0.1M indicate higher absorption
properties if compared with 0.125M and 0.15M of
tartaric acid. This is because of dense Ni3Pb2S2
films were prepared using 0.1M tartaric acid as

Fig. 1: Atomic force microscopy images of Ni3Pb2S2 thin films deposited at different
concentrations of tartaric acid. (a) 0.1M (b) 0.125M (c) 0.15M

Fig. 2: Optical absorbance versus wavelength of the Ni3Pb2S2 thin films deposited at different
concentrations of tartaric acid. (a) 0.1M (b) 0.125 M (c) 0.15M

Fig. 3: Plots of (Ahv)2versus hvfor Ni3Pb2S2 thin films deposited
at different concentrations of tartaric acid. (a) 0.1 M (b) 0.125 M (c) 0.15 M
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complexing agent. These films completely cover the
substrates as shown in Figure 1a.

the direct transition band gap makes Ni3Pb2S2 films
as potential materials for solar cell applications.

The band gap can be calculated using the
absorption data as shown in Equation 1:
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The relevant symbols can be defined as v is
frequency, h is Planck’s constant and k is a constant
value. Here, direct transition can be represented as
n=1 while indirect transition can be indicated as n=4.
The band gap is determined by extrapolations of the
straight line portion of the plots of (Ahv)2 versus hv.
The band gap for the films deposited using 0.1M
tartaric acid is 1.9 eV. However, higher concentration
of complexing agent results in decrease of band gap
as shown in Figure 3. The band gap value for the
films prepared using 0.125M and 0.15M is 1.8 and
1.6 eV, respectively. Analysis of data has shown that
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CONCLUSION
Ni 3Pb 2S 2 films have been successfully
prepared in the presence of tartaric acid as
complexing agent. The results presented and
discussed in this research showed that the
complexing agent significantly influenced properties
of films. Atomic force microscopy, X-ray diffraction
and UV-Visible spectrophotometer results confirmed
that the best concentration of complexing agent (0.1
M) which was important for the quality of films.
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