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ABSTRACT
Ni3Pb2S2 thin films have been prepared under various deposition times. The films were characterized using UVVisible spectrophotometer. The obtained results indicated that the strong absorption in the visible regions. On the
other hand, it is seen that the band gap was increased from 1.1 to 1.4 eV as the deposition time was reduced from 55
to 25 minutes.
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INTRODUCTION
In recent years, interest in the optical properties of thin films has considerably increased by the worldwide
researchers [1-5]. As a result, an abundant of literature has appeared on the optical properties of thin films by using
UV-Visible spectrophotometer. Then, the obtained absorption spectra could be used to determine the band gap of
films. The measurement of the band gap is an important in the nanomaterial, semiconductor and solar industries. For
example, the best photovoltaic materials consisted of binary, ternary and quaternary thin films that have band gap
values ranging from 1-1.6 eV (see Table 1) according to literature survey.
In this work, I report on the chemical bath deposition of Ni3Pb2S2 thin films from acidic solutions. At the same time,
I also reported the effect of deposition time on the optical properties of the films. The chemical bath deposition
method has chosen due to many advantages such as simple, economical and low temperature deposition as pointed
out by many researches [19-24].
EXPERIMENTAL SECTION
In this study, Ni3Pb2S2 thin films were prepared from the aqueous solutions. The chemicals such as nickel (II) sulfate,
lead (II) nitrate, sodium thiosulfate and tartaric acid were used as received. In all experiments, the tartaric acid was
used to complex the lead and nickel ions. Solutions were prepared using water purified by Millipore Alpha-Q water
purification system. The substrate used for the deposition of thin films was microscope glass slides. The substrate
cleaning process was discussed elsewhere[25].For the preparation of Ni3Pb2S2 films, 20 mL of 0.1M sodium
thiosulfate was placed into separate beakers which contained 20 mL of 0.1 M of nickel (II) sulfate and 20 mL of 0.1
M lead (II) nitrate, respectively. Then, 20 mL of 0.1M tartaric acid was added into the components of a mixture
under continuous stirring. Thin films were deposited on the glass slides at 65 °C, pH 1.5 and various deposition
times ranging from 25 to 55 minutes. It was placed vertically to the bottom of the beaker during the deposition
process. After complete deposition, the substrate with the films was taken out, and dried in air. Optical absorption
study was carried out using the Perkin Elmer UV/Vis Lambda 20 Spectrophotometer.
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RESULTS AND DISCUSSION
There has been growing interest in the investigation of the optical properties of thin films by means of UV-Visible
spectrophotometer. These compounds have opened a new area in the field of electronic and optoelectronic
applications. In this study, measurement of band gap could be carried out using absorption spectra. During the
experiment, the film-coated glass substrate was placed across the sample radiation pathway while the uncoated glass
substrate was put across the reference path. Then, the absorption data were used for the determination of the band
gap energy as indicated in Equation 1.
[ k (hv − E g )

n/2

A=

]

(1)

hv

Where v is the frequency, h is the Planck’s constant, k equals a constant while n carries the value of either 1 or 4.
The value of n is 1 and 4 for the direct transition and indirect transition, respectively. It is clear from absorption
spectra that the strong response at longer wavelengths for all the samples reflects these materials are suitable in the
solar cell applications. The films prepared in 55 and 25 minutes, show the highest and the lowest responses behavior,
respectively as shown in Figure 1. In other words, it can be seen that the absorption characteristic of the films
increases with the increase the deposition time. It is mainly could be attributed to the sufficient materials deposited
onto the substrate at longer deposition time.
Figure 2a-2d show the variation of (Ahv)2 with photon energy. The band gaps of the films were deduced from the
curves and are listed in Table 2. It is very clear that when the deposition time was increased from 25 to 55 minutes,
the band gap value was decreased from 1.4 to 1.1 eV. It means that the properties of thin films mainly depend on the
various deposition conditions such as deposition time.
Table 1: Band gap energy of various thin films
Thin films
SnSe2[6]
PbS [7]
CoS [8]
SnS [9]
CdTe [10]
PbSe [11]
PbTe [12]
PbMnS [13]
CdMnS [14]
Cu4SnS4[15]
CuInSe2[16]
Ag2ZnSnS4[17]
Cu2ZnSnS4[18]

Band gap
1.59
1.35
1.13
1.5
1.45
1.3
1.58
1.5
1.45
1.56
1.04
1.2
1.5

Table 2: The values of band gap energy for the prepared Ni3Pb2S2 thin films
Deposition time (minutes )
55
45
35
25
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Band gap (eV)
1.1
1.15
1.2
1.4
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Figure 1: Optical absorbance versus wavelength of the Ni3Pb2S2 thin films prepared under various deposition times [a] 55 [b] 45 [c] 35 [d]
25 minutes

[a]
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[b]

[c]
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[d]

Figure 2: Plots of (Ahv)2 versus hv for the Ni3Pb2S2 thin films prepared under various deposition times. [a] 55 [b] 45 [c] 35 [d] 25 minutes

CONCLUSION
Ni3Pb2S2 thin films could be deposited on glass slides that were immersed in solutions containing metal complex
ions. The optical properties of thin films prepared under various deposition times have been reported. The band gap
values in the range between 1.1 and 1.4 eV.
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