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Nano-Crystalline Lead Sulfide Thin Films using The Chemical Bath

Deposition: Synthesis and Characterization

M. Husham*', Z. Hassan?, Ahmed A. Al-Dulaimi®

Abstract - Nanocrystalline lead sulfide
(PbS) thin films have been successfully
grown on glass substrate using the
chemical bath deposition technique.
Microwave oven was used as a heating
source to facilitate the growth process of
the thin films. Aqueous solutions of lead
nitrate Pb(NO3) and thiourea [SC(NH>),]
were used as lead and sulfur ion sources,
respectively. Structural, morphological
and optical analyses revealed good quality
growth of nanocrystalline PbS thin films.
This study introduced a facile and low
cost method to prepare high quality
nanocrystalline PbS thin films in a
relatively short growth time for
optoelectronic applications.
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I. INTRODUCTION

Narrow band-gap semiconductors, such
as lead sulfide (PbS), are of interest for
photovoltaic (PV) solar energy conversion
as they can absorb the “IR tail” of the solar
spectrum, which is not absorbed by
commonly used PV materials [1].

' Functional Devices Laboratory (FDL),

Institute of Advance Technology (ITMA),
Universiti Putra Malaysia, 43400 Serdang,
Malaysia.

? Institute of Nano-Optoelectronics Research
and Technology (INOR), Universiti Sains
Malaysia, 11800 Penang, Malaysia.

3 Malaysian Institute of Chemical & Bio-

Engineering Technology (MICET),
Universiti  Kuala ~ Lumpur  (UniKL),
Malaysia.
50 MIO0000m

*mhjupm@gmail.com

Received : 11 November 2017
Accepted : 23 December 2017
Published : 31 December 2017

The use of such absorbers in semiconductor-
sensitized solar cells allows the integration
of low cost device configurations and broad

spectral response, which may also be
utilized in IR and near-IR (NIR)
photodetectors. PbS thin films can be

prepared using various techniques such as
molecular beam epitaxy [2], chemical vapor
deposition [3], solid-vapor deposition [4]
and atomic layer epitaxy [5]. Such
techniques require expensive and
sophisticated instruments. Chemical bath
deposition (CBD) is a promising technique
that produces homogeneous and high quality
PbS thin films [6]. CBD is a simple and cost
effective method. However, PbS thin films
prepared using CBD require a long
preparation time. Heat is usually transmitted
from outside to the inside of the material,
leading to an uneven distribution of
temperature in the solution, which may
affect the quality of the deposited thin films.
Microwave irradiation has been widely
applied as a heating method in chemistry
and material syntheses. Using microwave,
the heat is created from inside the material
unlike conventional methods where heat
flows inward [7]. The direct interaction
between the radiation and materials facilitate
very short reaction times, moreover less
energy is consumed during the process. The
integration of microwave irradiation and
CBD technique is referred to as microwave-
assisted chemical bath deposition (MA-
CBD). This work aims to produce high
quality nanocrystalline PbS thin films which
could be promising materials for
optoelectronic applications.

II. MATERIALS AND METHOD

Aqueous solutions of lead nitrate
Pb(NOs) and thiourea [SC(NH>),] were used
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as sources of (Pb>") and sulfur (S*) ions,
respectively. Ammonium acetate
(NH4CH3COO) was added as a buffer
solution to control the release of ions and to
assure a slow deposition rate [8]. For the
synthesis of PbS thin films, first, 10 ml of
lead nitrate (concentration of 0.1 M) was
added into a 100 ml beaker, after that,
appropriate quantity of 0.5 M ammonium
acetate was added under continuous stirring.
After 5 min stirring, 10 ml of thiourea
(concentration of 0.1 M) was added
dropwise to the solution. Deionized (DI)
water (resistivity ~18.2 MQ.cm) was then
added to the solution to achieve total volume
of 100 ml. pH of the final solution was fixed
at 12 by adding 0.5 M sodium hydroxide
(NaOH) solution. Prior to the deposition,
glass substrates were cleaned with soap and
hot distilled water. After rinsing with
distilled water, substrates were soaked in an
aqua regia solution for 30 min followed by
thorough rinsing with distilled water and
dried with pure nitrogen gas. The clean
substrates were then fixed vertically inside
the beakers; beakers were covered and
heated in a microwave oven at 65 °C for 20
min.  Samples were  washed and
ultrasonicated with DI water for 1 min to
remove the remaining salts and loosely
adherent particles, and then they were dried
with nitrogen gas. Mirror-like dark gray
with highly adherent PbS thin films on the
substrates were obtained.

Structural, morphological and optical
properties for the grown thin films were
studied using X-ray diffraction (XRD), field
emission scanning electron microscopy
(FESEM) with energy dispersive X-ray
spectroscopy (EDX) installed, and UV-Vis-
NIR spectrometer at wavelengths ranging
from 500 to 2500 nm, respectively.

III. RESULTS AND DISCUSSION

3.1  Structural Properties

The XRD pattern for the grown PbS thin
films are shown in Fig. 1. The pattern shows

the formation of a polycrystalline PbS phase
with good crystallinity stirring  All the
observed diffraction peaks were indexed
within a cubic (rock salt) structure as
confirmed using a standard JCPDS card
(ICCD-PDF4  No. 00-005-0592). No
additional phases appeared, indicating no
oxidation occurred during the preparation,
which resulted in the good quality of the
formed thin films. The high intensity
diffraction peaks indicated well crystalized
thin films.
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Fig. 1 XRD pattern for the grown PbS thin
films wusing 0.IM concentration of
precursors.

The crystallite size (D) for the
nanocrystalline PbS thin films calculated
using the Debye—Scherrer formula [9]:

D =0.944/p cos O (1)

where, D is the average crystallite size (nm),
A 1s the wavelength of the X-ray (0.15418
nm), f is the full-peak width at half
maximum (FWHM) of the XRD spectrum of
PbS thin films (radians), and O is the
diffraction angle (radians). The crystallite
size of the prepared PbS thin films were
calculated and found to be 43 nm.

3.2 Morphological Characterization:
FESEM and EDX Analysis

Fig. 2 shows FESEM analysis of the
prepared PbS thin films by MA-CBD. The
inset inside the figure demonstrates a higher
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magnification for PbS thin film surface
morphology. As shown in the figure, thin
film surface appeared to be compact and
uniform throughout all the regions without
the presence of voids, pinholes or cracks.
[10]. EDX analyses confirmed the presence
of lead and sulfur for the prepared samples.
Analysis shows the prepared thin films are
stoichiometric in composition with a Pb/S
ratio of 1:02. The small nano-sized cubes
indicated their nanocrystalline

clearly
nature.

Fig. 2 FESEM images for the grown PbS
thin films prepared by the MA-CBD. The

insets showed images with  higher

magnification.

3.3  Optical Properties: UV-Vis
Measurements

Fig. 3 shows the optical transmission
spectra of the deposited PbS thin film over
wavelengths range of 500 to 2500 nm. The
deposited  thin  film  exhibits low
transmittance, which it could be due to the
strong absorbance of light in this region

[11].
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Fig. 3 Transmission spectrum  of

nanostructured PbS thin films prepared by
the MA-CBD.

IV. CONCLUSIONS

Nanocrystalline PbS thin films were
successfully grown on glass substrates using
MA-CBD. Structural and morphological
analyses revealed that good quality PbS thin
film characteristics were obtained using 0.1
M of lead nitrate and thiourea. Thin film
surface morphology is uniform and compact
throughout all the regions, no voids or
cracks were observed. Besides, structural
analysis revealed high diffraction peaks
intensity indicating an improvement in thin
film crystallinity. This study produced a
simple and cost effective way to prepare
polycrystalline PbS thin films which could
be a  remarkable candidate for
optoelectronics applications.

ACKNOWLEDGMENTS

The authors gratefully acknowledge the
support from FRGS Grant
(203/PFIZIK/6711353) and University Sains
Malaysia.

13



Science Letters 11(2) | 2017

REFERENCES

[1] Mohamed, H. A.; 2014: Theoretical
study of the efficiency of CdS/PbS
thin film solar cells, Solar Energy
108:360-369.

[2] Preobrajenski, A. B. and Chasse, T.;
2000: Atomic and electronic
structure of epitaxial PbS on
InP(110) and InP (001), Applied
Surface Science 166:201-208.

[3] Farady, M.; Hochbaum, A. 1I;
Goldberger, J.; Zhang, M. and Tang,
P 2007: Synthesis and
Thermoelectrical characterization of
lead chalcogenide nanwires,
Advanced Materials 19:3047-3051.

[4] Obaid, A. S.; Mahdi, M. A. and Hassan,
Z.; 2012: Nanocoral PbS thin film
growth by solid-vapor deposition
Optoelectronics  and  advanced
materials-rapid communications 6:
422 —426.

[5] Leskeld, M.; Niinisto, L.; Niemela, P.;
Nykénen, E.; Soininen, P. and Tiitta,
M.; 1990: Preparation of lead sulfide
thin films by the atomic layer epitaxy
process, J. Vdhdkangas. Vacuum 41:
1457-1459.

[6] Cruz-Vazquez, A.; Rocha-Alonzo, F.;
Burruel-Ibarra, S. E.; Inoue, M. and
Bernal, R. R.; 2001: Fabrication and
characterization of sulfur doped zinc
oxide thin films. Superficies y Vacio

3:89-91.
[7] Chen, D.; Tang, K.; Shen, G.; Sheng J.;
Fang, Z. and Liu, X.; 2003:

Microwave-assisted  synthesis  of
metal sulfides in ethylene glycol,
Materials Chemistry and Physics,
82:206-209.

[8] Oladeji, I. and Chow, L.; 1997 :
Optimization of Chemical Bath
Deposited Cadmium Sulfide Thin
Films, J. Electrochem. Soc., 144, No.
7.

[9] Ni, C.; Dingb, H. and Jin, X. J.; 2013:
Grain size dependence of the
martensitic transformation in a nano-
grained Fe-Ni polycrystal — A

molecular dynamics study, Journal
of Alloys and Compounds 546: 1-6.

[10] Hodes, G.; 2002: Chemical Solution
Deposition of Semiconductor Films,
Marcel Dekker, Inc., New York,
USA, 3-6.

[11] Wu, M.; Zhong, H.; Jiao, Z.; Li, Z. and
Sun, Y.; 2008: Synthesis of PbS
nanocrystallites by electronbeam
irradiation, Colloids  Surf. A:
Physicochem. Eng. Aspects 313-314:
35-39.

14


http://www.sciencedirect.com/science/journal/0038092X
http://www.sciencedirect.com/science/journal/0038092X/108/supp/C
http://www.sciencedirect.com/science/article/pii/S0925838812013916#aff2
http://www.sciencedirect.com/science/journal/09258388/546/supp/C



