
 

SAKARYA UNIVERSITY  
JOURNAL OF SCIENCE 

 

e-ISSN: 2147-835X 
http://www.saujs.sakarya.edu.tr 

Received 
25-03-2018 
Accepted 

02-05-2018 

Doi 
10.16984/saufenbilder.409328 

 

Structural and Physical Properties of the PbS Films Obtained by Chemical Bath 
Deposition at Different Deposition Temperature 

Ayça Kıyak Yıldırım*1 Barış Altıokka2 

Abstract 

In the present study, structural and physical properties of the PbS thin films produced using chemical bath deposition 
method were investigated. Deposition temperature was varied between 25 °C and 50 °C throughout the deposition 
period. The pH value of electrolyte solution and the deposition time of the films were 10.5 and 25 min, respectively. 
Characterizations of the PbS thin films were performed using scanning electron microscopy (SEM) and X-ray 
diffraction (XRD) methods. XRD results showed that all PbS thin films had a cubic structure irrespective of 
deposition temperature. Morphological characterizations of the films indicated that not only the number but also the 
size of pinholes, formed on the film surfaces, were significantly affected by the deposition temperature. 
Consequently, the film obtained at 25 ̊C exhibited a surface morphology with less and smaller pinholes, compared to 
others deposited at higher deposition temperatures. 
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1. INTRODUCTION 

Recently, interest in nanoscale lead sulphide (PbS) 
has increased in solar photovoltaics due to their 
extraordinary exciting physical properties and 
potential applications [1]. PbS is an important dual 
IV-VI semiconductor material [2] with a direct 
narrow optical energy gap (0,41 eV at 300 K) and 
a relatively large excitation Bohr radius (18 nm). 
Thus, by controlling the crystallite size, it provides 
strong quantum and electron confinement that 
varying the band gap value. PbS thin films have 
become a comprehensive research topic due to 
their wide applications such as gas sensors, 
infrared radiation detectors, optoelectronics, solar 
cells, diode lasers, etc. [3]. There is dry and wet 
method to produce PbS. Vacuum evaporation; hot 
wall epitaxy and molecular beam epitaxy are 
among the most successful "dry" methods for PbS 
synthesis. Frequently used "wet" methods, spray 
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pyrolysis, electrochemical deposition and 
chemical bath deposition [4]. Among these 
methods, CBD is relatively less expensive, easy to 
use and can cover large surfaces. Some metal 
doppings to PbS films were investigated to varied 
in the electrical properties of the film materials. 
The dopping to the PbS thin film precipitate is 
intended to increase the electrical conductivity or 
resistivity [5]. 

The reactions for the formation of PbS are given 
by [6] as follows: 

 

��(���)� + 2���� → ��(��)� + 2�����(1) 
 
��(��)� + 2���� → ���[��(��)�] (2) 
 
[��(��)�]�� → ���� + 4��� (3) 
 
��(���)� + ��� → ����� + ��� + ��� (4) 
 
��� + ��� → ��� + ��� (5) 
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���� + ��� → ��� (6) 
  

2. MATERIALS AND METHODS 

 

PbS thin films were deposited on the chemically 
cleaned substrate. Glass substrates were cleaned 
using nitric acid and isopropyl alcohol. After this 
process, the glass substrates were washed with 
distilled water. To prepare the PbS thin films, 
aqueous solutions of 0.0090 M Pb(NO3)2 (lead 
nitrate) and 0.051 M CS(NH2)2 (thiourea) were 
mixed together by rotating at 600 rpm. The pH 
value of the prepared bath solution was adjusted to 
10.5 by adding dropwise of NH3. The volumes of 
bath solutions were choosen as to be 90 mL. The 
glass substrates are immersed vertically in the bath 
solution. The bath temperatures were varied 
between 25 °C and 50 °C. Deposition duration was 
choosen as to be 25 minutes. Deposition 
parameters are shown in Table 1. After the 
deposition, the glass is covered with PbS on both 
sides of the substrates. After the deposition, the 
substrates were washed with distilled water and 
dried in the air. However, the other side of surface 
was cleaned with 10% dilute hydrochloric acid. 

PANalytical Empyrean XRD (X-ray 
diffractometer) was used to analyze the structural 
properties of the produced PbS thin films. 
Thicknesses of PbS thin films were calculated by 
gravimetric method. Zeiss SUPRA 40VP SEM 
(scanning electron microscope) was used to 
analyze the surface morphology of the PbS thin 
films. 
 
Table 1.Deposition parameters 
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D1 0,0090 0,051 25 90 25 10,5 

D2 0,0090 0,051 25 90 30 10,5 

D3 0,0090 0,051 25 90 35 10,5 

D4 0,0090 0,051 25 90 40 10,5 

D5 0,0090 0,051 25 90 45 10,5 

D6 0,0090 0,051 25 90 50 10,5 

 
2.1.  The X-ray Analysis of the PbS films 

The properties of the films examined by XRD 
technique such as crystal structure, crystalite size, 
preferential orientation, strain and stress acting on 
the unit surface have been determined. 
 
XRD analyzes of PbS thin films produced in D1, 
D2, D3, D4, D5 and D6 are given in Figure 2.1. 
The peaks of 25.9 °; 30 °; 43 °; 50.9 °; 53.4 °; 62.5 
° and 68.9 ° belong to the (111), (002), (022), 
(113), (222) and (133) planes of PbS respectively. 
These peaks were examined and found to be in 
conformity with the ASTM number (98-060-
0243). In XRD analyzes, it was determined that all 
films were in cubic structure. In addition, the film 
obtained in D6 has a higher XRD peak intensity 
than the others. The calculated film thicknesses for 
the produced PbS thin films were measured using 
gravimetric analysis and tabulated. 
 
The TC (Texture coefficient) is used to determine 
the preferential orientation of the PbS thin films. It 
is not mentioned that if there are two or more TC 
bigger than 1 [7-10]. The value of the texture 
coefficient of the films obtained in this study is 
calculated using equation (7) for any (hkl) 
reflection plane and they are given in Table 2. 
 

�� =
�(���)/��(���)

�

�
∑ (

�(���)

��(���)
)�

                       (7) 

 
The crystalite sizes of the films obtained in this 
study were calculated by the Scherrer formula 
which is given in Eq. (8) and the crystallite sizes 
are also given in Table 3. 
 

� =
�,��

�(������)���(��)
  (8) 

 
Where D is the crytallite size, λ the wavelength of 
the x-ray used in the diffraction, the width at half 
maxima of the considered peak B, and θB the peak 
angle Bragg reflection angle [11]. 
The lattice constant for the cubic rock salt structure 
is calculated by using the Equation (9). 
 

� = ��(ℎ� + �� + ��) (9) 
 

where h, k and l are Miller indices, and d is the 
distance between planes [12]. 
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Figure 2.1XRD analysis of PbS thin films produced in D1, 
D2, D3, D4, D5 and D6 

 
Furthermore, average stress and micro strain for all 
planes were calculated using Equation (10) and 
Equation (11), respectively, and they are given in 
Table 3. 
 
� = ��/(2�)     (10) 
 
� = (�� − �)/��    (11) 
 
where, a0 the lattice parameter of the bulk sample 
a is the corrected value of the lattice parameter of 
a thin film samples, σ is the poisson ratio of bulk 
crystal and Y is Young's modulus. The value of Y 
for PbS is 70.2GPa and σ  value is taken as 0.28. 
Using Nelson-Riley graphs, the corrected values 
were calculated and it is given in Figure 2.2 

Table 2. XRD intensities of the obtained PbS thin films, 
calculated constructions coefficient values of the obtained 
PbS thin films and calculated film thicknesses of the 
obtained PbS thin films using gravimetric analysis 
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The calculated lattice parameters of the produced 
films are plotted versus F ()and given in Equation 
(12) 
 

�(�) = (�����/2) ∗ (
�

�����
+

�

�
) (12)                             

 

(�����/2) ∗ (
�

�����
+

�

�
) = 0         (13) 

Equation (13)which is the linear line cut off point, 
provides the presence of the corrected lattice 
constant and is given in Table 3 [13]. The 
dislocation density of the produced films can be 
derived from the crystalite size as given in 
Equation (14) and is given in Table 3 [3]. 
 

� =
�

(�)� (14) 

 
 
 

 

 

 
 
Figure 2.2 Nelson-Riley graphs of PbS thinfilms a) D1, b) 

D2 and c) D3 
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Figure 2.2 Nelson-Riley graphs of PbS thin films d) D4, e) 
D5 and f) D6 

 
 
 
 
 
 
 
 
 
 
 
 
 

Table 3. The particle sizes, dislocation densities, confirmed 
weave parameters, micro tensile values and average stress 
values of the produced PbS thin films obtained from D1, 

D2 to D3, D4 and D5 
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2.2. SEM Analysis of the PbS Thin Films 
 
The surface morphologies of the obtained PbS thin 
films were examined by using JEOL SM-5600LV 
electron microscope. The SEM images of the PbS 
thin films with 100 and 30.000 magnificationsare 
shown in Figure 2.3. As clearly seen from Fig. 2.3, 
there are pinholes on the surfaces of the films 
regardless of deposition temperature. Furthermore, 
the deposition temperature significantly 
influenced the number and the size of pinholes 
observed on the film surfaces. As the deposition 
temperature increased, the pinholes in the SEM 
images were observed to be larger and larger. 
Furthermore, the number of pinholes also 
increased with increasing deposition temperature. 
 
As seen from Figure 2.3a, the granules were 
observed to be polymorphic form. 

 

Figure 2.3. 100 times and 30000 times magnified 
SEM images of PbS thin films obtained from a)D1 b) D2 

c)D3 
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Figure 2.3. 100 times and 30000 times magnified 
SEM images of PbS thin films obtained from d)D4  e) D5f) 

D6 

 
3. CONCLUSION 

 
In this study, PbS thin films were produced on 
glass substrates by chemical bath deposition 
technique. Pb(NO3)2 and CS(NH2)2 aqueous 
solutions were used to produce the films. The 
amount of CS(NH2)2 and the amount of Pb(NO3)2 
were kept constant. The structural properties of all 
the PbS films were determined by XRD analysis. 

According to XRD results, it is understood that all 
films formed in cubic PbS structure. It has been 
found that the PbS thin films have three texture 
coefficient values larger than 1 belonging to 
different planes. However, it is understood that the 
film produced in D6 has a preferential orientation 
of (002) plane. In addition to that, this film has 
higher peak intensities compared to other films. It 
is thought that the preferred orientation for other 
films is random. 
The dislocation densities, the microstrain, and 
mean stress values were also estimated from the 
XRD analyses. According to findings, it is found 
that the dislocation density of the film obtained in 
D1 is greater than that of the other films. The SEM 
analyses suggest that not only the number but also 
the size of pinholes formed on the film surfaces 
increase with increasing deposition temperature. 
This study showed that when bath temperature was 
kept at 25°C, the XRD peak intensity was 
measured high although film thickness of this film 
was measured low. Furthermore, there are no 
voids, cracs and pinhole on the surface of this film.  
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