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Chemical bath deposition (CBD) and ultrasonic chemical bath deposition (US-CBD) on 
glass substrates of PbS crystals from lead nitrate, thiourea alkaline aqueous solutions have 
been studied. The influence of the ultrasonic vibration on the PbS crystals deposition by 
CBD through observing the changes in structure and morphology was studied. Structural 
properties were investigated by X ray – diffraction and the average grain size has been 
calculated applying different methods. Ultrasounds lead to an increase of crystallites size 
and strain. SEM micrographs showed that the PbS obtained from static baths are formed 
from near spherical grains with average size of 183 nm while in the case of ultrasonic 
baths cubical particles of 257 nm were formed. 
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1. Introduction 
 
PbS is an important binary IV-VI semiconductor material with narrow band gap (Eg) (0.41 

eV at 300 K) having the Eg very sensitive to grain size, which makes it a good candidate for 
nanostructured devices.  

Because the main property of PbS semiconductor is the band gap, new methods for 
controlling and influencing the grain size that influences the band gap is of high interest. 
Sonochemical methods are used for the increasing of reaction rate and for obtaining of materials 
with special properties. The influence of ultrasonic (US) irradiation on the formation of films of 
crystals by chemical bath deposition (CBD) was rarely approached and it worth to be investigated 
for the optimization of the deposition processes, or for the reducing of the reaction time.  

As far as we know, there are no data in literature related to PbS crystals or films obtaining 
by sonochemical methods on glass substrates; although, sonochemical methods were studied to 
obtain PbS nanoparticles [1-9], nanobelts [7], or microtubes [10]. Depending on the surfactant 
concentration, sonication time and lead salt, Wang et al. obtained cubes, spheres, rods and tubes 
[8]. For short sonication time spherical or cubical crystals are formed, while for longer sonication 
time nanorods [9], nano/microtubes [9,10] or nanobelts [7] can be obtained.  

The solvents use for sonochemical synthesis influence the formation of PbS particles [3].  
The paper presents the influence of ultrasounds on structural and morphological properties 

of PbS crystals deposited on glass substrate. Previous studies presented the influence of 
ultrasounds on electrical, photoelectrical [11] and optical [12] properties of PbS films. In this study 
we reduced the concentration of reagents and introduced hydroxylamine hydrochloride in the bath.  
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2. Experimental details 
 
PbS was deposited on microscopic glass slides, from baths containing 0.014 M/L lead 

nitrate, 0.029 M/L thiourea, 0.3 M/L NaOH and 0.002 m/L hydroxylamine hydrochloride, at 35+ 

2oC for 40 minutes. The deposition took places in two beakers; the first was placed in a 
thermostatic bath (Raypa BOE-2) for static (S) deposition and the other one in an ultrasonic bath 
(Elma Sonic S 30 H) for sonochemical (US) deposition at the frequency of 37 kHz. For avoiding 
the increasing of the temperature under US conditions, the bath was cooled using a copper spiral in 
which cold water was circulated using a Low temperature Bath DC 100 G. 

At temperatures of 25-30oC no PbS was formed on the glass substrate in the presence of 
US.  

X-ray diffraction measurements were performed on a 9 kW triple axis rotating anode 
Rigaku SmartLab thin film diffraction system (Rigaku, Japan), using standard thin films X-ray 
measurement technique with CuK1,2 radiation.  

Field emission scanning electron microscope – Raith e_Line with in-lens electron 
detection capabilities was used for morphological characterization. Since the substrate is an 
insulator, in order to avoid the electrostatic charging we used low accelerating voltages and a low 
beam current. 

 
 
3. Results and discussions 

 
3.1 Structural properties 
 
PbS depositions were analyzed by XRD methods with the aim to establish the influence of 

ultrasounds on the deposited PbS microstructure and to calculate the crystallite’s sizes. X-ray 
diffraction patterns are presented in Figure 1. The strong and sharp diffraction peaks indicated that 
the as-prepared PbS depositions are well-crystalline. All diffraction peaks can be indexed to face-
centered-cubic rocksalt structured PbS crystal (JCPDS 5-592, a=5.936 Å). 

US lead to the increase of the intensity of diffraction lines and the line become narrower. 
Because the determination conditions were the same for both samples we concluded that the 
crystallinity and the crystal sizes of the US-PbS sample increased, which suggests a higher growth 
rate under ultrasonic irradiation. 

 
 

 
 

Fig. 1. X-ray diffraction pattern of PbS crystals obtained under static (sample S) and ultrasonic 
 (sample US) conditions on glass substrate.  
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One can also observe that the intensity of the (200) reflection is higher than that of the 
(111) reflection [13]. According to Masoud Mozafari [14], the possibility to obtain the shape of a 
face center cubic (FCC) crystal is mainly determined by the ratio of the growth rate in the 100 
direction and 111 directions. When the ratio is relatively high, PbS cubes bounded by the six 
{100} crystalline planes will be formed, otherwise, rods tend to form [14,15]. No obvious 
characteristic diffraction peaks of any other impurities such as PbO, PbO2, PbSO3, PbSO4 or other 
precursor compounds can be detected [14].  

The interplanar distances (dhkl) (Table 1) for each diffraction angle have been calculated 
using Bragg’s low:  

 
dhkl=n/2sin  (1) 

 
where λ is X-ray wavelength (λ = 1.54059292 [Ǻ]) and θ Bragg diffraction angle.  

 
There is a good correlation between the dhkl of the PbS crystals with the values from JCPDS 

card indicating the formation of a pure well crystallized PbS. 
 

Table 1. Interplanar distances (dhkl), crystallite size (D) (estimated using Scherrer relation) and lattice 
constant (a) 

 
dhkl 
[Å] 

D 
[Å] 

a 
[Å] (hkl) 

JCPDS 5 0592 S US S US S US 

3.429 3.432 3.433 144 199 5.9438 5.9464 (111) 
2.969 2.973 2.971 160 224 5.9459 5.9426 (200) 
2.099 2.099 2.099 137 190 5.9361 5.9372 (220) 
1.790 1.790 1.790 148 189 5.9360 5.9358 (311) 
1.714 1.713 1.714 136 168 5.9339 5.9360 (222) 
1.484 1.484 1.484 164 206 5.9358 5.9348 (400) 
1.362 1.361 1.362 140 168 5.9326 5.9353 (331) 
1.327 1.327 1.327 146 170 5.9337 5.9344 (420) 
1.212 1.211 1.211 144 157 5.9333 5.9339 (422) 

 
There is a good correlation between the dhkl of the PbS crystals with the values from 

JCPDS card indicating the formation of a pure well crystallized PbS. 
The crystallite’s size (table 1) of crystals has been estimated using Scherrer’s formula: 

 
D=0.9/cos  (2) 

 
Lattice constant (a) (Table 1) has been calculated for PbS particles for each diffraction line 

with the relation [16]: 
a2=d2(h2+k2+l2) [Ǻ]   (3) 

 
where h, k and l are the Miller indices. 

The corrected values of lattice constants were estimated by extrapolating to θ = 90° of the 
Nelson–Riley [17] plots:  

 
f (θ) = 1/2(cos²θ /sinθ + cos²θ /θ) (4) 

 
The values a = 5.929 Å (samples S) and 5.930, (sample US) obtained from Nelson Riley 

plots (Fig. 2), were close to the value from the JCPDS (ao = 5.936 Å). The small difference 
between the lattice constant for PbS crystals comparing to the crystals of bulk can be caused by 
some non-uniform strain of the sample [18].  
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Because the lattice constant is slightly different comparing to the value from JCPDS, a 
better estimation for the size of the crystallite can be made using the Williamson-Hall (WH) 
method [19-21], based on the relation: 

 
cos = k/D +  4sin   (5) 

 
where  is the strain and k a constant. 

The strain and the crystallite size can be determined from the slope (4) and from the 
intercept (k/D) respectively of the plot of cos = f(sin). Figure 3.a presents the WH plots for 
PbS samples. The correlation factors (R2) from WH plots are very small (0.08 for sample S and 
0.21 for sample US), leading to the conclusion that other methods would work better for the 
estimation of the crystallite’s size and strain. Following this conclusion, the crystallite size (table 
2) and strain (Fig. 3 b) have been further determined using a Modified form of Williamson Hall 
(MWH) relation, from the plot of /tang = f(1/sin) using the equation 6:  

 
/tang  = (k /D)1/sin + 4 (6) 

 

 
Fig. 2. The determination of lattice constant for PbS samples by extrapolation of Nelson–Riley plots 

 
 

The size of the crystallite was determined from the slope (k/D) and the strain (4) from 
the intercept of the plot /tang  = f(1/sin) (Table 2).  

A very good linearization can be obtained using Halder Wagner (HW) [22,23] plots: 
 

( 2/(tan )2 = (k/D)(/tan sin) +16 2)                                      (7) 
 

The size (D) was calculated from the slope (k/D), while the strain was estimated from 
the intercept (16 2) of the HW plots (Fig. 3 c).  

The linearization is better when the MWH relation has been used allowing the calculation 
of D and  with smaller errors. 

The values obtained applying all the presented methods are close, and the differences can 
be considered as accepted errors for crystallite’s size determination (Table 2). The average 
crystallite’s size obtained applying the methods presented above have been taken into 
consideration for further discussions. 

 
Table 2. The size and the strain of PbS crystallite  

 
Sample DHW 

[nm]* 
StrainHW 

[%]* 
DWH 

[nm]** 
StrainWH 
[%]** 

DMWH 

[nm]*** 
StrainMWH 

[%]*** 
S 14.7 0.02 14.6 0.00 14.9 0.00 

US 21.3 0.15 25.2 0.11 24.3 0.10 
JCPDS 
50 592 

* 2/(tan )2 = (k/D)(/tan sin) +16 2; ** cos = k/D +  4sin ; *** /tang  
= (k/D)1/sin + 4 

y(S) = 0.0039x + 5.9289

R2 = 0.8763

y(US) = 0.0036x + 5.9301

R2 = 0.961

5,9262

5,9381

5,9500
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The US lead to the increasing of the average size of crystallite from 14.7 nm (S) to 23.6 
nm (US) revealing an increase of reaction rate that can be explained by acoustic cavitation 
determined by ultrasounds. According to Jingjing Guo et al, acoustic cavitation imply the rapid 
formation, growth, and the collapse of bubbles in liquid. The extremely high local temperature 
(>5000 K), pressure (>20 MPa) and very high cooling rates (>1010 Ks-1) confer sonicated 
solutions unique properties [24].  

The increasing of the reaction rate for the obtaining of PbS crystals on glass slides with 
higher crystallite has been obtained by Obaid [25] under microwave exposure.  

The strain increased from 0.01 (%) to 0.12 (%) in the case of the samples obtained under 
ultrasonic agitation (Table 2). 

 

 

 

 
 

Fig. 3. Williamson Hall (a), modified Williams Hall (b) and Halder Wagner (c) plots for samples S and US 
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3. Conclusions 
 
We studied the influence of ultrasounds on structural and morphological properties of PbS 

crystals. Ultrasounds lead to the increase of crystallite’s size from around 14.7 to around 21.3 nm; 
the increase of the strain from 0.01 % to 0.11 %; the increase of I(111)/I(200  ratio from 0.90 to 0.93 
(standard value 0.85); the formation of cubical crystals of around 257 nm, instead of almost 
spherical ones of around 183 nm, indicating a different tropism of the crystals growth. 
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