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INTRODUCTION:  

 
Semiconductor Nps and thin films have recently attracted much attention due to their applications in 

optoelectronics, photocatalysis, microelectronics, energy conversion industries and nonlinear optics [1-3]. These 
materials have been a new generation of advanced materials due to their novel structural, morphological, optical 
and electrical properties originating from size quantization [4]. PbS is an important IV-VI semiconductor material 
because of its direct bandgap of 0.41 eV and its exciton Bohr radius of 18nm at room temperature. Therefore 
when crystal sizes are smaller than the Bohr radius, such a small bandgap and a large exciton Bohr radius make it 
as an interesting system for studying the effect of size confinement. PbS Nps may also be useful in 
electroluminescent devices such as light emitting diodes and optical switch devices. Many physical and chemical 
properties such as melting point, color, bandgap, optical and electronic properties of materials strongly depend on 
the particle sizes [5-8]. Different morphologies can play roles in the properties. They include nanocrystals [9], 
nanorods [10-11], nanotubes [10], nanocubes [12], star shapes [13], dendrites [12, 14], and flower-like crystals 
[15]. All can be prepared by different methods, such as hydrothermal and solvothermal [16, 12], vacuum 
deposition [17], electrochemical deposition [18], pulsed laser deposition [19], microwave radiation [10], 
sonochemical [9], photochemical [20], chemical bath deposition (CBD) [21], γ-ray irradiation [22], successive 
ionic layer adsorption reaction (SILAR) [23], and spray pyrrolysis [24]. 

This work introduces comparative studies of structural parameters variation in PbS Nps and thin films 
synthesized by different technique. 
 

EXPERIMENTAL DETAILS: 

 
 

 The nanocrystalline PbS thin films (S1) deposited on glass substrates (72  25  1mm) using chemical 
bath deposition (CBD) technique at room temperature by R. Kumar [25]. In the typical synthesis a mixture of 
0.06 M lead nitrate, 0.24 M thiourea, 0.6 M sodium hydroxide and a reducing agent 0.1 M hydroxylamine 
hydrochloride (All AR grade 99.9% pure) solution was prepared in appropriate ratio in a beaker. The pre-cleaned 
glass substrates were dipped vertically in the beaker for deposition of the films. The pH of the solution was 
maintained at 12.56. The prepared solution was continuously stirred 10min using magnetic stirrer. The final 
solution was transparent up to first 5 min of reaction time and then its turn into dark brown which indicating the 
formation of the PbS. The shiny dark black coating appears on the inner surface of the beaker after 30 min 
indicating the formation of the thin films on the substrate. After 30 min of deposition time, the films were 
removed from the solution, washed repeatedly in distilled water for removing possible contaminants from solid 
phases and then were dried in air at a room temperature and then it annealed at 400 oC in air for an hour. 
 Lead sulphide (PbS) thin films (S2) synthesized using chemical bath deposition at room temperature by 
S.V. Bhatt et al [26]. In the typical synthesis clear solution of Lead Acetate (0.052mol/l) and thiourea (0.24mol/l) 
was prepared in 20ml distilled water separately. Both solutions were mixed together and continuously stirred for 
30 minutes. Then, the pH of the solution was adjusted to 10 by drop-wise addition of ammonium hydroxide. pH 
of the final solution play significant role in the reaction rate. After mixing of the two precursors solution the pH of 
the solution is 6.62 and it increase up to 10 by adding ammonium hydroxide for doing fast nucleation on the glass 
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substrate.  The mixture was then kept at room temperature and thoroughly cleaned glass slides were vertically 
placed in the beaker for deposition of the thin film of PbS. After 6 hours the films removed from the solution and 
washed with distilled water several times. The films were shiny dark black colour. Here the Lead acetate was 
used as Pb2+and thiourea as S2- source in an aqueous medium. 
 

The PbS Nps (S3) prepare using MA/octene-1 copolymer matrix at 80 oC temperature by Z.Q. Mamiyev 
et al. [27]. PbS/copolymer N/C material was prepared as following procedure: After optimization of synthesis 
conditions, the PbS precursors were prepared by dissolving of 0.69 g of lead acetate and 1 g white color powder 
copolymer in 100ml DMF in the three mouth flask and the pH of the solution was maintained at 10 with KOH. 
The process was carried out by mixing at 80 C, after 4 h 0.16 g of thiourea was added rapidly to the flask with 
syringe and then the reaction was continued for another hour. At the end of reaction strong white clear solution 
turns to brownish black color which indicated the formation of PbS Nps. H. Karami et al. synthesized PbS Nps 
(S4) by chemical precipitation [28]. PbS Nps were synthesized through rate control by adding lead acetate 
solution into the sodium sulfide solution to precipitate lead sulfide. The pH of the solutions was adjusted by 
adding HNO3 or NaOH solutions. The final solution was filter and washes several times with methanol.  
 
CHARACTERIZATION: 

 

The structural properties of the prepared films by R. Kumar were examined using a D8 Advance X-ray 
diffractometerwith Cu Kα irradiation (λ = 1.54060 Å) and operated at 40 kV and 100 mA (Fig. 1(a)). The XRD 
pattern of PbS thin films prepared films by S.V. Bhatt were collected on a Philips Xpert MPD, X-ray 
diffractometer with CuKα radiation (λ=1.54060 Å). The scan rate of 0.20°/s was applied to record the pattern in 
the range of 3°- 99.97° (Fig. 1(b)). Bruker D8 Advance X-ray diffractometer was used to measure the size and 
shape of Z.Q. Mamiyev and H. Karami synthesized PbS Nps accurately (Fig. 1(c) & Fig. 1(d) respectively). 
 
RESULT AND DISCUSSION: 

 

The X-ray diffraction profiles of as-deposited PbS thin films are shown in Fig. 1(a). All the peaks of 
diffractions were indexed with face centered cubic structure of PbS only that confirmed by JCPDS-PbS; 78-1901. 
The narrow peaks show good crystallinity of the films.  

 
Fig. 1(a) X-ray diffraction pattern of as-deposited PbS thin films. 

 
X-ray diffractogram of PbS thin films is shown in Fig. 1(b) and is indexed based on cubic system with the 

help of powder-X software. The value of the lattice parameter determined from the X-ray diffractogram is 5.93Å 
which is matching with the reported value of lattice parameter of bulk PbS (JCPDS 05-0592). The remain peaks 
may be corresponding to amorphous glass substrat. The different diffrection peaks appears in diffractrogram 
indicating the pollycrystalline nature of the synthesized thin films. 
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Fig. 1(b) X-ray powder diffractogram pattern of as deposited PbS thin films. 

Structural identification of powder PbS Nps was carried out with X-ray diffraction in the range of angle 
2θ between 20o and 65o. Fig. 1(c) shows the XRD pattern for obtained Nps, which were nanocrystalline in nature. 
Diffraction peaks at 2θ values 26o, 29o, 43o, 53o  and 60o are observed. All diffraction peaks can be corresponding 
to the pure cubic phase of PbS (JCPDS card No. 05-0592) and the peaks are originating from (111), (200), (220), 
(222), (400) planes respectively. The highest intensity of the peak shows that the grains are preferentially oriented 
along (111) direction. Broad diffraction peaks (FWHM full with half maxima) indicating the nano size formation. 

 

 
Fig. 1(c) Powder XRD pattern for PbS Nps embedded in MA/octene-1 

copolymer matrix. 
 
The X-ray diffraction pattern of the as-synthesized Nps were indexed with cubic structure of PbS. The 

sharp intense diffraction peaks indicating the good crystallinity and broadning of peak indicating the formation of 
nano.  

 
Fig. 1(d) XRD patterns of the PbS Nps. 
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Table 1. Structural parameters of the as-synthesized PbS. 

Sample 
XRD 

Preferred plane orientation Structure 
Lattice parameter 
a (Å) 

Crystallite size 
(nm) 

S1 (200) Cubic 5.9362 40.7 
S2 (200) Cubic 5.9300 18 
S3 (111) Cubic 5.896 10–15 
S4 (200) Cubic - 32 

 
The high crystallinity and the preferred plane orientation (111) for solar radiation absorption shown for 

the PbS Nps synthesized by MA/octene-1 copolymer matrix at 80 oC temperature compared to Nps synthesized 
by chemical precipitation indicating the synthesis temperature play significant role for Nps growth. Crystallite 
size of the thin films increases with increase the pH of the final solution. S2 shows 18nm crystallite size while S1 
having 40.7nm indicating the growth of PbS on the substrate for S1 is rapid compare to S2 due to pH of S1 is 
12.56 and for S2 is 10 that enhance the reaction speed. 
 
CONCLUSION: 

 

As-synthesized PbS thin films and Nps were used to study the structural parameters variation due to 
synthesis process. The plane orientation and lattice parameters are not affected by only changing the pH of the 
solution. The crystallite size only increased as the pH of the final solution increase. Nps synthesized in copolymer 
matrix shows distinguished properties that preferred plane orientation and nano crystallite size. Nps generally 
shows that as the synthesis temperature increase the crystallite size increase but with used of copolymer matrix 
the crystallite size decrease and the high temperature make the (111) plane orientation. As the crystallite size 
decrease the bandgap of the material increase. (111) plane oriented and wide bandgap PbS Nps widely applicable 
in optoelectronic devices.     
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