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A facile and room temperature route for the production of very small, nearly monodispersed nanocrystalline lead sulfide 
(PbS) by ultrasonic irradiation in aqueous solution are presented. In this process, 3-mercaptopropionic acid (3-MPA) was 
used as a capping agent. The X-ray diffraction (XRD) studies display that the products are well crystallized in the form of 
cubic structure. The morphology of as-prepared nanoparticles was characterized by scanning electron microscopy 
(SEM).The optical absorption studies also show the band gap of PbS material was blue shifted due to quantum confinement 
of charge carriers in quantum sized volume. A possible formation mechanism for the production of nanostructures in the 
aqueous solution of the product with the aid of ultrasonic irradiation is proposed. 
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1. Introduction 
 

In recent years, there has been considerable interest in 

semiconductors nanostructures due to the quantum size 

effect they exhibit [1-4]. Lead sulfide has important 

optical and structural properties it is therefore, and an 

important extensively used such as in Pb
2+

 ion-selective 

sensors [5], IR detectors [6] photography [7], and solar 

absorbers [8]. Many methods have been developed for 

synthesis of lead sulfides including liquid phase synthesis 

[9], gas phase synthesis [10], solvothermal [11], Chemical 

vapor deposition [12], electrodeposition [13], polymer 

films route [14], epitaxially growth [15] microwave[16] 

and sonochemical method[17].  

Generally, these reactions require high temperature 

(500˚C), complicated and long reaction time and 

consumption of toxic and highly sensitive compounds. The 

utilization of ultrasonic irradiation for production of 

nanomaterials has been a research topic of great interest 

due to simplicity of sonochemical method, inexpensive 

price of equipment and approvingly material is obtained in 

the crystalline phase. The chemical effects of ultrasound 

come from non-linear acoustic phenomena, primarily 

acoustic cavitation. The extreme conditions attained 

during ultrasonic irradiation have been exploited to 

generate metal sulfides [18,19]. Ultrasound-assisted 

method has been accepted as a new green chemical 

method for preparation of different types of nanomaterials 

[20-23].  

In this paper we report the synthesis of PbS 

nanostructures in aqueous solution in the presence of 3-

MPA acting as a stabilizing agent, which have been grown 

via an ultrasound-assisted process. 

2. Experimental details 
 

Lead (II) acetate (Pb(C2H3O2)2.3H2O  extra pure), 

sodium sulfide (Na2S), 3-mercaptopropionic acid (3-MPA) 

and ethanol were obtained from Merck, and employed 

without further purification. At room temperature, 5.7g 

lead acetate and 1.2g of sodium sulfide were added to 3 ml 

of the aqueous solution of 10%  3-MPA in a flask and 

imposed to ultrasonic irradiation for 60 min. The dark 

black precipitates were separated by centrifugation, 

washed at least four times with deionized water and 

ethanol. Production yield of the sample imposed to 

ultrasonic irradiation is considerably higher. 

The obtained products were characterized by X-ray 

diffraction (XRD, Philips Xpert, Cu Kα radiation                    

λ = 0.15406 nm), scanning electron microscope (SEM, 

LEO 1430VP), energy dispersive analysis of X-rays 

(EDX, JEOL 2000FX) and Optical absorption 

measurement (UV–Visible spectrophotometer model 

Carry 5, Varian). 

 

 

3. Results and discussion 
 

The XRD pattern of the as-prepared PbS nanoparticles 

is depicted in Fig. 1. The diffraction peaks reveal that all 

products have same crystal structure and correspond to 

planes of (111), (200), (220), (311), (222), (400) and (311) 

for the cubic type PbS nanocrystal system. The lower 

weak diffraction curve is due to selecting weaker 

recording parameters, such as current and voltage in XRD 

instrument.     
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Fig. 1. XRD pattern of as-prepared PbS nanostructures 

prepared using ultrasound-assisted method. 

 

The average diameter of the nanoparticles, D, was also 

determined using Scherrer’s equation [23]   

 

 

 )1()cos/( BBD                           (1) 

 

where B is the FWHM in diffraction pattern (at B2 ) and 

 is the applied  wavelength (0.15406 nm). The particle 

size obtained accordingly is 10.2 nm for (111) plane.    

The SEM records are exhibited in Fig. 2(a,b). From Fig. 2 

(a,b) the distribution of the particles produced in water as 

solvent, is nearly monodispersed nanoparticles with 

average sizes between 10-50nm which aggregated in the 

form of polydispersive nanoclusters with average cluster 

sizes between 50-100nm. 

  

 

 
 

Fig. 2 .(a and b). The SEM image of the as-prepared PbS 

nanostructures at 30kx and 50kx magnifications. 

 

The EDX pattern is displayed in Fig. 3. The curve 

reveals the presence of Pb and S peaks with nearly 

stoichiometric ratio (Pb: 46%, and S: 54%). Other peaks in 

this figure correspond to cupper which are due to sputter 

coating and were not considered for elemental analysis of 

Pb and S. 

 
Fig. 3. The EDX pattern of the as-prepared PbS nanostructures prepared by ultrasound- assisted method. 

 

 

A possible formation mechanism of PbS nanoclusters 

in aqueous solutions using ultrasound-assisted method is 

presented.  

 

Pb(C2H3O2)2.3H2O + Na2S → PbS + 2NaC2H3O2 +3H2O 

 

Reaction of the metal cations with the sulfide anions 

lead to metal chalcogenide. Thus PbS particles can 
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preferably grow on these active sites and finally lead to 

PbS nanostructures.  
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Fig. 4. Uv-Visible absorptions spectra of PbS nanostructures 

prepared by ultrasound-assisted method. 

 

 

Fig. 4 illustrates of UV-Vis spectra of PbS 

nanocrystals prepared by an ultrasound-assisted technique. 

It is evident from this figure that sample exhibit an 

absorption peak at wavelength correspond to 3eV energy 

gap, suggesting blue shift of about 2.6eV in comparison 

with its bulk crystals of semiconductor PbS of about 0.4eV 

[24], indicating the nanoparticles are small and the blue 

shift corresponds to the confinement of electrons and holes 

in an extremely small volume of space.  

 

 

4. Conclusions 
 

Ultrasound-assisted method was proposed for 

preparation of pure crystalline PbS nanostructures. This 

room-temperature and environmentally benign green 

method is fast which remarkably shortens synthesis time 

and avoids the complicated synthetic procedures. Huge 

shift in band gap of PbS nanostructures was observed due 

to confinement of electrons and holes in a very small 

region. 
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