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Investigation of Lead Sulphide nanoparticles 
synthesized by hydrothermal method   
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Abstract— Single-crystalline lead sulfide nanostructures were synthesized by a simple hydrothermal solution route. Cubic shaped PbS 
nanocrystals were synthesized using Lead(II) acetate trihydrate, Thioglycolic acid and Thiourea and treated at 180 ºC for 20 hours. The 
reaction products were characterized by means of X-ray diffraction [XRD] studies confirming the highly crystalline cubic PbS phase 
formation. Scanning Electron Microscopy [SEM] study revealed cube like structures. From the UV-visible (UV-Vis) spectroscopy, the 
absorption spectrum indicates a blue shift in the band gap compared to the bulk PbS.The Photoconductivity studies and dielectric analysis 
were also carried out. 

Index Terms— Blue shift, cubic phae, dielectric, hydrothermal, lead sulphide, nanoparticles, photoconductivity.   

——————————      —————————— 

1 INTRODUCTION                                                                     
he influence of the shape and size of inorganic nano-

crystals in shaping their varying physical and chemical 
properties has led to increased interest in the morphologi-

cal control of semiconductor nanoparticles [1–4]. Lead sul-
phide nanoparticles are important direct band gap semicon-
ductor materials [5]. The properties of the nanocrystals are 
dependant not only on their chemical composition but also on 
their structural arrangement, phase, shape, size and size dis-
tribution. Moreover, the architectural control of nanosized 
materials with well-defined shapes is important for the suc-
cess of future and potential nanodevices [6]. PbS has wide ap-
plications in many fields such as in Pb2+ ion selective sensors 
[7], IR detectors [8], display devices [9], and solar cells 
[10].Moreover, as a consequence of its carrier confinement, an 
exceptional third order nonlinear optical properties of lead 
sulphide nanoparticles has been found, which may be appli-
cable  in many optical contraptions such as optical switches 
[11]. The size and shape dependant optical properties of nano-
crystalline semiconductors can be exploited in optoelectronic 
nanodevices and for bioengineering applications. Various 
methods have been developed for the synthesis of lead sul-
fides including solid-state reactions [11, 12], self propagating 
high temperature synthesis [13], sonochemical routes [14], 
microwave irradiation techniques [15, 16], pyrolysis of single 
source precursors [17], hydrothermal synthesis [18–24] and so 
on. Among the above methods, the hydrothermal synthesis 
has opened up a prolific route for the synthesis of advanced 
nanomaterials including lead sulfides. 

In the present work, lead sulphide nanocrystalline particles 
were synthesized by this simple hydrothermal process. The as 
- synthesized samples were analyzed by  various characteriza-
tions such as Powder X-ray diffraction analysis, SEM, EDX, 
UV analysis, photo conductivity and Dielectric studies. 

2 EXPERIMENTAL PROCEDURE 
All reagents used in the synthesis were of analytical grade and 
used without further purification. In a typical preparation 
process, 5.69 gm of lead (II) acetate trihydrate [(CH3COO)2Pb. 
3H2O] was taken together with 75 ml of double distilled water, 
and  5.7 gm of Thiourea [SC(NH2)2 ]was also taken and mixed 
with another 75 ml of double distilled water separately. The 
above two solutions were then mixed and 5.2 ml of Thiogly-
colic acid [HSCH2CO2H] was added. The final solution was 
later transferred to the Teflon-lined autoclave, placed inside a 
furnace at a temperature of 180˚C for 20 h and then gradually 
cooled to room temperature. The precipitate was then filtered 
and washed repeatedly with water and ethanol to remove any 
non reacted chemicals or impurities. The final products were 
then dried in air at 65˚C for 30 minutes and collected for char-
acterization. 

3 RESULT AND DISCUSSION 
3.1 XRD Analysis 
 
 

 
 
 

 
 
 
 

 
 

 
 
 
 
Figure 1: XRD pattern of lead sulphide nanoparticles 

Figure 1 shows the XRD patterns of Lead Sulphide nanoparti-
cles. All the diffraction peaks shown in the figure match well 
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with the standard XRD lines of the cubic Lead sulphide 
(JCPDS #: 05-0592) and are due to reflections from planes (111) 
(200) (220) (311) (222) and (331).  The lattice cell constants 
(a=b= c=5.925 Å) calculated from the XRD pattern are con-
sistent with the reported values and respond to the reflections 
of the cubic structure of PbS. The grain size estimated from the 
peak (200) of PbS was calculated using Debye Scherrer formu-
la 

                                                         D= k λ / βcosθ 
The grain size obtained accordingly is 34.035nm. 

 
3.1. UV ANALYSIS 
The UV visible spectrum has been widely used to characterize 
the semiconductor nanoparticles. The UV-Vis absorption spec-
trum of the as-prepared Lead Sulphide sample is shown in the 
Figure 2. The band gap energy of the nanoparticles was calcu-
lated to be 3.63 eV which is 3.22 eV larger than that of the bulk 
PbS [Eg ~ 0.41 eV]. This indicates that the nanoparticles exhibit 
a significant blue shift. The apparent blue shift from the bulk 
molecules can be attributed to exciton confinement. 

 

 
                                     

   

 

 

Figure 2: UV Studies of PbS nanoparticles 
 
3.2. SCANNING ELECTRON MICROSCOPY & EDS ANALYSIS: 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3: SEM and EDX spectrum of PbS nanoparticles 

 
The surface morphology of lead sulphide particles has been 
studied using Scanning Electron Microscopy. Figure 3 repre-
sentsthe SEM and EDAX images of the PbS sample respective-
ly. The EDAX analysis of the above sample confirms the pres-
ence of Lead and Sulphur with no other element present, im-
plying its purity. The SEM image at a higher resolution reveals 
the morphology of the sample as a cluster of cubic particles 
with sizes ranging from 500 to 900 nm. 

 
3.3. DIELECTRIC ANALYSIS 

The dielectric constant (εr) of the material was calculated 
for different frequencies from the measured capacitance val-
ues. The plot of the dielectric constant versus log f is shown in 
Figure4 (a). It is observed that the dielectric constant has high 
value in the low frequency region and thereafter decreases 
with increase in applied frequency. The high value of (εr) at 
low frequencies may be due to the presence of all the four po-
larizations namely space charge, orientation and, electronic 
and ionic polarization and the low values at higher frequen-
cies may be due to the loss of significance of these polariza-
tions gradually. The curve of dielectric loss with frequency is 
shown in Figure 4(b). The AC electrical conductivity was de-
termined using the relation σac = ω εoεr tan δ (ω = 2πf, f is the 
frequency). With the high AC resistance it can be mentioned 
that the space charge polarization plays an important role in 
the electrical property of the sample. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 
Figure 4 (a): log f versus Dielectric constant  
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Figure 4(b): log f versus Dielectric loss 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure4 (c): log f versus AC conductivity 
 

3.4. DC CONDUCTIVITY STUDIES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5: Conductivity Analysis 

 
The DC input to the sample was increased from 0 to 5 volts 

in steps and the corresponding dark current was noted from 
the electrometer. For determining the photocurrent, the PbS-
sample was illuminated with an incandescent light bulb (40 
W) and the corresponding photocurrents were measured. The 
variation of photocurrent (Ip) and dark current (Id) with ap-
plied field are shown in figure5.Both photo and dark currents 

of lead sulphide increases linearly with applied voltage. It is 
observed from the plot that the dark current is less than pho-
tocurrent, suggesting that PbS exhibits positive Photoconduc-
tivity, whichcan be attributed to the generation of mobile 
charge carriers caused by absorption of photons. 
4. CONCLUSION 

In conclusion, the lead sulphide nanoparticles have been 
successfully synthesized using hydrothermal method. The 
structuraland microscopic investigations of the sample indi-
cates formationofclustered cubic PbS nanoparticles with  cubic 
crystal structure. The UV analysis demonstrates that the 
nanostructures are blue shifted compared with the bulk PbS’s 
band gap which may be due to exciton confinement.The  
measurement of the dielectric properties of PbS NPs provides 
evidence of polarization effects and the Photoconductivity 
analysis for transport properties of the charge carriers. 

 
References  

[1]C.B. Murray, C.R. Kagan, M.G. Bawendi, Synthesis and Characteri-
zation of MonodisperseNanocrystals and Close-Packed Nanocrystal As-
semblies,Annu. Rev. Mater. Sci. 30 (2000) 545– 610. 

[2] A. Bachtold, P. Hadley, T. Nakanishi, C. Dekker, Handbook of 
Nanoscience, Engineering,  

and TechnologyScience 294 (2001) 1317–1320. 
[3]Y.Q. Gao, Y. Bando, Nature 415 (2002) 599. 
[4] J.Z. Zhang, J. Phys.Interfacial charge carrier dynamics of colloidal 

semiconductor nanoparticlesChem. B 104 (2000) 7239–7253. 
[5] A.V.Borhade, B.K.Uphade,A Comparative Study On Characteriza-

tion And Photocatalytic Activities Of Pbs And Co Doped Pbs  Nanoparti-
cles Chalcogenide Letters Vol. 9, No. 7, July 2012, p. 299 - 306 

[6] X. Duan, Y. Huang, Y. Cui, J. Wang and C. M. Lieber, "Indium 
Phosphide Nanowires as Building Blocks for Nanoscale Electronic and 
Optoelectronic Devices" Nature 409, 66-69 (2001) 

[7]S. Jana  R. Thapa  R. Maity  K.K. Chattopadhyay Optical and 
dielectric properties of PVA  

cappednanocrystallinePbS thin films synthesized by chemical bath 
deposition Physica E: Low-dimensional Systems and 
Nanostructures2008 | 40 | 10 | 3121-3126 

[8]S. Janaa,S. Goswamib,S. Nandya , K.K. Chattopadhyaya,Synthesis of 
tetrapod like PbS microcrystals by hydrothermal route and its optical 
characterization Journal of Alloys and Compounds 481 (2009) 806–810 

[9] M. S. Dhlamini, J. J. Terblans, O. M. Ntwaeaborwa, H. D. Joubert, H. 
C. Swart Preparations and luminescent properties of PbS nanoparticle 
phosphors incorporated in a SiO2 matrix.,physica status solidi (c) 12/2007; 
5(2):598 - 601.  

[10] S. Gunes, K.P. Fritz, H. Neugebauer, N.S. Sariciftci, S. Kumar, G.D. 
Scholes,Hybrid solar cells using PbS nanoparticles, Sol Energy Mater. Sol. 
Cells 91 (2007) 420. 

[11] A. Martucci, J. Fick, J. Schell, G. Battaglin, M. Guglielmi, Micro-
structural and nonlinear optical properties of silica-titania sol-gel film 
doped with PbS quantum dots,J. Appl. Phys. 86 (1999) 79. 

[12] I.P. Parkin, Chem. Soc. Rev. 25 (1996) 199. 
[13] VitalijusJanickis,IngridaAncutienė Modification of polyester textile 

by conductive copper sulfide layers chemija. 2009. vol. 20. No. 2. P. 136–
140 

[14] H.C. Metcalf, J.E.Williams, J.F. Caskta, Modern Chemistry, Holt 
Rinehart and Winston, New York, 1982, p. 54. 

[15] H. Wang, J. Zhang, X. Zhao, S. Xu, J. Zhu, Mater. Lett. 55 (2002) 
253. 

IJSER

http://www.ijser.org/
http://books.google.co.in/books?id=7EJcg2dWHGAC&pg=SA5-PA12&lpg=SA5-PA12&dq=A.+Bachtold,+P.+Hadley,+T.+Nakanishi,+C.+Dekker,+Science+294+(2001)+1317%E2%80%931320.&source=bl&ots=9r1LGaB-jI&sig=SPF7cbBU8cAIHF5emCNe71M5VUw&hl=en&sa=X&ei=CVhJUonWA8_jrAfey4DoAg&ved=0CDgQ6AEwAQ
http://books.google.co.in/books?id=7EJcg2dWHGAC&pg=SA5-PA12&lpg=SA5-PA12&dq=A.+Bachtold,+P.+Hadley,+T.+Nakanishi,+C.+Dekker,+Science+294+(2001)+1317%E2%80%931320.&source=bl&ots=9r1LGaB-jI&sig=SPF7cbBU8cAIHF5emCNe71M5VUw&hl=en&sa=X&ei=CVhJUonWA8_jrAfey4DoAg&ved=0CDgQ6AEwAQ
http://books.google.co.in/books?id=7EJcg2dWHGAC&pg=SA5-PA12&lpg=SA5-PA12&dq=A.+Bachtold,+P.+Hadley,+T.+Nakanishi,+C.+Dekker,+Science+294+(2001)+1317%E2%80%931320.&source=bl&ots=9r1LGaB-jI&sig=SPF7cbBU8cAIHF5emCNe71M5VUw&hl=en&sa=X&ei=CVhJUonWA8_jrAfey4DoAg&ved=0CDgQ6AEwAQ
http://yadda.icm.edu.pl/yadda/contributor/d92ec67910e8e40ed2a56d116da0f75b
http://yadda.icm.edu.pl/yadda/contributor/f5a10ff511355582521716032cca6878
http://yadda.icm.edu.pl/yadda/contributor/849b9d43b2a4ed300e7e345ca4a1b9c5
http://yadda.icm.edu.pl/yadda/contributor/67580a878da4e86ed53dec107a1df625
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-f4e35eac-76d0-39eb-8146-edabd6f047a6
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-f4e35eac-76d0-39eb-8146-edabd6f047a6
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-022a8516-32b6-32d5-a8aa-7bba982abcc4
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-40cf4471-c34d-33e8-8151-de3663732775
http://yadda.icm.edu.pl/yadda/element/bwmeta1.element.elsevier-2e18374c-7b43-3207-b799-8a5bb0ddf381
https://www.researchgate.net/researcher/47828903_M_S_Dhlamini/
https://www.researchgate.net/researcher/46137212_J_J_Terblans/
https://www.researchgate.net/researcher/31772723_O_M_Ntwaeaborwa/
https://www.researchgate.net/researcher/45208828_H_D_Joubert/
https://www.researchgate.net/researcher/45211715_H_C_Swart/
https://www.researchgate.net/researcher/45211715_H_C_Swart/


International Journal of Scientific & Engineering Research, Volume 5, Issue 3, March-2014                                                             155 
ISSN 2229-5518 

IJSER © 2014 
http://www.ijser.org  

[16] X.H. Liao, N.Y. Chen, S. Xu, S.B. Yang, J.J. Zhu, J. Cryst. Growth 
252 (2003) 593. 

[17] Y. Ni, H. Liu, F. Wang, G. Yin, J. Hong, X. Ma, Z. Xu, Appl. Phys., 
A 79 (2004) 2007. 

[18] T.H. Larson, M. Sigman, A. Ghezelbash, R.C. Doty, B.A. Korgel, J. 
Am. Chem. Soc. 125 (2003) 5638. 

[19] H.M. Ji, J.M. Cao, J. Feng, X. Chang, X.J. Ma, J.S. Liu, M.B. Zheng, 
Mater. Lett. 9 (2005) 3169. 

[20] K.B. Tang, D. Chen, Y.F. Liu, G.Z. Shen, H.G. Zheng, Y.T. Qian, J. 
Cryst. Growth 263 (2004) 232–236. 

[21] P. Zhang, L. Gao, J. Mater Chem. 13 (2003) 2007; 
[22] L. Gao, E.B. Wang, S.Y. Lian, Z.H. Kang, Y. Lan, D. Wu, Solid State 

Commun. 130 (2004) 309. 
[23] Q. Lu, F. Gao, D.Y. Zhao, Nano Lett. 2 (2002) 725. 
[24] X. Jiang, Y. Xie, J. Lu, W. He, L. Zhu, Y.T. Qian, J. Mater. Chem. 10 

(2000) 2193. 

 
 

IJSER

http://www.ijser.org/

	1 Introduction
	2 experimental procedure
	3 result and discussion
	[2] A. Bachtold, P. Hadley, T. Nakanishi, C. Dekker, Handbook of Nanoscience, Engineering,
	and TechnologyScience 294 (2001) 1317–1320.
	[7]S. Jana  R. Thapa  R. Maity  K.K. Chattopadhyay Optical and dielectric properties of PVA
	cappednanocrystallinePbS thin films synthesized by chemical bath deposition Physica E: Low-dimensional Systems and Nanostructures2008 | 40 | 10 | 3121-3126




