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ABSTRACT : The PbS and Cd doped PbS nanocrystalline thin films were fabricated by chemical bath deposition
technique on glass substrates at 70°C. The X-ray analysis shows the nanocrystalline nature of PbS and Cd-doped PbS
thin films. The crystallite size of pure PbS thin film was found to be 72.52 nm and that of Cd-doped PbS thin film as
27.24 nm. The morphology of the films was examined by Scanning Electron Microscopy (SEM) and it shows the
contrasting microstructures.
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I. INNTRODUCTION

Lead sulfide (PbS) having narrow bands belongs to I1V-VI group f compound semiconductor and they are widely used
as infrared sensor due to presence of direct band gap of 0.4eV [1]. They possess a large excitation Bohr radius of PbS
(i.e.18 nm) [2]. As a result, a strong quantum confinement of both electrons and holes is observed in nano sized
structure and consequently, the value of the energy band gap can be controlled according to the effective mass model
with the modification of size of the particle [3]. This semiconductor materials finds wide applications in photography
[4], Selective sensors for Pb ®* [5] and solar radiation absorption [6]. Moreover, PbS has been utilized as diode lasers,
humidity , photo resistance, temperature sensors, solar control and decorative coatings [7,8]. However, these properties
depend on the condition of crystal growth and the nature of substrates. Because of these reasons, many researchers
have been attracted a great interest in the study of this material with different deposition technique. The commonly
employed techniques are electro deposition [9,10], spraypyrolysis [11], microwave heating [12,13] and chemical bath
deposition [14-18]. The photo conductivity of PbS nanocrystalline thin films has been investigated [19]. The size of the
particle of this material decreases when metal ions are added to it, which in turns increases its energy gap. For these
reasons, it can be chosen as the excellent candidate for opto-electronic applications in many fields such as IR detectors,
photography, solar cells and light emitting [20,21]. The doping of Ni and Cd in PbS thin films produces a significant
shift in the forbidden band gap with energy range, 1.4 to 2.4 and 0.15 to 0.5eV [22]. Because of these significant
effect in energy band gap due to doping of metal ions, it is used for solar and detector applications. Amongst the
various methods for preparation of PbS nanocrystalline thin films, the chemical bath deposition method is a good and
convenient one because of its advantages such as low cost, low temperature requirement, the ability to deposit thin
films on different types of substrates suitable for large scale deposition areas and controllable properties of thin film
through adjustable deposition parameters [23]. In the present investigations also, the chemical bath deposition
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technique is emloyed because of its advantages for preparation of PbS and Cd doped PbS thin films and the films were
characterized by XRD and SEM.

Il. EXPERIMENTAL DETAILS

The pure and Cd-doped PbS thin films were deposited on glass substrate by Chemical Bath Deposition Technique. The
cleaning of substrate surface has an important role because of its effect on adherent thin film properties in Chemical
Bath Deposition method. Before deposition of PbS thin films, the glass substrates were first washed with liquid
detergent and rinsed thoroughly in double distilled water and then in boiling water. Finally, they were immersed into
acetone for 15 minutes and then dried in an oven.

For deposition of pure PbS thin film, lead actetate was used as source material of lead ion and thiourea as the
sulphur ion source. The lead acetate solution of 0.1M was prepared with double distilled water and the same was stirred
separately at 50 ° C until a clear solution is obtained. The ammonia solution is added to the solution drop by drop
slowly in order to maintain its p" at around 10. Then the equimolar solution of Thiourea (0.1M) was added to the
solutions. The resulting mixture solution is further stired slowly at the same temperature untill its colour is turned in to
dark brown. Using a suitable substrate holder, four ultrasonically cleaned glass substrates were vertically immersed in
the solution for 24 h for deposition of PbS thin films at room temperature. After deposition of PbS thin films, the
samples were taken out and washed thoroughly in distilled water several times and dried in air and then put in a
dessicator.

The reaction mechanism which is responsible for deposition of PbS thin film by CBD method is as follows.

Stepl. Pb?* + 4NH; — Pb(NHj), %"
Step Il Pb(NHs)s © + S* + CH,N, + 2H,0 — PbS +4NH; + CH,N, + 2H,0.

Similarly, the Cd-doped PbS thin films (0.1M) were deposited on the glass substrate by adding an aqueous solution of
cadmium chloride (1wt%) to the precurser mixture solution of lead acetate and thiourea maintaining the same p"
value. The overall chemical reaction taking place is as follows.

1 x[PB(CH;COO0),]+ xCdZ+CS(NH,), — Pby,CdS + 2CH;COOH + CH,N,
I11. RESULTS AND DISCUSSION

Structural study.
The structural characterization was done by an X-ray diffractometer (Bruker D8 Advance) in the 20 range, 20 — 70
using CuKa radiation of wavelength A = 1.5406A° . The XRD patterns of pure PbS (0.1 M) and Cd-doped PbS thin
films (0.1M) are shown in figure 1 and 2. The XRD Pattern of PbS has face centered cubic structure as confirmed by
JCPDS Data card and the peaks correspond to (111), (200) and (220) corrected crystal planes. The narrow peaks in the
XRD Pattern of PbS and CdPbS indicate that the materials have good crystallinity and they are preferentially oriented
along the (200) direction. It is also observed that a significant boardening occurs after doping of Cd for (111), (200),
(220) orientations. This confirms the presence of a phase tranformation due to doping of Cd into PbS lattice [24].
Further, a marginal shift in the diffraction peak is also produced due to the internal lattice strain arised when a large
number of Cd ?* ions occupies PbS 2* ions in the host lattice. The lattice strain in turns generates structural disorder
during crystal growth [25]. The lattice d- spacing is calculated by using Bragg’s Law,

A = 2dSin0.
For (200) orientation, the lattice d-spacing of PbS is found to be 3.06930 A and that of CdPbS is found to be 2.99946 A
respectively. Thus, there is a decrease in the value of lattice d-spacing due to doping of of Cd which is in agreement
with the literature in which similar results are reported [26]. Hence, this confirms the formation of CdPbS thin film.
The lattice constant is also calculated by using the relation
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a:d(h2+k2+|2)1/2

The lattice constants are found to be 6.1386 A for PbS and 5.9989 A for CdPbS for (200) orientation. The crystallite
sizes of PbS and CdPbS are calculated by using Scherrer’s formula,

D= KA

p cos 6

where K is a constant (= 0.94), B is the full width at half maximum (FWHM) of the diffraction peak corresponding to a
particular crystal plane. The size of pure PbS crystal for (200) orientation is found to be 72.52 nm and that of CdPbS
for the same orientation is found to be 27.24 nm. Thus the crystallite size also decreases as the result of doping of Cd
which is in line with reports of earlier workers [27].

SEM analysis

The morphology of undoped PbS and Cd doped PbS (CdPbS) thin films deposited on glass substrate was examined by
scanning electron microscopy (SEM). The SEM micrograph image of PbS and that CdPbS nanocrystalline thin films
are shown in figures 2 and 3. The SEM image of the undoped PbS nanocrystalline thin film is discontinuous with
seperated but well developed crystallites. However, the SEM image of PbS doped with 1 wt% of cadmium (CdPbS)
nanocrystalline thin film is continuous with uniform cyrstallite size.
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Figure 1. XRD pattern of PbS thin film prepared by CBD technique on glass substrate for 0.10 M.
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Figure2. XRD pattern of CdPbS thin film prepared by CBD technigue on glass sulbstrate for 0.10 M.

Figure 4. SEM micrograph of CdPbS nanocrystalline thin film (0.1 M)
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IV. CONCLUSION

In this present study, the pure PbS and Cd doped PbS(CdPbS) nanocrystalline thin films are fabricated on glass
substrate by employing the chemical bath deposition technique. From XRD analysis, the crystallite sizes are found as
72.52 nm for PbS and 27.24 nm for CdPbS and we can conclude the formation of PbS and CdPbS thin films with good
crystallinity and the great adhesion of pure and Cd doped PbS thin films on glass substrate. The SEM images show a
very contrasting microstructures when the pure PbS nanocrystalline thin films are doped with 1 wt% of cadmium.

ACKNOWLEDGEMENT

The authors are thnkful to UGC, NERO for financial assistance in the form of minor research project. The authors are
also thankful to the Department of Physics, Manipur University, Canchipur, Imphal for allowing to take SEM
measurement and XRD facilities.

REFERENCES

[1]. X. Lui, M. Zhang, Studies on PbS and PbSe Detectors for IR System International J.Infra. Millim. waves. 21 (2000) 1697-1701.

[2]. O. Madelung, Semiconductor. Data hand book, 3rd ed., Springer, 2004.

[3]. M.A. Rafea, N. Roushdy, Study of optical properties of nanostructured PbS films. Philos.Maga. Letts. 90 (2010) 113-120

[4]. P.K. Nair, O. Gomezdaza, M.T.S.Nair, Metal sulphide thin film photography with lead sulphide thin films. Adv. Mater. Opt. Electron 1(1992) 139-145.

[5]. H. Hirata, K. Higashiyama, Analytical study of the lead ion selective ceramic membrane electrode. Bull. Chem. Soc. Jpn. 44 (1971) 2420-2423.

[6]. S. Seghaier, N. Kamoun, R. Brini, A.B. Amara, Structural and optical properties of PbS thin films deposited by chemical bath deposition. Mater. Chem. Phy. 97
(2006) 71-80.

[7]. P.K. Nair, V.M. Garcia, A.B. Hernandez, M.T.S. Nair, Photo accelerated chemical deposition of PbS thin films: novel applications in decorative coatings and imaging
techniques. J. Phys. D. Appl. Phys 24 (1991) 1466 -1472.

[8]. lleana Pop, Cristrina Nascu, Violeta lonescu, E.Indrea, |.Bratu, Structural and optical properties of PbS thin films obtained by chemical deposition. Thin Solid Films,
307 (1997) 240-244.

[9]. Maheswassharon, K.S. Ramaiah, Mukul Kumar, M. Neumann-Spallart, C. Levy- Clement, Electrodeposition of lead sulphide in acidic medium, Electroanal. Chem.
436 (1997) 49-52.

[10]. Andre Slonopas, Naser Alijabbari, Christopher Saltonstall, Tatiana Globus, Pamela Norris, Chemically deposited nanocrystalline lead sulfide thin films with tunable
properties for use in photovoltaics, Electrochimica. Acta. 151 (2015) 140-149.

[11]. B. Thangaraju, P. Kalainnan, Spray pyrolytically deposited PbS thin films, Semicond. Sci. Technol. 15 (2000) 849-853

[12]. Yonghong Ni, Fei Wang, Hongfiang Lui, Gui Yin, Jianming Hong, Xiang Ma, Zheng Xu, A novel aqueous-phase route to prepare flower-shaped PbS micron
crystals, J. Cryst. Growth 262 (2004) 399-402.

[13]. Yu Zhao, Xue-Hong Lino, Jian-Min Hong, Jun-Jie Zhu, Synthesis of lead sulfide nanocrystals via microwave and sonochemical methods. Mater. Chem. Phys 87
(2004) 149-153.

[14]. Cristina Nascu, Valentina Vomir, lleana Pop, Violeta lonescu, Rodica Grecu, The study of lead sulphide films VI Influence of oxidants on the chemically deposited
PbS thin films, Mater. Sci. Eng. B 41 (1996) 235-240.

[15]. E.M. Larramendi, O. Calzadilla, A. Gonzalez-Arias, E. Hernandez, J. Ruiz-Garcia, Effect of surface structure on photosensitivity in chemically deposited PbS thin
films. Thin Solid Films. 389 (2001) 301-306.

[16]. E. Pentia, L. Pintilie, C. Tivarus, I. Pintile, T. Botila, Influence of Sh3+ ions on photoconductive properties of chemically deposited PbS films. Mater. Sci. Eng. B 80
(2001) 23-26.

[17]. Rakesh K.Joshi, Aloke Kanjilal, K. H. Sehgal, Solution grown PbS nanoparticle films. Appl. Surf. Sci. 221 (2004) 43-47.

[18]. JJ. Valenzuela-Jauregui, R. Ramirez-Bon, A. Mendoza-Galvan, M. Sotelo-Lerma, Optical properties of PbhS thin films chemically deposited at different
temperatures. Thin Solid Films. 441 (2003) 10-110.

[19]. Naresh B. Kotadiya, Anjana J. Devendra Tiwari, Tapas K. Chaudhuri, Photoconducting nanocrystalline lead sulphide thin films obtained by chemical bath
deposition. Appl. Phys. A, 18 (2012) 819-824.

[20]. Adnan Nazir, Andrea Toma, Nazar Abbas Shah, Simone Panaro, Sajid Butt, Rizwan ur Rehman Sagar, Waseem Raja, Kamran Rasool, Asghari Magsood, Effect of
Ag doping on opto-electrical properties of CdS thin films for solar cell applications. J. Alloys Compd.609 (2014) 40-45.

[21]. S. Kaci, A. Keffous, S. Hakoum, O. Mansri, Hydrogen sensitivity of the sensor based on nanostructured lead sulfide thin films deposited on a-SiC:H and p-Si(100)
substrates. Vacuum, 2015, In Press, Accepted Manuscript.

[22]. Salvador Rosas Castilla, Marcial Zamora Tototzintle, Rey Baltazar L6opez Flores, Leslie Chaltel Lima, Oscar Portillo Moreno, PbS Nanostructures Thin Films by in
situ PbS:Ni and PbS:Cd-Doping. J. Mater. Sci. Eng. A 3 (2013) 305-314.

[23]. Diwaker, Kumar, Garima, Agarwal, Balram, Tripathi, Devendra, Vyas, Vaibhav, Kulshrestha, Characterization of PbS nanoparticles synthesized by chemical bath
deposition. J. Alloys Comp., 484 (2009) 463-466.

[24]. C. Rajashree, A. R. Balu, V. S. Nagarethinam, Properties of Cd doped PbS thin films: doping concentration effect, Suf. Engg. 31 (2015) 319-321.

[25]. P. Prathap, N. Revathi, Y.P. Venkata Subbaiah, K.T. Ramakrishna Reddy, Thickness effect on the microstructure, morphology and optoelectronic properties of ZnS
films. J.Phys. Condens. Matter. 20 (2008) 035205.

[26]. S. Thangavel, S. Ganesan, S. Chandramohan, P. Sudhagar, Yong Soo Kang, Chang-Hee Hong, Band gap engineering in PbS nanostructured thin films from near-
infrared down to visible range by in situ Cd-doping. J. Alloys Comp., 495 (2010) 234-237.

[27]. S. Rajathi, K. Kirubavathi, K. Selvaraju, Preparation of nanocrystalline Cd doped PbS thin films and their structural and optical properties. Journal of Taibah
University for Science 11(2017) 1296-1305

Copyright to JIRSET DOI:10.15680/1JIRSET.2017.0701015 541


http://www.ijirset.com

