Available online at www.pelagiaresearchlibrary.com

Pelagia Research Library

Advances in Applied Science Research, 2012, 3 (H08-2513

Library
ISSN: 0976-8610
CODEN (USA): AASRFC

Synthesis and Characterization of Hydrophobic PbS fin Films
P. D. More

Materials Research Laboratory, Department of Physics, Ahmednagar College, Ahmednagar,
India

ABSTRACT

In this article, structural, optical, electrical transport and wettabilty studies of PbS thin films deposited by spray
pyrolysis have been investigated. The as deposited PbS films exhibit cubic crystal structure. The optical studies
revealed a high absorption coefficient (10°-10° /cm). The dc electrical conductivity and thermoelectric power were
measured by two probe method. The wettability test shows hydrophobic behaviour of PbSthin films.
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INTRODUCTION

PbS is an important direct narrow band gap semiectod material4 0.41 eV at room temperature). During the last
few years, the research on the growth of PbS thimsfhas increased, for its technological applaraiin photo
resistance, diode lasers, decorative coatings,optmklectronic devices [1-2]. Therefore, PbS semdcetor have
been focused in experiments and thdg8tyBut PbS in bulk form is a material of potemhtgoplication for infra red
detection. Therefore it is important to investigétie bulk properties of PbS. Carrier densities\aetifrom Hall
measurements are equal to those derived from thaectoic power measurements, and are thereforgpiatied to
be equal to the carrier density in the grains ef BbS layer [4]. Considering the fact that stoiofetric excess of
sulfur in PbS (bulk) imparts p-type character whsrdeficient sulfur makes it n-type [5]. Thin filro§ PbS were
prepared by different techniques. The most simpiexpensive deposition technique is spray pyroly§ig
employing spray pyrolysis, deposition rate andkhéss of the film can easily be controlled for deviange.

MATERIALS AND METHODS

When a droplets of the spray solution of lehtbride (PbG of 0.1M) and thiourea (N} SNH, of 0.1 M) at
300°C substrate temperature reaches the hot subistoating to the pyrolytic decomposition ofettsolution,
well adherent films were deposited by sprayif@gn® prepared solution at the rate of 5 ml/min gsair as a
carrier gas. In this process, the solutionpigverized by means of air and arrives tbe substrate placed
inside the chamber in the form of fine drops kn@sraerosols which form a thin layer on thibstrates. The as
deposited PbS films was of black color. Thicknesd angle of contact of PbS thin films were measbrecontact
profiler meter. The structural properties of PbSsvgudied by X-ray diffraction (XRD) using filtereGuK,
radiation £=1.5406 A). The surface morphologies of the PbS thin filwesre observed by scanning electron
microscope operating at 25 KV. The optical studiasried in the range of 300-1100 nm wavelengthse @b
electrical conductivity and thermoelectric powergveneasured by two probe method.
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Table.1. Interplanar spacing’s deduced from XRDpatten and compared with the corresponding as obtained from literature
data. Numbers in brackets (n) represent theabels of reflections in diffraction patterns

n) Interplanar spacings determined Interplanar spacing’s reported in literature®
d (A" d (A% hkl
1 3.3117 3420 111
2 2 8710 29618 200
3 20552 2.0943 220
4 1.7568 1.7860 311
3 1.6359 1.7100 222
6 14639 14809 400
7 1.3462 1.3589 331
8 1.3120 13245 420

*Joint Commission Powder Diffraction File No. 78-1899
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Fig. 1. X-ray diffraction pattern of PbS thin films
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a. Magnification at 15000 X b. Magnification at 30000 X
Fig. 2. SEM of PbS thin films at different magnifiations
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Fig. 3. Shows optical absorbance and transmittanoes wavelength of PbS thin films
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Fig. 4. Plot of @hv)? vs hv
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Fig. 5. Shows electrical conductivity of Pbs thinilins
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Fig. 6. Thermoelectric power of PbS thin films

Angle of contact = 93

Fig. 7. Contact angle of PbS thin films

2511
Pelagia Research Library



P. D. More Adv. Appl. Sci. Res,, 2012, 3(4): 2508-2513

RSEULTS AND DISCUSSION

3.1) X-ray Diffraction studies:

The crystallographic properties have been investtghy X-ray diffraction technique using Cukadiation. Figure.
1 shows X-ray diffraction (XRD) patterns @fms at temperatures 300°C. The film preparkoves several
peaks with high intensity occurred d 2 26.9, 31.13°, 44.03 52.0%, 54.57. Diffraction along the [111] and
[200] plane shows the highest intensity with [lsdefined sharp peak indicating high crystaty of the
material prepared. All these peaks (table Iiyesponding to cubic phase of PbS were maliched with the
standard JCPD [6]. The lattice parameter was catledlfrom the XRD data a=5.79688d are found to be close
agreement with the JCPD data. The grain size atiddaconstant of the films were determined byirfgtthe more
intense diffraction peaks to Gaussian functionsasidg the Debye Scherrer formula. It was founde@8 nm.

3.2) Microscopic studies:

Scanning electron microscopy (SEM) is an extremaysatile technique that provides a direct visidnthe
structural information’s of the materials. SEM (8} shows cubic crystal which is good agreemenh wRD
studies.

3.3) Optical studies:
The absorption spectra of PbS data were analyzedy tke Stern relation for near edge optical absampof
semiconductors as [7-8]

A= [K (hv-Eg)"?]/ hv (1)
where, h- Planck’s constant; frequency, K-constant, n=1 for direct type baag gr 4 for indirect type band gap.

Fig.3. shows absorbance and transmittance spextosided at 300 to 1100 nm wavelength. Fig. 4 shbedinear
nature of the plot near absorption edge indicdieskistence of the direct transition. Extrapotatime straight line
portion of each curve in fig. 4 intersects the zabsorption coefficients (energy axes). The valuenergy at this
interesting point indicates the energy of band Bgp 0.39 eV.

3.4) Electrical studies:
The electrical conductivity of PbS thin films waseasured in the 300-500K temperature range usingptebe
techniques and its temperature dependence carpbessed by usual Arrhenius equation [9].

o(m = 0o €Xp (- /KT) (2)
where E, is the activation energy; Tis the absoltemperature and K is the Boltzmann coristan

The room temperature electrical resistivity of thasnple is of the order of dfn. The temperature dependence of
an electrical conductivity is shown in fig.B is seen that there are two distinct conductiegjons indicating
more than one conduction mechanisms [9]. The Ipedlstates responsible for this conduction proassshe direct
consequence of the imperfections associated witrcpstalline thin films [10]. Two distinct regiorerresponding

to two activation energies are clearly seen. Thiratoon energies of an electrical conduction hbheen determined

in both low and high temperature regions and &8 8V and 0.11 eV respectively.

3.5) Thermoelectric power:
The TEP for PbS samples was therefore measuredeandded in the range of 300- 480K temperatureaaipe
temperature dependence of TEP is shown in figi6.déen that TEP increased with temperature.

3.6) Wettability test:

The wettirg of solid with water is dependent on the relatiomsen the interfacial tensions. The ratio between
water/air, water/solid and solid/air determines tlomtact angle between a water and droplet on engburface.
Measurement of surface water contact angle is smhgmproportional to the wettability and can beedetined by
young'’s relations [11].

Cos0 = (ys - s ) T 3)

Fig.7. Indicating hydrophobic behaviour € 90°) means the solid has a less affinity forerat
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CONCLUSION

The preparative parameters can easily be optiniz@doduce good quality of Pbs thin films by sppgyolysis. As
deposited films showed sharp peaks and cubic steicThe lattice parameter (a) is nearly matchati stiandard
value. The PbS thin films exhibit both type of canotlon mechanisms. The wettability test showed tybobic
behaviour.
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