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Effect of CdS on alum using photoacoustic spectroscopy

Seema Kandpul*, A K.Rai! and R P S Kushwaha
Department of Physics. G B Pant University of Agricullure and Technology. Pantnagar-263 145, Uuaranchal. India
'Department of Physics, Umiversity of Alla‘lahud. Allahabad-211 002, Uttar Pradesh, India

E-mail : kandpalseema_26@ rediffmail com

Recceived 27 May 2005, accepted 21 November 2005

Abstract

Photoacoustic (PA)spectra of CdS. alum and CdS-dispersed alum are recorded in a single beam PA spectrometer, using 1000

W tungsten halogen lamp. PA spectra of pure CdS and pure alum show an absorption edge at 515 nm. 1164 nm. PA spectra of 5% CdS-
dispersed alum, 10% CdS-dispersed-alum and 15% CdS-dispersed alum show absorption edge at 2170 nm, 1650 nm and 1345 nm,
respectively. Using these absorption edges, we have calculated the energy band gap and our result revealed that the energy band of CdS-
dispersed alum 1s less than its constituents and encigy band gap incrcasces as we increase the amount of CdS.

Keywords : Photoacousuc spectroscopy., absorption edge, energy band gap.

PACS Nos. : 43.35.Vz, 43.35.Sx. 43.25.Qp. 82.80.Kq

Photoacoustic ‘spectroscopy (PAS) is one of the important
branches of spectroscopy. which enables one to dectect

light-induced heat production following the absorption of

pulsed radiation by the sample. Thus. PAS has been
proved to be a very useful tool for determining the
optical absorption spectra of any kind of sample [1]. The
suitability of the photoacoustic (PA) technique lies in the
fact that it can be applied irrespective of the physical
state of the sample i.e. polycarbonate, solid, semi-solid,
hquid. gel erc. |1,2]). PA spectra of the samplcs are very
similar to the absorption spectra obtained by other spec-
troscopic methods. The PAS spectra are obtained directly
from the hcat, generated in a sample due to non-radiative
absorption process [2,3]. In particular. it has been proved
© be a very useful tool in the study of highly light-
absorbing samples [4,5]. In cases where the photoacoustic
signals were weak the cell was filled with helium gas to
enhance the signal. This usually increased the gain by a
factor of at least two [6].

) Composite electrolytes are essentially two-phase mate-
fals prepared by the physical mixing of two materials
(not necessarily high conductivity) resulting in an in-
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creased conductivity in comparison to its constituents
[7.8]. Recently. PAS emerged as a valuable tool for the
study of energy band gap of such types of materials.
Thercfore in the present work, we have determined the
encrgy band gap of following samples : (i) Pure alum,
(ii) Pure CdS, (ii1) 5% CdS in alum (iv) 10% CdS in
alum, (v) 15% CdS in alum.

Alum [(NH,);SO,;A1,(S0O,);.24H,0] has been purchased
from the market. Cadmium sulphide is prepared by thc
reaction of Cd(NO;) and Na,S. To prepare a composite,
alum and CdS are separately ground until we get a fine
powder form. Now, we take an appropriate amount of
alum and CdS by using digital chemical balance.

Light beam from a 1000 W tungsten halogen lamp
was used to record the PA spectra of the samples. The
light beam was modulated by a mechanical chopper
(model SR 540, Stanford USA) and then, the required
wavelength was selected by a monochromator (1/8 m
Comnerstone, auiomatically controlled by computer, oper-
ated from TRACQ-32 monoutility, programme) controlled
by computer.
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The monochromatic modulated radiation was directed
to the samplc compartment of the PA cell through the
quartz window as shown in Figure 1. PA signals are
detected by the condenser (Radio shack, USA). Thesc
signals are then amplified by a two-stage pre-amplifier
with a variable output by using a Preset (100 kQ)and
then fed to the lock-in-amplifier (model SR 530, Stanford,
USA) for output display of amplitude and phase angles.
The reference channel of the lock-in-amplifier was con-
nected with the chopper for phase sensitive detection.
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Figure 1. Schematic diagram of photoacoustic spectroscopy.

We have recorded the PA spectra using single bcam
PA spectrometer at fix chopper frequency (22 Hz) and
by varying the wavelength of cxcitation source. It is
clear from Figures 2—6 that the absorption is enhanced
suddenly near a particular wavelength, which forms the
band edge in the PA spectra of compositc material. To
estimate the correct value of band edge, tangent drawn at
a point on either side of thc absorption edge in the
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Figure 2. PAS of purc alum.
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Fiugure 5. PAS of 10% CdS disperssed alum.

spectral curve, where the curve starts bending from its
straight portion to form the edge. The cross sectional
points of these tangent give the approximate value of
wavelength corresponding to the band gap. The band g
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Figure 6. PAS of 15% CdS disperssed alum.

(E,) of composite materials corresponding to this waves<
length may be calculated from the following equation. |

. _he
Eg=hV =— )]

where, E, is the energy band gap in Joules and A is the
wavelength of the absorption edge in meters. By putting
the value of A. the corresponding value of energy band
gap may be calculated.

The value of A corresponding to the absorption edge
for five samples (pure alum, pure CdS, 5% CdS-dis-
persed alum, 10% CdS-dispersed alum, 15% CdS-dis-
persed alum) are determined from their PA spectra (Fig-
ures 2-6) and is tabulated in Table 1. Using thesc valucs
of A. energy band gap of these five samples are calcu-
lasted by using eq. (1) and is tabulated in Table 1. It is
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Table 1. Values of energy band gaps.

Sample Absorpuion band edge (nm) Energ band (eV)
Purc alum 1164 1.07

Pure CdS S1S§ 2.4

5% CdS-dispersed alum 2170 0.57
10% CdS-dispersed” alum 1650 0.75
15% CdS-dispersed alum 1345 0.92

clear from the tablc that the energy band gap of CdS-
dispersed alum is less than its constituents. The energy
band gap increases gradually as we increase the amount
of CdS. Our results arc in agreement with the result of
Shahi er al [7.8] as the conductivity of CdS-dispersed
alum increases in comparison to its constituents.
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