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Abstract

For the past few years, the prepration and chamz#ion of nanocrystals of materials have becomerderesting area in the
research activity. CdS (Cadmium Sulphide) is a Wediwn semi conducting material which finds appl@as in optical devices.
In the present study, we have made an attempwasiigate the effect of Pbas impurity on the properties of CdS nanocrystals.
The samples were prepared by using simple domestiowave assisted solvothermal method with etleygcol as solvant.
The samples prepared were annealed to have goagtingd X-ray diffraction measurements were carried for all the smples.
The grain size, lattice parameter and yield weréedrined. The colour before and after annealing wated. EDX and SEM

analyses were also done.
prepared pellets.
contributed by the space charge polarization.

The prepared samples elentrically characterized by making dielectric asarements on the
The present study indicates that polarization mechanism in the nano crystalesaered is mainly

Keywords: Semiconducting Il —IV materieal§admium sulphide, XRD patterns, solvothermal metledekctrical
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1. INTRODUCTION

Semiconductor nanocrystals exhibit a wide rangeledtrical
and optical properties which particularly dependbaith size
and shape [1, 2]. Cadmium sulphide is an important VI
semiconducting compound having a typical wide bgag of
2.42 eV at room temperature and exhibiting exceltptical
properties and various luminescence properties sash
photoluminescence (PL) and electroluminescence . (Hk)
wide applications involve laser light emitting des] solar
cells and other optical devices based on its nealin
properties [3,4]. Moreover it finds potential aggliion in the
field of Bio imaging [5,6]. It is well known thathose
fantastic properties of nanoscale semi conductigterals are
dependent on size, shape and crystallinity. Variooutes

and wet chemical routes [16]. Recently new methioalse
also been developed for the preparation of CdS oaygials.

In the present study, we have made an attemptetoape pure
and PB" doped CdS by Mahadevan’s method (the simple
microwave assisted solvothermal method) using aedtim
microwave oven [17]. The grain sizes of the samplese
determined by using the X-ray powder diffractiortadarhe
AC electrical measurements were carried out.

2. EXPERIMENTAL DETAILS

The Cadmium acetate (AR grade) and thiourea (AR&ra

1:3 molecular ratio were mixed and dissolved in rAD0
ethylene glycol and kept in domestic microwave oven
operated with frequency of 2.45 GHz and Power 800W.
Microwave irradiation was carried out until theamit gets

have been developed to prepare the nano scaled seMigporated. The colloidal precipitate was washedersl

conductive materials, particularly group II-VI secainductive
nano materials and their optical and opto eledtpcaperties
have been investigated intensively [7,8]. As CdBocaystals
are an important 11-VI semiconductor material, guiifferent
approaches have been applied to achieve one diomahsi
CdS nano crystal with controlled morphology anesiz

Those approaches include solvothermal route [9,0@lid
crystal template [11], irradiation technique [13,18clymer
controlled growth [14], electrodepositing poroustpl [15]

times with double distilled water. The sample weasshed
with acetone 3 or 4 times. Again the sample wasddin
atmospheric air and collected as the yield. Thespure CdS
nanocrystals was prepared. To prepare CdS dopédRiat
(5wt. % and 10 wt. %) we have added lead acetate to
cadmium acetate and the same procedure was repded
required amount of substance (A) was estimatedsinyguthe
formula,

MxXxV _
= ————— (in gram units)

100(¢
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Where M is the molecular weight of the substancés the high. The results obtained indicate that the ghimonal
concentration in molar units and V is the requivetlme of method is a considerable one for the preparatiorCd%
solution.. The colour of the nanopowders produced moted.  nanocrystals.

The yield percentage for all the samples were tatled by

the formula, Table 1: Colour, yield percentage, preparation time and
Yield percentage = Total productmass>< 100. observed averagegrain size
Total reactantsnass

) ] Samole The reaction Yield percentage Colour
Using an automated X-ray powder diffractometer P time [min] [%)]
(PANalytical) with monochromated CyKradiation § =
1.54056A) the powder X-Ray diffraction (PXRD) datere Pure CdS 3 36.51 Yellow
collected for the 3 samples. Using the Scheremtite [18] CdS doped with 37 26.25 Green
the grain sizes were determined. The prepared ngstats 5wt % Pb™ :
were palletized using a hydraulic press (with aspuee of ?g?vtd%pggz\i‘"th 28 33.25 Light green

about 5 tons) and used for the AC electrical meamants.
The flat surfaces of the cylindrical pellets wemated with
good quality graphite to obtain a good conductivefaze
layer. Using a traveling microscope the dimensiofghe
pellets were measured.

The capacitance (O and the dielectric loss factor (ta&)
were measured using the conventional parallel mapacitor
method using an LCR meter (Agilent 4284A) for the 3
samples with a fixed frequency of 1 kHz at various
temperatures ranging from 40 - 100°C. The obsemativere
made while cooling the sample. The temperatures wa

Fig. 1 :Samples produced: From the left

controlled to an accuracy of = 1°C. Air capaci@rnfC,) was (iyPure CdS
also measured for the thickness equal to thateoptilet. The (i) CdS doped with 5wt % Pb®*
area of the pellet in contact with the electrodeame as that (iii) CdS doped with 10 wt % Pb?**

of the electrode. The air capacitance was measomgd at

room temperature because the variation of air dtpae The X-ray powder diffraction (PXRD) patterns obtdnn the

with temperature was found to be negligible[19]. present study are shown in figure 2. They werexad using
the JCPDS files and they were hexagonal in stractihe

The dielectric constant of the pellet sample walsutated estimated grain (crystallite) sizes and latticeapaeters are

using the relation, given in Table 2. The broadening of peaks in thRBP
g =G/ Cy patterns indicates that the samples prepard ipriggent study

The AC electrical conductivityo,) was calculated using the —are nanostructured particles. Variation of pagtisize due to

relation, PK** doping is small. Also the doping doesnot distibe
O.c =€0& ® tand. crystal lattice of CdS which is evidenced by theserved

lattice parameters.

Here,e, is the permittivity of free space (8.850'* C* N
m?) ando is the angular frequency€ 2nf, where f is the e

] Pure CdS
frequency).
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3. RESULTS AND DISCUSSION

Figure 1 contains the photograph of the preparedpkes
along with the corresponding pellets .The prepamatime,
colour and the yield percentage are given in Tdbléerhe
colour of Pure CdS nanocrystals observed is yelhod that .‘M Il | .
of doped with 5 wt % and 10 wt % PHhs green and light bossrinsca e Wil Sl i

green respectively. The yield percentage is afgoifcantly a i 0 G i W e
Fig.2: XRD pattern for doped and pure CdS

A CdS doped with 5 wt % Pb?
,J"" A\ | A A
At ot b st e Rl Ny

CdS doped with 10 wt % Pb**
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Intensity (arb.units)
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Table 2: Particle size and lattice parameters

Particle si Lattice
Sample a (l;::‘)sue Parameters

aA) | cA)
Pure CdS 6.1 4.14 6.69
CdS doped with 5 wt
% P2+ 5.52 417 6.69
CdS doped with 10
wt % P2+ 6.27 418 7.75

The EDX spectra and the SEM photographs for the jpmd
Pt** doped CdS samples are shown in Figu and 4
respectively.The SEM pictureshows clearly the surfac
morphology of the samples. The EDX spectra indgdhal
the PB" impurity has entered into the crystal matrix of
CdS. This is also confirmed by the change of coliue to
doping.
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Fig.3: EDX spectrafor doped and pure CdS
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Fig.4: SEM imagesfor pureand Pb* doped Cd

The dielectric parameters viz,, tand ando,. observed are
shown in Figures 5-7 All the three dielectric parameters
increase with increase itemperature. Tt variation in AC
conductivity with temperature indicates that alk thhree
nanocrystals prepared are semiconductor’* doping do not
change the dielectric parameters systematici
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Normally the dielectric constant is attributed twuif types of
polarizations. They are space charge, dipolar, cioand
electronic [20]. Even though all four types of gmi¢ations
contribute at lower frequencies, the dielectricstant rapidly
increases mainly due to space charge and dielectric
polarizations, which are strongly temperature
dependent[20,21]. The space charge polarizatidueésto the
accumulation of charges at the grain boundary.&neiase in
space charge polarization results as more and clagges
accumulate at the grain boundary with the increase

454 —=—Pure CdS )
—e— CdS+5 wt% Pb** temperature. Beyond a certain temperature, thegeba
o Ifo’SﬂIOWtI% Plbz‘ acquire adequate thermal energy to overcome thstives
40 50 60 70 80 90 100 barrier at the grain boundary and conduction tagkse
Temperature ('C) resulting in decreasing of polarization. This ifdeial
Fig.5: Dielectric constants for pure polarization occurs up to frequencies of aroundHk kvith
and Pb* doped CdS possibly some contribution from the dipolar polatian also

as the temperature increases. The average graimisserved
for the three systems considered in the presady sire less
than 7 nm. As the observed grain size is smalg th
polarization mechanism is mainly contributed by #pace
charge polarization.

0.354
0.30 4

0.254
Nanoparticles lie between the infinite solid staéad

f:; 0.20 molecules.  The electrical resistivity of nanocajlgte
- material is higher than that of both conventionalarse
0.154 grained polycrystalline materials alloys. The magle of
—m— Pure CdS electrical resistivity and hence the conductivitycomposites
o101 o +Cd8+5wt%Pb2*2+ can be changed by altering the size of the eledlyic
Y S '+|Cf‘s+?0 o Plb conducting component the magnitude of electricalstivity
40 50 60 70 80 90 100 and the conductivity in composites can be changetihe
Temperature ('C) observed AC electrical conductivities in the pressndy are
Fig.6: Dielectric lossfactor for pure very small. When the grain size is smaller tham ekectron
and Pb*" doped CdS mean free path, grain boundary scattering dominaies
hence electrical resistivity is increased. Thesgspace charge
contribution plays an important role in the chatgmsport
124 process and polarizability in the case of all thestems
iy considered in the present study.
g 05 4. CONCLUSION
fE Pure and PH doped CdS were prepared by Mahadevan's
i 0.6 method using a domestic microwave oven and theyewer
8 structurally and electrically characterized. Theeld/
> e Pure CS percentage and the observed grain size indicdtes t
ok —e— CdS+5 wi% sz; suitability of the method adopted. The AC eledtic
4~ CdS+10 wi%h Pb parameters increase with increase in  temperatufée
40 50 60 70 0 % 100 results obtained indicate that the space chargéribotion
Temperature (°C) plays an important role in the charge transportcess and
Fig.7: AC electrical conductivitiesfor pure polarizability.

and Pb* doped CdS
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