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Abstract-Yellow colored CdS quantum particles were prepared by template synthesis method. The particles
are passivated by thiophenol as template was confirmed by FTIR technique. HRTEM image showed that the
wurtzite polycrystalline nanoparticles have size of the order of 15-50 nm. The compound nano-
semiconducting sample was subjected to VSM and Impedance measurements to reveal the magnetic and
electrical nature of the sample respectively. The properties varied significantly from that of bulk grain sized

sample.
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I ntroduction

In this materials age nano-semiconductors play a
vital role because of their relevance to the dgualent of
miniature technology. Their specific behavior totezmal
constraints, like magnetic field and electric fiefohds
applications in many device¥. Since the discovery of
germanium transistdf’, research on germanium and silicon
has revolutionized the electronic industry. But temand
for new materials with flexible properties for hagh
efficiencies, compactness and low cost was realigedntly
Bl Many important properties of this sample have exn
studied so far systematically, especially electrica
conductivity and the scattering mechanisms in Hasple
are not yet established. In this present investigatCdS
nanoparticles capped with thiophenol have beerhsgined
and the structural, magnetic and electrical progef this
sample were studied.

Material and Methods

1g of respective precursors were suspended in 100
ml of 0.1M aqueous solution of cadmium acetate,
thiophenol and sodium sulphide, were preparedeqnal
volume of each solution was used for the reactiarst, the
cadmium acetate solution was taken in a reactiesateand
thiophenol was added to it drop wise while stirriitg
continuously with magnetic stirrer, then sodiumpside
solution was added to same reaction vessel. Sohkiticere
mixed at the rate of 1ml per minute. The end produas
washed thoroughly in double distilled water to remahe
by-product, sodium acetate salt. Finally the sotutivas
centrifuged and the precipitate obtained was dataom
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temperature. By properly adjusting the concentratbthe
starting reagents, free-standing powder of CdS tyuawlots
can be synthesized. The as-prepared yellow coloplea
was calcined at 36@ and subjected to different
characterization techniques.

The compositions of the sample was estimated
using Energy Dispersive Analysis of X-rays (EDAX)
attached to Scanning Electron Microscope (SEM, Mode
JSM 840A). The role of capping agent was confirrngdR
spectroscopy (Model: MIR 800Y). Particle size and
structure were obtained from High Resolution Traission
electron microscopy (HRTEM, Model: JEOL JEM 3010).
Magnetic study was performed on Vibrating Sample
Magnetometer (VSM, Model: PAR 4500) and impedance
plot was recorded on an Impedance Analyzer (Model:
Solatron Sl 1260).

Results and Discussion

Elemental analysesand HRTEM

The atomic percentage of the chemical species fautide
sample was given in Table 1. The concentrationghin
sample agreed well with nominal concentrations. Skslge

of CdS is shown in Figure 1. The rough and spagface
morphology has been clearly seen for the sampléchwh
make it difficult to estimate the crystallite side. general
the powders were isolated as agglomerates of pyimar
crystallites with dimensions of approximately a few
micrometers. These agglomerates in turn, are coedpo$
the primary 15-50 nm sized crystallites as evidgom
HRTEM. Fine particles, particularly nanoscale mdes,
since they have large surface areas, often aggiienty
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form either lumps or secondary particles to minenthe
total surface or interfacial energy of the systénFigure 2
shows HRTEM micrograph of the CdS sample where (a),
(b) and (c) show selected-area electron diffrac(lBAED)
pattern, lattice fringes in CdS and bright-fieldsige of CdS
respectively. The size distribution in the bridileld image
was measured by manual counting from a populatibn o
about 50 particles. The average particle size nmedsis
close to 50 nm. Besides, coarse particles of aHemdred
nm in diameter were also occasionally observedtheur
the quasi-spherical shape is evident. Also, thegiree of a
2 to 5 nm thick layer on surface of the particles tbeen
observed. This belongs to the thiophenol group &vident
from FTIR studies. The rings in SAED pattern comfirall
of the'd’ spacings of CdS. The three brighter dogs
indicated by arrows correspond to the (101), (k@) (103)
diffractions of wurtzite structure of CdS. Furthére SAED
pattern shows that diffraction fringes are difffant spots
and not diffraction rings for the nanoparticlesisTéonfirms
the good crystallinity of the present CdS nanopkasi The
lattice fringes of CdS reveal that the CdS nandgartores
are polycrystalline in nature. The observed lattidage
spacing of 0.375 nm corresponds to the'd’ valug1df0)
plane of Cd<”.

Table 1: Elemental analysisfor CdS nanoparticles

Starting elements Elementsfrom
in at.% EDAX analysisin
at.%
Cd S Cd S
50 50 47.23 52.77

Figure1l: SEM image of CdS Nanoparticles

Infrared spectroscopy

FTIR spectrum of CdS is shown in Figure 3. In the
higher energy region the peak at 3429'dmassigned to O-
H stretching of absorbed water on the surface 06.Cd
Again, presence of water is confirmed by its begdin
vibration at 1627 cf The peak at 1440 chis assigned to
bending vibration of methanol used in the proc#ss. also
verified by its CH-streching vibrations occurring as very
weak peaks just below 3000 émThe C-O stretching
vibration of absorbed methanol gives its intensekpat
1117 cnt. In addition to surface coverage of CdS by
methanol, presence of trace amounts of templat@ndig
namely thiophenol is also partly evident from tsgctrum.
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Its ring C-H vibration occurs at about 3000%rit is a very
weak peak. Similar such weak peaks due to C-H lbendi
vibrations are observed at about 617 ‘cnHence, in
addition to absorbed methanol on the surface of,CdS
presence of thiophenol in its dissociation form aso
evident. This observation therefore suggests tbatral of
size of CdS is dominated by both methanol and tieopl,
hence even after sintering presence of such congsoim
clearly evident. So these observations convincirsgigport
template role of thiophenol in the control of thieesof CdS
particles.

Figure2: HRTEM micrograph of the CdS sample where
(a) selected-area electron  diffraction (SAED) pattern
(b) lattice fringesin CdS (c) bright-field image of CdS
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Figure 3: FTIR spectrum of CdS nanoparticles

M agnetization study

The magnetization curve for CdS sample as shown
in Figure 4 is about a straight line passing thioubge
origin. No change in magnetization was observednhe
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field was reversed i.e. no hysteresis was notiteds shows
that the sample is in paramagnetic state. The eatPara
magnetism in CdS might be attributed to super pagaretic
nature of the small grains present in the sampteadso to
spin canting i.e. surface pinning effect. Whengtze of the
particles is reduced below the single domain linfiey
exhibit super Para magnetism at room temperatuicened

by a spin-glass like transition at low temperat@reSuper
Para magnetism is essentially a result of non-cterg,
thermally fluctuating nanoparticle moments wheree th
volume dependent effective anisotropy energy ofheac
particle is easily overcome by the thermal enengyT].
The effect of this is that the nanoparticles havéarge
moment with high saturation magnetization (as etqb
Ferro magnets) but a non hysteretic M-H curve veio

remanance and coercivity.
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Figure 4: Magnetization versusField (M vg H) hysteresis
loop

a.c Impedance study

The complex-plane impedance spectrum of CdS
sample is shown in Figure 5. It can be seen tleasplectrum
consists of two overlapping semicircular arcs wiith center
depressed below the' Zxis. The intra-grain and the inter-
grain polarization effects are observed via theisiecular
arc in the complex impedance plane. The overaleuamce
behavior appears to be mainly the outcome of the
contribution made by the grain boundaries. The uhapee
behavior is explained with the equivalent circdibwn in
Fig. 6. The parameters (RC; and o)y denote the
resistance, capacitance and the relaxation frequitg of
the grain and R, Cy and (op)g are the corresponding
guantities for the grain boundaries. These paraseiee
obtained for room temperature measurement by ainglyz
the data using the non-linear least-squares (NLfit8hg
routine. The depression observed in the semicindiates
the non-Debye nature of the material, since a dspe
semicircle with centre below the real axis is redato the
distribution of relaxation time among more than one
relaxation mechanism. The calculated resistivityhig
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sample is 5.064 M2-cm, which is very much higher than
the bulk or coarse grained CdS (0.1Zcm at room
temperature). The electrical resistivity of the oenystalline
materials is expected to be higher than that ofssograined
polycrystalline materials, because of the increaggldme
fraction of atoms lying in the grain boundariessiBes, if
the crystallite size is smaller than the electroeam free
path, the grain boundary scattering dominates and its
electrical resistance is expected to increase.
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Figure 5: The complex impedance spectrum of CdS

Fatnal

Figure 6: The equivalent circuit of impedance spectrum

Conclusion

CdS nanocrystalline sample was prepared by
chemical route using thiophenol as template. Tresérce
of template on CdS nanoparticle was confirmed byRFT
technique. HRTEM study revealed the wurtzite striretof
the sample and the particle size of 15-50 nm. VSM
measurements depicted the super Para magnetico$tdite
sample. Finally a.c impedance study disclosedrtkalating
nature of the sample.
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