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ABSTRACT

The samples of Cd;_,Co,S with compositions x = 0.0 & 0.6 were prepared by Co-precipitation route at room tempera-
ture. XRD analysis confirms that the samples have cubic structure with no impurity phases. The lattice parameter, volu-
me cell, X-ray density and grain size were calculated using XRD data. It is found that lattice parameter, volume of unit
cell and X-ray density decrease with enhancing Co content. It is due to the smaller ionic radius of Co than the Cd. It is
well noticed that the grain size increases with increasing Co content, it may be owing to the good synthesis technique.
The functional groups and chemical interaction were determined by FTIR spectra. From FTIR spectra, it is investigated
that absorption bands show the presence of resonance interaction between vibrational modes of oxide ions in the crystal.
The energy band gap of Co doped CdS samples was calculated using UV-Vis analysis. It is observed that energy band

gap decreases with increasing Co content owing to the sp-d exchange interaction between Co and CdS atoms.
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1. Introduction

Recently, diluted magnetic semiconductors (DMS) have
attracted considerable attention owing to their potential
applications in spintronics. They can exploit both the
spin and the charge of degree of freedom which promise
new functionality of memories, detectors, and light emit-
ting sources [1,2]. These materials have large number of
applications in the fields of solar cell, microelectronics,
catalysis, optical communications and light emitting dio-
de [3,4]. On the other hand, Cadmium sulfide (CdS) is an
important semiconductor compound of the II-VI group

with excellent physical properties and band gap of 2.4 eV.

Cadmium sulfide is an interesting material for optoelec-
tronic device applications and has been extensively stu-
died in light emitting diodes, photocatalysis, biological
sensors, solar cells and photo degradation of water pol-
lutants [5-10]. It is observed that Li & Eu doped CdS
Nanomaterials are studied widely in the reported litera-
ture [11-17].

In this paper, we report the crystallographic and opti-
cal studies of of Co doped CdS nanoparticles. The Co
doped CdS samples were characterized by X-ray diffract-
tion (XRD), Fourier transmission infrared (FT-IR) spec-
troscopy & UV-Vis spectra.
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2. Experimental

The samples of Cd;-,Co,S nanoparticles with concentra-
tion x = 0.0 & 0.06 were prepared by Co-precipitation
route. The chemicals cadmium acetate, thioacetamide,
cobalt nitrate were dissolved in 50 ml of ethyl alcohol in
separate beakers and stirred for 1 h with the help of
magnetic stirrer. After 1 h the solution of cobalt nitrate
was added drop wise in the solution of cadmium acetate
and kept for 30 minutes. Then the solution of thioa-
cetamide was added into the mixture of cadmium acetate
and cobalt nitrate. This solution again stirred for 1 h,
filtered using a filter paper and then washed with ethanol
to remove impurity present in it. The residue was col-
lected and dried at room temperature. After that each
sample is ground for 15 min.

3. Results and Discussion
3.1. XRD Study

Figure 1 shows XRD patterns of samples are recorded at
room temperature. XRD patterns of the samples reveal
that they have cubic structure with no extra peaks of im-
purity phases. This suggests the material is in single
phase form with homogeneous powder of finer particle
size. The peak intensity goes on decreasing with increas-
ing Co concentration.
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Figure 1. XRD patterns of Cd;_,Co,S system.

The structural data obtained from XRD patterns are
tabulated in Table 1. From XRD data it is observed that
the lattice parameter “a” decreases with increasing Co
content. It is also observed that decrease in volume of
unit cell with increasing Co concentration. This may be
due to the ionic radius of Co ion (0.745 A) which is
smaller than that of Cd ion (0.97 A). From lattice pa-
rameter calculations it is confirmed that Co ions go into
the CdS lattice structure. The X-ray density was calcu-
lated using molecular weight and volume of unit cell of
the samples following formula [18]. It is observed that
volume of unit cell goes on decreasing with increasing
Co concentration.

nM

X-ray density(P,) = N7
A

)

where, n is the number of atoms per cell, M is the mo-
lecular weight of the sample, N, is Avogadro’s number
(6.023 x 10* molecules/kg-mole) and ¥ is the unit cell
volume.

The average grain size was calculated using Debye-
Scherrer’s formula [19].

D= 091 @
pPcost

where 4 is the wave length of the X-ray diffraction, 6 is
the diffraction angle and f- is full width at half maximum
(FWHM) and obtained values are listed in Table 1. It is
found that the grain size decreases with increasing Co
concentration. It may be due to the enhancement in sur-
face-to-volume ratio.

3.2. FTIR Study

The FTIR spectra for grown samples Cd;-,Co,S with
composition (x = 0.00 & 0.06) were recorded at room
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temperature as shown in Figure 2.

The IR spectra at 3330.5005 cm ', 1292.0384 cm’
975.0978 cm™' and some other associated peaks are shown
in Figure 2. For x = 0.00, the peak appeared at 3330.5005
cm ' indicates the presence of -OH stretching. This may
be due to the atmospheric moisture. The peaks at
1666.7054 cm™', 1397.0487 cm™' are assigned to the vi-
brational mode of OH bending. The peak at 1292.0984
cm ' shows the presence of symmetric stretching in the
molecule. The strong absorption bond at 1107.7556 c¢m™*
is assigned to the symmetric stretching (C=0 bond). The
absorption peak at 2438.9155 cm™' is assigned to the C-H
group which suggests the presence of species in the sur-
face of nanocrystals. The peak at 1292.038 cm™' shows the
asymmetric stretching. The peaks at 975.0978 cm ' show
the shoulders with asymmetric stretching and at 713 ¢cm™'
shows additional symmetric stretching.

For x = 0.06, the peak at 3359.299 ¢cm™' corresponds to
-OH stretching in water molecule. This peak indicates
that the presence of bond corresponding to nitrate is
clearly observed. The shoulders at 2473.9190 1667.8106,
1440.2882 cm™' may due to the microstructure formation
of the sample. The bond around at 1150.9952 cm™' is due
to the characteristic frequency at lower frequency. These
modes indicate the presence of resonance interaction
between vibration modes of CdS ions in the crystal. The
peaks at 415.9231 cm™' show the asymmetric bending.

Table 1. Lattice parameter, volume of unit cell, X-ray den-
sity and grain size of Cd;,Co,S System with concentration
(X=10.00 & 0.06).

Co Content Lattice Volume cell ~ X-ray density ~ Grain size
@ PR Ay (g/om’) (nm)
a(A)
0.00 5.8402 199.201 9.633 5.14
0.06 5.8401 199.192 9.419 2.47
x=0.06
S
W
@)
zZ
<
E
s x=0.00
n
P
<
o
'_

T T T T T T T T 1
4000 3600 3200 2800 2400 2000 1600 1200 800 400
Wavenumber (cm™)

Figure 2. FTIR spectra of Cd;,Co,S samples.
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3.3. UV-Vis Study

The optical transition energies (energy band gap) of pre-
pared samples are shown in Figure 3.

From Figure 3, it is observed that the optical band gap
decreases from 2.32 eV to 2.24 eV with increasing Co
concentration. The decrement of energy band gap is mainly
due to sp-d exchange interaction between the band elec-
trons and the localized d electrons of Co”" ions doped for
CdS ions [20]. The energy band gap measurement of our
samples is performed at room temperature owing to this
band gap is smaller than that of bulk CdS samples.
Whereas Thambidurai et al. [21] published that the band
gap of undoped and Co substituted CdS samples is greater
than that of bulk CdS due to the above room temperature.
It reflects good experimental results which were expected.

4. Conclusion

The samples of Cd,_,Co,S compound were synthesized
successfully by Co-precipitation method. From XRD
data, it is confirmed that all samples are in the cubic CdS
structure. The volume of unit cell and X-ray density was
calculated from XRD data. It is found that the volume of
unit cell and X-ray density decrease as Co concentration
increases. It indicates the incorporation of Co at Cd sites.
It is due to the larger ionic radius of Cd ions as compared
to the Co ions. The grain size of the crystalline has been
computed by Debye Scherer’s equation. It is observed
that the average crystallite size decreases with increasing
Co content. Prominent IR peaks are analyzed & assigned
by FTIR measurement. Absorption bands show the pres-
ence of resonance interaction between vibrational modes
of oxide ions in the crystal. The reduction in energy band
gap with increasing Co content, it may be due to sp-d
exchange interaction between Co and CdS atoms.
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Figure 3. Energy band gap of Cd;_,Co,S samples.
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