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Abstract Quantum dots of CdS and Ni-doped CdS were
synthesized through chemical precipitation method using a
high-boiling solvent. Nanocrystallinity of the as prepared
nanostructure is confirmed using X-ray diffraction (XRD).
The mean crystal size obtained by full-width half maxima
(FWHM) analysis is 3.33 nm for CdS, 3.37 nm for CdS:Ni
(2 mM) and 3.39 nm for CdS:Ni (4 mM). The electrical
conductivity data reveal semiconducting behaviour of both
pure CdS and Ni-doped CdS nano-crystals. The optical
absorption analysis conducted in UV—-vis range 200-900 nm
reveals the transparency of these nanocrystals in entire vis-
ible range but not in ultraviolet range. The results based on
optical analysis yield band gap values as 2.65 eV for CdS,
2.59 eV for CdS:Ni (2 mM) and 2.53 eV for CdS:Ni (4 mM)
nanoparticles. This implies that pure CdS and Ni doped CdS
are blue shifted with respect to the bulk CdS (2.42 eV);
however, Nickel doped CdS nanocrystals are red shifted with
respect to pure CdS nanocrystals.
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Introduction

Pure and doped semiconductor nanocrystals are extensively
investigated to obtain basic information on impurity states
in quantum dots and to examine their potential applications
in novel light-emitting devices. It is well known that the
quantum confinement effect modifies the electronic struc-
ture of nanocrystals when their diameter is comparable to
or smaller than the diameter of the bulk exciton (Norris
et al. 2001; Chen et al. 2000; Soo et al. 1994). Almost all
material systems including metal, insulators and semicon-
ductors show size dependent electronic or optical proper-
ties in the quantum size regime. Among these, the
modification in the energy band gap of semiconductors is
the most attractive one because of the fundamental as well
as technological importance (Awschalom and Kikkawa
1999; Geng et al. 2004; Jayanthi et al. 2007; Hebalkar et al.
2001). The synthesis and characterization of nanostruc-
tured materials especially II-VI group semiconductors is
very important in the field of optics due to their strongly
size dependent optical properties(Awschalom and Kikkawa
1999; Geng et al. 2004; Jayanthi et al. 2007; Hebalkar et al.
2001). Doped nanoparticles of dimensions below Bohr
diameter exhibit interesting optoelectronic properties due
to quantum size effect and are potential candidates for
variety of applications. CdS has been used widely as an
important phosphor for photoluminescence (PL), electro-
Iuminescence (EL) and cathodoluminescence (CL) devices
due to its better chemical stability, favourable electronic
and optical properties for optoelectronic applications
compared with other chalcogenides such as CdSe. Doping
of CdS nanoparticles by transition metal ions and rare earth
ions (Li and Wang 2003; Firdous 2010; Colvin et al. 1994;
Yang et al. 2001; Liu et al. 2000; Papakonstantinou et al.
1998; Xu et al. 1998; Trindade and Brien 1996a) have been
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successfully prepared by techniques such as thermal
evaporation, sol-gel processing, co-precipitation, micro-
emulsions, etc. These doped CdS semiconductor materials
have a wide range of applications in electroluminescence
devices, phosphors, light-emitting displays and optical
sensors. Accordingly, the study of luminescence properties
of CdS has received special attention. In addition to the
blue luminescence of CdS host, emission in different vis-
ible bands related to various dopants has been reported
(Trindade and Brien 1996b; Artemev et al. 1997; Yang and
Holloway 2003). CdS is a widely used substance with
many advanced technological applications. It is a direct
band gap material of energy band gap 2.42 eV at 300 K.
For nanoparticles, the size and surface effect are both
important (Zhang et al. 2007). By controlling these, it is
possible to design materials of required optical, electrical,
magnetic, elastic and chemical properties. The synthesis of
CdS nanocrystals via size-restricting growth modes, by
doping or modifying the original matrix has opened the
way towards tunable light-emitting devices and low-volt-
age display (Herron et al. 1990). One of the highly cited
methods for making CdS quantum dots is chemical pre-
cipitation method. The concentrations of dopants play key
roles in luminescence efficiency and the positions of
emission bands of semiconductor nanoparticles, thus
influencing their practical applications. Therefore, it is very
important to investigate how the dopant concentration of
doped semiconductor nanoparticles affects optical and
electrical properties from the viewpoints of basic physics
and applications. In the present paper the author reports on
the optical and high-temperature electrical properties of
pure and Ni-doped CdS nano crystals. The nanocrystals of
CdS and Ni-doped CdS were achieved through wet
chemical precipitation route and the elemental composition
of the as prepared was verified by EDX analysis.

Experimental

The chemical precipitation technique has been found to
have a number of advantages including easy processability
at ambient conditions, possibility of doping of different
kinds of impurities with high doping concentration even at
room temperature, good control over the chemistry of
doping and easiness of surface capping with a variety of
different steps involved in the synthesis process of nano-
particles. Doped CdS:Ni nanoparticles were precipitated
from a mixture of zinc acetate and Nickel chloride with
sodium sulphide in aqueous solution. In a typical proce-
dure, aqueous solution of sodium sulphide was added into
aqueous solution of zinc acetate and aqueous solution of
Nickel chloride with the molar ratio of Cd:S being 1:1 to
obtain white fluid. The concentrations of Ni taken as
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modification to the parent material are 2 and 4 mM.
Then mercaptoethanol (HOCH2CH2SH) was added to
the above solution, with constant stirring at room tem-
perature. The resulting precipitates were filtered and
washed several times with double-distilled water and
ethanol. Washings were done to remove any organic part
or any other impurity from the particles. The block
diagram of the steps followed to prepare the pure and Ni
modified CdS quantum dots using chemical precipitation
technique is shown in Fig. 1. The characterization of the
grown crystals was carried out using X-ray powder dif-
fraction, EDAX analysis. The powder X-ray diffraction
(XRD) patterns of the grown crystal were obtained using
Bruker D-8 Advanced X-Ray diffractometer with a
Cu Ko radiation (4 = 1.54060 A). The optical absorption
spectra of the same particles in de-ionized water were
recorded using UV-1231PC SHIMADZU spectrometer.
In order to measure the electrical resistivity, the fine
powder of nanocrystals was pressed into a circular pallet
of dia. 1 cm and thickness of 0.4 cm using hydraulic
press and applying a pressure of 10-12 Torr. The pellet
was then mounted on a specially designed two-probe set-
up. Electrical conductivity measurements were performed
using standard two-probe technique in the temperature
range of 300-600 K, Model (CTI-8221A).

Results and discussions
Structural analysis

The EDAX analysis spectrum shown in Fig. 2 reveals
elemental composition of Ni-doped CdS nanocrystals. It is
clear from the graph that the peaks corresponding to Cd, S
and Ni are present in the prepared samples. The XRD
patterns of CdS samples are shown in Fig. 3. From the
figure it can be seen that the XRD pattern of CdS can be
consistently indexed on the basis of the hexagonal, wurtzite
structure (Yang et al. 2001) with lattice constant
a = 4.121, ¢ = 6.682, in which the six prominent peaks at
20 values of 74.4°, 63.7°, 54.4°, 44° and 33.9° angles
correspond to the reflections at (331), (311), (220), (200)
and (111) planes. The XRD patterns of Nickel-doped CdS
nanocrystals also exhibit hexagonal structure with similar
peaks. The broadening of XRD peaks confirm nanocrys-
talline nature of the as prepared samples. These nano-
crystals have less lattice planes in comparison with bulk,
which contributes to the broadening of the peaks in the
diffraction pattern. There is a small shift in broad peaks of
Ni-doped CdS with respect to the pure CdS nanocrystals;
this small shift in intensity may be assigned to the presence
of dopant(Ni) in doped nanocrystals. This broadening of
the peak could also arise due to the micro-straining of the
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Fig. 2 EDX spectrum of Ni-doped CdS nanocrystals

crystal structure arising from defects like dislocation and
twinning, etc. These defects are believed to be associated
with the chemically synthesized nanocrystals as they grow
spontaneously during chemical reaction. As a result the
chemical ligands get negligible time to diffuse to an
energetically favourable site. It could also arise due to lack
of sufficient energy needed by an atom to move to a proper
site in forming the crystall. From the value of full-width
half maxima (FWHM), the mean crystalline sizes were
calculated using Scherrer’s equation.

(D =0.9%/(Bcos0)) (1)

where 4 is the X-ray wavelength, 6 is the diffraction angle
and f is the full-with half maximum of the particles. The
average crystal size was computed from the broadening of
peak at 20 = 63.7° corresponding to (311) plane using
Eq. 1 The calculated mean crystal size is 3.33 nm for CdS,
3.37 nm for CdS:Ni (2 mM) and 3.39 nm for CdS:Ni
(4 mM).
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Fig. 3 XRD pattern of CdS and CdS:Ni nanoparticles

Electrical resistivity studies

Electrical conductivity behaviour as a function of temper-
ature for the compositions CdS and Ni-doped CdS is shown
in Fig. 4. It is clear from the plot that CdS and Ni-doped
CdS nanocrystals show semiconducting behaviour. The
conductivity ranges with respect to the corresponding
temperatures of the CdS are large in magnitude than the
latter. The conductivity at room temperature is increasing
with Ni substitution and it enhances from 17.25 mQcm for
CdS, 18.03 mQcm for CdS (Ni =2 mM) and 18.43
mQcm for CdS (Ni = 4 mM). It is well established that the
Ni substitution in the CdS leads to carrier doping, which
consequently decreases the energy gap and hence increases
the conductivity of the composition. Moreover, doping of
impurity atoms by chemical substitution generally brings
disorder in the system, which may tend to delocalize the
carriers at the doping site. The Arrhenius plot between
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Fig. 4 Conductivity as function of temperature for pure and Ni-
doped CdS nanocrystals

conductivity and reciprocal of temperature is shown in
Fig. 5 above the room temperature (300 K). The slope of
curves decreases in the doped CdS nano crystals and hence
the activation energy. The decrease in activation energy is
indicative of decrease in energy band values.

Optical studies

The studies based on optical absorption studies show that
the absorption edge shifts towards blue region with respect
to bulk samples of CdS indicating increase in effective
band gap energy with decreasing particle size. The
observed blue shift in the excitation wavelength is attrib-
uted to quantum confinement effect with respect to bulk
materials of these compositions (Yang et al. 1997; Ha et al.
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Fig. 5 Arrhenius plot of conductivity versus reciprocal of tempera-
ture for pure and Ni-doped CdS nanocrystals
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Fig. 6 Absorption spectra of Ni-doped CdS nanoparticles

2007). The UV-vis spectra of pure CdS and Ni-doped CdS
is shown in Fig. 6. As it is clear from Fig. 6, the absorption
edges of pure CdS is 460 nm and that of Ni-doped CdS
samples are 477, 481 nm, which is fairly blue-shifted from
the absorption edge at 510 nm of the bulk CdS (Yang et al.
1997). Moreover, as the doping concentration of Ni
increases from 2 to 4 mM the absorption edge also
increases, which is indicative of redshifting with respect to
pure CdS nanocrystals. Since the particle size as calculated
by Debye—Scherrer formula for CdS (=3.22 nm) and Ni-
doped CdS (=3.37, 3.45 nm) is less than Bohr radius
(10.4 nm), both CdS and Ni-doped CdS as prepared nano-
materials fall within the strong-confinement. In general,
semiconductor crystallites in the diameter range of few
nanometers show a quantum size effect in their electronic
structure. These quantum size effects on the band gap
absorption energy can be measured by UV—vis absorption
spectroscopy. From this study one can calculate the energy
band gap. The fundamental absorption, corresponding to
the transmission from valence band to conduction band, is
employed to determine the band gap of the material. From
Fig. 6, the absorption coefficients («) were calculated. The
relation between absorption coefficient (x) and incident
photon energy (hv) can be written as

o = A(hv — Eg)n/hv (2)

where A is a constant and Eg is the band gap of the
material. Exponent “n” depends upon the type of the
transition; n may have values 1/2, 2, 3/2 and 3 corre-
sponding to the allowed direct, allowed indirect, forbidden
direct and forbidden indirect, respectively (Ha et al. 2007,
Rakshani and Al-Azab 2001; Ashour 1994; Xijao and Xiao
2008; Uozumi et al. 1999). In the nanocrystalline sample,
the transition is same as in the case of bulk. However, there
may be some deviation from the bulk. From the above

equation, it is clear that, plot of (ochv)2 versus hv will
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Table 1 Calculations based on optical analysis

Samples Electrical band gap Optical band gap
En(eV) (eV)

CdS 2.85 2.65

CdS:Ni (2 mM) 2.72 2.59

CdS:Ni (4 mM) 2.66 2.53

indicate a divergence of an energy value, Eg, where the
transition takes place. The exact value of the band gap is
determined by extrapolating the straight line portion (Fig. 7)
of (ahv)* versus hv. The calculated band gap values are
2.65 eV for CdS, 2.59 eV for CdS:Ni (2 mM) and 2.53 eV
for CdS:Ni (4 mM) nanoparticles. It is noticed that the band
gap value decreases with the substitution of Nickel. The
existence of the exciton has a strong influence on the elec-
tronic properties of the semiconductor and its optical
absorption (Xiao and Xiao 2008). The calculated values of
electrical and optical band gap are shown in Table 1.

Conclusions

The aim of the present work was to investigate the effect of
Ni doping on the structural, electrical and optical properties
of CdS quantum dots for its possible use as tunable light-
emitting devices and low-voltage display, because of
observed shift in energy band gap. The synthesis of CdS:Ni
nanoparticles has been carried out by chemical precipitation
method. The as prepared quantum dots are found to have
cubic crystal structure with the diffraction peaks coming
from (111), (200), (220), (331) and (311) planes. The
nanocrystallinity of the prepared samples is confirmed by the

presence of broad peaks in XRD pattern. The doping of pure
CdS by Ni decreases optical band gap. Electrical measure-
ments carried out using two-probe technique reveal semi-
conducting nature of pure and Ni-doped CdS nanocrystals.
The Optical absorption studies show that the absorption edge
shifts towards blue region for both CdS and Ni-doped CdS of
the as prepared nano-materials with respect to bulk (CdS)
indicating that effective band gap energy increases with
decreasing particle size. The observed blue shift in the
excitation wavelength is reflection of the band gap increase
owing to quantum confinement.
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