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Abstract—In the present work synthesis of pure and Ni (5% and 10 %) doped ZnSe nanoparticles using a chemical co-precipitation method has
been discussed. X-ray diffraction patterns show that the diffracted peaks are well matched with the standard powder diffraction data and exhibits
cubic structure. The average crystallite size of Ni doped ZnSe nanoparticles estimated from Scherer formula are in the range of 40-67 nm. Micro
structural parameters such as microsrain, dislocation density and average internal stress were estimated from X-ray diffraction data. Surface
morphology and elemental analysis of the prepared samples were characterized by scanning electron microscope and energy dispersive analysis.
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l. INTRODUCTION

Wide band gap Il — VI semiconductors are the novel
materials for the optoelectronic device applications. The nano
sized semiconductor crystallites can change optical properties
which are different from bulk materials [1, 2]. Zinc selenide
(ZnSe) is an n-type semiconducting material with wideband
gap of 2.7 eV and large exciton binding energy of 21 meV,
which is a promising candidate for nonlinear optical devices,
flat panel displays, light emitting diodes, lasers, logic gates,
transistors, etc.[3-5]. ZnSe nanoparticles had a wide range of
applications in laser, optical instruments, etc. because of its
transmittance range (0.5-22um), Bohr radius as 3.8 nm at
room temperature, high luminescence efficiency, low
absorption coefficient and excellent transparency to infrared
[6-8]. In addition, these Cd-free materials are believed to be
good candidates for biomedical labelling and for using in
active regions of advanced optoelectronic devices.

The doping of transition metals in group [1I-VI
semiconductor nanomaterials depends on the chemical
properties such as valence state and ionic radius between host
and dopant material (metal). Compared with the rare earth
ions, the doping of transition metal ions has been
demonstrated to be more successful. In ZnSe, host materials in
which a small atomic percentage of transition metal ions
replace the cation sites in the host lattice. Transition metal
elements have been successfully employed as dopants in ZnSe
such as V, Cu, Mn and Ni. Ni is an important dopant in the
magnetic materials. Nickel (1) is a transition metal that
represents an option as dopant agent for Zn-based compound
semiconductors because its atomic radius differs within the
10% limit (8.3% of difference) to Zn** radius. Therefore, the
substitution of Zn?* atoms by Ni** atoms in the lattice is
possible [9]. Furthermore, Ni?* (0.69 A) has the same valence
compared with Zn?* and its radius is close to Zn?*(0.74 A), so
it is possible for Ni** to replace Zn®* in ZnSe lattice. Several
methods such as electron beam evaporation [10,11], thermal

evaporation [12], chemical vapour deposition (CVD) [13],
atomic layer deposition [14], electrodeposition [15], sol-gel
method [16], etc are identified for the fabrication of ZnSe
nanoparticles. Among all, wet chemical precipitation method
has reported as widely acceptable method due to its features
such as cost effectiveness, particle stability, versatility, less
complexity, easy doping. In this paper, the influence of Ni
doping on the structural and surface morphological of ZnSe
nanoparticles were discussed.

II.  EXPERIMENTAL DETAILS

In the present work, pure and Ni doped ZnSe nanoparticles
were prepared by colloidal chemical co-precipitation method
using zinc acetate, sodium selenide and nickel acetate as
starting compounds. Appropriate quantities of these were
weighed in a microbalance (M/s SICO, India) according to the
stoichiometry to obtain 5 and 10 at% target dopant
concentrations and were dissolved in 100 ml of methanol to
make 0.1M solutions. The stoichiometric solution was taken in
a burette and was added in drops with continuous stirring to a
mixture of Na,Se(0.1M) +1.1 ml of thiophenol + 100 ml of
methanol + 50ml of H,O until fine precipitate of ZnSe:Ni was
formed. After complete precipitation, the solution in conical
flask was constantly stirred for 24 hours. A single step
chemical reaction is given below for the precipitation of Ni
doped CdSe nanoparticles. Then the precipitates were filtered
out separately and washed thoroughly with de-ionized water.
Finally these samples are subjected to sintering process. The
samples were calcined at 300 °C/2hrs in a vacuum. X-ray
diffraction (XRD) patterns have been recorded over the range
of 10° - 80° at the scan rate of 2°/min using Powder X-ray
diffractometer (Model: SIEFERT 3003 TT) with CuKa
(A=1.5420 A) as target material. Surface morphology and
compositional analysis of the samples has been studied using
Field emission scanning electron microscope (FESEM)
(Model: HITACHI S-3400) attached with Energy dispersive
spectroscopy (EDS).
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I1l.  RESULTS AND DISCUSSION

X-ray diffraction (XRD) patterns of pure and Ni (5% and
10%) doped ZnSe nanoparticles are shown in Fig.1l. The
diffraction peaks are indexed to the cubic phase of ZnSe with
lattice constants of a=5.618A [Joint Committee on Powder
Diffraction Standards (JCPDS) card number 80-0021]. It is
seen from the spectrum that the ZnSe nanopaticles exhibits the
orientations along (11 1),(220),(311),(331)and (42 2)
planes corresponding to the 26 values given in Table I. The
XRD peak intensity of the (111) plane was relatively higher
than those of other reflections. The intensity of XRD peaks
increases with the increase of Ni concentration from 5 to 10%.
XRD data reveals that diffraction peaks of Ni doped ZnSe
slightly shifts to the higher angle with increasing Ni
concentration of 5% to ZnSe. It is due to the fact that the
divalent Ni atoms occupy Zn*" sites causing slight peak
shifting of 0.24° towards higher angle in (1 1 1) peak giving
rise to decrease in the interplanar spacing. The lattice
parameter (a) for cubic structure were calculated by the
following equation [17]

a=z d (h2+ k2+ I2)l/2 (l)

Deformation cause local changes in atomic spacing are due
to presence of uniform and non-uniform strain in the lattice
parameters. In case of uniform strain, the interplanar lattice
spacing shifts towards lower or higher value depends on the
nature of the strain (tensile or compressive). In case of non
uniform strain, there are changes in grain from one region to
another within the regime. At higher doping concentration of
Ni 10% in ZnSe, the interplanar lattice spacing shifts toward
lower value, this leads to formation of tensile strain.

The average crystallite size (D) of pure and Ni doped ZnSe
is obtained from the Scherer formula [18]

D = KA/BcosO 2

where A, B and 6 are the X-ray wavelength (=0.154 nm),

full width of the XRD pattern peaks at half maximum
(FWHM), and Bragg diffraction angle, respectively. The
FWHM of diffraction peaks is found to be increased with
increasing Ni®* doping leading to decrease in the crystallite
size. The crystallite size for the prepared samples is in the
range of 40 - 67 nm.
The strain induced in crystals due to doping and distortion is
calculated using the formula [19]

g=PBcosB/4 (3)

The strain of the prepared samples increased from 0.746 x
10° to 0.826 x 10° line® m* with the increase of Ni
concentration in ZnSe. Table | depicts comparison of
crystallite size and strain for undoped and Ni-doped ZnSe for
5 and 10% concentrations. It is clear that with both kind of
concentration and doping, there was a decrease in crystallite
size and an increase in strain level. Dislocation in the crystal
represents defects or irregularity which may deleteriously
affect the physical and chemical properties of the material.
The dislocation density for the prepared sample has been
determined using the equation [20]

6=15Bcosb/4aD 4)
where § is dislocation density, B is broadening of diffraction
line measured at half of its maximum intensity (in radian), 0 is
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Bragg's diffraction angle (in degree), while ‘a’ and ‘D’ are the
lattice constant and crystallite size (in nm) respectively. The
dislocation density of the samples increases from 1.83 x 10
to 2.25 x 10* m? with the increase of Ni doping concentration
in ZnSe. The average internal stress S in the prepared samples
can be determined using the following relation [21]:
S =[E/2y] [(ac-a)/ ag] (5)

where ay is the lattice parameters of the bulk material, E is
the Young's modulus and vy is the Poisson's ratio of the films.
Here ‘a’ refers to the lattice parameter of the prepared sample.
The values of E and y used in calculation however, are those
of the bulk material of ZnSe. The average internal stress
slightly increases with the increase of Ni doping in ZnSe
nanoparticles. The microstructural parameters for pure and Ni
doped ZnSe nanoparticles are given in Table I1.
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Fig. 1 XRD patterns of (a) pure ZnSe, (b) 5% Ni, (c) 10 % Ni
doped ZnSe nanoparticles

FESEM images of un-doped and Ni doped ZnSe
nanoparticles are shown in Figs. 2 (a, b and c). The surface
morphology of pure and 5% Ni doped ZnSe nanoparticles
confirm dense, less uniform size, agglomeration and
nanometer scaled particles. Figure 2(c) shows the surface
morphology of 10% Ni doped ZnSe, which represents a sort of
clusters of nanoparticles on the surface. They were formed
after aggregation of various grains. Figure 3(a) and 3(b) shows
the EDS of pure ZnSe and 5% Ni doped ZnSe. Data analysis
(i.e., atomic and weight percentage) from EDS patterns
confirmed the stoichiometric composition of elements in the
samples. For ZnSe nanoparticles, two elemental peaks related
to Zn were found at ~1.0 and 8.6 keV, and one for Se at ~1.4
keV; whereas for 5% Ni doped ZnSe along with peaks related
to Zn and Se, Fe peak is found at 0.85 and 7.46 keV
respectively.
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TABLE 1 : Structural properties of pure and Ni doped ZnSe

nanoparticles
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Lattice Crystallite
(hkl) d-spacing, constant, a size,
Sample 20 A FWHM (°) (A) D (nm)
A1) | 2717 | 32708 0.176 5.6807 46.4
Znse (220) | 4512 | 2.0074 0.174 5.6777 495
G111 | 5351 | 17116 0.181 5.6767 49.1
B31) | e580 | 14182 0.209 6.1818 452
(422) | 7558 | 13013 0.193 6.3750 51
A1) | 2741 | 32507 0.177 5.6303 462
Znse: (220) | 4537 | 1.9969 0.149 5.6480 57.8
Ni(5%) G111 | 5374 | 17043 0.142 5.6525 62.7
B3 | ee01 | 1.4140 0.161 6.1635 58.8
(422) | 7279 | 1.2081 0.147 6.3593 67.1
(A1) | 2720 | 32758 0.195 5.6740 42
Znse: 220) | 4516 | 2.0060 0.213 5.6738 40.4
Ni(10%) | (G11) | 5353 | 17100 0.132 5.6714 67.4
B31) | e581 | 14179 0.192 6.1804 493
(422) | 7559 | 13012 0.203 6.3745 485
TABLE Il : Microstructural parameters of pure and Ni
doped ZnSe nanoparticles
Micro strain, Dislocation Average
ex10° density, internal stress,
Sample (line? m™) 8 x 10% (m?) x 10" (Pa)
0.746 183 0.86
Jnse 0.700 2.64 218
0.705 3.14 2.76
0.765 4.47 3.58
0.678 3.83 401
0.750 1.87 0.88
ZnSe: 0.600 1.94 2.20
Ni(5%) 0.552 1.93 2.78
0.590 2.65 3.60
0.516 2.22 4.02
0.826 2.5 0.87
ZnSe: 0.858 3.97 2.18
Ni(10%) 0.514 167 2.76
0.703 3.77 358 Fig. 2 FESEM Imac?gse?jfé?siurr;fc::)zeriif:tlsz% Ni, (c) 10 % Ni
0.713 4.3 401
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