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Nickel  nanoparticles  have  been  synthesized  by chemical  reduction  method.  By  the  analysis  of  X-ray
diffraction,  the  resultant  particles  are  characterized  and  found  to  be  pure  crystalline  nickel  with  a  face-
centered  cubic  (FCC)  structure.  The  morphology  and  size  of  the  nanoparticles  are  studied  by  scanning
eywords:
ynthesis
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ickel

electron  microscopy  (SEM)  and  micrographs  reveal  that  the  nanoparticles  are  mostly  spherical.  The  com-
positional  analysis  has  been  carried  out  by  using  EDAX.  The  quantum  size  confinement  of  the  crystallites
is  evident  from  the  blue-shift  of  the  absorption  edge  in  the  UV–vis  absorption  spectrum.

© 2013 Elsevier GmbH. All rights reserved.
hemical reduction method

. Introduction

Increased attention has been recently paid to the study of
etal nanoparticles exhibiting novel optical, electronic, magnetic

nd chemical properties that are ascribed to the extremely small
imensions and special surface nature [1–5]. Metallic nickel can
xist in two crystalline forms with FCC and HCP structure. Almost
ll common nickel powders are ferromagnetic substances with FCC
rystal structure. Among the various kinds of metal nanoparticles,
he preparation of some metal nanoparticles such as nickel, copper,
nd iron, is relatively difficult because they undergo easy oxida-
ion affecting their catalytic performance [6]. Until now, only a
ew works on the preparation of nickel nanoparticles have been
eported and they usually are performed in organic media to
void the formation of nickel oxide or hydroxide [7]. It is reported
hat nickel powder has been produced for multilayer ceramic
apacitors in cellular phones and mobile computers [11]. Many
echniques have been used to prepare the metal nanoparticles,
uch as chemical reduction [8–12], electrochemical reduction [13],
hotochemical reduction [14], sonochemical method [15], polyol
rocess [16], heat evaporation [17], and micro emulsion technique
18]. The physical methods always need a high temperature [19],
acuum and expensive equipments, but the conditions that are

equired by chemical methods are not so critical. The chemical
eduction method is one of the commonest methods to synthesize
olloidal metal particles because of its convenient operation, easy

∗ Corresponding author. Tel.: +91 9486114497; fax: +91 4286 245577.
E-mail address: mhlhemu@gmail.com (M.  Hemalatha).

030-4026/$ – see front matter ©  2013 Elsevier GmbH. All rights reserved.
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controlling and simple equipment requirements. Among metal
nanoparticles of nickel, iron and cobalt, nickel is the most sta-
ble particle. However, few literatures on the preparation of metal
nanoparticles have been reported. In present work, we have pre-
pared nickel nanoparticles using hydrazine reduction method and
its structural morphologies and optical features of the prepared
samples are studied. In the absence of soluble polymer or other
extra protective agent, nickel nanoparticles are synthesized in eth-
ylene glycol with hydrazine hydrate as protective agent as well as
reducing agent.

2. Experimental

Ethylene glycol was  supplied by Merck, India. Nickel chloride
hexahydrate and hydrazine hydrate were obtained from Mum-
bai. Sodium hydroxide (NaOH) pellets were obtained from Loba
Chemie. The deionized water was used throughout the experiment.
Nickel sample was prepared by the methods reported earlier [9,20],
using nickel chloride hexahydrate as a precursor and hydrazine
hydrate as reducing agent.

For sample-A preparation, appropriate amount of NiCl2 is
dissolved in10 ml  ethylene glycol. Then 5 ml  hydrazine hydrate
is added to above solution. NaOH, which acts as a catalyst of
10–92 �/ml, are added in sequence and stirred well. The complete
solution is kept in water bath for 1 h at 90 ◦C. During heating bluish
green color precipitate slowly changed in to black color, indicat-

ing the formation of nickel nanoparticles. These nanoparticles are
cooled and collected, washed several times by ethanol and dried
in the room temperature (Sample-A). For sample-B preparation;
appropriate amount of NiCl2 is dissolved in10 ml  ethylene glycol.

dx.doi.org/10.1016/j.ijleo.2013.09.069
http://www.sciencedirect.com/science/journal/00304026
http://www.elsevier.de/ijleo
http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijleo.2013.09.069&domain=pdf
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average grain size of 23.64 and18.62 nm for sample-A and sample-B
respectively, which is consistent with the average particle diameter
obtained from SEM images of Figs. 3 and 4.
Fig. 1. XRD of nickel nanoparticles (sample-A).

hen 10 ml  hydrazine hydrate is added to above solution. NaOH,
hich acts as a catalyst of 10–92 �/ml, were added in sequence and

tirred well. The complete solution is kept in water bath for 1 hr at
0 ◦C. During heating bluish green color precipitate slowly changed

n to black color, indicating the formation of Nickel nanoparticles.
hese nanoparticles are cooled and collected, washed several times
y ethanol and dried in the room temperature (sample-B). It is seen
hat N2 gas is continuously bubbled up in the reaction. It auto-

atically creates N2 atmosphere during the reaction. Hence, no
xtra N2 gas is required for the synthesis of nickel nanoparticles.
he structural aspects of the Nickel powder are analyzed using X-
ay diffractometer with filtered CuK� radiation (� = 1.5418 Å). The
ptical absorption measurements are recorded in the wavelength
ange of 200–800 nm using JASCO V-570 Spectrophotometer.

. Results and discussion

.1. Structural analysis

Figs. 1 and 2 show the X-ray diffraction pattern of Ni nanopar-
icles (sample-A and -B). From Fig. 1 three characteristic peaks for
ickel [2�  = 44.56◦, 51.85◦, 76.00◦] corresponding to Miller indices
1 1 1), (2 0 0), (2 2 0) are observed. This revealed that the resultant
articles are pure face-centered cubic (FCC) nickel. In Fig. 1, the

ntensity ratio of the peaks [1 1 1]:[2 0 0]:[2 2 0] are calculated to be
100,26,13] which exactly coinciding with the JCPDS [no: 040850]
alues. This confirms the presence of Nickel particles in the sam-
le. Fig. 2 shows a typical XRD pattern of the nickel sample-B.

◦ ◦
rom Fig. 2 three characteristic peaks for nickel [2�  = 44.41 , 51.72 ,
6.30◦] corresponding to Miller indices (1 1 1), (2 0 0), (2 2 0) are
bserved. This revealed that the resultant particles are pure face-
entered cubic (FCC) nickel. No obvious peaks of nickel oxides and

Fig. 2. XRD of nickel nanoparticles (sample-B).
Fig. 3. SEM images of Ni nanoparticles (sample-A).

hydroxides are detected, possibly it is attributed to the observed
phenomenon that nitrogen gas is produced and bubbled up con-
tinuously during the reaction. It could be suggested that the above
said gas produced might auto create an inert atmosphere; hence
the input of extra nitrogen gas was  not necessary for the synthesis
of nickel nanoparticles [9]. In Fig. 2 the intensity ratio of the peaks
[1 1 1]:[2 0 0]:[2 2 0] are calculated to be [100,25,14] which exactly
coinciding with the JCPDS [no: 040850] values. This confirms the
presence of Nickel particles in the sample and it is in good agree-
ment with the earlier reports [18,21,22]. The XRD pattern shows
the presence of Ni with almost no peaks corresponding to Ni-oxide.
This also indicates that the Ni nanoparticles prepared in this work
have high purity.

From the full width at half maximum, the average grain size
for the samples can be calculated. For the (1 1 1), (2 0 0), (2 2 0)
diffraction peak, according to the Scherrer formula:

d = K�

ˇ
cos � (1)

where d is the grain size; K = 0.89 is the Scherrer constant related
to the shape and index (h k l) of the crystal; � is the wavelength
of the X-rays; � is the diffraction angle; and B is the corrected full
width at half maximum (in radians). This calculation results in an
Fig. 4. SEM images of Ni nanoparticles (sample-B).
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Table 1
Comparison of XRD data for nickel nanoparticles with the JCPDS card (65-2435).

Different concentration Planes (h k l) 2� values (◦) d-Spacing values, d ( ´̊A) Lattice constant, a ( ´̊A) FWHM (ˇ)

JCPDS Experimental JCPDS Experimental

Sample-A 1 1 1 44.49 44.56 2.034 2.031 3.5177 0.4
2  0 0 51.84 51.85 1.762 1.761 3.5219 1
2  2 0 76.37 76.00 1.245 1.244 3.5185 1

Sample-B 1 1 1 44.49 44.41 2.034 2.038 3.5299 0.64
2  0 0 51.84 51.72 1.762 1.765 3.5300 1
2  2 0 76.37 76.30 1.245 1.246 3.5242 1

Table 2
The Structural parameters of Nickel nanoparticles.

Different concentration 2� values (◦) Grain size, D (nm) Strain (ε) Dislocation density
(×1015 lines/m2)

Sample-A 44.56 37.08 0.0925 0.73
51.85  15.24 0.2247 4.4
76.00 17.41 0.1970 3.4

Sample-B 44.41 23.17 

51.72  15.26 

76.30  17.45 

Table 3
Preferential orientation factor of nickel nanoparticles.

Different concentration Planes (h k l) Orientation factor (f)

Sample-A 1 1 1 1.29
2 0 0 0.34
2  2 0 0.21

Sample-B 1 1 1 1.05
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2  0 0 0.36
2  2 0 0.28

According to the theory of X-ray diffraction, the relation
etween the interplanar spacing’s dh k l and the diffraction angle
an be expressed as:

dh k  l cos � (2)

For the FCC structure, the lattice parameter a of a given plane
ith Miller indices (h k l) can be derived using the equation:

h k l = a√
h2 + k2 + l2

(3)

The results of the calculations for the (1 1 1), (2 0 0) and (2 2 0)
lanes for the various samples are presented in Table 1 along
ith the corrected full width at half maximum (FWHM), the grain

ize d and the lattice parameter a of the Ni nanoparticles. The
attice parameters for these Ni nanoparticles are always larger
han the equilibrium values of the perfect single crystal Ni lattice
a0 = 0.3523 nm). Lattice parameter decrease with decrease in grain
ize for sample-A. With decreasing grain size, lattice parameter
ncrease for sample-B. This is abnormal for it was anticipated that
he lattice constant of a nanoparticle would be smaller than bulk
alue according to the point of view of Yu and co-workers [23]. This

attice expansion is the result of the interfacial energy and mutual
urface tension attraction of Ni nanoparticles (Tables 2–4).

The intensity of the peak (1 1 1) increases significantly faster
han other peaks [(2 0 0) and (2 2 0)] indicating a relatively

able 4
DAX analysis of nickel nanoparticles.

Different concentration Element weight % (Ni) Atomic % (Ni)

Sample-A 98.59 95.01
Sample-B 98.08 93.29
0.148 1.8
0.224 4.4
0.196 3.4

preferred structural orientation in the (1 1 1) plane. A method that
evaluates the magnitude of the preferred orientation factor ‘f’ for a
given plane (peak) relative to other planes (peaks) in a material is
employed. According to this method the preferred orientation fac-
tor f (1 1 1) of the (1 1 1) plane for the nickel nano particles has been
calculated by evaluating the fraction of (1 1 1) plane intensity over
the sum of intensities of all peaks within a given measuring 2� range
[20–80◦]. Similarly, the orientation factor of all other peaks has
been evaluated for the sample-B. The orientation factor for sample-
A have been calculated from Fig. 1and found to be f(1 1 1) = 1.05,
f(2 0 0) = 0.366 and f(2 2 0) = 0.28. The orientation factor for sample-
B have been calculated from Fig. 2 and found to be f(1 1 1) = 1.22,
f(2 0 0) = 0.33 and f(2 2 0) = 0.25 since f(0 0 2) is greater compared to
other orientation factors in two  samples, it can be concluded that
nickel nanoparticles have the preferential orientation along (1 1 1)
plane. The enhancement of (1 1 1) plane and improved crystalline is
remarkable irrespective of the chemical reduction. In this work, at
a low hydrazine concentration formation of larger particles could
be attributed to the fact that the reduction rate of nickel chloride is
slow and only few nuclei are formed. But, when the hydrazine con-
centration is increased, nickel chloride is reduced faster and due
to that, all nickel ions are reduced to atoms before the formation
of nuclei. So, the increase of hydrazine concentration leads to the
formation of smaller nickel nanoparticles.

3.2. Surface morphological studies

The particle size, shape and morphology are identified using
SEM micrographs. SEM images of the obtained nickel nanoparti-
cles for the sample-A and sample-B are shown in Figs. 3 and 4. The
SEM images show a typical morphology of nickel nanoparticles.
The shape of the particles is nearly spherical with homogeneous
size distribution. Nickel nanoparticles are in the range of 23.64 and
18.62 nm.  The crystallite size calculated from SEM analysis is quite
agreement with that of crystallite size calculated from XRD analysis.
In the reducing condition, the magnetic nanoparticles are free, so
that the motion or rotation of the nanoparticle itself is easy. Because
the anisotropic nature of the dipolar interaction favors the forma-

tion of the magnetic nano chains, the spontaneous self-assembly
of the nanoparticles in to unique structures such as nanochains
occurs. As we know, the evolution of a solid from liquid involves
two  fundamental steps, i.e., nucleation and growth. The key factor
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Fig. 7. Optical absorption spectra of nickel nanoparticles (sample-A).
Fig. 5. EDAX spectra of Ni nanoparticles (sample-A).

or the formation of spherical nanoparticles might be due to the
ifference of chemical environment of the nucleation and growth
rocess.

.3. EDAX

EDAX analysis verified the composition of the small particles.
DAX analysis on various regions confirmed the presence of pure
ickel. This observation correlates with the XRD as well as the opti-
al results. EDAX analysis is used to analyze the ingredients of its
omposition, indicating that the fabricated nanoparticles contain
lements of Ni and O. EDAX analysis result shows that in samples-A
nd -B the weight percentage of O is 1.41% and 1.92% only, whereas
hat of Ni is as high as 98.59% and 98.08%. Then, upon the compari-
on of XRD analysis, it is observed that the fabricated nanoparticles
ave high percentage of pure nickel, as well as small quantities of
xides. The oxygen detected could be attributed to partial oxidation
f the nanoparticles which is due to the presence of some residual
olvent or during the handling of the sample (Figs. 5 and 6).

.4. Optical studies

Fig. 7 is the UV–vis spectrum of the as-synthesized pure nickel
anoparticles. A strong absorption in the UV region is observed
t wavelengths about 371 nm for the particle size of 23.64 nm
sample-A). From Fig. 8, the absorption band is observed at 321 nm

or the particle size of 18.62 nm (sample-B). Curtis et al. [24] found
hat nickel bulk absorption presents, a band centered near 230 nm.
alo Cardenas et al. have reported that nickel particles of size

Fig. 6. EDAX spectra of Ni nanoparticles (sample-B).
Fig. 8. Optical absorption spectra of nickel nanoparticles (sample-B).

4.46 nm in Ni-2-propanol system shows an absorption band at
212 nm.

According to UV–vis spectroscopy, electrons are transferred
from low-energy to high-energy atomic or molecular orbital’s when
the material is irradiated with light. Such electron transfer pro-
cesses may  take place in transition metal ions like nickel. The
position of the absorbance maximum is not fixed but depends par-
tially on the solvent in which the sample may  be dissolved and on
the molecular environment of the chemical functionalities that are
responsible for absorption. So, a strong absorption in the UV region
is observed at wavelengths about 371 nm for the particle size of
23.64 nm (sample-A) and 321 nm for the particle size of 18.62 nm
(sample-B).

A protective layer from ethylene glycol might form on the parti-
cles (samples-A and -B) surface while synthesizing. So the energies
of the quantum states of the molecules are somewhat spread out
due to constant collisions with the surrounding ethylene glycol
molecules. Therefore the samples (A and B) absorb photons spread
over a range of wavelength and the spectrum acquires the shape of a
smooth and continuous absorption peak. The difference in position
of the absorption band in the present investigation may  proba-
bly due to the effect of excess addition of hydrazine which in turn
increases the quantum confinement [25]. It confirms the presence

of nickel nanoparticles. Fig. 9 shows optical transmittance spectra
of the samples (A and B). The samples are transparent in a large
range of wavelength.

Fig. 9. Optical transmittance spectra of nickel nanoparticles (sample-A and -B).



1966 M. Hemalatha et al. / Optik 1

Fig. 10. Photoemission spectrum of nickel nanoparticles (sample-A).
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Fig. 11. Photoemission spectrum of nickel nanoparticles (sample-B).

.5. PL studies

Fig. 10 shows the photoemission characteristics of nickel
anoparticles at 371 nm (sample-A). Two characteristic emission
ands are observed at 209 nm and 217 nm with intensities 3.71
nd 2.73 respectively. Fig. 11 represents the photoemission char-
cteristics of nickel nanoparticles at 371 nm (sample-B). Two
haracteristic emission bands are observed at 205 nm and 215 nm
ith intensities 10.1 and 3.60 respectively. The sharp lines are char-

cteristic of radiative transitions at deep neutral defects in nickel
anoparticles, which are known from other studies involving XRD,
DAX and optical spectra. The PL spectrum correlates well that in
hese Nickel samples, the impurity state does not appear and the
arrow PL lines indicates the good uniformity of nickel nanoparti-
les and its high quality. The emission peaks found in the PL spectra
or sample-A and sample-B are the characteristic features of nickel
anoparticles occurring due to the effect of quantum size confine-
ent. In addition, changes in PL intensity for these nickel samples
ay  be due to the change in concentration and increase in the con-

nement energy which leads to substantial blue shifts in the PL
pectra.

. Conclusion

Nickel nanoparticles have been synthesized by hydrazine reduc-
ion method of nickel chloride in ethylene glycol at 90 ◦C without

oluble polymer as a protective agent. No extra nitrogen gas was
equired to create an inert atmosphere due to the addition of
aOH trace. The resultant particles have been characterized and

ound to be pure nickel crystalline of FCC structure by XRD. UV–vis

[

[

25 (2014) 1962– 1966

spectroscopy curves were observed to be sensitive to the charac-
teristics of the nanoparticles and the absorption spectra present an
absorption edge at 320–371 nm.  Photoluminescence characteris-
tics strongly revealed the presence of quantum confinement effect
in nickel nanoparticles.
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