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The Nickel nanoparticles were synthesized by using sol-gel process at 800C.
The structural features, chemical composition and optical properties of the
nanoparticles were investigated by X-Ray Diffraction (XRD), X-Ray photo-
electron spectroscopy (XPS) and Ultra Violet spectroscopy (UV) studies.
The particle size was calculated by using Debye - Scherrer�s Formula. The

existence of fcc structure is confirmed by XRD technique.
 2011 Trade Science Inc. - INDIA

INTRODUCTION

In recent years, nanoparticles have attracted in-
creasingly more attention year the materials commu-
nity. Nanoparticles exhibit various shapes or forms and
possess unique Chemical, Physical or Mechanical prop-
erties. The new class of microscopes has led to an amaz-
ing discovery: the vary properties of matter depends on
its size. The nature of matter on a nanoscale is dramati-
cally different from its bulk form. Its optical and electri-
cal properties and even colors changes. New horizons
of discovery, based on this feature, are emerging.

A nanometer is one billionth of a meter all three
orders of magnitude smaller than a micron, roughly the
size of a molecular itself (e.g. a DNA molecular is about
2.5 nm long while a sodium atom is about 0.2 nm)

The prefix �nano� means one billionth. One nanom-

eter is 1/1,000,000,000 of a yard. Nanotechnology is
an important field for the scientific and economical re-
vival of the developing world.

A nanosystem is therefore something which suffi-

ciently small that we could not see with naked eye and
not even with ordinary microscope[1].

Nickel has recently received a great scientific inter-
est because of its wide ranger of applications. A
nanomaterial having considerable current interesting
variety of areas and it exhibits improved physical, chemi-
cal properties, the selection of the materials with re-
quired properties for specific applications plays very
important role. In this series, researchers are interested
in studying the cheap and low cost materials[2]. As the
size deceases to nanometer scale many of the mechani-
cal, Electronic, Optical, Magnetic and Thermodynamic
properties are significantly altered from those of either
the bulk on the single molecule[3].

Recently there have been many researches made
attempt on synthesis of nickel nanoparticles, such as
chemical vapour deposition[4]. Magnetron sputtering[5]

spray paralysis[6], growth techniques[7], high tempera-
ture chemical route[8], co-precipitations[9], pulsed laser
deposition[10]. Among the various technique the low tem-
perature sol-gel process reveals more importance be-
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cause the final properties of the this films particles can
be tailored using various precursors and different an-
nealing temperature, stiochiometry of the final com-
pound is homogeneity, minimizes air pollution and cost
effective method[11].

In the present study, the pure NiO and doped Ni
0.8

.
R

0.2
O(R = Mg /Zn) ie Ni
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Mg.

02
O and Ni

0.8
 Zn

0.2
O

nanoparticles have been successfully synthesized by a
simple sol-gel process and the obtained product was
characterized by XRD, XPS and UV measurements.

EXPERIMENTAL DETAILS

Materials used

A.R. grade chemicals of purity 99.99% of Nickel
Acetate [Ni(Ac)

2. 
4H

2
o], Magnesium Acetate

[Mg(Ac)
2
. 4H

2
o] and Zinc Acetate [Zn(Ac)

2
. 4 H

2
o]

were used as the precursor source materials for Ni,
Mg and Zn respectively. 2- Methoxyethanol and
monoethanalmine are used as a solvent.

(A) Sol-gel preparation

The preparation of nanoparticles by sol-gel pro-
cess consists of three stages viz., (a) preparation of the
precursor solution, (b) drying at 150 C, (c) Annealing
at 800C.

(B) Preparation of the precusor solution

The precursor solution were prepared by dissolv-
ing the respective appropriate precursor source ma-
terials into the mixture (1:1v/v) of 2-Methoxyethanol
and monoethanalmine. The solution was stirred at 60C
for an hour and then aged for 24 hours at room tem-
perature.

(C) Drying and annealing

The powders were dried at 150C for over night
and then dried at 230C for 5 hours. The dried pow-
ders are then annealed at 800C for 5 hours to achieve
the right phase.

PHYSICAL MEASUREMENTS

Finally the powders were taken for the different
characterization process such as X-Ray Diffraction, X
�Ray Photoelectron spectroscopy and Optical mea-

surements.

The XRD pattern of the nickel nanoparticles pow-
ders are collected from a X-Ray diffractometer
(PW1710 diffractometer of Phillips) using Cu-K ra-
diations. The elemental compositional analysis has been
carried out using XPS. The optical properties of the
nickel nanoparticles were studied using UV-visible ab-
sorption (UV2450 spectrometer of SHIMADZU).

RESULT AND DISCUSSIONS

The nickel nanoparticles synthesized by simple sol-
gel method were characterized by XRD XPS and UV
studies. Figure 1(a) shows the XRD pattern of pure
NiO and Figure 1(b) shows the XRD patters of Ni

0.8

Mg
0.2

O NiO is anti-ferromagnetic material and has fcc
structure. From the figure 1(a) and (b) it is clear that
there is no considerable change in the position of the
diffraction peaks with Ni

0.8,
 Mg

0.2 
O indicating the ex-

istence of cubic structure. The XRD pattern was com-
pared with JCPDS card No for NiO is 04-0835 and
Ni

0.8
 Mg 

0.2 
O is 34-0410. The XRD pattern was found

to match perfectly with the standard data. It can be
seen that both the nanoparticles which are processed
at 800C confirm it is still in cubic structure. The par-
ticle size (t) is calculated using the Scherrer�s formula

from full width at half maximum (FWHM)()[12]

t =0.94/  Cosè

Where, ë is wavelength of the X-Ray used,  is the FWHM in
radian, t is the particle size, and è is half the angle between the
incident and the scattered X-Ray beams. The average particle
size was estimated to be 27.28 nm for pure NiO and 26.27 nm for
Ni

0.8 
Mg

0.2
O.

Figure 2(a) shows the XPS spectrum of pure NiO
and figure 2(b) shows the XPS spectrum of Ni

0.8

Mg
0.2

O. From the figure 2(a) clearly indicates that the
presence of Ni in the material. Similarly from the fig-
ure 2(b) presence of both Ni and Mg are noticed well.
In addition to the precursor material, Carbon is also
evidenced and this is due to the residual carbon[13]

which is absorbed from the atmosphere, but it is not
observed in the XRD pattern.

The UV-Visible absorption spectra of NiO, Ni
0.8

Mg

0.2
O and Ni

0.8
Zn

0.2
O annealed at 800°C is shown in

figure 3(a). From the figure it is clearly indicates that the
addition of Mg/Zn results the absorption edges of
Ni

0.8
Mg 

0.2
O and Ni

0.8
Zn

0.2
O are shifted from the ab-
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Figure 3 : (a) and (b) UV spectra of NiO, Ni
0.8

Mg 
0.2

O and Ni
0.8

Zn
0.2

O and absorption coefficient (h)2 versus photon energy(h)
for NiO, Ni

0.8
Mg 

0.2
O.

(a) (b)

Figure 1 : (a) and (b) XRD pattern of pure NiO and Ni
0.8 

Mg
0.2

O
annealed at 800 C.

(a)

(b)

(a)

(b)

Figure 2 : (a) and (b) XPS spectra of pure NiO and Ni
0.8

Mg
0.2

O
annealed at 800C.
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sorption edges of NiO. Absorption edges of NiO ap-
pears at ë=244nm, whereas the absorption edges for
Ni

0.8
Mg 

0.2
O and Ni

0.8
Zn

0.2
O appears higher (above)

and shorter (below) the wavelength corresponding to
NiO. The optical band gap values of the prepared
nanoparticles were determined by plotting graph be-
tween (hí)2 versus (hí) is shown in figure 3(b). The
band gap values of NiO is 3.6ev, Ni

0.8
Mg 

0.2
O is 3.75ev

and Ni
0.8

Zn
0.2

O is 3.571ev. From the observed band
gap values indicates that the addition of MgO into pure
NiO leads to increases the band gap of Ni

0.8
Mg 

0.2
O,

while the addition of ZnO decreases the band gap of
Ni

0.8
Mg 

0.2
O.

CONCLUSION

The nanoparticles of nickel have been success-
fully synthesized by a simple sol-gel process. The ex-
istence of fcc structure is confirmed from the XRD
analysis. The particle size was estimated to be
27.28nm for NiO and 26.27 nm for Ni

0.8
Mg

0.2
O. The

particle size was calculated from Debye Scherrer�s
formula. The presence of Ni and Mg are noticed well
from the XPS analysis.

The band gap values of NiO is 3.6eV, Ni
0.8

Mg 
0.2

O
is 3.75eV and Ni

0.8
Zn

0.2
O is 3.571eV was determined

from the UV analysis.

ACKNOWLEDGEMENTS

The author (S.R.Kavitha) thank the faculties of
Physics, Mother Teresa Women�s University,

Kodaikanal.

REFERENCES

[1] N.Taniguchi; �On the Basic Concept of

Nanotechnology�, Proc.Intl.Conf.Prod.Eng., Tokyo,

Part II, Japan, Society of Precision Engineering,
(1974).

[2] Eunae Kang, Jongnam Park, Scung UK Son, Hyun
Min Park, Min Kya Lee, Jehan Kim, Kwang Woo
Kim, Taeghwan Hyeon; Adv.Mater., 17, 429-434
(2005).

[3] Young Ran Park, Kwang Woo Kim; J.Cryst.
Growth., 258, 380-384 (2003).

[4] H.Sato, T.Minami, S.Takata, T.Yamada; Thin Solid
Films, 236, 27-31 (1993).

[5] Paul, M.S.Monk, Shehnilah Ayub; Solid State Ionics,
99, 115-124 (1997).

[6] J.Verkey, A.F.Fort; Thin Solid Film, 235, 47-50
(1993).

[7] Biljana Pejova, Tanja Kocarera, Metodija Najdoski,
Ivan Grozdanov; Appl.Sur.Sci., 165, 271-278
(2000).

[8] Tae Won Noh, Yisong, Sung IK Lee, J.R.Gaines,
Hee Dong Park, Eric R.Kreidler; Phys.Rev.B, 33,
3793-3805 (1986).

[9] I.Bouessay, A.Rougier, B.Beaudoin, J.B.Leuiche;
Appl.Sur.Sci., 186, 490-495 (2002).

[10] V.Sepelak, M.Menzel, I.Bergmanna, M.Wiebeke,
F.Krumeich, K.D.Becker; J.Mag.and Mag.Mater.,
272-276, 1616-1618 (2004).

[11] C.J.Brinker, G.W.Scherer; Sol-Gel.Sci.-The
Phys.and Chem.of Sol-Gel Processing, Newyork
Academic Press, (1990).

[12] B.D.Culllity; Elements of X-ray Diffraction, 22nd

Edition, Addison - Wesley, London, (1978).
[13] Mackenzic; Ultra Structure Processing of Glasses,

Ceramics and Composites, L.L.Hench, D.R.Ulrich,
(Ed); Wiley, Newyork, 15 (1984).


