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ABSTRACT

The Nickel nanoparticleswere synthesized by using sol-gel processat 800°C.
The structural features, chemical composition and optical properties of the
nanoparticleswereinvestigated by X-Ray Diffraction (XRD), X-Ray photo-
electron spectroscopy (XPS) and Ultra Violet spectroscopy (UV) studies.
The particle size was cal culated by using Debye - Scherrer’s Formula. The
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existence of fcc structure is confirmed by XRD technique.
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INTRODUCTION

In recent years, nanoparticles have attracted in-
creasingly more attention year the materials commu-
nity. Nanoparticlesexhibit various shapesor formsand
possessunique Chemicd, Physical or Mechanica prop-
erties. Thenew classof microscopeshasled to an amaz-
ing discovery: thevary propertiesof matter dependson
itssze. Thenature of matter on ananoscaeisdramati-
cdly different fromitsbulk form. Itsoptical and eectri-
ca propertiesand even colorschanges. New horizons
of discovery, based on thisfeature, are emerging.

A nanometer isonebillionth of ameter all three
ordersof magnitude smaller than amicron, roughly the
szeof amolecular itsdlf (e.g. aDNA molecular isabout
2.5nmlongwhileasodium atomisabout 0.2 nm)

Theprefix “nano’” means one billionth. One nanom-
eter is1/1,000,000,000 of ayard. Nanotechnology is
animportant field for the scientific and economical re-
viva of thedevelopingworld.

A nanosystem istherefore something which suffi-

ciently small that we could not seewith naked eyeand
not evenwith ordinary microscope.

Nickel hasrecently received agreat scientificinter-
est because of its wide ranger of applications. A
nanomaterial having considerable current interesting
vaiety of areasand it exhibitsimproved physica, chemi-
cal properties, the selection of the materialswith re-
quired propertiesfor specific applications playsvery
important role. Inthisseries, researchersareinterested
in studying the cheap and low cost materia §3. Asthe
Sizedeceasesto nanometer scale many of the mechani-
cd, Electronic, Optica, Magnetic and Thermodynamic
propertiesare significantly atered from those of either
thebulk onthesinglemolecul €2,

Recently there have been many researches made
attempt on synthesis of nickel nanoparticles, such as
chemica vapour deposition. Magnetron sputtering™
spray paralysis®, growth techniqued”, hightempera-
turechemical route®, co-precipitations?, pulsed laser
deposition™@. Amongthevarioustechniquethelow tem-
perature sol-gel processrevealsmoreimportance be-
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causethefinal propertiesof thethisfilmsparticlescan
betailored using various precursorsand different an-
nealing temperature, stiochiometry of thefinal com-
pound ishomogeneity, minimizesair pollution and cost
effectivemethod*¥,

Inthe present study, the pure NiO and doped Ni .
R,,O(R=Mg/Zn)ieNi ,Mg.,OandNi , Zn O
nanoparticles have been successfully synthesized by a
simple sol-gel process and the obtained product was
characterized by XRD, XPSand UV measurements.

EXPERIMENTAL DETAILS

Materials used

A.R. gradechemicalsof purity 99.99% of Nickel
Acetate [Ni(Ac), 4H,0], Magnesium Acetate
[Mg(Ac),. 4H.0] and ZincAcetate [Zn(Ac),. 4 H,0]
were used as the precursor source materials for Ni,
Mg and Zn respectively. 2- Methoxyethanol and
monoethana mineare used asasolvent.

(A) Sol-gel preparation

The preparation of nanoparticles by sol-gel pro-
cessconsstsof three stagesviz., () preparation of the
precursor solution, (b) drying at 150° C, (c) Annealing
at 800°C.
(B) Preparation of the precusor solution

The precursor solution were prepared by dissolv-
ing the respective appropriate precursor source ma-
terialsinto themixture (1:1v/v) of 2-Methoxyethanol
and monoethandmine. Thesolutionwasstirred at 60°C
for an hour and then aged for 24 hours at room tem-
perature.

(C) Dryingand annealing
The powdersweredried at 150°C for over night
and then dried at 230°C for 5 hours. Thedried pow-

dersarethen annealed at 800°C for 5 hoursto achieve
theright phase.

PHYSICAL MEASUREMENTS

Finally the powders weretaken for the different
characterization process such as X-Ray Diffraction, X
—Ray Photoelectron spectroscopy and Optical mea-
surements.

TheXRD pattern of the nickel nanoparticles pow-
ders are collected from a X-Ray diffractometer
(PW1710 diffractometer of Phillips) using Cu-Ka ra
diations. Theelementa compositiona andysshasbeen
carried out using XPS. The optical properties of the
nickel nanoparticleswerestudied using UV-visiblegb-
sorption (UV 2450 spectrometer of SHIMADZU).

RESULT AND DISCUSSIONS

Thenicke nanoparticlessynthesized by smplesol-
gel method were characterized by XRD XPSand UV
studies. Figure 1(a) showsthe XRD pattern of pure
NiO and Figure 1(b) showsthe XRD pattersof Ni
Mg, O NiOisanti-ferromagnetic materia and hasfcc
structure. From thefigure 1(a) and (b) itisclear that
thereisno considerable changein the position of the
diffraction peskswith Ni . Mg, ,Oindicating the ex-
istence of cubic structure. The XRD pattern was com-
pared with JCPDS card No for NiO is 04-0835 and
Ni ,Mg,,0is34-0410. The XRD pattern wasfound
to match perfectly with the standard data. It can be
seen that both the nanoparticles which are processed
at 800°C confirmitisstill in cubic structure. The par-
ticlesize(t) iscalculated using the Scherrer’s formula
from full widtha haf maximum (FWHM)()*2

£ =0.94A/ p Cost

Where, X is wavelength of the X-Ray used,  isthe FWHM in
radian, tisthe particlesize, and 6 ishalf the angle between the
incident and the scattered X-Ray beams. The average particle
szewasestimated to be27.28 nmfor pure NiO and 26.27 nmfor

Ni 08 M go.zo'

Figure 2(a) showsthe XPS spectrum of pureNiO
and figure 2(b) shows the XPS spectrum of Ni
Mg, ,O. Fromthefigure 2(a) clearly indicatesthat the
presence of Ni inthematerial. Similarly from thefig-
ure 2(b) presenceof both Ni and Mg are noticed well.
In addition to the precursor material, Carbonisalso
evidenced and thisis dueto the residual carbon*®
which isabsorbed from the atmosphere, but it isnot
observed inthe XRD pattern.

TheUV-Visbleabsorption spectraof NiO, Ni, Mg
0,0 and Ni_ .Zn, O annealed at 800°C is shown in
figure3(a). Fromthefigureitisclearly indicatesthat the
addition of Mg/Zn results the absorption edges of
Ni, ;Mg ,OandNi Zn O areshifted fromtheab-
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Figurel: (a) and (b) XRD pattern of pureNiO andNi ,Mg,,O  Figure2: (a) and (b) XPSspectraof pureNiO and Ni Mg, ,O
annealed at 800° C. annealed at 800°C.
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Figure3: (a) and (b) UV spectraof NiO, Ni Mg, ,O and Ni .Zn O and absor ption coefficient (ahv)?ver susphoton ener gy(hv)
for NiO, Ni ;Mg ,O.
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sorption edges of NiO. Absorption edgesof NiO ap-
pears at A=244nm, whereasthe absorption edgesfor

0sMd,,0 and Ni Zn, O appears higher (above)
and shorter (below) the wavel ength corresponding to
NiO. The optical band gap values of the prepared
nanoparti cleswere determined by plotting graph be-
tween (ahv)? versus (hv) is shown in figure 3(b). The
band gap valuesof NiOis3.6ev, Ni ;Mg ,Ois3.75ev
andNi .Zn ,Ois3.571ev. From the observed band
gap vd ues i ndr catesthat theaddition of MgO into pure
NiO leadsto increasesthe band gap of Ni Mg ,.,0,
whilethe addition of ZnO decreases the band gap of
Ni, ;Mg ,0.

CONCLUSION

The nanoparticles of nickel have been success-
fully synthesized by asimplesol-gel process. Theex-
istence of fcc structureis confirmed from the XRD
analysis. The particle size was estimated to be
27.28nmfor NiO and 26.27 nmfor Ni Mg, ,O. The
particle size was cal culated from Debye Scherrer’s
formula The presence of Ni and Mg are noticed well
fromthe XPSanalysis.

Theband gap vauesof NiOis3.6eV, Ni ;Mg ,O
is3.75eV and Ni Zn ,0is3.571eV wasdetermined
fromtheUV analysrs

ACKNOWLEDGEMENTS
The author (S.R.Kavitha) thank the faculties of

Physics, Mother Teresa Women’s University,
Kodaikandl.

REFERENCES

[1] N.Taniguchi; ‘On the Basic Concept of
Nanotechnology’, Proc.Intl.Conf.Prod.Eng., Tokyo,
Part 11, Japan, Society of Precision Engineering,
(1974).

[2] EunaeKang, Jongham 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 Statelonics,
99, 115-124 (1997).

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

[7] BiljanaPejova, TanjaKocarera, MetodijaNajdoski,
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, |.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, 22™
Edition, Addison - Wesley, London, (1978).

[13] Mackenzic; Ultra Structure Processing of Glasses,
Ceramicsand Composites, L.L.Hench, D.R.UIrich,
(Ed); Wiley, Newyork, 15 (1984).

Au Tudian Yourual



