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ABSTRACT

Synthesis of nickel nanoparticlesusing bioreduction (lactobacillus assisted)
method, an eco-friendly nano-biotechnological approach is reported. The
synthesis is performed at room temperature. X-ray and transmission elec-
tron microscopy analyses are performed to ascertain the formation of Ni
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nanoparticles. Individual nanoparticles as well as a number of aggregates
having the size of 30-50 nm are found. Possible involved mechanism of

biosynthesis has also been discussed.
© 2008 Trade Sciencelnc. - INDIA

INTRODUCTION

Nanomaterid saremoreeffectivethan conventiond
cataystsfor two reasons. Firgt, their extremely small
size(typicaly 10-80 nanometers) yieldsatremendous
surface arearto-volumerétio. Also, when materidsare
fabricated on the nanoscal e, they achieve properties
not found within their macroscopic counterparts. Both
of thesereasons account for theversatility and effec-
tiveness of nanocataysts. Further, thelimited quantity
of fossi| fuel son the planet hasled researcherstowards
finding aternative sources of energy. Fue cdlshavethe
ability to generatelarge amountsof energy in an envi-
ronmental friendly way. Combining oxygen and hydro-
gengaswithinafud cdll createsenough energy to power
avehicleand other large machines, while producing
water astheonly byproduct. Theefficiency of fud cells
islinked totheir rate-limiting reaction, or inthiscase,
oxygenreduction. Conventionaly, the promotion of the
oxidation reactionisaccomplished through the use of
expens ve platinum catalysts. Recently, it hasbeen ob-

served that nano nickel (abbreviated asn-Ni) actsmore
likeplatinum than nickel™™. Also, n-Ni hasthe potentia
toreplaceplatinum asthe main catalyticmaterial ina
variety of hydrogen fuel cellsand other electrode as-
sembliesand provide arenewabl e source of power to
supply theworld’s energy needs. In addition, n-Ni cost-
ing four timeslessthan platinum and haslarge-scale
indugtrid and military gpplications.

Theinteraction betweeninorganic nanoparticlesand
biologica structuresare one of themost exciting areas
of research now-a-days. Recently, thelegislation on
waste e ectrical/el ectronic equipment (WEEE) and re-
striction of hazardous substances (RoHS) hasbeenis-
sued by the European Union. To meet the requirement
thereisaneed to devel op an eco-friendly approach for
nanomateria ssynthesi sthat should not usetoxic chemi-
casinthesynthesisprotocol. Thisisnow well known
that many organisms, can produceinorganic materias
gtherintra- or extracdlularly®?. Bacteria, being prokary-
oteshave survived thetest of timeinenrichingions®,
synthesizing magnetite nanoparticles?4, reducingAg-
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ioninto metd particles, forming nanoparticles> andin
generation of cermets®. Therecent discovery of the
bio-synthesisof meta nanoparti cespointstowardsnew
biotechnological methods in material's sciencel®,
Nanocrystalsof gold, silver and their alloyshave been
synthesized by the assistance of |actic acid bacterial
cellg'U. Gold nano-clusters have been synthesi zed us-
ing fungus by Mukherjee et. al.*3. The synthesis of
nanoparticlesof gold**, bimetalicd™, zinc*® and even
lanthanide clusterd*” have successfully been demon-
strated using the tannins of the biomass of Medicago
sativa (alfalfa). Recently, the lactobacillus sp. (mi-
crobe) assisted synthesisof titanium*¥, sdlenium(*® and
cadmium®¥, have been reported. Tian et d .12 reported
the seed mediated method for the synthesis of silver
nanoparticlesinwhich tanninwasusedtoreducesiver
satinagueoussolution.

Keeping inview theimportance of n-Ni and envi-
ronmental issues related to the production of
nanopowders, the present work reportsan eco-friendly
biotechnol ogical approach for the synthesis (lactoba-
cillusassisted) of n-Ni for possible gpplications.

EXPERIMENTAL

Nanoparticlesof Ni were prepared using the bio-
reduction procedure adopted by Canizal et al.[*s and
Nair and Pradeep™ with dight modifications. Thefindy
homogenized full cream yoghurt wasfiltered through
pre-sterilized (autoclaved) serenecloth under laminar
flow. Thefiltratewasnow diluted fivetimeswith serile
de-ionized water and pH was adjusted in the range of
6.5-8.5 depending upon the strength of therequisite
culture solution. Now suitable sugar solution of known
strength (10%) prepared in de-ionized and autoclaved
water was now added to thefiltrate solution and the
culturewasallowed to grow overnight in laboratory
ambienceon anorbita shaker. Next morning, each cul-
ture solution inocul ated with 20 ml of 0.03(M) auto-
claved nickel sulphatesolution. Thisinoculated culture
solutionwasstirred thoroughly onamagnetic stirrer for
0.5h and then allowed to incubatein |aboratory ambi-
enceon alaminar flow. Depositsof n-Ni become ap-
parent after 2-3 days of continued incubation at the
bottom of the conical flask (Figure 1). Aninteresting
change in pH was observed at this stage, which re-
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Figure1: Photograph showing deposition of n-Ni
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Figure2: X-ray diffracuon pattern or n-Ni at room tem-

perature. Inset: Enlarged (111) peak with Gaussian fit

quiresfurther standardi zation culture solution wasfil -
tered after gentle shaking throughwhatman filter paper,
dried under blow of hot air and was subsequently taken
into usefor physical characterizations. Theremaining
culturesolution containing n-Ni of lower dimensonwas
found to be still ectiveto undertakefurther transforma-
tionsand the precipitation of finer particles was ob-
served after addition of suitablesugar solution after 2-3
days. Thisindicated that the nickel isnot causing any
toxicity to thelactobacilli rather thebacterial cellsare
well adapted to the metallic ambience. However, we
do not completdly rule out the partial oxidation and/or
hydroxide formation of the Ni-nanoparticleswhilein
mediaor during the courseof filtration. Theformation
of single-phase compound was checked by X-ray dif-
fraction (XRD) techniqueusing aX-ray diffractometer
(Phillips PW1710, Holland) with CuK o radiation A=
1.5405A over a wide range of Bragg angles(40°<20
<80°). TEM micrograph of n-Ni was obtained using
PhilipsCM 200 transmission el ectron microscopea 100
nm.

RESULTSAND DISCUSSION

Fgure2 showstheX-ray diffraction profileof nicked.
The peaksof the XRD-pattern wereindexed and cell
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Figure3: Williamson-Hall plot for n-Ni

2
Figure4: TEM photograph of n-Ni at 38K
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Figure5: Hypothetical mechanism of n-Ni biosynthesis

parameterswere determined with astandard computer
program PowdM ult??Y using experimental d-values of
peaksondifferent crysta systems. Finaly, unit cellsof
face centred cubic system were selected. The least
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squaresregressionfit to diffraction datayielded thel at-
tice parameters. Thelattice parameter as obtained for
Ni particlesisa=3.523(4) A with an estimated error
of £0.00018 A which is in agreement with the literature
report (PCPDF No. #04-0850). The unit cell volume
was estimated to be 43.76 A3. Thecriterion adopted
for evauating therightness, reliability of theindexing
and the structure of nickel was Ad[=X(d .- d_, )]
foundto beaminimum. Inset figure 2illustratestheen-
Iarged (1112) peak. It isimportant to notethat theratio
| 113/ 200y COMESOUL O D S.5. Thisindicatesthat the
nanoparticlesareabundant in{ 111} plane. Thus, dif-
fractionintensity of { 111} planeshould begreetly en-
hanced in comparison to that of other planes. Theav-
erageparticleszeof Ni wasestimated by anayzingthe
X-ray diffraction pesk broadening, usngWilliamsonand
Hall approachi?:

Bcosd=KA/D+2n/<e?>sind @
whereD istheavereparticle size,  isdiffraction peak width at

half intensity and /< ¢2 - is the average strain, K is the

Scherrer constant (0.89), nj isthe coefficient which dependson
thedistribution of strain. Theterm KA/D representsthe Scherrer

particlesize broadening. Theterm 2m/< £2 > singrepresents

the strain broadening. The strain ¢ can be estimated from the
slope of Bcosd versus sind plot and the average particle size
can be estimated from theintersection of thislineat sin6 =0.A

Gaussian model was applied to analyse the curve.

| =1+ (A/wyn/2)exp[-2(0—0,)/ w}*] @)
where A, w and 0_ are respectively the area, width and centre
of the curve. The fitting parameters as obtained for the peak
(111) arel |=33.466,A=658.153, w=0.257 and 0_=44.514. The
value of regression coefficient (r?) wasfound to be 0.9991 y%
DoF = 346.735. Figure 3illustrates the Williamson-Hall plot for
n-Ni. The apparent particle sizeand strain broadening are esti-

mated respectively to be of the order of 58 nmand 0.0493.
Figure4 showsthe TEM micrograph of n-Ni being
formed using lactobacillus strain at 100 nm. Themi-
crograph clearly illustratesindividua nanoparticlesas
well asanumber of aggregateshavingthesze of 30-50
nm. Themeasurement of Szewascarriedaongthelarg-
est diameter of the particles. Itisfound that thesize of
then-Ni estimated using Williamson-Hall approach to
beinfairly good agreement with the size estimated by
the TEM anadyss. Thedifferencein particleszeispos-
sibly bedueto thefact that the nanoparticlesarebeing
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formed at different times, which may limit the
nanoparticlesizedueto constraintsrel ated to the par-
ticles nucleating inside the organisms. The possible
mechanism for biosynthesisof n-Ni isillustratedin
figure5. Pyruvateformed as product of glycolysis(in
culture) undergoesformation of lactatein thecytosol in
areversiblereactioninvolving lactate dehydrogenase
and NADH + H*. Theregeneration of NADH + H*in
thereduction of pyruvateto lactate sustainsthe contin-
ued operation of glycolysis under anaerobic condi-
tiong?, Thisconversioninvolvesan obligatory avail-
ability of 2H*24, Alongwiththis, the conversion of un-
stableenal pyruvateto stereo chemically stable keto
pyruvated so remainscontinuoudy operativeinthecy-
tosol thereby making H* availabledl thetimé?. This
availability of hydrogen atomsmight facilitatethe syn-
thesisof n-Ni particles. Theresultspresented inthis
paper are at single pH value and isapart of our sys-
tematic work.

CONCLUSION

In conclusion, the present biotechnological method
iscapableof producing Ni-nanoparticles. Also, itisa
low cost eco-friendly approach. The synthesisof n-Ni
might haveresulted dueto conversion of pyruvateto
lactate and dueto tautomeric conversion of enol pyru-
vatetoketo pyruvate.
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