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ABSTRACT

In recent years the application of nanoparticles in various disciplines has expanded considerably. Nanoparticles
possess unique physical properties and high reactivity viz high surface to volume ratio. An attempt has been made to
determine the antimicrobial activity of copper and silver nanoparticles; also the antimicrobial activity of Ag-Cu
bimetallic nanoparticles is determined. It is found that the antimicrobial activityincreases when the bimetallic
nanoparticles are used.
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INTRODUCTION

Miniaturization is a concept nurtured by naturecsirthe process of evolution and with time, the dnof

biological processes at small length scales hasrbedmmaculate. The origin of the field of nanoescie and
nanotechnology has primarily been a motivation tmimthe programmed synthesis and manipulation ateemials
at similar length scale, an art perfected by natifeRichard Feynaman was the visionary who fihsw attention
towards this possibility in his speech titled “Tésr plenty of room at the bottom” [2]. Since thesgveral
significant achievements have been made towardpribeess of miniaturization,even though contrat@nplexity
levels manifested by biological systems is stillraam.

Richard Feynman in 1959, has initiated a new bramiclscience which is presently known as ‘Nanosaenc
Nanotechnology’, where everything depends on oilityabo manipulate and design materials atom bynatand
molecule by molecule at the nanoscale. These nal®suaterials possess novel size and shape degenden
properties useful for diverse applications in vasiofields of science and engineering. Accordinglgcent
technological development makes it possible to ggaestructures or devices less than 100 nanomietsize with
noteworthy functional advantages over conventiaw®lices leading to the threshold of a revolutiorimg the
potential to change the entire scenario of prewstinology [3-6]. Indeed, promises are so high ith@n even cope

up with the millennium goal of achieving affordabdenenities to all human beings from equally distidol
technological developments touching.

Nanotechnology deals with the art of designing maaterials at the nano domain wherein the size, eslzaql
structure of the material dictate the propertieshef same as much as the composition. The coneeptddeas
derived from chemistry, physics and engineering rasgried to design a novel material with desiredpprties.
Recently the interesting properties and appealingcsires of biomaterials have inspired the syrigheE modern
nano-materials with precise control over their nmmipgy and dimension [7-8]. Structural arrangemainatoms
and the length scales of the material are the tararpeters, which when tuned properly at the nanemsstale,
could lead to variation in the properties of theenal, compared to its bulk [9].
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Definition and Classification of Nano-structured M aterials

According to Hunt, “Nanomaterials are an enablinghponent of the popularly labelled area of ‘nanieihetogy’,
but are generally not well understood by the makgricommunity at large” [10]. Although a variety prosaic
definitions of nanotechnology is available, almalttlack definitional precision despite providingdaeper insight
into the subject. One of such definitions descrilbeHcientific American states: “The field is a ¥gsab bag of stuff
that has to do with creating tiny things that sames just happen to be useful. It borrows liberfdyn condensed-
matter physics, engineering, molecular biology dadge swaths of chemistry” [11]. However, a more
comprehensive definition is given by the US Natlohmnotechnology Initiative (NNI) as: (i) researemd
technology development at the atomic, moleculamnacromolecular levels, approximately 1-100 nanoensein
length, (ii) creation and use of structures, deyji@nd systems that have novel properties andifunscbecause of
their small and/or intermediate size, and (iii)ligpito control or manipulate on the atomic scal®][ Another
definition given by ‘The Royal Society’ and ‘The Y& Academy of Engineering’ states: ‘nanotechnolgyhe
design, characterization, production, and apphbecatf structures, devices, and systems by conmphlihape and
size at the nanometre scale’ [13]. Thus, improvenwénproperties of materials by controlling theianoscale
structures is the heart of nanotechnology or cabdtter called as incremental nanotechnology. @ityil another
term radical nanotechnology means the developmienammoscale machines that would exist at the cagerare of
nanotechnology, biotechnology, information techggland cognitive technology [11].

Metallic nanoparticles can be classified as bi-flietar tri-metallic depending on the number of stituent
metallic parts [14]. Most of the cases, they forloys, and commonly known as alloy nanoparticlesifarly,

core-shell nanoparticles constitute another cléssmonomaterials which are cross-linked nanosizetighes with a
chemical composition that is different on the scefacompared to the core region. Non-metallic nariimbes
(nanotubes) are another class consisting of nomalsmnahd organic molecules with interesting eleatrliehaviour
which can be tuned to be insulating or metallicelolasn size and composition [15]. The most famiérample of
non-metallic nanoparticle is Fullerenes which ciat a different class of nanomaterials. Carbonotizbes
constitute another celebrated class of nanomadetiedt can be metallic or semiconducting dependingheir
diameter and chirality [15-16].

Another way of classifying nanomaterials is basedtteir dimensionality. If we consider the threendnsional
space vectors for a specific nanomaterial and kesgales are in the critical regime of 1-100 nreytban be known
as 0-dimensional particles or quantum dots, typgoa@mples being spherical (1-10 nm diameter) namiofes of
Au, Ag, CdS, CdSe etc. Similarly, if two spatialcters are restricted in that critical length scallowing
nanomaterial to grow only in the third directiohgeh the resultant nanomaterial is known as 1D riargisre
(quantum wires), specific examples being nanorad@sjowires, etc. Single walled carbon nanotubes lwan
considered as an important example of such maténi@&lD nanostructures, only one dimension is igsl to that
critical length scale and these nanomaterials (murarsheets) are allowed to grow along the other $patial
directions [17].

A more interesting method of classifying nanomaitsris based on their shape. Thus, nanomaterialkreown as
guantum dots or nanoparticles (monolayer proteci@aoclusters, MPCs or simply NPs), nanowires, raigr
nanoribbons, nanobelts, nanobipods, nanotetrap@®cubes, nanoboxes, nanotriangles, etc. Nandparthat
consist of homogeneous material, especially thibaedre almost spherical or cubical in shape dfedcguantum
dots. Nanostructures that are shaped like longsstic dowels, with a diameter in the nanoscale atehgth very
much longer are known as nanorods or nanowires [L8] normal nanorod is coated with a differenttahéayer,

then it is known as core-sell nanorod or coaxiaatables. Similarly, if the inside of a nanorodhadlow, then it is

known as nanotubes or nanorods with hollow intsricdanoparticles of triangular or prismatic shape @alled

nanoprisms or nanotriangles [19]. All such nanomiate having aspect ratio (R, division of length digmeter or
more precisely, division of length along the majgis by the length along the minor axis), R >1 camder a broad
term high aspect ratio nanostructures. An enormmawsber of differently shaped nanomaterials of nsetabn

metals, and semiconductors have been categorizéighsaspect ratio nanomaterials and reviewed tBc€&he

present work, however, discusses only the methlliy aspect ratio nanostructures, especially natenats of

copper and silver since our studies are mainly $eduon these two metals. Nanoscience deals witdebign of
materials whose length scale falls inthe size regoh1l nm to 100 nm. Reduction in size of a maktdeiads to
changes in properties such aselectrical condugtiedlour, mechanical strength and melting poifhe concept of
making materials ofnanometre size is fundamentaligresting for the following reason. As the siza@aches
atomic dimensions, energy level bands are slowdypsiormed intoquantized discrete energy levelsceSitne

changes in the electronic structureoccur in theonsaire region, it gives an insight as to how thepprties
evolvefrom the molecular or atomic level to thekb[#0]. Also the reduction in size wouldconfine takectronic

motion, which will affect the physical and chemjmaperties of the material. As the size of the ingp@roaches to
the nanometre regime, the changein their propetti&ss place.
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Size and shape dependant catalytic properties

As the particle size decreases, the fraction ofasaratoms significantlyincreases, for example an8 particle
would have 45% of its atoms on thesurface and a particle would have 76% of the atoms on its sigfi@1].As
anyreaction takes place at the surface and thegagientage of surface atoms inmetal nanopartictdde them as
good catalysts.The unique surface structure, eleictrstates, lower work function andhigh surfaceaaof a
nanoparticle become great advantages for promtiexgtes of chemical reactions. For example, goltbnsidered
to be a noble metalin bulk state, but the nanogasgiof gold dispersed in alumina or iron oxide@sd to be
excellent catalysts for carbon monoxide oxidati®2][ The shape of the nanoparticles along with siffteences the
surfacereactivates. The reactant molecules shofereliftial affinity in adsorptiontowards differerades of the
catalyst [23]. Hence metal nanoparticles of diffesbapes covered by different faces could be usédctease the
selectivity of a catalyst. Hence surface reactiviBn be tailored in such a way by varyingthe shapehe
nanoparticle, could help in designing molecularcefatalysis [24].Mechanical Properties of a mialedepend
strongly on the density ofdislocations, grain s@®d the surface / interface-to-volume ratio. Thergjthand
hardness of the material could be severely affedtehy decrease in grainsize. As compared to thi, ba
nanoparticle has more defects due to the highsaitimwolume ratio. However the capability of a nauaterial to
undergoextensive tensile deformation without degstigpthe structure is well reported and is callages-plasticity
[25]. Grain boundary diffusion and sliding magnepimoperties of nanoparticles differ from those aflkbin
twoways. The large surface to volume ratio resuts different local environmentfor the surfacenasoin their
magnetic coupling / interaction with neighbourirgyas, leading to the mixed volume and surface magnet
characteristics [26]. Unlikebulk ferromagnetic nratks, which usually form multiple magnetic domaseveral
small ferromagnetic particles could consist of oalgingle magneticdomain [27].In the case of alsipgrticle
being a single domain, thesuperparamagnetism qcousghich the magnetizations of the particles amedomly
distributed and they are aligned only under aniagphagnetic field, and the alignment disappeace dhe external
field is withdrawn[28]. These couldhave importaninplications and for example, in ultra-compact
informationstorage where the size of the domaiermeihes the limit of storage density

Optical Properties

The optical properties of these nanoparticles grectacular and,therefore, have stimulated a great df
excitement during the last fewdecades [29]. Th@wolariations arising from changes in the compmsitsize,
andshape of nanoparticles, surrounding medium la@dery high absorption crosssectionpromoted thesterials
as inorganic chromophores from visible to nearigftlaregion [30]. Due to this reason they find apgiions as
sensors andimaging agents.These effects are dbhe thenomena called surface plasmon resonandetheency
at which conduction electrons oscillate in respoosédternating electric field of incident electrogmetic radiation
[31].

In recent years there has been growing interetsterpreparation and study of silver nanopartickes P) because
those nanoparticles have been found to exhibitraotobial activities. Production of nano sized niietasilver

particles with different morphologies and size gsilifferent routes has been reported [32]. The teaatimicrobial

activity of Ag NPs is not completely understood.efén are reports in literature that shows that edetitic
attraction between negatively charged bacteridlazel positively charged nanoparticles is cruamalthe activity of
nanoparticles as bactericidal material [33]. Hurbamgs are often infected by micro organisms sichaxteria,
moulds, yeast and virus in living environment [3Rpsearch in antimicrobial material containing eas natural
and inorganic substances have been extensive ndictasa(Me-NP) which have a high surface area higth

fraction of surface atoms have been extensivelgistusuch as,physic-chemical characteristics inctudatalytic
activity, optical properties, electronic propertiastimicrobial activities and magnetic proper{ies].

Because of biologically produced silver nanopagchre attached with the microscale surface ob#wterium on
which they were formed. They are prevented aggr@gahaking them an interesting alternative for cloathy

produced silver nanoparticles [36]. Silver nandpkas have been demonstrated to exhibit biocidaviac towards
a broad range of Gram positive and Gram negatieteha, viruses and fungi. Moreover compared t@othetals
the toxicity of silver is very low towards humarn7[3This makes nanosilver an interesting candifiatea number
of applications such water decontaminations anfhseardisinfection method such as chlorination andne can
produce toxic by-products.

Chemical methods: It involves the reduction of metal ions with dié@t reducing agentsin the presence of a
capping agent. Though chemical synthesisdates Wackhe middle ages, Faraday method of making
goldnanoparticles in carbon disulphide by the ré&idacof chloroaurateions by phosphorous vapourthéswell
known example for thismethod.
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Chemical methods involve thereduction of metal ibys suitable reducing agent in the presencecappingagent.
It is similar to the conventional colloids prep#mat where aprecipitating agent is added to indinee colloid

formation [38].In a similar manner nanoparticles farmed by an initial nucleationstage in whiclytseed particles
precipitate spontaneously from solution and a syliset growth phase in which the newly formed semgxure

dissolvedNanoparticles are small and are not théymamically stable due totheir very high surfacedtume ratio

[39]. The atoms present on the surface arecoordalptunsaturated and are too reactive. They trgaimbine with

otherparticles, which would lead to bulk structufebe surface is not protected.

Biological Methods: It involves employing fungus, bacteria and leefact to reduce metal ions.
MATERIALSAND METHODS

2.1. Synthesis of Cu Nanoparticles

7.2 gm of sodium succinate is dissolved in 100 frdeionized water. This solution is added to 2 guCG 2H,0
solution in 20 ml of deionized water. Then this taie is heated at 70 for 10 minutes. 0.1 gm PVA solution is
prepared in 10 ml of deionized water. It is added.iThe whole solution is heated for 5 minute dfnsolution of 3
ml hydrazine in 10 ml of deionized water is prepar€his is added slowly with constant stirring &G for 1
hour.The solution is filtered through Whatsmarefilpaper No. 1. It is washed several times witlomieed water
and kept in oven for drying. Next day the sampleeimoved from oven and powdered in mortar. We g86Z8
gms of copper nanoparticles from 2 gms of GW&EL,O

2.2. Synthesis of Ag Nanoparticles

7.2 gm of sodium succinate is dissolved in 100 mt@ionized water. This solution is added to 2 gigN&;

solution in 20 ml of deionized water. Then this tane is heated at 700C for 10 minutes. 0.1 gm Pwlit®on is
prepared in 10 ml of deionized water. It is added.iThe whole solution is heated for 5 minute dfnsolution of 3
ml hydrazine in 10 ml of deionized water is prepar€his is added slowly with constant stirring &Q for 1

hour.The solution is filtered through Whatsmarefilpaper No. 1. It is washed several times witlomieed water
and kept in oven for drying .Next day the sampleeimoved from oven and powdered in mortar We ¢g62Z8 gms
of silver nanoparticles from 2 gms of Cu@H,0.

2.3. Synthesis of Ag-Cu bimetallic Nanoparticles

7.2 gm of sodium succinate is dissolved in 100 mteonized water. This solution is added to 1gmN@&g
solution in 10 ml of deionized water. Also 1 gm@iiChL 2H,0O solution is prepared in 10 ml of deionized water.
Then this mixture is heated at°@for 10 minutes. 0.1 gm PVA solution is prepamed® ml of deionized water. It
is added in it. The whole solution is heated fanfute. And a solution of 3 ml hydrazine in 10 nfldeionized
water is prepared. His is added slowly with consstitring at 76C for 1 hour. The solution is filtered through
Whatsman filter paper No. 1. It is washed sevenabs$ with deionized water and kept in oven for dgyNextday
the sample is removed from oven and powdered intanore got 0.9300 gms of silver copper bimetallic
nanoparticles from 2 gms.

Antimicrobial Activity of nanoparticles:

The antimicrobial activity of AgNPs, Cu NPs and £g-NPs were evaluated against pathogenic bactecia as
Bacillus subtilis andSalmonella typhimurium as per below mentioned agar diffusion methodhis method first the
bacterial cultures were developed on Nutrient A@dA) slants which contained different ingredientscls as
peptones (5.09), agar (15.0g), meat extract (gsdium chloride (g.s.), and yeast extract (ger)litre of distilled

water. After solidification of prepared culture naa the wells were prepared by using cork boreiidgadiameter
8mm. Then 100ul freshly prepared AgNPs, CuNPs ag«CA bimetallic NPs were added into the wells tate

made in the culture medium plates. The plates e in refrigerator for 15 minutes at 4°C temperatfor

diffusion and later were incubated for 24 hour8&C temperature in incubator.

RESULTSAND DISCUSSION

Particle Size Distribution: Particle size distribution histogram in fig.1 icates that 16.46% particles size is around
83.3nm with a standard deviation of 15.06% sizelewvtiie remaining particles are around 419.2nm witftandard
deviation of 17.62%. The difference in size as ol from TEM and PDS may be due to presence oémwat
molecules on Ag-CuNPs surface. The MATLAB analyfishis Particle size distribution image shows bitedepth

of 24 bits and image resolution of 797 x 473. Allse image file-size was 124.9KB and image form&G@Ruvith
image class as uint8. The particle size distrilbugjcaph is taken from C-MET, Pune, India.
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Fig.1. Image of Particle Size Distribution graph showing silver-copper bimetallic nanoparticles

SEM Image of Silver Copper bimetallic nanoparticles: The SEM image in fig.2 reveals the formation ofstdu

of spherical beadlike structure of silver coppemétallic nanoparticles with non uniform distributioThe

MATLAB analysis gives the image class as unit8 #relimage resolution 0f280 x 960. Also the image f-size

was found to be 1.23MB and the image format as TIHe SEM image has been taken with -6360 instrument
which uses accelerating voltage of 20KV. The SEMaden has been taken at Department of Phy

ShivajiUniversity, Kolhapurindia.

ZEkKI w5, BOE

Fig.2. SEM Image for silver-copper Bimetallic Nanoparticles

TEM Image of Silver Copper bimetallic nanoparticles: TEM Images in fig.3 reveal that there was |-disperse
spherical particles with non uniform distributiohranopartices in the prepared sample. For TEM measureme
drop of solution containing the particle was defmmkion a copper grid covered with amorphous carlddrer
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allowing the film to stand for 2 minutes the extraolution was removed by means of blottiraper and the grid
allowed drying before the measurement. It was ofeskthat the nanoparticles formed were of differgnes ant
particle size was found to be 3.98nm, 5.97nm, 16and 6.66 and the mean size of about 5.81nm wigslin the
nano rangeThe TEM measurement was done with JEOL model 12G8Exument operated at an accelera
voltage of 80kV. The TEM image was taken with véigh resolution and MATLAB analysis gives the im:
resolution as 2048 x 2048. The image class is want8 the mage format as JPEG. The TEM Images have
taken from National Chemical Laboratory, Pune, dnc

: -?_;P-"‘-"'
S
SRS

St

<7

Fig.3.TEM Imagefor silver-copper Bimetallic Nano-particles

Antimicrobial Activity

A primary interest in the idea of nanoscience cofma® itsassociationswith biology. The size of the r-particle
is comparable to the size of thebiomolecules siscbIldA, enzymes, antibodies and polysaccharides|axodtal
nanoparticles like gold and silver are found tobli@-compatible.Hence biomolecules cc be anchored onto the
nanoparticle surface in such away that they form unitgh complex biological functions, which cot
includecombinations of recognition, inhibition, $lyasis and signallin

The antimicrobial activity has been tested agagystr-positive and granmegative bacteria. A Gre-positive
bacterium used for experimentation vBacillus subtilis NCIM 2635. In the antimicrobial study shownin figlde
well size is found to be 8mm andre of inhibition of about 15mm for AgNPs, 18mm &&mm respectively. Tht
it can be claimed that these AgNPsand CuNPsarditixigi antibacterial property againBacillus subtilis NCIM
2635. It is clearly observed that the antimicrbbaativity increises tremendously when -Cu bimetallic
nanoparticles were used. Thus it is the synergdfert of two metals against gram positive pathagéacteriurr
Bacillus subtilis. Ag Cu bimetallic NPs can be widely used in antimbial coatings in medical insments and in
textiles. The photograph was captured by Kodak Caraed shown in the pictur
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Fig.4.Image showing antimicrobial activity of Copper silver bimetallic nanoparticles

CONCLUSION

The present synthetic method is a low cost appra@axh capable of synthesizing AgNPs, Cu NPs and Ag-C
bimetallic nanopatrticles. The size and structuretithined NPs were characterized by TEM, SEM, aatidke Size
Distribution histogram. Our results have shown tiw metallic nanoparticles are showing antimicabbictivity
against gram positive bacteriuBacillus subtilus. Ag-Cu bimetallic nano-particle is showing hightienicrobial
activity. This kind of study may also make a futylatform for preparing nano-medicines, and tamjedeug
delivery etc. The future studies may include the wé synthesized nanoparticles alongwith routinesed
antibiotics and sulpha drugs to see its Synergéticts. It confirms that Ag-Cu bimetallic NPs arepable of
rendering high antibacterial efficacy and hencedrasat potential in the preparation of drugs agdiasteria.
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