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ABSTRACT

Nanoparticle research is currently an area of irgenscientific interest due to a wide variety of eptial
applications. The main objective of the presentlgtis focused on synthesis of silver nanopartibleswvo different
techniques using tri-sodium citrate as a reducingrat by the reduction of silver nitrate to get eliéint types of
silver nanoparticles. Synthesis of silver nanomdes was carried out using tri-sodium citrate aslueing agent
and silver nitrate as an inducer by constant heatand cyclic heating technique. The silver nandpbatwas
characterized by UV-visible spectroscopy, SEM arRDXto analyse the size, morphology and chemical
composition. The formation of the silver nanopdescwas confirmed by changing colour and monitarsithg UV-
visible spectroscopy. The UV-visible spectrum rimcedhe formation of silver nanoparticles by extiily the
typical surface plasmon absorption maxima at 450-46. SEM micrograph demonstrates the spherical shaped
and some irregular shaped nanoparticles with thze sange of 60- 80nm. XRD pattern atdeg showed the whole
spectrum value ranging from 26 80 by displaying intense peaks at 38.0#licating that the particle was made
of pure silver. Ag-NPs were subjected to perfornibacterial activity against selected bacterial pagens.
Maximum inhibition activity was noticed against @Hia sp. (25mm) using silver nanoparticle mediabsdtri-
sodium citrate with constant heating. The outcorheesults clearly pin points that thsilver nanoparticles
produced using tri-sodium citrate as reducing agamd silver nitrate as an inducer by constant freats a highly
efficient and cost effective technique.
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INTRODUCTION

Silver is one of the most significant universalimatrobial substances. Since roman period silver heen used as
antimicrobial substance. But nanotechnogy enabdetoexpand the vast array of silver particles redik with
numerous applications [1]. Nanotechnology is thgireering of molecular technology at the nanostalel. It is
the collective term for a range of technologieshtéques and process that involve the manipulaifanatter at the
smallest scale (1-100 nm). The preparation of Ngined drug particles with specific requirementseirms of size,
shape, physical and chemical properties is of giatest in the formulation of new pharmaceutipedducts.
Among the various metal nhanoparticles, silver namntigles have been widely investigated becathsy exhibit
unusual optical, electronic, and chemical propserti depending on their size and shape with resmect
technological  applications. Silver nanoparticlese aeing viewed as fundamental building blocks of
nanotechnology. Silver nanoparticles have receiwedsiderable attention due to their attractive aysand
chemical properties and as known to be an effe@manicrobial agent [2]. Though biosynthesis of-NBs are
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considered to be more eco- friendly [3], chemiaapbysical method of synthesis of preparation bfesiparticles
are normally used because they are readily avaikatdl can be used to synthesize in large amoungaitively less
time. Chemical reduction is the most frequently @dd method for the synthesis of Ag-NPs as collogilaer
dispersion in water is stable. The reduction ofesilions in aqueous solution generally yields d¢dlbsilver with
size of particles being several nhanometers in dian{d]. It involves reduction of an ionic salt fhe presence of
surfactant as a reducing agent. Chemical mediatethesis is cost effective, easily scaled up fdk lmynthesis
without the use of high pressure, energy and teatpe [5]. These nanoparticles can be taken ufuftier studies
to develop other biomedical applications.

A lot of chemical reduction methods have been applio synthesize stable and various shapes ofrsilve
nanoparticles in water by the use of different mdgy agents such as ascorbic acid [6], hydrazirdratg [7],
dimethyl formamide [8] and sodium borohydride [9he most popular preparation of Ag colloids is tigh
chemical reduction of silver salts by sodium bodrige or sodium citrate. The size induced properid
nanoparticles enable the development of new apjgit® The size and shape of the nanoparticlesmdigokeon the
tendency of the organic substrate used to redusiler ionsIn the present study we have used tri-sodium eitrat
as a reducing agent to reduce the silver saltshadfrsitrate. The main objective of the presentdstigation is to
synthesize the crystals of silver nanoparticleagisii-sodium at moderate temperature by diffeisirting times
under constant heating and cyclic heating techsiglibe synthesized nanoparticle was subjected rforpe its
characterization and antibacterial assay agaitestteel bacterial pathogens.

MATERIALSAND METHODS

Test pathogens

The synthesized silver nanoparticles were subjettdeantibacterial assay against selected gram iveghtiman
pathogengiz., Salmonella paratyphi, Shigellasp, Enterococcisp, and gram positive pathogetaphylococcus
aureus.The test pathogens were maintained as pure ctittuner laboratory.

Chemicals and culture media
All chemicals, media components and Hi media weoeyred form Hi media Laboratory Private LimitedyMbai,
India) for the present silver nanoparticle syntbesid their characterization investigation.

Chemical mediated synthesis of silver nanoparticles (Ag-NPs)
Two different techniques have been adopted for etedrmediated reductions of silver salt using t@isim citrate
as a reducing agent in order to obtain nanopastigiéh potential biomedical application.

Synthesis of nanoparticles using tri sodium citrate under constant heating

Tri-sodium citrate (gHsO,Nag) of analytical grade (AG) as a reducing agent aheshitrate (AgNQ) as starting
material were used for the synthesis of nanopartiolder constant heating. The silver colloid wapared by using
chemical reduction in deionised Milli-Q water. 1mdf1AgNO; solution was prepared in 250ml of Erlenmeyer flask
by adding 17.0mg of silver nitrate in Milli-Q watdny constant heating in a microwave oven till isatilves
absolutely. Then 10ml of 1% tri-sodium citrate veakled drop by drop, mixing vigorously. The reactiixture
was heated until colour change was evident fromwtéss to yellowish brown. Then the flask was reeabfrom
microwave oven and the solution was stirred urtilled to room temperature (28-3@). The consequential
solution was subjected for centrifugation at 100pth for 15 minutes. The supernatant was discardet the
precipitate was transferred into quartz glass fging in room temperature for 48-72 hrs to obt&ie hanopatrticles.
The dried nanoparticles were stored in dark bédtidurther characterization studies.

Synthesis of nanoparticles using tri-sodium citrate under cyclic heating

In the second method, cyclic heating techniqueblesn adopted to synthesis silver nanoparticlessddium citrate
of analytical grade (AG) as a reducing agent aheishitrate as starting material were used for gjethesis of
nanoparticle under cyclic heating at regular inisvThe silver colloid was prepared by using cloainieduction
method in deionised Milli-Q water. 1mM of AgNQ@olution was prepared in 250ml of Erlenmeyer flaglkadding
17.0mg of silver nitrate in Milli-Q water by constaheating in a microwave oven till it dissolvesalotely. Then
10ml of 1% tri-sodium citrate was added drop bypdmghile mixing vigorously. The reaction mixture was
intermittently heated and stirred at 30 sec cyaiterval until the colour change was evident froatoarless to
yellowish brown. Finally the flask was removed frahe oven and the solution was blended continuousti
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cooled to room temperature (28230). The resultant solution was centrifuged at T0ffm for 15 minutes. The
clear supernatant was discarded and slurry pretépitvas transferred into quartz glass for dryingram
temperature for 48-72 hrs to obtain nanoparticlé®e dried nanoparticles were stored in a dark ddttt further
characterization. Characterization of synthesisédersnanoparticles was performed by the followisgndard
techniques of UV-visible spectroscopy, Scanningtedm microscopy (SEM) and X-ray diffraction (XRBhalysis.

UV-Visible spectral analysis

The chemical mediated reduction of silver ions wamitored by measuring the UV-Vis spectrum of teaction
mixture by diluting a small aliquot of the samphtéa double distilled water after 2 hours. UV-Vissfral analysis
was carried by using CARY Conc 100 — EL06023680 eh&lY/-Vis spectrophotometer.

Field Emission scanning electron microscopy (FESEM) analysis

Field emission scanning electron microscopy (FESEM) powerful technique for the morphological ekaation

of organic and inorganic materials. This gives infation about the structure of a specimen in theranmietre and
sub-micrometre range. The structural characteomasize and morphology of the subject under camattbn can

be performed by FESEM. Thin fiims of dried nanou#et were prepared on a carbon coated copper hbyrid
dropping a trace amount of the sample on the grtithe film on the SEM grid was allowed to dry bytting it
under a mercury lamp for 5-10 minutes. FESEM ansly&s carried out using German made SUPRA-55, CARL
ZEISS machine.

X-ray diffraction (XRD) analysis

X-ray diffraction (XRD) has become a very importamtd powerful tool for the structural characteimatin solid
state physics and materials science. The silveopaaticle obtained by constant heating which shopetgntial
antibacterial activity was subjected to XRD anaysi study the composition of nanoparticles. Silvanoparticles
were determined by x-ray diffractometer (SMARTLAR|GAKU JAPAN — power model — 9kw) operated at a
voltage of 40 kV and a current of 30 mA with Cu &diation in a theta-2 configuration. The crystallifomain size
was calculated from the width of the XRD peakss lassuming that they are free from non uniformeties. The
average size of the silver nanoparticles can brutzed using the Debye—Scherrer equation.

Antibacterial assay

The antimicrobial susceptibility assay of silvenoparticles was evaluated by standard Kirby-Bause diffusion
method against selected bacterial pathogens. Biffezoncentrations (5 pl, 10 ul, 15 ul, 20 pl, 2%e¢r disc) of
silver nanoparticles synthesised by two differerdthmds was impregnated with commercially availatikrile
empty disc (Hi-media) with the size of 6mm diamefar antibacterial assay. Sterile Muller Hinton agsiHA)
plates was prepared and swabbed with overnighhlmgitures of each test pathogens®(délls) separately. Silver
nanoparticle impregnated disc was placed at theeceifithe plate aseptically. Triplicates were ntaiimed for each
test pathogens to obtain mean value of zone obitim. The disc impregnated with tri-sodium cigaalone
(25ul/disc) was used as a negative control to coeplae antibacterial efficacy. The zone of inhiitiwas
measured after 24 hrs of incubation aP@7The different levels of zone of inhibition aralthe discs were
measured and recorded in mm diameter for eaclpatisbgen.

Statistical analysis
The antibacterial assay results of silver nanoglartsynthesized by two different techniques wereutated as
mean diameter of zone of inhibition in mm + stanlddeviation (mean + SD).

RESULTSAND DISCUSSION

Silver Nanoparticles

Nanobiotechnology is the important and prompt n@armakrging discipline in the field of both nanotecluyy and

biological science. Biosynthesis of nanoparticled their characterization have been well documebtedarious

researchers across the world. Microbes with thityabd produce extracellular primary metabolitesvh industrial

[10] and medical applications [11]. The reductidrsibver nitrate into silver ion is due to the eadellular enzymes
produced by the microbes. In the current investgathemical mediated silver nanoparticles werelpeed by two

different methods as described in the previous@eébr characterization and antibacterial efficagginst selected
bacterial pathogens. The reaction mixture contgitirsodium citrate induced the colloidal solutiahich turned

yellowish brown on both the methods of constantihgand cyclic heating indicating that silver npadicles was
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formed. The colourless solution containing 1mM eilnitrate turned yellowish brown while adding 184sbdium
citrate solution with different heating techniquedicating the formation of silver nanoparticlesan/Dong et al
[12] reported that chemical mediated silver nanti@arproduced using sodium citrate showed ultralsend well
controlled size of silver nanopatrticles by the i&ihn of silver nitrate at room temperature.

UV visible spectroscopy

Ultraviolet and visible spectrometry is almost usadquantitative analysis of compound known topbesent in the
sample. UV-visible spectroscopy is one of the madely used techniques for structural charactépneof silver
nanoparticles.The absorption spectrum of yellowish brown silverdlaids prepared using tri sodium citrate
reduction by constant heating and cyclic heatingpidrayed in fig.1&2 respectivelffhe reactiommixture showed a
surface plasmon resonance absorption band withxénmaen peak of 450 nm and 460 nm respectively inthgathe
presence of spherical or roughly spherical shapeersinanoparticles. Aashritha [13] noticed that Wi
spectroscopy shows the plasmon band of silver ratiole suspensions mediated by sodium citratebéiing a
typical absorbance peak at 430nm. The symmetricapes and size distribution of the plasmon bamticate
relatively sharp particle. The particles size rangel4nm with mean diameter of 10nm. This resultdrroborated
with our present study of silver nanoparticle swysiked using tri-sodium citrate as a reducing apgntonstant
heating with mean particle size of 40 nm. The sheeb size distribution of silver nanoparticle igtily depended
on the tendency of the organic substances thatesdhe silver ions.

Y axis- absorbance

—+—Y-Values

200 400 o00 300

Figure 1. UV-visible spectroscopy of silver nanoparticles synthesized by constant heating technique
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Y axis- absorbance

100 200

X- axis--wavelength in nano meter

Figure 2. UV-visible spectroscopy of silver nanoparticles synthesized by cyclic heating technique

200nm  EHT= 500KV  Signal A= SE2

WD = B.7 mm Mag= 6014 K X

Figure 3. SEM image of silver nanoparticle mediated by tri-sodium citrate synthesized by constant heating technique

SEM

Silver nanoparticles were subjected to SEM micrplranalysis to understand the topology of silvesidrhe silver
nanoparticles size and morphology were studied gama of scanning electron microscopy (SEM). SEM
micrograph of nanoparticle being synthesized usiisgdium citate is displayed in fig. 3. The presiewestigation
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of nanoparticle using SEM micrograph clearly ilhasés the spherical shaped or roughly sphericgdeshand some
irregular shaped nanoparticles having the sizegaid0- 80nm. The agglomerated and scatteredrpatfesmall
grains of nanoparticles was confirmed by SEM imggiFhe variation in particle size is possibly dodtte fact that
the nanoparticles are being formed over periodsinoé. Tri-sodium mediate synthesized Ag-NPs haveng

signals of silver ions at 5keV with magnetic resweof 50.14Kx.

X-ray diffraction (XRD) analysis

Energy dispersive X-ray diffraction (XRD) analysisas performed to understand the chemical compasitio
nanoparticles. The chemical mediated synthesidedrsianoparticles using tri-sodium citrate as @ucéng agent
by constant heating technique was further charaetdrby XRD analysis. The XRD characterization of
nanoparticles was made by taking small amount ofpses from the stored dark bottle and drying iteoquartz
plate at room temperature. The nanoparticles detrated and confirmed by the characteristic pealkseoked in
the XRD image is depicted in fig. 4. Van Dong efld] indicated that X-ray diffraction of chemiaalediated silver
nanoparticles exhibit remarkably intensive difffaot of the characteristic peak at 2 theta value 38f1
corresponding to the reflections of crystalline atlét silver particles in the face-centered culfec) structure. This
corresponds to the present XRD pattern of 2 thetashowing whole spectrum value ranging frorf 20) to 8¢
(20) and displaying intense peaks at 38.() indicating that the particle is made of pure silvVEour more
additional broad bands are observed at 38.085° 224.14° (R), 64.37° (R), and 77.38° @ by the XRD image of
silver nanopatrticles. These results corroborateti tie previous research of Prema [15]. The peditipp and
their intensities were clearly agreed and compaiigidl the standard literature [JCPDS No 030931]. iage size of
the particles was found to be®4@0) with size range 20-80120). The XRD result shows that the nanoparticles are
crystalline in nature and the crystals are cubicahape. The result also confirms that the mampmnent of the

particle is silver.
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Figure 4. XRD image of silver nanoparticles mediated by tri-sodium citrate synthesized by constant heating technique

ANTIBACTERIAL ACTIVITY
Biosynthesed silver nanoparticle exhibit antimidablactivity against human pathogens [16] and plaathogens

[17]. In the persent investigation, we approcheehaical mediated synthesis of silver nanopartickee @antibacterial
activity of silver nanoparticles synthesized ustrigsodium citrate as reducing agent by the corist@ating and
385
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cyclic heating technique was studied against sefebicterial human pathogens. Different volume filyilver

nanoparticles was used to optimize the concentrationanopatrticle. Different levels of antiba@éefficacy were
measured in terms of mm in diameter by means dfibition zone. Antibacterial activity of tri-sodiummediated
silver nanoparticle synthesized by using constagatihg and intermittent heating to asses the effigy of

nanoparticles is portrayed in table 1 &2 respetfivAEmong the bacterial pathogens tes&gellasp. exhibited
maximum inhibition zone of 25mm by using silver nparticle mediated by tri-sodium citrate with cargtheating
technique. Guzman et al [18] reported that chemigatiated synthesis of silver nanoparticle usingr&zine

hydrate as a reducing agent exhibit highest artibiat against gram negative pathogens. This regmtes with the
present investigation showing maximum antibacteaativity against gram negative bacter&higella sp.,

Salmonella paratyphiA and Enterococcisp. by silver nanoparticle mediated by tri-sodiuitnate with constant
heating method.

Table 1 Antibacterial activity of silver nanoparticle mediated by tri-sodium citrate by constant heating

Zone of inhibition in different concentration ofm@particles (mm)

S.No Bacterial pathogens 5 i 10 501 20 ul 25
1 Shigellasp. 15 25 20 20 19
2 Salmonella paratyphi 20 18 15 13 15
3 Staphylococcus aureus 12 23 20 20 14
4 Enterococcip. 13 15 15 12 20

Values are the average of three replicates

Table 2 Antibacterial activity of silver nanoparticle mediated by tri-sodium citrate by cyclic heating

Zone of inhibition in different concentration ofmgparticles (mm)

SNo Selected pathogens

N 5l 0p 15 20 25
1 Shigellasp 12 23 17 17 18

2 Salmonella paratyphh 17 15 12 10 12
3 Staphylococcus aureus 12 20 17 17 13
4 Enterococcip 10 12 13 14 16

Values are the average of three replicates

Moroneset al. [19] defined chemical mediated synthesis of silmanoparticles and its potential antibacterial
application against Gram negative bacteria. Thegested that silver nanoparticles penetrate throlgtcell wall

of bacteria and attach to the surface of the celinbrane and disturb its function by releasing silwas. Similar
antibacterial activity was determined against grarsitive bacteria [20, 21, 22]. Comparatively silmanoparticles
mediated by tri-sodium citrate by constant heatiechnique exhibit significant broad spectrum ofilzaxtterial
activity against all the tested pathogens. Thegmemvestigation shows the chemical mediated sgitled silver
nanoparticles have almost equally bactericidal céffen both gram positive and gram negative patheig&he
bactericidal mechanism of silver nanoparticles actéria is not clearly understood and almost unknddowever,

it has been proposed that the effect is causetldogame mechanism of bactericidal effect of silees [23].

CONCLUSION

The present study mainly focused on chemical mediaynthesis of silver nanopatrticles by the reductif silver

salt. Ag-NPs were successfully synthesized under divegs®erature at different stirring times using tdsim

citrate as a reducing agent. The formation of AgsM&duced by tri-sodium citrate was determined ®yUsible

spectroscopy where surface plasmon absorption n@agan be observed at 450-460 nm from the UV-vistspa.

The synthesized nanoparticles were characterizedchyning electron microscopy (SEM) and X-ray diffron

(XRD) analysis. The peaks in the XRD pattern aoméd that the Ag-NPs possessed a face-centered. GBM

revealed that Ag-NPs were roughly spherical in shaphe tri-sodium citrate mediated silver nanopbeti
synthesized by constant heating exhibited averagcle size with mean diameter of 40 nm. Highegtbacterial
activity was observed for Ag-NPs with nano-sizedipkes. This study clearly demonstrated that adism citrate
induced Ag-NPs with constant heating exhibit utmergiibacterial efficiency towards selected bactgré&hogens.
The stability, toxicity and bio compatibility of naparticle must be analysed using cell line studiefiture for
biomedical application.
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