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ABSTRACT

Ecofriendly or Green synthesis of metal nanopagtichas become an important branch of nanotechncdogly
there is an increasing commercial demand for namtiglas due to their wide applications. In the peasstudy, we
report an eco-friendly and economical way for tlyatkesis of silver nanoparticles using leaf extrAzadirachta
indica. The plant properly known as ‘neem’ belorigsthe family Meliaceae. For the synthesis of silve
nanoparticles (SNPs) using the leaf extract of Azatita indica as a reducing agent from 1 mM silvétrate
(AgNO3) has been investigated. The resulting S&Bscharacterized using UV-Vis, TEM. Silver nanotigtes
were synthesized within 24 hours of incubationquband synthesized SNPs showed an absorption peakund
400 nm in the UV-visible spectrum. The morpholdgstady of Silver nanoparticles using TEM suggéisét the
nanoparticles are spherical in shape with a diameteound 50-nm. This route is rapid, simple withary
hazardous chemicals as reducing or stabilizing ag@md economical to synthesized SNPs.
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INTRODUCTION

Nanotechnology, and alongside nanostructured nadgerplay an ever increasing role in science, rebeand
development as well as also in every days lifenase and more products based on nanostructureeriaiatare
introduced to the market. The advance and veryiage technology is nanotechnology and it waswveerifrom
the term of nano it is the billionth of meter or®@. The Nano come ultimately from the Greek word dwarf,
and is also related to the Spanish word Nino [hle Synthesis of silver nanomaterials or nanopadielxtensively
studied by using chemical and physical methods, thet development of reliable technology to produce
nanoparticles is an important aspect of nanoteciyyolBiological synthesis process provides a widege of
environmentally acceptable methodology, low costdpction and minimum time required. At the samesetitie
biologically synthesized silver nanoparticles haangn applications includes catalysts in chemicattieas [2].
Microbial source to produce the silver nanopartickhows the great interest towards the precipitathd
nanoparticles due to its metabolic activity. Of smuthe precipitation of nanoparticles in extegralironment of a
cell, it shows the extracellular activity of orgami. Extracellular synthesis of nanoparticles usielyfiltrate could
be beneficial over intracellular synthesis, thegiubeing extremely good candidates for extracellplcess and
also environmental friendly. There are few reppublished in literature on the biosynthesis ofesilmanoparticles
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using fungal as source [3]. The use of bacterairstn the bio-manufacturing process has the adwpnthat ease
of handling than the fungal sources [4-7]. Plaotdthnology has opened up unexpected new way#fting new
way for trapping their potential resources. Silaanoparticles (AgNPs), are the noble metal nanimpestthat has
being studied extensively due its various biolograperties [8]. Silver is a nontoxic, safe inangc antibacterial
agent used for centuries and it has the capalufityilling different type of diseases causing mimganisms [9].
Silver has been known to be a potent antibacteaidifungal and antiviral agent, but in recent gedhe use of
silver as a biocide in solution, suspension, ange@sally in nano-particulate form has experiencedramatic
revival. Due to the properties of silver at the maevel, nanosilver is currently used in an inchegsumber of
consumer and medical products. The remarkably gteomimicrobial activity is a major reason for thecent
increase in the development of products that comanosilver. The main challenge in hanomaterighghesis is
the control of their physical properties such agaimiing uniform particle size distribution, iderglcshape,
morphology, chemical composition and crystal sticeet For the production of nanoparticles, one néedsow the
physical and chemical principles of nanoscale nedteiand also know how to commercialize them. Galher
metal nanoparticles can be prepared and stabilizedhemical, physical, and biological methods; themical
approach, such as chemical reduction, electroctartechniques, photochemical reduction [10-12], pyiblysis
[13], and physical methods, such as Arcdischargepdaysical vapor condensation [14], are used. lg\wnganisms
have huge potentials for the production of nandglag of wide applications. A promising move towatd reach
this objective is to develop the array of biolodicesources in nature. Indeed, over the past seyeaas, plants,
algae, fungi, bacteria and viruses have been usegréduction of inexpensive, energy-efficient awb-friendly
metallic nanoparticles. Many bacterial cultures eversed for different kind of nanoparticles some godd
nanoparticles usin@hewanella alggeit's a kind of marine bacterium [15], silver ngaoticles byCynobacteria
Plectonema boryanunjl6], cadmium nanoparticles biosynthesis was dbgeClostridium thermoaceticum
magnetite nanoparticles B\ctinobactorsp.,Shewanella oneidensised for uranium nanoparticles [17].

Existing literature also reports successful syrithessilver nanopatrticles through a green routengtthe reducing
and capping agent selected was the latex obtamed Jatropha curcas [18]. Ag NPs were also obtairsiuy Aloe

vera [19], Acalypha indica [20], Garcinia mangostd@1] leaf extracts. Crataegus douglasii fruitrast [22] as
well as various other plant extracts [23] as redgcagent. Here we have developed a rapid, ecodlsieand

convenient green method for the synthesis of sihemoparticles from silver nitrate using leaf egtsaof three
Indian medicinal, namely, Musa balbisiana (banama),indica (neem) and O. tenuiflorum (black tulsbhy

microwave irradiation method. In this research, phent mediated synthesized Ag NPs were charaetbrand
studied in details with all of their propertiesrsficant to current science and prevailing techg@e. However, the
biosynthesis of silver nanoparticles by free cgitem and culture filtrate has not been investaatet. In this
paper, we report on the synthesis of silver nartadas by the reduction of aqueous Ag+ ion by stemgous
reduction of aqueous Ag+ with the leaf extract oddiginal plant. Through our screening process wingl a

number of plants we observed that were potentiadiicate for rapid synthesis of silver nanoparticles

MATERIALSAND METHODS

Materials

Silver nitrate used for the synthesis of silver ayarticles was procured from E. Merck, (India) Ltieai, Mumbai,
India. A. indica(Neem) used in this work were collected from tlaedgn. Cultures Dehydrated Luria broth and
Nutrient agar media used for bacterial growth stwdye the products of E. Merck, (India) Limited, idbai, India.

Preparation of the leaf extract

Indian medicinal plant A. indica (neem) was selédtem Lucknow, India, on the basis of cost effeetiess, ease
of availability and medicinal property. Fresh areblthy leaves were collected locally and rinseddbghly first
with tap water followed by distilled water to reneoall the dust and unwanted visible particles,miat small pieces
and dried at room temperature. About 5 g of leavese weighed separately and transferred into 100bedkers
containing 50 mL distilled water and boiled for abdO min. The extracts were then filtered thribeotigh
Whatman No. 1 filter paper to remove particulateteraand to get clear solutions which were themigefated
(4°C) in 100 mL Erlenmeyer flasks for further expsents.

Synthesis of silver nanoparticles
For the synthesis of silver nanoparticles, 1 mMesilnitrate and leaf extract were taken. For thieicgon of Ag+
ions, 5 ml of leaf extract was added drop wise tal®f 1 mM silver nitrate solution. A distinct aolchange was
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observed after 24 hrs as the solution turned imtawb from yellow solution at room temperature sisimey
formation of silver nanoparticles. The color becdimawvn and turned into dark brown after 48 hrs.

The reduction of Ag+ was confirmed from the UV—¥jgsectrum of the solution. The nanoparticles wepaisted
out from the mixture by ultracentrifugation (at D00rpm for 4 hrs).

Characterization of silver nanoparticles

UV-Vis Spectroscopy

The reaction mixture was subjected to UV-Vis Spmattiotometric Measurements (Model UV-1600 PC). Adiay
to this technique many molecules absorb ultraviotetisible light. The percentage of transmittatight radiations
determines when light of certain frequency paskeoligh the samples. This spectrophotometer anatgsesds the
intensity of absorbance or optical density (O.Dadsinction of wavelength. Absorption is directiyoportional to
the concentration of the absorbing species (Bdaws.

Formation of silver nanoparticles is easily detddig spectroscopy because the colored nanopasttléion shows
a peak ~400 nm. In this study, spectrophotometes wsed to measure the optical density of solutions
suspensions.

Transmission Electron Microscopy (TEM)

This study was undertaken to know the morphology particle size distribution of silver nanopartgle TEM
shows the shape and crystal structure as wellzasadithe particles. The grid for TEM analysis vpaspared by
placing a drop of the nanopatrticle suspension earbon-coated copper grid and allowing the watesvaporate
inside a vacuum dryer. The grid containing silveanoparticles was scanned by a Transmission Electron
Microscope.

RESULTSAND DISCUSSION

For the synthesis of nanoparticles, report an eéeadly and economical way using leaf extrAzadirachta indica
(Neem)[Figure 1].

Fig 1: Azadirachta indica (Neem)
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Fig 2: Synthesisof silver nanoparticles

After reduction for 48 hours, culture filterate eothanged from yellow to brown. Formation of broiwrdue to the
surface plasmon resonance property of silver natiofes. Aqueous silver nitrate ions were reduced during
exposure to the Neem leaf extract. The color ofréeetion mixture changed from yellow to brown tates the
formation of silver nanoparticlggigure 2). Due to excitation of surface Plasmon vibrationmietal nanoparticles,

silver nanoparticles exhibit brownish color in wate

UV-Vis Spectroscopy
The production of silver nanoparticles by reductainsilver ions due to the addition of Neem leAk&dirachta

indica) extract was followed by UV-Vis spectroscopy. ThR/-Vis absorption spectrum of ‘Green’ silver
nanoparticles in the presence of Neem leaf extsashown inFigure 3. The band in silver nanoparticles solution
was found to be close to 400 nm throughout the reatien period as the nanoparticles were dispeiseithe
solution without possibility for aggregation in Wis spectrum. The high OD of the solution suggestkigh

conversion of Agto Ag® as nanoparticle.
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Fig 3: UV-visible absor bance spectra obtained from silver nanoparticles

Transmission electron microscopy studies
TEM analysed the silver nanopatrticles coated oharacoated copper TEM grid. This micrograph shothed they

are well-disperse and size ranging from 20-50 nhre morphology of nanoparticles is essentially sigherThe
results are shown iRigure 4.
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Fig 4: TEM image of Silver Nanoparticles

CONCLUSION

Silver nanoparticles (AgNPs) were successfully ioleté from bioreduction of silver nitrate solutionsing neem
leaf extracts. In summary, visual observations, Mig-and TEM spectroscopic techniques confirmedftimation

of silver nanoparticles by neem leaf extracts. Thizk indicates that neem leaf extract had a goaldiable

potential in the future for production of silvernugarticles. Hence, due to their benign and stabtere these
Silver nanoparticles (AgNPs) may be well utilizedimdustrial and remedial purposes. However, plaotake and
utilization of Silver nanoparticles (AgNPs) requirere detailed research on many issues like ugtakential of

various species, process of uptake and translocatiol the activities of the AgNPs at the cellulad anolecular
levels.
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