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ABSTRACT

Investigation of novel properties of nanopartickesl their application has become a very active aefeasearch.
Nanoparticle having one or more dimensions of ttteioof 100nm or less- have attracted considerafttaction
due to their unusual and fascinating propertie$ wirious applications. Physical, chemical, biotagi and hybrid
methods are available to synthesize different typfesanoparticles. The medical properties of silkave been
known for over 2,000 years. Since the nineteenthtucg, silver-based compounds have been used inyman
antimicrobial applications. Silver nanoparticleg d&eing used as antimicrobial agents and they @tete show
good antimicrobial action. There are many ways depli in various literatures to synthesize silvenaparticles
includes physical, chemical, and biological methddse physical and chemical methods are humerouasiinber,
and many of these methods are expensive or use sakistances which are major factors that make thanso
favored methods of synthesis. An alternate, feasiblethod to synthesize silver nanoparticles is rpley
biological methods of using microbes and plantse Tiew innovative ideas from various contributors fo
preparation , applications, and characterizatiothouologies followed were discussed here
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INTRODUCTION:

Nanoscience and nanotechnology are the studyanoparticles are sized between 1 and 100
and application of extremely small things and camanometers.

be used across all the other scientific fieldshsucAccording to a recent definition suggested by
as chemistry, biology, physics, materials scienceBritish Standards Institution Nanoparticles are the
and engineering conducted at the nanoscale, whigsarticles with one or more dimensions at the
is about 1 to 100 nanometers. Particles are furtheranoscale. They have defined the nanoscale as
classified according to diameter. Coarse particledimensions of the order of 100 mm or less. It & th
cover a range between 10,000 and 2,50@ritical length scale at which certain novel size
nanometers. Fine particles are sized between 2,508lated properties develop and the material start
and 100 nanometers. Ultrafine particles, oibehaving differently than the molecules or bulk
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material [1]. Here novel properties refer to ogdticaconsume, health related and industrial products .
magnetic and electrical properties which typicallyOur area of interest lies in the biological synthes
appear in materials below 100 nm size. Howevemnf gold silver nanoparticles.

many a times, besides the strictly nano (1-100 nm§ILVER NANOPARTICLES:

all submicron colloidal particles i.e. particlestlwi The medical properties of silver have been known
at least one dimension in the scale of 1-1000 nnfor over 2,000 years. Since the nineteenth century,
also called mesoscale, are referred asilver-based compounds have been used in many
nanoparticles, to include organic polymers andantimicrobial applications. Nanoparticles have
vesicles widely used in the area of drug delivenbeen known to be used for numerous physical,
[2,3]. At this scale the properties of the matter a biological, and pharmaceutical applications. Silver
different from atomic or molecular properties nanoparticles are being used as antimicrobial
which are governed by the laws of quantumagents and they are said to show good
mechanics, or the properties of bulk materialsantimicrobial action. It is a well-known fact that
determined by the laws of classical physics. Sailver ions and silver-based compounds are highly
the dimension of 1-100 nm may be considered amxic to microorganisms which include 16 major
an intermediate state between atomic or moleculapecies of bacteria. This aspect of silver makes it
state and bulk state where materials exhibit soman excellent choice for multiple roles in the
unexpected and unusual new properties whicimedical field. Silver is generally used in the ai¢r
cannot be defined by the classical laws of physicform to induce an antimicrobial effect, but when
[4]. It is these unusual properties which havesilver nanoparticles are used, there is a huge
attracted immense attention of researchers fronmcrease in the surface area available for the
almost every field science including biology andmicrobe to be exposed to. Though silver
medicine. nanoparticles find use in many antibacterial
Investigation of novel properties of nanoparticlesapplications, the action of this metal on microbes
and their application has become a very active arga not fully known. It has been hypothesized that
of research. Nanoparticle having one or morssilver nanoparticles can cause cell lysis or irthibi
dimensions of the order of 100nm or less- haveell transduction. The rapid breakdown of silver
attracted considerable attraction due to theinanoparticles, releases ionic silver that inactisat
unusual and fascinating properties, with variouwital bacterial enzymes by interacting with
applications, over their bulk counterparts.essential thiol groups. Silver ions can inhibit
Currently, a large number of physical, chemicalbacterial DNA replication, damage bacterial
biological, and hybrid methods are available tocytoplasm membranes, depleting levels of
synthesize different types of nanoparticlesintracellular adenosine triphosphate (ATP) and
Though physical and chemical methods are mor&nally cause cell death. The high specific surface
popular for nanoparticle synthesis, the use ofctoxito-volume ratio of silver nanoparticles increases
compounds limits their applications. Thetheir contact with microorganisms, promoting the
development of safe eco-friendly methods ofdissolution of silver ions, thereby improving
biogenetic production are now of more interesbiocidal effectiveness. The ability of silver
due to the simplicity of the procedures andnanoparticles to release silver ions is a key &ir th
versatility. Due to their amenability to biological bactericidal activity.

functionalization, the biological nanoparticles areThere are many ways depicted in various
finding important applications in the field of literatures to synthesize silver nanoparticles.sehe
medicine. The antimicrobial potential of metalinclude physical, chemical, and biological
based nanopatrticles has led to its incorporation imethods. The physical and chemical methods are
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numerous in number, and many of these method®duction of the silver ions might have occurred by
are expensive or use toxic substances which agenitrate-dependent reductase enzyme and a shuttle
major factors that make them not so favoredjuinone extracellular process. Reduction of silver
methods of synthesis. An alternate, feasibléons was an extracellular and rapid process; this
method to synthesize silver nanoparticles is ti&nowledge may lead to the development of an
employ biological methods of using microbes anceasy process for biosynthesis of the silver
plants. Silver nanoparticles find use in manynanoparticles. Potential of fungal-mediated
fields, and the major applications include theie us biosynthesis of silver nanoparticles is important
as catalysts, as optical sensors of zeptomolr the development of effective antibacterial
concentration, in textile engineering, in agents showing resistance to drugs available in the
electronics, in optics, and most importantly in themarket. [1]

medical field as a bactericide and as a therapeutBiological production of silver nanoparticles by
agent. Silver ions are used in the formulation ofixivium of sun-driedCinnamomum camphora leaf
dental resin composites; in coatings for medicain continuous-flow tubular microreactors was
devices; as a bactericidal coating in water filtersinvestigated by Jiale Huamty, al. The Properties
as an antimicrobial agent in air sanitizer sprayspf silver nanoparticles were examined by
pillows, respirators, socks, wet wipes, detergentdransmission electron microscopy (TEM), UV-vis
soaps, shampoos, toothpastes, washing machinegpectroscopy, X-ray diffraction (XRD), and
and many other consumer products as bonenergy dispersive X-ray (EDX). The concentration
cement and in many wound dressings to name @f residual silver ions after reaction was measured
few. Though there are various benefits of silveby atomic absorption spectophotometry (AAS)
nanoparticles, there is also the problem obpectroscopy. Fourier transform infrared (FTIR)
nanotoxicity of silver. There are various liter&sir spectra of C. camphora leaf lixivium were
that suggest that the nanoparticles can causmalyzed and temperature profiles along the tubes
various environmental and health problemswere calculated to explore the formation
though there is a need for more studies to benechanism of silver nanoparticles. Comparison of
conducted to conclude that there is a real problefRTIR spectra ofC. camphora leaf lixivium before
with silver nanoparticles. and after reaction demonstrated the polyols in the
Extracellular biosynthesis of silver nanoparticledixivium may be mainly responsible for the
by Aspergillus niger isolated from soil was reduction of silver ions. According to the
reported by Gade, A.kt., al. The production of temperature profiles, at the inlet of the
silver nanoparticles was evidenced by UV-vismicroreactors at 90 °C, the soar of the fluid
spectrum, showing the absorbance at 420nremperature induced the burst of silver nuclei by
(Perkin Elmer Lambda-25). The nanoparticleshomogeneous nucleation. Subsequently, the nuclei
characterized by  Transmission Electrongrew gradually along the reactors into silver
Microscopy exhibited spherical silver nanoparticles from 5 to 40 nm. Polydisperse
nanoparticles with a diameter of around 20nmparticles were formed by combination of
Elemental Spectroscopy imaging showed thdneterogeneous nucleation and Ostwald ripening
presence of fungal protein around the silveralong the tubes at 60 °C. [2]

nanoparticles thereby increasing their stability inAvinash Ingleet., al reported that the extracellular
the suspension. The silver nanoparticles (1®iosynthesis of silver nanoparticles Busarium
ug/ml) showed remarkable antibacterial activitysolani (USM-3799), a phytopathogen causing
against gram-positive Saphylococcus. aureus) disease in onion, when challenged with 1 mM
and gram-negativeEgcherichia coli) bacteria. The silver nitrate (AgNO3). The formation of
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nanoparticles was characterized by visuahvailability of the reducing agents in the extract.
observation followed by UV—-Vis Zeta potential studies showed that the surface
spectrophotometric analysis, which showed a peagharge of the formed nanoparticles was highly
at about 420 nm, which is very specific for silvernegative. The EC50 value of the synthesized
nanoparticles. Further analysis carried out byanoparticles against Escherichia coli BL-21 strain
Fourier Transform Infrared Spectroscopy (FTIR),was 11 + 1.72 mg/L. Thu€. Zeylanicum bark
provides evidence for the presence of proteins asxtract and powder are a good bio-
capping agent, which helps in increasing theesource/biomaterial for the synthesis of Ag
stability of the synthesized silver nanoparticlesnanoparticles with antimicrobial activity. [5].
Transmission Electron Microscopy (TEM) A green, low-cost and reproducible Eclipta leaves
investigations confirmed that silver nanoparticlesnegotiated synthesis of silver nanoparticles was
were formed. The synthesized silver nanoparticleseported by Anal K.et., al. The synthesis is
were found to be polydispersed, spherical in th@erformed at room temperature. X-ray and
range of 5-35 nm with an average diameter ofransmission electron microscopy analyses are
16.23 nm. Extracellular synthesis of nanoparticleperformed to ascertain the formation of Ag
could be highly advantageous from the point ofhanoparticles. Nanoparticles almost spherical in
view of synthesis in large quantities and easyghape having a size of 2-6 nm is found. UV-
downstream processing [3]. visible study revealed the surface plasmon
An eco-friendly process for rapid synthesis ofresonance at 419 nm. The lattice strain is
silver nanoparticles has been reported by Harestimated to be 0.0045 using Williamson-Hall
Krishna Baret., al using an aqueous seed extractapproach. The use of Eclipta for the synthesis of
of Jatropha curcas. The formation of stable silver silver nanoparticles offers the benefit of
nanoparticles of different concentration of AgNO3ecofriendliness and amenability for large scale
gives mostly spherical particles with diameterproduction through scaling up. [6]

ranging from 15 to 50 nm. The resulting silverSathyavathiet al., reported a simple and eco-
particles are characterized using HRTEM, XRDfriendly biosynthesis of silver nanoparticles using
and UV-vis spectroscopic techniques. XRD studyCoriandrum sativum leaf extract as reducing
shows that the particles are crystalline in naturagent. The aqueous silver ions when exposed to
with face centered cubic geometry. [4]. leaf extract were reduced and resulted in silver
M. Sathishkumaet., al studiedthe exploitation of nanoparticles whose average size was 26 nm. The
various plant materials for the biosynthesis ofsilver nanoparticles were characterized by UV-
nanoparticles is considered a green technology a&sible, X-ray diffraction (XRD), Fourier

it does not involve any harmful chemicals. Thetransform infra-red spectroscopy (FT-IR) and
study reports the synthesis of silver (Ag)transmission electron  microscopy (TEM)
nanopatrticles from silver precursor using the barkkechniques. Nonlinear optical properties of silver
extract and powder of novelCinnamon nanoparticles were studied using Z-scan technique
zeylanicum. Water-soluble organics present in thewith 6 ns pulse duration at 532 nm. The nonlinear
plant materials were mainly responsible for therefractive index and third-order susceptibilig||
reduction of silver ions to nano-sized Ag particleswere measured to be -6.0 x 10-13 cm2/W and 1.38
TEM and XRD results confirmed the presence of 10-9 esu, respectively. Silver nanoparticles were
nano-crystalline Ag particles. The pH played afound to exhibit strong reverse saturable
major role in the size control of the particlesriBa absorption (RSA). RSA was identified as the main
extract produced more Ag nanoparticles than thenechanism responsible for optical limiting. [7]
powder did, which was attributed to the large
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Hemath Naveen K.St al.,, Synthesised silver method. Aqueous extracts of the manna of
nanoparticles by using the filamentous funguhedysarum plant and the soap-root (Acanthe
Penicillium Sp. The fungal culture was isolated phylum bracteatum) plant were used as reducing
from the soil samples collected from agricultureand stabilizing agents respectively. UV-Vis

fields in Vellore district, Tamil Nadu, India. The absorption spectroscopy was used to monitor the
purified fungal isolates were inoculated in minimalquantitative formation of silver nanoparticles. The

medium and incubated at room temperature focharacteristics of the obtained silver nanopasicle

three days. For the synthesis of silverwere studied using X-ray diffraction analysis

nanoparticles, 50 ml of cell filtrate was mixedtwit (XRD), energy-dispersive spectroscopy (EDX)

equal volume of 1mM silver nitrate [AQNO3 (1 and scanning electron microscopy (SEM). The
mM)] and agitated at room temperature in theEDX spectrum of the solution containing silver

dark. The synthesis of silver nanoparticles wasanoparticles confirmed the presence of an
investigated by UV-Vis spectroscopy, Atomic elemental silver signal without any peaks of

force microscopy and Fourier Transform Infraredimpurities. The average diameter of the prepared
Spectroscopic analysis. Results indicate th@anoparticles in solution was about 29-68 nm.
synthesis of silver nanoparticles in the reactiorj10].

mixture. Mechanism of silver nanoparticles Antariksh Saxena, R.Met al ., studied the
synthesis was determined by nitrate reduction tesiynthesis of metal and semiconductor
[8]. nanoparticles is an expanding research area due to

Biosynthesis of silver nanoparticles and its ativi the potential applications for the development of
on waterborne bacterial pathogens werenovel technologies. Generally, nanoparticles are
investigated byC. Krishnarajet al. The Silver prepared by a variety of chemical methods which
nanoparticles were rapidly synthesized using leadre not environmentally friendly. We have
extract of Acalypha indica and the formation of reported a fast, convenient and extracellular
nanoparticles was observed within 30 min. Thenethod for the synthesis of silver nanoparticles by
results recorded from UV-vis spectrum, scanningeducing silver nitrate with the help of onion
electron microscopy (SEM), X-ray diffraction (Allium cepa) extract. The characterization of
(XRD) and energy dispersive spectroscopy (EDShanoparticles was done by using UV- Vis
support the biosynthesis and characterization dbpectrophotometer and Dynamic Light Scattering
silver nanoparticles. From high-resolution (DLS). The morphology of silver nanoparticles
transmission electron microscopy (HRTEM)was confirmed by Transmission Electron
analysis, the size of the silver nanoparticles wamicroscopy (TEM). The antibacterial activity of
measured 20-30 nm. Further, the antibacterighese nanoparticles was studied agdingoli and
activity of synthesized silver nanoparticles showedsalmonella  typhimurium.  The  bactericidal
effective inhibitory activity against water borne property of nanoparticles was analyzed by
pathogens Viz., Escherichia coli and Vibrio measuring the growth curve of bacteria and
cholera. Silver nanoparticles 10ug/ml were 50ug/ml concentration of silver nanoparticles was
recorded as the minimal inhibitory concentrationfound to be effective antibacterial. [11]

(MIC) against E. Coli and V. Cholera. Alteration Biological synthesis of silver nanoparticles using
in membrane permeability and respiration of theMurraya koenigii leaf extract was investigated by
silver nanoparticle treated bacterial cells werd.aura Christensenét al., and the effect of broth
evident from the activity of silver nanoparticles[9 concentration in reduction mechanism and particle
Mehrdad Forouglet al., discussed the synthesis of size was reported. The rapid reduction of silver
stable silver nanoparticles by the bioreduction(Ag+) ions were monitored using UV-visible
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spectrophotometry and showed formation of silveobserved within 6 h. The results recorded from
nanoparticles within 15 minutes. TransmissionUV-vis spectrum, Fourier transform infrared, X-
electron microscopy (TEM) and atomic forceray diffraction, scanning electron microscopy, and
microscopy (AFM) analysis showed that thetransmission electron microscopy support the
synthesized silver nanopatrticle are varied from 10biosynthesis and characterization of AgNPs. The
25 nm and have the spherical shape. Further thmaximum efficacy was observed in synthesized
XRD analysis confirms the nanocrystalline phaséAgNPs against the larvae ok subpictus, C.

of silver with FCC crystal structure. From this quinquefasciatus, andR. microplus (LC50=13.90,
study, it was found that the increasing brothl11.73, and 8.98 mg/L, r 20.411, 0.286, and
concentration increases the rate of reduction and.479), respectively. This is the first report on
decreases the particle size. [12]. antiparasitic activity of the plant extract and
S.C.G. Kiruba Daniett al., stated that the Silver synthesized AgNPs. [14]

nanoparticles of different size and shape wer®evelopment of green nanotechnology is
synthesized usingOcimum tenuiflorum leaf generating interest of researchers toward
extract. The nanoparticles were characterized bgcofriendly biosynthesis of nanoparticles. Singhal
UV- visible, TEM, XRD and FTIR measurements.et al., studied the biosynthesis of stable silver
The toxicity of the silver nanoparticles was nanoparticles using Tulsi@cimum sanctum) leaf
evaluated against zebra fidbanio rerio using extract. These biosynthesized nanoparticles were
direct exposure to silver nanoparticles anccharacterized with the help of UV-vis
indirectly through food chain via feeding silver spectrophotometer, Atomic Absorption
nanoparticles exposed chironomous larva) Ther8pectroscopy (AAS), Dynamic light scattering
was no toxicity developed againgdbcimum (DLS), X-ray diffraction (XRD), Fourier
tenuiflorum stabilized silver nanoparticles and ittransform infrared spectroscopy (FTIR), and
could penetrate all tissues including the brairiTransmission electron microscopy (TEM).
through BBB Lifetime protection can be given to Stability of bioreduced silver nanoparticles was
healthy young ones at a very low concentratioranalyzed using UV-vis absorption spectra, and
(160ug) by simple bathing method. [13]. their antimicrobial activity was screened against
Green nanoparticle synthesis has been achieved bgth gram-negative and gram-positive
Sampath Marimuthet al., using environmentally microorganisms. It was observed that O. The
acceptable plant extract and eco-friendly reducinganctum leaf extract can reduce silver ions into
and capping agents. The present study was bassiliver nanoparticles within 8 min of reaction time.
on assessments of the antiparasitic activities tdhus, this method can be used for rapid and
determine the efficacies of synthesized silverecofriendly biosynthesis of stable silver
nanoparticles (AgNPs) using an aqueous leafanoparticles of size range 4-30 nm possessing
extract of Mimosa pudica Gaertn (Mimosaceae) antimicrobial activity suggesting their possible
against the larvae of the malaria vector, Anopheleapplication in the medical industry. [15]

subpictus Grassi, filariasis vector CulexSilver nanoparticles (AgNPs) have gained great
qguinquefasciatus Say (Diptera: Culicidae), andnterest in nanotechnology, biotechnology and
Rhipicephalus (Boophilus) microplus Canestrinimedicine. The green synthesis of nanoparticles has
(Acari: Ixodidae). Parasite larvae were exposed toeceived an increasing attention because of its
varying concentrations of aqueous extractMaf ~maximize efficiency and minimize health and
pudica and synthesized AgNPs for 24 h. AgNPsenvironmental hazards as compared to the other
were rapidly synthesized using the leaf extract o€onventional chemical synthesis. U. B. Jagtap
M. pudica and the formation of nanoparticles wasal., reported biosynthesis of AgNPs by aqueous
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Annona squamosal. Lealagtapact and its There is an increasing commercial demand for
characterization by UV-visible spectroscopy (UV—nanoparticles due to their wide applicability in
vis), Field emission gun scanning electronvarious areas such as electronics, -catalysis,
microscopy (FEG-SEM), X-ray energy dispersivechemistry, energy, and medicine. In this work
spectroscopy (EDX), Transmission electrondeals with the synthesis and characterization of
microscopy (TEM), Selected-area electronsilver nanoparticles usingCassia auriculata
diffraction (SAED) and Fourier transforms infra- flower and evaluation of their antioxidant activity
red spectroscopy (FTIR). The results indicated thabynthesized nanoparticles were characterized by
AgNPs formed were spherical in shape with sizaising UV-Vis absorption spectroscopy and SEM
ranging from 14 to 40 nm with an averageanalysis. The synthesized particles were evaluated
diameter 28.47 nm. Furthermore, it was observeids in vitro antioxidant activity. The reaction
that the AgNPs exhibited an antibacterial activitymixture turned to a brownish gray color after 5
against different Gram positive and Gram negativdours of incubation and exhibits an absorbance
microorganisms. Our report confirmed that thepeak around 450 nm characteristic of Ag
ALE is a very good eco-friendly and nontoxic nanoparticle. Scanning electron microscopy
bioreductant for the synthesis of AQNPs and openéSEM) analysis showed silver nanoparticles was
up further opportunities for fabrication of pure and polydispersed and the size were ranging
antibacterial drugs, medical devices and woundrom 10-40 nm. Biosynthesized silver
dressings. [16] nanoparticles exhibited strong antioxidant activity
Naheed Ahmadt al., presented a simple and eco-The approach of green synthesis seems to be cost
friendly biosynthesis of silver nanoparticles usingefficient, eco-friendly and easy alternative to
Pomegranate peel extract as the reducing agemonventional methods of silver nanoparticles
Peel extract of Pomegranate was challenged witbynthesis. The powerful bioactivity demonstrated
silver nitrate (AgNO3) and chloroauric acid by the synthesized silver nanoparticles leads
(HAuCl4) solution for the production of silver towards the antioxidant agent Welavan. Set al.,
nanoparticles (AgNPs) and gold nanoparticlegl8].
(AuNPs), respectively. The reaction process waMetallic nanoparticles have been traditionally
simple for the formation of highly stable silverdan synthesized using wet chemical techniquesSby
gold nanoparticles at room temperature by usingRajeshet al., where the chemicals used are quite
the biowaste of the fruit. The morphology andoften toxic and flammable. They presented a
crystalline phase of the NPs were determined fromsimple and ecofriendly biosynthesis of Ag
UV-Vis spectroscopy, transmission electronnanoparticles usingUlva fasciata crude ethyl
microscopy (TEM), selected area electronacetate extract as reducing and capping agent. The
diffraction (SAED) and X-ray diffraction (XRD) bionanoparticle  characterized by  UV-vis
spectra. TEM studies showed that the averag8pectroscopy, FTIR, XRD, SEM and EDX.
particle size of silver nanoparticles was 5 £1n% n Characterization reveals that the nanoparticles are
whereas the gold nanoparticles were found to berystalline in nature, spherical in shape and poly-
10 1. 5 nm. An effort has also been made talispersed with size ranging from 28 to 41 nm. The
understand the possible involved mechanism foalkyne group (3424.30 cm-1) &f. fasciata crude
the biosynthesis of the NPs. Presumablyethyl acetate extract shifted and reduced the
biosynthetic products or reduced cofactors play algNO3. GC-MS analysis revealed the presence of
important role in the reduction of respective saltsl-(Hydroxymethyl) -2, 5, 5, 8A-tetramethyl
to nanopatrticles. [17]. decahydro-2- napthalenol as reducing agent and
hexadecanoic acid was found to be a stabilizing
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agent. Ulva fasciata based bionanoparticles the characterized AgNPs has the potential for
inhibited the growth ofXanthomonas campestris  various medical and industrial applications. The
pv. malvacearum (14.00£0.58 mm Zone of results showed that microbial susceptibility to
inhibition), with a  Minimum Inhibitory AgNPs is different for each microorganism. [21]
Concentration of 40.00+5.4@/ml. The study The green synthesis of silver nanoparticles from
shows thatJ. fasciata crude ethyl acetate extract ImM AgNO3 solution was prepared by Shalini
could be used as a reducing agent for the simplEhauhanet al., through the extraction dP.
ecofriendly synthesis of silver nanoparticles.Granatum seed which acts as a capping and
However, more studies are essential beforeeducing agent. The morphology and uniformity of
recommending them for disease management. [19ilver nanoparticles were investigated by TEM and
The cost effective and eco-friendly technique forEDX. The functional group of protein molecule
synthesis of silver nanoparticles from the extractvas identified by using FTIR. [22]

of seed ofP. granatum was discussed bghalini The biosynthesis of nanoparticles have been
Chauharet al., The reduction process was simpleproposed as a cost effective and environmentally
and convenient to handle and was monitored bfriendly alternative to chemical and physical
UV-vis spectroscopy. So the green synthesis ahethods. Plant mediated synthesis of nanoparticles
silver nanoparticles from 1mM AgNO3 solution is a green chemistry approach that intercom- nests
was prepared through the extraction &  nanotechnology and plant biotechnology. Naheed
Granatum seed which acts as a capping andAhmad et al., discussed on synthesis of silver
reducing agent. The morphology and uniformity ofnanoparticles (AgNPs) or (Green-Silver) and
silver nanoparticles were investigated by TEM andlemonstrated using extracts Ahanas comosus
EDX. The functional group of protein molecule reducing aqueous silver nitrate. The AgNPs were
was identified by using FTIR. Increase incharacterized by Ultraviolet-Visible (UV-vis)
temperature leads increase in size of silveBpectrometer, Energy Dispersive X-ray Analysis
nanoparticles. [20] (EDAX), Selected Area Diffraction Pattern
Currently, there is an increasing commercia(SAED) and High Resolution Transmission
demand for nanoparticles due to their wideElectron Microscopy (HRTEM). TEM micro-
applicability in various markets, such as medicinegraphs showed spherical particles with an average
catalysis, electronics, chemistry and energy. Msize of 12 nm. The XRD pattern showed the
Vijayakumaraet al., reported that a simple and characteristic Bragg peaks of (111), (200), (220)
eco-friendly chemical reaction for the synthesis ofand (311) facets of the face center cubic (fcc)
silver nanoparticles (AgNPs) fromArtemisia silver nanoparticles and confirmed that these
nilagirica (Asteraceae) has been developed. Silvenanoparticles are crystalline in nature. The
nitrate was used as the metal precursor andifferent types of antioxidants presented in the
hydrazine hydrate as a reducing agent. Scanningneapple juice synergistic- Cally reduce the Ag
electron microscopy (SEM) and energy-dispersivanetal ions, as each antioxidant is unique in terms
spectroscopy (EDX) were used to characterize thef its structure and antioxidant function. The re-
nanoparticles obtained from. nilagirica. The action process was simple for formation of silver
morphology of the AgNPs was determined bynanoparticles and AgNPs presented in the aqueous
SEM and the average diameter of the particles wamedium were quite stable, even up to 4 months of
determined as 70-90 nm. The EDX analysis of théncubation. This work proved the capability of
nanoparticles dispersion, using a range of 2-4ising biomaterial towards the synthesis of silver
keV, confirmed the presence of elemental silvernanoparticle, by adopting the principles of green
with no other impurity peaks detected. In additionchemistry. [23]
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Silver nanoparticles were prepared by treating a
solution of AgNO3 dissolved in deionized water
with Vitamin C rich fruits (Guava, grape and
tomato) as reducing agent byNatthawan
Phuphansriet al., The factors that affect the
synthesis of silver nanoparticles (reaction time,
temperature and concentration of silver nitrate)
were investigated. The nanoparticles were
characterized by UV-vis spectrophotometer, X-rays.
diffraction and Fourier transform infrared (FT-IR).
[24]

Silver nanopatrticles (Ag NPs) were synthesized by
using aqueous leaf extractsEdphorbia prostrata

as a simple, non-toxic and ecofriendly green
material. A. Abduz Zahiret al., discussed on
assessments of the pesticidal activity to determine
the efficacies of aqueous leaf extracts f
Prostrate, silver nitrate (AgNO3) solution (ImM) ¢
and synthesized Ag NPs against the adult of
Stophilus oryzae L. The synthesized nanoparticles
were characterized by UV- visible spectroscopyy.
X- ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR) and Scanning
electron microscope (SEM) analysis. [25].
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