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ABSTRACT

Nanosilverhas become one of the widely used nanomateriabrsumer products. The formation of nanoparticles
depends on several factors like the concentratiosileer ions, time and method of synthesis. Inpghesent work
nanosilver particles were synthesized using fotfedént edible plants by three different methodgleging heat
and sound waves. Rapid reduction of silver ionsanosilver was noticed in all methods, sonicaticethrad being
quicker comparatively. The synthesized silver naniges were characterized by UV-visible spectaysg XRD,
Debye-Scherrer's equation and SEM analysis. Inaaiun method, nanoparticles of size less than BOwere
obtained. The SEM analysis revealed that the narigfes were well dispersed without agglomeratidrhe
successful utilization of sonic waves in the forarabf silver nanoparticles is quite apparent fréime results.
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INTRODUCTION

Many advancements and new applications with impexti technologies have generated from the science of
Nanotechnology [1]. The word “nano” has more imglions in all fields of research due to its physlwmical
characteristics such as high surface area to vohatieand also smaller size particles with higteptial. Synthesis

of nanoparticles of different shapes, size and atmncomposition forms the basic research in treddfiof
Nanochemistry as difference in size and shape tdéadshange the entire property of the particle. et
nanoparticles like gold, silver find diverse apations in many fields [2-3]. These applicationadepend on the
size, morphology and nature of the nanoparticleslus

Biological synthesis of advanced nanomaterialsadfl @nd silver using the natural products (fruitspey, leaves,
plants) and bio-organisms (fungi, bacteria andging) have received more attention by the reseesciibis paves

a pathway to the development of environmentallyidgnetechnologies in the synthesis of nanopartipdgsDue to

the diverse applications of silver nanoparticlesfiglds like microbiology, catalysis, electrical nmhuctivity,
magnetic and optical polarizability, DNA sequenciagd surface-enhanced Raman scattering (SERS), many
techniques were put forward for the synthesis ofosdver particles. Various chemical reduction, feineduction,
microwave irradiation and physical methods werepéeld for the preparation of silver nanoparticles.récent
times, synthesis of eco-friendly metal nanoparsidias become a great challenge [5-7]. Taking inttsideration

the aforesaid significance of the nanoparticlesttmsis and factors involved, the present work isused on
biogenic synthetic methods employing different &gtic conditions.

Amaranth remains to be vital in the area of scientiesearch for both human nutritional needs am@ding

applicationsAmaranthus dubiuand Amaranthus polygonoiddmlongs to théamily Amaranthaceae. These plants
are good sources of protein and also rich sourcenoho acidsAlternanthera sessiliss a weed and a source of
secondary metabolites like flavonols, triterpenpisi®roids and tanningi-sitosterol, stigmasterol, campesterol,
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lupeol. Portulaca oleraceaalso contains vitamins, minerals (especially psitam), fatty acids, especially omega-3
acids, glutathione, glutamic acid and aspartic §jid

Properties of biological molecules present in tferesaid plants, its inexpensiveness and easyadiiiily makes

them a choicest biogenic source for nanoparticter®sis. There are various methods available fstmthesis of
nanoparticles and the optimization of the method thallenge to chemists. Hence this paper is &toes finding

the competency of different methods in the syntheSsilver nanoparticles. Four different plantragts were taken
up for the biosynthesis of silver nanoparticlesagsilver nitrate as the nanosilver source. Fofferdint methods of
synthesis were employed viz. room temperature driggmperature (75°C) and sonication.

EXPERIMENTAL SECTION

. Materials

Four plants namelmaranthus dubius, Amaranthus polygonoides, Altetmera sessilisand Portulaca oleracea
were collected from retail shop in Coimbatore. &ilaitrate was purchased from Himedia chemicat$ialn

ii. Methods

a)Preparation of plant extracts
The plant samples (20g) were washed, cut into spiaties and boiled with double distilled water (300 for 10
min, filtered and refrigerated.

b)Synthesis of silver nanoparticles

Different concentrations (6ml, 7ml, 8ml, 9ml andni of silver nitrate solution (3mM) were treatedttwthe
aqueous extracts (1ml) under various conditions miam temperature (RT), higher temperature (7%*J)) and
sonication (SN). The formation of nanosilver wasuailly monitored periodically.

c)Characterization of biogenically synthesized silwanoparticles

The synthesized silver nanoparticles uskmaranthus dubius, Amaranthus polygonoides, Aligtmera sessilis
and Portulaca oleraceavere characterized by UV-Visible spectroscopy (Bletbeam spectrophotometer — 2202 -
SYSTRONICS), X-ray diffraction study (Lab X XRD-600- SHIMADZU), Fourier transform Infrared
spectroscopy (BRUKER FTIR Tensor-27) and Scanniegten Microscopy (TESCAN with Vega TC software)
analysis.

RESULTS AND DISCUSSION

The formation of silver nanoparticles using the esmpus extract oAmaranthus dubius, Amaranthus polygonoides,
Alternanthera sessiliandPortulaca oleraceavas evidenced by the visual colour change (yellmwetidish brown).
The time of formation of nanosilver (fig.1) varieépending on the nature of the phytoconstituergsegnt in the
plant extracts, various conditions of biosynthesid different methods. The UV-Visible spectrumtad hanosilver
synthesized usiné.. dubius, A. polygonoides, A. sessdisd P. oleraceashows the absorption bands at 420nm,
420nm, 425nm and 421nm respectively (fig. 2). Iswhaserved that as the concentration of silveatgtincreases
the intensity of the absorption bands also incréaseealing the production of more nanoparticles.

The sonication method was found to facilitate thetlsesis of nanoparticles iPortulaca oleraceaand
Alternanthera sessilisompared to that of other methods. This may betduke unusual physical and chemical
effects produced by the liberated radicals in teohseaction pathways and mechanisms. Moreoverasghic
waves will provide highly-intensive mixing and thascelerating the chemical dynamics and rateseofehctions.
The properties such as size, shape and agglomeratiold also be controlled by sonication method (9-

Rapid reduction of nanosilver synthesising A. dubiugand A. polygonoidesvas achieved at higher temperature
(75°C) due to the utilization of silver ions in tf@rmation of nuclei whereas the secondary redoctas stopped
on the surface preformed nuclei. The higher rateediiction of silver ions and narrow peaks in UMidating
nanoparticles with smaller size were obtained gldii temperature. The studies reveal high tempesta be more
favorable for the formation of silver nanoparticl@-12].

The XRD pattern showed two sharp peaks at 38° afhdvBich may be indexed to (111) and (101) plariesieer
with face centered cubic lattice (JCPDS no. 04-078BA.dubiusandA. polygonoidesespectively (fig.3 A&B).
The XRD pattern of silver nanoparticles synthesiasthgA. sessilisandP. oleraceashows only one peak a6=2
32° corresponding to the diffraction plane (101¥ibfer with fcc lattice (fig.3 C&D). The crystaié size of the four
different synthesized silver nanoparticles wasuated by Debye — Scherrer’'s equation is giveraibiet 1.
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Fig. 1 Time of formation of AgNP’s using the aqueasiextract of four different plants
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Fig. 2 UV-Visible spectrum of the nanosilver synthgized usingA. dubius, A. polygonoides, A. sessilisand P. oleracea

Table 1 Determination of crystallite size of the @nts mediated AgNP’s using Debye — Scherrer’s eqtian

S.No | Plants mediated AgNP’s| @(degrees)| D =k /p. Cod (nm)
1. A.dubius- AgNP’s 38, 32 12.9
2. A. polygonoides AgNP’s 38, 32 16.03
3. A. sessilis AgNP’s 32 32.81
4. P. oleracea AgNP’s 32 32.24

The crystallite size of the silver nanopatrticleatbgsized usiné.dubiuswas smaller in size (12.9nm) compared to
that of A. polygonoides, A. sessilisdP. oleracea mediateAgNP’s. The nanoparticles which are smaller in size
are anticipated to exhibit better antibacterialpanies.

The SEM micrograph of the synthesized AgNP’s usthdubiusand A. polygonoidegevealed spherical shape
particles with agglomeration (fig 4a & b). Partideze of less than 50 nm was obtained Aorsessilisand P.
oleraceamediated nanoparticles without agglomeration (fgdic & d) The presence of various phytoconstituents
in the plant samples taken for study might be rasjide for the variation in the size of the nanasilalong with
other parameters like different methods of formatdopted in the study, concentration variation etc

The FTIR spectral data of the synthesized silvaroparticles is given in the table 2. The IR frequies of the
synthesized nanosilver usidgdubius, A. polygonoides, A. sessiliglP. oleraceareveal the presence of —NH or —
OH, C=0, C-H, CC and CN triple bond functional gseuhat are responsible for the reduction of silues. These
groups find source in the plant extracts which Haeen used as capping agents.
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Fig. 3 XRD patterns of synthesized nanosilver using.dubius (A), A. polygonoides (B), A. sessilis (C) and P. oleracea (D)
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Fig. 4 SEM mircographs of synthesized nanosilver irgg A.dubius (A), A. polygonoides (B), sessilis (@nd P. oleracea (D)
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Table 2 IR Frequencies of the synthesized silver naparticles

S.No | Plants mediated AgNP’s IR frequencies Functiah groups
3285 cm* L er—on
1. | A.dubius-AgNP'’s 1634 cm? -

C-H, CC triple bond

2471 cm?, 2411 criil, 2115 critt, 2172 critt .
CN triple bond
1595 cm?,1484 crmit —C—C— in aromatic ring
2. | A. polygonoidesAgNP’s 1667 cnmt2422 cm?, C=N
2507 cm* CN triple bond
) 3277 cm?, 1635 cnit —NH or —OH, C=0
8. | P.oleraceaAAgNP's 2119 cm® CN triple bond
S ) 3253 cm?, 1634 cnit —NH or —OH
4. | A sessilisAgNP’s 2190 cri'. 2040 critt CCorCN
CONCLUSION

Biosynthesis of silver nanoparticles usiAglubius, A. polygonoides, A. sessdisdP. oleraceawas achieved by
implementing the green chemistry principles. Higtemperature method and sonication method provacibtate
the synthesis of silver nanoparticles. The phytstiarents in plants were found to play a foremog in control
over the size, shape and aggregation of nanosilVae particle size of nanosilver was found to bss 50 nm as
confirmed by XRD and SEM analysis. The FTIR speotnaealed that all the four plant extracts takerfarpstudy
can act as effective reducing and capping ageriig lbesponsible for the stabilization of the sysihed nanosilver
particles.
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