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ABSTRACT

The biosynthesis of nanocrystals in various size and shapes have become
an area of significant interest due to their potential biomedical applica
tions. Here, we report the synthesis of silver nanoparticles in agueous
medium using Terminalia catappa (Almond) leaf extract as the reducing
and stabilizing agent. On treating silver nitrate solution with Terminalia
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catappa leaf extract, reduction of Ag" ions was observed leading to the
formation of triangular, hexagonal, decahedral and spherical silver

nanoparticles in the solution.

INTRODUCTION

Nanotechnology has acquired specid placein cut-
ting age technologies!™. In this context silver
nanoparticlescan beexploited for purification of drink-
ing water, degradation of pesticides, killing human
pathogeni ¢ bacteriaand useful inthefield of bio-labd-
ing, sensors, antimicrobid agentsand filterd?. Recently
synthesisof Auand Ag nanoparticlesusing lactic acid
bacteria®, phyllanthin®, edible mushroom® and
Emblica officinalisfruit!® extract have been reported.
Thed aborate processof maintaining cdll culturescould
be eliminated by using plants for synthesis of
nanoparticles (NPs). It could also be suitably scaled
up for large-scale synthesisat lower cost.

Inour earlier reports, synthesisof gold NPsusing
Cymbopogon flexuosud”. Terminalia catappa'®
(TC) and silver NPsusing Citruslimonium® | eaf ex-
tractshave been demonstrated. Still widescopeisavail-
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ableintheimprovement of bio-based nanoparticlesyn-
thessmethods particularly inrdationtomodulaing their
sizeand shape, aswell asinreducing thetimerequired
for nanoparticle synthesis. Theselection of TC extract
has been preferred due to its anticancer!™ antibacte-
ria*Y and antioxidant activities'>4, Thispaper reports
the biosynthesis of Ag nanoparticlesby usingAgNO,
as asubstrate and Terminalia catappa aqueous | eaf
extract asreducing and stabilizing agent.

EXPERIMENTAL

Thebroth used for thereduction of Ag*ionstoAgP
was prepared by boiling 10 g of thoroughly washed
andfinely cut Terminalia catappa leavesin a500 mL
Erlenmeyer flaskswith40 mL of steriledistilled water
for 15 min. In atypical experiment, 1.4 mL of broth
was added to 10 mL of 1.112x10°M aqueoussilver
nitrate (AgNO,) solution. After 24 hyellow solution
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was obtained.

For FTIR spectroscopy measurements, drop coated
sampleson S (111) waferswere prepared. After com-
plete reduction of Ag* ionsby the TC leaf broth and
formation of silver NPswas centrifuged at 4000 rpm
for 10 mintoisolatetheslver NPsfrom free proteins
or other compounds present inthe solution. ThesiIver
NPspellet obtained after centrifugation wasredispersed
inwater prior to FTIR andysscentrifuged again & 9000
rpmfor 10 min.

RESULTSAND DISCUSSION

Thereduction of aqueousAg* ions after reaction
withtheTC leaf extract wasfollowed by UV-vis spec-
troscopy. Figure 1A showsthe UV-visabsorption spec-
trarecorded from the as-prepared agueous silver NPs
solution, astrong resonance at ca. 376 nmisclearly
seeninthecurve. Inour earlier study!® the SPR band
for spherical silver NPswas observed at 400 nm and
therearereportsintheliteraturethat theband at ~350
nmisdueto transition involving higher multipolesof
silver NPg'5 %8, This multipole transition becomes
prominent for parti cle having symmetry lower than that
of asphere and arises dueto theexcitation of surface
plasmon vibrationsinthe Ag nanoparticles®> ¥, The
formation of triangular, hexagond , decahedrd aongwith
spherica silver NPsin our study supported by earlier
reportgs16,

Thesilver NPsin agueous phasewere extremely
stable with no aggregation observed even after five
months. Thestability for such along period seemsto
be dueto antimicrobial*?, antioxidant!*>4 properties
of TCleef extract and antimicrobid propertiesof slver
NPSY itsdlf.

FTIR measurementswere carried out to identify
the possiblebiomoleculesinthe TClesf extract respon-
siblefor thereduction of Ag*ionsand a so the capping
agents responsible for the stability of the biogenic
nanoparticle solution. Chen et al.[*® reported that
leavesof TC containsmgor tannin, punicaagin, whereas
Rayudu and Rgjdurai®*® analyzed the polyphenolsand
carboxylic compoundsof TC. Figure 1B representsthe
FTIR spectrumof TC leaf extract which shows promi-
nent absorption bands at 1717 cm™, 1441 cm* and
3355 cm™. Theshoulder a 1717 cmr! ischaracteristic
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Figurel: A UV-visabsorption spectrarecorded TC leaf ex-
tract-reduced silver nanoparticles; FTIR spectrarecorded
(B) from pureTC leaf extract and (C) from TC leaf extract-
reduced silver nanoparticles.

of carbonyl stretch vibrationsfrom carboxylicacid and
phenols, whilethestretch at 1441 arisesdueto the C-
O stretching and O-H deformation possibly fromthe
acid groups present in the TC leaf extract?>24, The
broad stretching at 3355 cm* arisesdueto thefree O-
H groups present in the phenols. Figure 1C represents
the FTIR spectrum of the TC |eaf extract reduced sil-
ver nanoparticleswith the absorption bandsat 1377
cmt, 1644 cmrt and 2956 cm'. The shiftin the carbo-
nyl stretch frequency (1717 cm™) to lower
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Figure?2: Representative TEM imageof TC leaf extract-re-
duced slver nanoparticles(A). (B) XRD patter n of asolution-
cast film of the TC leaf extract-reduced silver nanotriangles
deposited on a glass substrate. The Bragg reflections are
identified inthe XRD pattern.

wavenumbers (1644 cm) followed by the di sappear-
ance of the 1717 cm resonance may be due to its
binding withtheAg nanoparticle surface. Theshiftin
the C-O stretching and O-H deformation frequency
(1441 cm®) to lower wavenumbers (1377 cm?) fol -
lowed by the disappearance of the 1441 cm? reso-
nanceindicatethefadilitation of thebinding of O-H group
of phenolswiththeAg nanoparticlesurface. Inaddition
to above supportive evidence the 3355 cm feature
shiftsto 2956 cn dueto the binding of the hydroxyl
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group withAg nanoparticle surface®

Figure2A showsaTEM imagerecorded fromthe
biologically synthesized silver NPsat theend of there-
actionwith TC leaf extract. TEM reved stheformation
of triangular, hexagonal, decahedral and spherical sil-
ver nanoparticles.

Theformation of silver NPssynthesizedusng TC
leaf extract wasfurther supported by X-ray diffraction
(XRD) measurements (Figure 2B). The Bragg reflec-
tions corresponding to the (111), (200), (220) sets of
lattice planes are observed that may beindexed onthe
basisof thefcc structure of silver. In consideration of
the wavelength of the light source CuKa, (4 =
1.54056A) our 26 values are amost a match with
JCPDFfileno. 04-0783for silver.

Theantibacteria*Y and antioxidant!*>'4 properties
of biomoleculespresent inthe TC leaf extract and anti-
bacteria propertiesof silver NP9 havefacilitated ex-
cellent stability of the NPsand could have important
goplicationin packaging materids, surgica equipments,
andiscurrently being pursued.

CONCLUSON

The synthesisof stable silver NPsusing TC | eaf
extract hasbeen demonstrated. Thereduction of the
meta ionsand the stabilization of thesilver NPsisbe-
lieved to occur by the various acidsand hydrolysable
tanninspresent inthe TC leaf. The antibacteria, anti-
oxidant propertiesof TC lesf extract, antibacteria prop-
ertiesand extreme stability of silver NPscould be ex-
ploitedin packaging materids, surgical equipmentsetc.
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