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ABSTRACT KEYWORDS
Nanostructured noble metal has unusual physicochemical propertiescom- UV-vigble;
pared to their bulk parent materials. Thus in recent years a number of FT-IR spectra;
physical, chemical and biological techniques were applied for the devel- SEM-EDS;
opment of metal nanoparticles (NPs). Here we have silver nanoparticles Caesalpiniabonducella
were synthesized using rapid, single step and completely green biosyn- seed;
thetic method employing aqueous Caesal pinia bonducella seeds. Silver AgNO,.

ions were rapidly reduced by the aqueous Caesalpinia bonducella seed
seeds leading to the formation of highly crystalline silver nanoparticles.
The preparation of stable, uniform silver nanoparticles by reduction of
silver ionsisreported in the present paper. It isasimple process of recent
interest for obtaining silver nanoparticles. The sampleshave been charac-
terized by Fourier Transform Infrared (FTIR) Spectroscopy, UV-Visible
spectra, Scanning Electronic Microscopy (SEM) and Energy Dispersive
X-ray (EDX) spectraof themedicina plants Caesal piniaBonducella Seeds
wererecorded. The vibrational assignments, intensities and wave number
(cm™) of dominant peak were obtained from FTIR spectra. Probable as-
signments of the bands were made with respect to the components present
inthe samples. The microphotograph obtained from SEM and weight per-
centage of specific elemental concentration obtained from EDX spectrom-
eter attached to SEM are reported and analyzed sample wise and the re-
sults are discussed. The UV/Vis spectra shows that an absorption peak,
occurring due to Surface Plasma Resonance (SPR).

© 2013 Trade Sciencelnc. - INDIA

INTRODUCTION lated in the course of many centuriesbased on different

medicina sysemssuch asAyurveda, Unani and Siddha

Plants have been used intraditional medicinefor  Inalarge number of countries, human population de-
severd thousandyears. Medicind plantsasagroupcom-  pendsonmedicina plantsfor treat in variousillnesses
prise gpproximately 8000 speciesand account forabout  aswell asasourcefor livelihood. The World Health
50% of al the higher flowering plant speciesinIndid®.  Organization (WHO) estimated that 80 % of popul a
Theknowledge of medicind plantshasbeen accumu-  tionsof developing countriesrely ontraditional medi-
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cines, mostly plant drugs, for their primary hedth care
needsd?3. The objective of thisstudy wasto identify
various chemical groups present in theimportant me-
dicinal plantscaesd piniabonducel laseed.

Caesalpiniabonducdla

Caesalpinia bonducella (L.) Fleming (Syn.
Caesdpiniabonduc (L.) Roxb, Syn. Caesdpiniacrista
Linn.), belonging to the family Fabaceae/
Caesd piniaceae, isaprickly shrub widdy distributed
all over theworld. Specidly, inlndia, Sri Lankaand
Andaman and Nicobar Idands, in Indiaspecidly found
in tropicaland subtropical regionsof the world“9,
“Bonducella” the name of the species is derived from
theArabicword‘‘Bonduce’ meaning a “little ball” which
indicated the globular shape of the seed!®. The seeds
are grey coloured and resemble eyeballs, which ex-
plainsthe Sanskrit name kuberakshi, meaning eyes of
kubera, theHindu God of wealth”#l, Seed coat ishard,
glossy, and greenish to ash grey in colour. The plant
was much confused with Caesal piniabonducel la(Syn.
C. bonduc) and was described under the same®19,
Besidethisspecieslike C. nugd'®*® and C. jayobaare
also sometimeswrongly designated as synonymsfor
C. cristd®¥. Seed coat ishard glossy and greenish to
ashgrey incolour andistraversed by circular and ver-
tical faint markingsof the cracks, forming uniform rect-
angular tosquarishrectulationsdl over thesurface Seeds
1-2 oblong, lead-coloured, 1.3 cmlong. A raised hilum
with remainsof the stalk liesin the centre of thedark
spot, at the narrow edge of the seed. Adjacent to the
hilum, laysafaint coloured circular to oval elevated
micropyle. Indry seed, kernel getsdetached fromthe
testa. Testaisabout 1-1.25 mmin thicknessand iscom-
posed of threedistinct layers, the outermost - thinand
brittle, themiddleone- broad, fibrousand dark —brown
and theinnermost — white and papery.

The seed isexalbuminous. Thekernel surfaceis
furrowed and ridged, hard, pale yellowish —
white,circular to oval, flattened and about 1.23- 1.75
cm. in diameter as shown in Figure 1. A scar of the
micropylelies at one end of the kernel, from where
arisesaprominent ridge demarking thetwo cotyledons
of theembryo. Plumule—radical axis is thick, cylindri-
ca and straight. Tasteisvery bitter and odour isnause-
ating and unpleasant. All partsof theplant havemedici-
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nal propertiessoitisavery valuablemedicinal plant
whichisutilized intraditiond systemof medicine. The
plant has been reported to possess anxiolytic,
antinoci ceptive, antidiarrhoed and antifilarid activities.
Phytochemical analysis of seeds of Caesalpinia
bonduce lahasreveded the presence of dkaoids, fla-
vonoids, glycosides, saponins, tanninsand triterpenoids.
Despitetheprogressin conventiond chemistry and phar-
macol ogy in producing effectivedrugs, the plant king-
dom might provideauseful sourceof new antiulcer com-
poundsfor devel opment as pharmaceutical entitiesor,
dternatively, asampledietary adjunctstoexisting thera:
pies®9. Caesapiniabonducellaseed asshownin Fig-
ure 1 can beused asenvironment friendly and sustain-
ableinsecticidesto control mosquito. The caesalpinia
bonducellaof theleaf juiceisused astonicfor jaundice
and leaf pasteisapplied onthe affected areafor tooth-
ache. It isalso good for the diseases of the spleen,
somatitis, toothache, hemicrania, fever, painintheliver.
It is juice in combination with honey that is
administeredfor catarrh.

Figurel: Caesalpiniabonducella seeds.

Ayurvedic description62

Properties

Rasa  Tikta(bitter), kashaya(astringent)

Guna Laghu(light), ruksha(dry), tikshna(sharp);
Dosha: Pecifiestridosha

Action and uses

Kapha, vat samak, sothahar, badanasthapan, dipan,
anuloman, krimighan, raktsodhak, swashar, mutral,
jwaraghan

Traditional and modern uses
The seed is claimed to be styptic, purgative and
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anthelmintic and curesinflammations, useful in calic,
malaria, hydrocele, skin diseasesand leprosy. InMa
dras(Chennai) an ointment ismadefrom the powdered
seedswith castor oil and applied externally in hydro-
cele and orchitis. The seeds are considered tonic,
ferifuge, anthelmintic, antiblennorrhagic, and specificin
thetreatment of hydrocele. Theoil fromthe seedsis
used inconvulsionsand paraysi g2,

In Guineg, the pounded seeds are considered vesi-
cant. The powdered seedswere mixed with equal part
of pepper powder to malariapatientsand werefound
to possesfeebleantiperiodic properties. In maignant
mal aria, they did not do any good. The seedsareground
inwater and giveninternally in snake-bite. The seeds
are not an antidote to snake-venom. Seed and long
pepper powders have taken with honey gives good
expectorant effect. Burnt seedswith alum and burnt
arecanut areagood dentifrice useful in spongy gums,
gum boils, etc.

InWest Indies, the roasted seeds are used as anti
diabetic. Thekerne of theseedisvery useful and valu-
ableinal ordinary casesof simple, continued andin-
termittent fevers. Thekernd powder mixed with equa
partsof black pepper istakenthriceaday in adose of
15-30 grains by adultsand 3-4 grains by children. It
wasmadeofficid intheIndian Pharmaceutical Codex
16 the dose of the powder being 15-18 grains.

Itissaidto producelotsof perspiration, leadingto
thereduction of fever. Kernel powder with sugar and
goat milk givesgood result resultsinliver disorder. De-
coction of roasted kernel swas used in asthma. Chil-
dren unableto digest mother’s milk were given the ex-
tract of thekernd or its powder dongwith ginger, salt
and honey to get good stomachic effect. Paste pre-
pared fromkernel givesrdief from boilsand other such
swellingg3:34,

MATERIALSAND METHODS

Preparation of silver nanoparticlesby precipita-
tion method

The Fresh Caesal piniabonducel laseedswere col -
lected from Agaram village, Pochampalli Taluk,
Krishnagiri, Tamil Nadu, India. The seedswere care-
fully collected fromtheplant. Thesecleaned plant parts
were placed separately in polythene bags. Then, these
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are shade dried in a clean environment to avoid the
contamination for 10 daysand oven dried at 60 °C for
four hours, to remove the moi sture content. The oven
dried seedsweregroundinto afine powder by usingan
agate mortar. Nanoparticles are being considered as
fundamental building blocksin nanotechnology. The
most important and distinct property of nanoparticlesis
that they exhibit larger surface areato volumeratio®.

Metal nanoparticles havetremendous applicationsin
science and technol ogy. Inthe present investigation the
synthesisof silver nanoparticlesby chemical routeis
discussed, whichisan easy, Smpleand convenient route
for preparing metal particlesin nanometer range*"%.

AgNo, wasobtaned fromsigmaAldrich chemicas All

glasswares have been washed with dei onised water
and driedinoven beforeuse. All reegentswereused as
received without any further purification. To prepare
Nanocompositesby taking 50 g Caesd piniabonducel la
Seed powder dissolved in 200 ml of Deionised water
andthesolutionisstirred for 2 hoursat room tempera-
ture. Then the extract wasfiltered and stored at 4°C
for further experiments as reduci ng and capping agent.
The4 ml of extract wasadded to 20 ml and 0.1 mM.
The 4 ml of extract was added to 20 ml of 10*m
AgNO--,aqueous solution and kept at room tempera-
ture. After thestirring process, thecolourlesssolutionis
dowly changesto brown colour indicatetheformation
of slver nanoparticles. Subsequently, the solution was
kept for 5 hours for the deposition of the
nanocomposites. Theparticleswerecollected inaPetri

dish asawhite precipitate subsequently the materials
were dried at 80° C for 2 hrs. The Brownish
nanocomposites are collected. Finally the nanocom-
positesweregrained and preservedinanair tight con-
taner.

Characterization of silver nanoparticles(NPs)

Thereduction of metalic silverionswasmonitored
by measuring the UV-Vis spectrum after about 48 hours
off reaction. The absorption signa wasmeasured for
thewaved ength from 200-800 nm on UV-Visspectrom-
eter (Systronics Doublebeam Spectrometer). The FT-
IR spectrawererecorded usng BRUK ER IFS 66 modd
FT-IR spectrometer in the region 4000400 cm™! by
employing standard KBr pellet technique. Themicro-
photographsof these sampleswererecorded using SEM
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JEOL model, JSE-5610 LV with an accelerating volt-
ageof 20kV, at high vacuum (HV) modeand Second-
ary ElectronImage (SEI). Typically setting at amagni-
ficationat x15,000 (1um) for a sample at study. The
semi quantification elemental analysesto identify the
wel ght percentageof mgjor and minor e ements present
inthe sampleswere done using energy dispersive X -
Ray spectrometer (EDS), JEOL model, JISD-5610 LV
with an accelerating voltage of 20kV.

RESULTSAND DISCUSSION

UV-visspectral studies

The UV-Visspectralanalysisof pure and synthe-
sized NPswereshownin Figures2(a) & 2(b).
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Figure2: UV-Visspectra of (a) pureand (b) synthesized
silver NPs.

The reduction of silver ions during reaction
Caesd piniabonducellaseeds haveeasily followed by
UV-Visspectroscopy. Theabsorption spectrum of pure
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and silver NPsexhibitsawell defined absorbed peak
at 205 nmand 404 nm respectively. It isobserved that
theslver SPR bandiscentred at about 404 nmand the
reduction of silver ions. Theband dueton-n” transition
inacompound with conjugated  system is usually in-
tense and frequency referred to asthe K-band (Ger-
man konjugierte).

FTIR studies

TheFTIR anaysisof theuntreated and silver NPs
treated C-B seedsare shownin Figures 3(a) & 3(b).
The absorption bands, thewave number (cm ') of domi-
nant peak obtained from absorption spectraare pre-
sented inTABLE 1.

TABLE 1: Wavenumber (cm) of dominant peak obtained
pureand synthesized silver NPsfrom FTIR spectra.

_ PureSample  Synthesised Nanoparticles (NPs)
Cgows b Vise  (MEET T viswie
(cm) intensity (em) intensity
Carboxylic Acid
O-H dtretching 2841 Strong 2975 strong
O-H dtretching 1403 very strong 1400 very strong
Amine
N-H stretching 3408 very strong 3450 very strong
N-H bending 1640 strong 1642 strong
C-N dtretching 1017 Weak 1050 Weak
Amide
N-H stretching 3408 very strong 3450 very strong
C-O dretching 1640 very strong 1642 very strong
Amino Acids
N-H stretching 2841 very strong 2975 Strong
C-O dretching 1403 very strong 1400 very strong
Polysaccharide
C-O-C gretching 1017 very strong 1050 very strong
Carbohydrate
N-H wagging 707 Weak 695 Weak
Aldehydes
C-Hstretching 2841 medium
C-H bending 1403 medium 1400 medium

Thevery strong absorption band observed around
3408-3450 cm™' may bedueto the presence of bonded
N-H/C—H/O—H stretching of amines and amides. The
very strong absorption at 3408 cm! showsthe pres-
ence of amino acidsin the seeds. Thevery strong ab-
sorption band appearingintheregion 2841, 2975 cm'?
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Figure3: FTIR spectra of (a) pureand (b) synthesized silver NPs.
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for thesampledueto N-H stretching vibration of NH,
group showsthe presenceof primary amines. TheC-H
stretching methyl ene group appearsnear 2927 cm™. A
symmetrical stretching of NO, group resultsin strong
absorptionintheregion 1640-1642 cm™ indicatesthe
presence of amines (protein). Thisgivestheevidence
thet theseedsarerichin protein. Theobserved very strong
absorption band between 1403 and 1400 cm ! in seed
isdueto the presence of bonded C-O/O-H bending.
Thestrong band occurring at 1017 cm and 1050 cm!
isduetothe presenceof bonded C-O stretching vibra-
tionin secondary a cohal*29, Thevery strong band oc-
curring at 1050 cm'?, 1017 cmr* shows the presence of
symmetrica C-O-C stretching in vinyl ether. The ab-
sorptionat 1050 cm? indi catesthe presence of polysac-
charides. Many C-O-C groups exhibit characteristic
bandsinthe1050-1017 cm! spectral range and gener-
ally thestrong band at 1050 cm! isassigned to the vi-
bration of C-O in alcohol hydroxyl group.
Thegtretching vibrations assigned to the C-S link-
age occur in theregion at 700-600 cm™'. The weak
absorption band of 695, 700 cm* indicatesthe pres-
enceof sulphate. The brominates compound showsan
infrared band region 600-500 cm™'(*, Themorein-
tense bands occurring at 3410 cm!, 2927 cm'!, 2841
cm!, 1637 cm!, 1400 cm!, 1050 cm™!, 1017 cm!,

1pm 11 32 SEI

20kV  X10,000
Figured: SEM spectraof (a) pureand (b) synthesized silver NPs.

EDSanalysis

The EDX analysisof the untrested and silver NPs
treated C-B seedsarepresented in Figures5(a) & 5(b).
Trace elementsare estimated by determining the per-
centage abundance (%) of elements O, S, S, Cl, Ca
and K inthe samples collected. The concentrations of
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695 cm* and 675 cm't corresponding to O-H/N-H,
C-H, C-0O and C—Cl/C-S stretching/bending vibra-
tionsrespectively indicate the presence of amino acids,
alkenes, nitrates, ethers, organic halogen compounds
and carbohydratesin Caesal piniabonducel laseed.

SEM analysis

The SEM analysesof theuntreated and silver NPs
treated C-B seedsare presented in Figures4(a) & 4(b).
Drops of the sample were placed on carbon coated
copper grids. Thefilmson thegridswerealowed to
dry prior to record on JEOL-SEM model, JSM-
5610LV microscope. Themorphology and sizeof the
particles are determined by the SEM images. The
nanoparticleswereobserved in aparticlemagnification
of 15,000X operating at 20 kV. It can be seenthat the
obtained product has mixture of tip nanocluster with
thelength of 50 nm to 300 nm.

The SEM ocimum santum encapsul ated nano par-
ticlesreved sthat the synthes zed particleswerein nano
Sze. Theparticleswereroughly spherica inshape. The
particleszewasfound to be gpproximately intherange
of 50 nmto 300 nm. Theeven distribution of the nano
particlesonthesurfacewasvisudized. Itisclearly re-
vealed that the particle sizeisdecreased for untreated
to AgNO, nanoparticlestread of C-B seeds.

such elementsarereportedin TABLE 2 and Figure5.
Indeed quite a large number of heavy metals are
essentidto plant and animd (indluding human) life These
include, naming afew oxeye, sulphur, silicon, calcium,
potassi um, manganese, copper, nickel, zinc, cobalt,
chromium, molybdenum and vanadium. Ifany of these
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Figure5: EDX spectraof (a) pureand (b) synthesized silver NPs.
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metdsiseiminated from our nutritionwewould be suf-
fering from oneor the other disease. They areindeed
likevitaminsand if we are deficient witheven one of
them, wewould suffer from oneor other health prob-
lem. Itisobserved from TABLE 2 that in. Sodiumwas
consdered to be non-essentia for plants. The concen-
tration of oxen’sis 85.55 % pure sample and 52.91 %
of synthesised samplerespectively.

TABLE 2: Percentage of element in pureand synthesized
silver NPs.

Weight (%)

Element :
Pure sample Synthesized NPs

O 85.55 5291
S - 1.24
S - 1.78
Cl - 3.13
Ca 281 154
K 11.67 -
Ag 39.41

The concentration of silicon is 1.24 %. The
concentrationof chlorideis 1.78 %. The concentration
of potassiumis11.67 % in puresample. Itisused as
ash, manureandfertilizer. Inthe present investigation,
the concentration of calciumis2.81 % pure sample
and 1.54 % of synthesised sample respectively. The
concentration of silicon, sulphur and chlorineis1.24
%, 1.78 % and 3.13 % of synthesi sed samplerespec-
tively. Itisabsence of the pure sample. The concentra-
tionof silveris39.41 %it isconformfor synthesised
slver nanoparticles.

CONCLUSION

Thebio-synthesisof silver NPsusing C-B seeds
aresmple, nontoxic and efficient. Thisgreen chemis-
try approach isamenableto large scale commercia
production. Theuse of environmenta benignand re-
newabl e plant material offersenormous benefits of
eco-friendlinessand compatibility for biomedica and
pharmaceuticd applications. Thus, thesynthesized sil-
ver NPs could haveahigh potential for usein biologi-
cd gpplications. Thismethodisinexpensiveand highly
recommended to be used in large scal e production of
silver NPs. Thereduction of silver ionsduring reac-
tion Caesal piniabonducel laseedshaseasily followed
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by UV-Vis spectroscopy. Themain functiona group
of these plantsiswede olactonewhichisconfirmed
by FT-IR study. The presence of characteristic func-
tional groups of carboxylic acids, amines, amides,
polysaccharides, nitrates and carbohydrate are
responsiblefor various medicinal properties of both
herbal plants. Thevariousfunctiona groupsand trace
elementsareidentifiedusing FTIRand EDX andysis.
The SEM imagesreveal the nano nature of the pre-
pared samples.
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