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ABSTRACT

An effective and versatile technique was implentefde the synthesis of silver nanoparticles using &thanolic
extract of leaves of Pisonia grandis (R. Br). Tiiees nanoparticles were synthesized by three diffe methods
and the completion of the reaction was monitoreth WwiV-visible spectrophotometer. The XRD, Schesrer’
equation and SEM analysis was employed for theaharization of synthesized silver nanoparticldse Pparticle
size was found to be less than 150 nm, possegsiegical shape as confirmed from XRD and SEM afslys
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INTRODUCTION

In recent years, noble metal nanoparticles have liee subject of focused research due to theirugnioptical,
electronic, mechanical, magnetic, and chemical gnigs that are significantly different from thosé bulk
materials [1]. Nanotechnology is a field that issmwoming, making an impact in all spheres of hurdifan A
number of approaches are available for the syrdl@ssilver nanoparticles viz, reduction in solagpchemical and
photochemical reactions in reverse micelles, thérderomposition of silver compounds, radiation stesl,
electrochemical, sonochemical, microwave assistedgss and recently via green chemistry route [2].

The biosynthetic method employing plant extrac{shi@ received much attention recently owing tcsitsplicity,
eco-friendliness and economically viable naturengared to the other existing methods such as usnteria and
fungi [4] and the chemical [5] [6] and physical im&tls used for synthesis of metal nanoparticles etstanding the
biochemical processes that lead to the formatiomasfoscale inorganic material is potentially apipgabhs an
environment-friendly alternative to chemical methdd|.

Nanoscale materials have emerged as novel antibiédragents owing to their high surface area tand ratio
and the unique chemical and physical propertieschwincreases their contact with microbes and thbility to
permeate cells [8]. Also, nanotechnology has aneplithe effectiveness of silver particles as artinbial agents

[9].

Silver is also the only material whose plasmon mesge can be tuned to any wavelength in the visipeetrum.
Fundamental studies carried out in the last themades show that silver nanoparticles exhibit @ cambination of
valuable properties, namely, unique optical praperassociated with the surface plasmon reson&RR)( well-
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developed surfaces, catalytic activity, high eleatr double layer capacitance, etc. Nanosilver hasn used
extensively as anti-bacterial agent in the heattdustry, food storage, textile coatings and a numbfe
environmental applications [10].

The plantPisonia grandisR.Br (NyctaginaceaesynonymPisonia albais widely distributed throughout India and is
a widespread evergreen commonly grown lettuce treaves, stem and root of this species are extelysised by
the tribal’'s in the preparation of several folk rnuiues. It has been extensively used in Indianitital medicine
as an antidiabetic, anti-inflammatory agent, aretliia the treatment of algesia, ulcer, dysentedysarake bite. The
presence of pharmacologically important compouiids dllantoin and pinitol ifPisoniagrandis makes the plant
more noteworthy in the field of nanochemistry alBbe process of isolation of the above compour®s fleaves of
Pisonia grandis has been reported from this labografll & 12] (Patent pending no.385/CHE/2010 and
3606/CHE/2010).

The present study was aimed at the synthesiswafrgilanoparticles using the ethanolic extract afds of Pisonia
grandis under three different experimental conditioviz i) room temperature ii) higher temperature any ii
sonication. The particle size of the synthesizb@dsnanoparticles was characterized by XRD and SE&lysis.

MATERIALS AND METHODS

1.1. Plant collection
Leaves of fresh plant were collected from the rexsiihl areas of Coimbatore.

1.2. Preparation of the plant extract

The ethanolic leaf extract ¢fisonia grandis(200mg) was weighed and taken in a 250 ml beakdrl®0 ml of
Millipore water was added to it. The solution wasisated using ultrasonic bath (PCI UltrasonicsL1(bl)) for 15
mins to disperse the extract in water. The soluti@s filtered thrice using Whatman filter paperget a clear
solution.

1.3. Synthesis of silver nanoparticles

The silver nanoparticles were synthesized usingrestant volume of the plant extract under variogseamental
conditionsviz, room temperature (28 - 30°C), higher temperat@€8q) and sonication using ultrasonic bath (PCI
Ultrasonics 1.5 L (H)) with different volumes of Binsilver nitrate solution. The appearance of reldisown
colour after 3 h indicates the formation of silvenoparticles. The completion of the reaction wasitored by
UV-visible spectroscopy.

1.4. Separation of silver nanopatrticles

The synthesized silver nanoparticles were sepatatezkentrifuging (Spectrofuge 7M) at 13,000 rpm & mins.
The process was repeated by dispersion of pelietater, to obtain coloured supernatant solutidhg sample was
then stored at € for further use.

1.5. Characterization of silver nanopatrticles

a)UV-visible spectroscopy

The formation and completion of silver nanopartoleas characterized by UV-visible spectroscopyaisifbouble
beam spectrophotometer 2202- (SYSTRONICS).

b)XRD analysis

A drop coated film of synthesized silver nanop#tonas characterized using SHIMADZU Lab X XRD-606ith

a Cu ko radiation monochromatic filter in the range 10-8D&bye-Scherrer’'s equation was used to deterrhige t
particle size of the silver nanoparticles from #evalues of the X-ray diffraction peaks is givendsel

Debye-Scherrer’'s equation:

D=KkA/pcosb

K — constant) — wavelength of the X-ray§ — full width half maximum of the XRD peak (radidn® - Bragg's
angle of the XRD peak.
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¢)Scanning Electron Microscopy

The synthesized AgNP’s were fabricated on a glabstgate. The morphology and size of silver nartopas was
investigated using TESCAN make Scanning Electrorcrdlicope provided with Vega TC software. Further
Secondary electron sputtering at an applied pateoti20 kV was adopted prior to recording SEM.

RESULTS AND DISCUSSION

The silver nanoparticles synthesized with differeatumes of silver nitrate for a constant volumenlpof leaf
ethanol extract oPisonia grandisunder various experimental conditions responddtedollowing analyses.

1.6. UV- Visible spectroscopy

Reduction of silver ions into silver nanoparticlesng ethanolic extract of leavesRionia grandisvas evidenced
by the visual change of colour from yellow to restdbrown due to excitation of surface plasmon vibrs [13] in
silver nanoparticles as shown in figure 1. The USihle spectra show an absorption band at 421 nrchwh
corresponds to the absorbance of silver nanopestiffigure 2). After 3 hrs, no significant colounange was
observed. Increased concentrations of silver mitr&sulted in a brown solution of nanosilver intivg the
completion of reactionComparative study on different methods of synthesigaled that the sonication method of
production of the AgNP’s was efficient and was ctetg in 30 mins (fig 3). Also, uniformity in the ape of
synthesized silver nanoparticles was noted in stioic due to the acceleration effect in chemicalasyics and
rates of the reactions. Ultrasonic energy mightehatanged the chemical route of synthesized pestibly
generating free radicals [14].

Fig 1. Photograph of AgNP’s of varying concentratias of silver and leaf ethanol extract oPisonia grandis
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Fig 2. UV-visible spectra of synthesized silver naparticles using the leaf ethanol extract oPisonia grandis
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Fig 3. Comparison of different experimental conditons for the synthesis of silver nanoparticles

1.7.Mechanism of reduction of silver to AgNP’s

Formation of AgNP’s was noted over a time period36fminutes to three hours for the various conediotrs.
Sinorhizobial octasaccharide [15], geraniol [18ytgthione [17], curcacycline A and curcacycling1B], polyols
[19], polyphenols, glutathiones, metallothioneiaad ascorbates [20] are known to reduce silverymiog silver
nanoparticles. The presence of metabolites likégbiand allantoin inPisonia grandisis reported [11 & 12]. A
probable method of reduction mechanism of pinital allantoin with silver nitrate producing silveamoparticles is

given in scheme 1.

AgNO; —= Ag  +NO,

pinitol(-OH)+ Ag®™ — & pinitol(-O*Y—Ag) ——— pinitol(=0) + Ag® +H"
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Scheme 1. Probable mechanism of reduction silver gilver nanoparticles by the bioactive molecules:ipitol (A) and allantoin (B)
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Fig 4. XRD patterns of synthesized silver nanoparties using the ethanolic extract of leaves of Pisia grandis at (a) room temperature,
(b) higher temperature and (c) sonication

1.8.XRD analysis

The particle size of the synthesized silver nantifdas was characterized by the XRD analysis. TRDXpatterns
of the synthesized silver nanoparticles using thamlic extract of leaves &fisonia grandiss shown in figure 3.
The X-ray diffraction peaks at92= 38.08, and 44.47 indexed as 111, 200 planes of FCC of silver [21joam
temperature conditions are shown in figure 4a.

In higher temperature conditions (@) (fig 4b), the peak appearing at°3% assigned to 101 facets of silver [22]
whereas; for sonication (fig 4c), three intense ahdrp peaks atf2= 32.23, 38.08, 44.18 and 64.51 were
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obtained corresponding to the 101, 111, 200 andpk2@es of Bragg's reflection of silver respectivg3]. The
particle size of the synthesized silver nanopaidalculated using Debye-Scherrer’s equatiostiediin table. 1.

Table. 1. Determination of crystalline size of AQNR by using Debye-Scherrer’s equation - Experimenfaconditions

S.No 20 FWHM B =m*FWHM/180 | D =kA/B. Co®

) (degrees)| (degrees) (radians) (nm)
Room temperature

1. 32.16 0.1171 0.0020 70.68

2. 38.08 0.1338 0.0023 62.96

3. 44.47 0.8029 0.0140 36.96
Higher temperatu

4. | 3227 | 0.4500 ] 0.0078 | 29.14

Sonication

5. 32.23 0.1004 0.0017 82.45

6. 38.08 0.3011 0.0052 27.94

7. 44,18 0.3011 0.0052 12.90

8. 64.5] 0.267¢ 0.004¢ 35.1¢

The average particle size of the synthesized sitagoparticles are 56.86 nm, 29.14 nm and 39.62ained for
room temperature, higher temperature and sonicatigpectively. The study shows that smaller siheatoparticles
can be obtained at elevated temperatures.

1.9. SEM analysis

Scanning electron microscopy has provided furtheight into the morphology and size details of $gethesized
nanoparticles. SEM micrographs of the synthesizk@rsnanoparticles using the ethanolic extractie#ves of
Pisonia grandidfabricated on a glass substrate are shown indiguiThe synthesized silver nanoparticles were well
dispersed without aggregation, possessing sphesizgie. The particle size was found to less th@nntd in all
three experimental conditions.

D4 =0.15 um

b 7

D1=0.12um “D3=0.16 um
D4=012pm 3
D1 =012 ym *

8
=0.15um ’ P
i
» D2 =0.13 pm

¢ B3 =0.13 um

: -y
SEM HV: 20 kW WO 8.00 mem 1 1 VEGAS TESCAN  SEM HV: 20 kW WO: E.08 mm I 1 VEGAI TESCAN  SEMHV20 kV W 8.05 mey 'l | 11 I VEGAT TESCAN

SEM WAGS 0.5 00 IIDOEMY) U7 LnE 1 pm SEM MG 545K DITHTVAYE UMEDE  pm SEMMAG F.50KX (TN U702 S pm
View Beld: §.20 pum Det: SE View field: 15.1 um Det- SE View field: 17.0 pm Det: SE

Fig 4. SEM micrographs of synthesized silver nanopticles using the ethanolic extract of leaves d?isonia grandisat (a) room
temperature, (b) higher temperature and (c) sonicabn

CONCLUSION

The reduction of silver into silver nanoparticlesng the ethanol extract of leavesRifonia grandiswas carried
out under room temperature, elevated temperatundsuader sonication condition. Among these methofls
synthesis, sonication proves to be efficient, rapitl inculcates green chemistry. The particle sitzghe
synthesized silver nanoparticles was found to b&3®nm possessing spherical shape. The XRD and @Eits
confirmed that the morphology of synthesized AgNR'sanalogous in three experimental conditions. déetine
complimentary properties of silver nanoparticlesaoted fromPisonia grandiscan unfasten newer pathways in
drug development. Studies on the medicinal propertif the AgNP’s enriched extracts Bisonia grandisare
underway in our laboratory (Patent pending no. 882012).
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