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ABSTRACT

Development of reliable and eco-friendly green médghfor the production of metallic nanoparticlesvhamany
advantages in the field of nano-technology. The @fitthe present work, describes a cost effectiveenvironment
safe technique for green synthesis of silver nartmb@s from silver nitrate solution using the ptaextract as
reducing agent. The synthesized silver nanopadibkeve been characterized by UV-Vis spectra, FXRD, HR-
SEM analysis. The absorption maxima were scanned\byis spectroscopy. From FTIR spectra, the fumal

group responsible for silver reduction and cappifoy efficient stabilization of silver nanoparticle$he SEM
analysis shows the synthesized nanopatrticles atérrghape. Further these biologically synthesimadoparticles
exhibit a tremendous anti-bacterial activity. Hentlee plant based route could be considered asdadteasy bio
process of nanoparticles production.
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INTRODUCTION

The field of nanotechnology is one of the mostwactireas of research in modern material scienceotdehnology
mainly deals with the fabrication of nanopartictesving various shapes, sizes and managing theiigdlyand
chemical parameters for further use in human bengfi]. Nanoparticles can be synthesized using various
approaches including chemical, physical, and bickdgnethods. Although chemical method of synthesegiires
short period of time for synthesis of large quantf nanoparticles, this method requires cappingnégyfor size
stabilization of the nanoparticles. Currently, nawetal particles have gained significant attentiparticularly
silver), due to their broad uses in the areas eftednics, material science and medicine [2]nanotechnology,
silver nanoparticles are the most prominent ongeBnanoparticles have a particles size betweem hnd 100 nm
and have attracted intensive research interesterSitanoparticles can be synthesized using varioethods:
chemical, electrochemical [3}; radiation [4], photochemical [5], laser ablati@), biobased[7] protocol etc. The
bio-based protocol is the most important and einéily production method [8]. Bioactive compounds Ech in
plant extracts which have recently been used fersynthesis of nanoparticles. Many different pleatves and
herbs for the synthesis of nanoparticles have beported [9]. Nano crystalline silver particles gafound
tremendous applications in the field of high sevisit bio molecular detection and diagnostics, antrobials and
therapeutics, catalysis and microelectronics. Qiyehere are several methods for the productionamoparticles
like chemical and physical methods. But there arelemces regarding the harmfulness of these methwmds
environment [10].

The various nanoparticles like gold, silver, coppern, palladium, zinc, quantum dots (CdS, Zn$hoag these,
Silver nanoparticles places a major role becaudwst several important properties such as optatemical,
electronic, photo electro chemical, catalytic, netgn antibacterial, biological labelling and antinobial. Silver
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nanoparticle acts as antimicrobial agent whichdiagplications in medical field such as silver n@aticles coated
blood collecting vessels, coated capsules, bamsl etitl [11-14]. The silver is nontoxic to animallselnd highly
toxic to bacteria, and other microorganisms (E;d@seudomonas aeruginosa, Staphylococcus aureus)oRhese
phenomena it is considered to be safe and effebegericidal metal [15-17The synthesis of silver nanoparticles
using green methods which are non-toxic, less uségdemicals and environmental friendly and lovstcdhe
most promising approach for generating new fielddiomedical sciences is the pharmaceutical agjmiteof
nanoparticles [18]. Silver nanoparticles have piénin treating a variety of diseases, includingtimal
neovascularization, immunodeficiency syndrome [ir§igction [20] and cancer [21].

The present study describes the process of systlésilver nanoparticles using the plant extracioumfetta
Rotundifolia The synthesized silver nanoparticles were furtbbaracterized by using UV-Vis absorption
spectroscopy, FTIR, XRD, HR-SEM analysis and its-bacterial activities. Tha@riumfetta Rotundifoligolant was
come under Tilliaceae family, its native was Myanraad throughout in India. Its height up to 2m,tgthunger
parts stellately hairy. Leaves orbicular- rhombditbwers yellow, in interrupted racemes. Fruit edpsovoid or
globose, densely pubescent, spine dilated at Bdeeplant is used as a demulcent. The alcoholi@eixbf roots
shows anti-inflammatory activity and the whole plaxhibited antibacterial activity. It completelghibited the
growth of Pseudomonas aeruginoSalmonella paratyphi, Bacillus subtlis, Staphylana albus, Staphylococus
aureus.

Fig.1. Image of Triumfetta Rotundifolia plant

MATERIALS AND METHODS

Silver nitrate was purchased from Sigma Aldrichrateals India. Double distilled water was taken floe whole
process; Whatmann no.1 filter papers were usedsGiares used for the complete reactions were \dasbk and
rinsed with double distilled water and dried in hotoven before use.

The UV-Visible spectral measurements were carrietl an UV-1800 SHIMADZU UV- spectrophotometer
instrument. FTIR experiment was done on SHIMADZB88 model instrument. The X-ray diffraction anadysi
was done by using BRUKER, ECO D8 Advance modelrimsént. The SEM images of silver nanoparticles was
analysed by using CARL ZEISS, EVO 18 model instramé&n EDS image was carried out on BRUKER, X flash
6130 model instrument.

1. Preparation of plant extract

The Whole plant oTriumfetta Rotundifoliavas collected from Kovilpatti, Tuticorin Districtamil Nadu and India.
Taxonomic identification was made from Central Cdlfor Research in Ayurveda & Siddha, Governmeht o
India. The plant was dried under shade, segregatdderized by a mechanical grinder and passeditfira 40
mesh sieve. 5g of the collected plant powder wasdivith 100 ml of double distilled water and bdil® 60°-70°

C for about 10-15 minutes. Then the crude extraas filtered using Whatmann No.1 to get clear sofutiThe
filtrate was stored at 4°C over night for furthardses.
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2. Synthesis of silver nanoparticles

5 ml of stock solution of leaf extract was slowlydad with 20 ml of 1mM solution of silver nitratelgtion under
room temperature. After the complete addition aif lextract, the colourless solution changed frore pallow
colour, after 30 min colour changed from pale yellto dark brown colour. The colour change indicaties
formation of silver nanoparticles. Then the solntiwas centrifuged for 10 min in 10,000 rpm for 1% fR2],
consequently dispersed in double distilled wateretmove any heavy biological materials presentyimttesized
silver nanoparticles [23].

RESULTS AND DISCUSSION

1. UV-Vis spectroscopy analysis

The UV-Visible spectroscopy measurements were ueedonfirm the formation of silver nanoparticlesher
reduction of silver ions to silver nanoparticlesusing UV-Vis spectrum was shown in fig.2. It islWeown that
the silver nanoparticles shows brown colour ineralhese colours occur due to the observablediastirface
Plasmon excitations in the metal nanopatrticles.[¥hen the plant extract was added into the 1mMesihitrate
solution, the colourless solution turned into ddrown colour solution. The absorption spectra dfesi
nanoparticles formed in the reaction mixture watsioled by the UV-Vis analysis at the range betw2@n600 nm,
the silver nanoparticles has sharp absorbance hiffthest peak at 437 nm and progressively decreadele

nanometre increased [25].
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Fig.2. UV-Vis spectra of silver nanoparticles usingriumfetta Rotundifolia plant extract.

2. FTIR analysis

The Fourier transform infrared spectrum (FTIR) nueasient was done to identify the reducing, capging
stabilizing capacity of biomolecules in synthesiaflder nanoparticles usingriumfetta Rotundifoligpolant extract.
The presence of polyphenolic biomoleculesTiiumfetta Rotundifoligplant extract and their interaction with the
surface of the silver nanoparticles was confirmgdFFIR spectra was shown in fig.3. The peak at 3868
assigned to O-H group of alcohols and N-H bandeebadary amines. The peak at 1585'émticates N-H bend of
primary amines, N=O stretch of nitro group, C-Gesth (in ring) of aromatics. The peak at 1384 cshows the
presence of nitro group. The peak at 1120'@msigned to C-O group of aliphatic esters. Théemdiecules
reduced silver ions to silver.
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Fig.3. FTIR spectrum of silver nanoparicles using riumfetta Rotundifolia plant extract.

3. XRD analysis
The X-Ray Diffraction (XRD) spectrum analysis inglied different diffraction peaks at 27.40°, 32.52%¢ 76.92°
was shown in fig 4. The XRD analysis reveals tlin trystalline structure of silver was face centcedlic in
nature. The diffracted intensities were recordednf20° to 80° at 2 theta angles which correspontbrihe planes
(122), (220), and (311). The synthesized crystalbilver nanoparticles were calculated from thdthvof the XRD
peaks, the Debye-Scherrer equation is used tordieterthe average grain particle size of the narimbes. D = K\
/ B co® Where, D is the crystalline size of nanoparticles the wavelength of the X ray source (1.54 nnedus
XRD, B is the full width at half maximum of the diffracti peak, K is the Scherrer constant with a valoenfD.9
and 0 is the Bragg angle. Using Debye- Scherrer equdtienaverage particle size was determined for ilkers
nanoparticles formed in the bio reduction proceas &/ nm [21].
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Fig.4. XRD image of silver nanoparticles usingriumfetta Rotundifolia plant extract
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4. SEM analysis

Scanning Electron Microscopy (SEM) analysis prodlitiee size and shapes of the nanoparticles. The iBtage of
silver nanoparticles usingriumfetta Rotundifoliaplant extract was shown in fig.5. The interactiswch as
hydrogen bond and electrostatic interactions betwibe bio-organic capping molecules bond are tlasae for
synthesis of silver nanoparticles using plant extf26]. It was shown that rod and cylindrical sea@and the shape
of the silver nanopatrticles in the range 20-100 he direct contacts even within the aggregatesanbparticles
were not found, indicating the stabilization of tienoparticles by a capping agent [11, 27].
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Fig.5. SEM image of silver nanoparticles using plarextract of Triumfetta Rotundifolia

5.EDS analysis

The qualitative and quantitative position of eletsethat may be concerned in the formation of silv@noparticles
was analyzed by Energy dispersive spectroscopy JBD&ysis which shows a strong signal in the sitegion and

confirms the formation of silver nanoparticles. Tédlemental profile of silver has been confirmedrirthe sample
using plant leaf extract shown in Fig 6. It confirfio reduction of silver ions to silver. Due t@ tBurface Plasmon
Resonance the silver nanoparticles shows a shaipgte8 Kev[28].

SRELAN .

Fig.6. EDS spectrum of silver nanoparticles usinglant extract of Triumfetta Rotundifolia

6. Antibacterial Activity

Green synthesised silver nanoparticles were andifaretheir antibacterial activity against pathoigelmacteria such

as Gram-positive bacteria, Staphylococcus aureusGram negative bacteria Escherichia coli. Antibaal assay
was carried out by agar Well Diffusion disc Meth@d]. Plates were incubated for 16 to 18 hour8%tto 37°C
aerobically or in C@ atmosphere for fastidious organisms. The synthdsigilver nanoparticles for the
concentration of 1mM solution showed inhibition eamainst Staphylococcus aureus and EscherichiBacteria.
Maximum zone of inhibition was found to be 10 mm Staphylococcus aureus was shown in Fig.7 (A) and
minimum of in Escherichia coli 7(B). Among thesectesia, Staphylococcus aureus was found to be mctige
than Escherichia coli.
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Fig.7. Antibacterial activities of silver nanoparticles against (A) Staphylococcus aureus (B) Escheria coli
CONCLUSION

We have established an eco-friendly, rapid biolalgapproach for the synthesis of silver nanopasiddy using
Triumfetta Rotundifolignlant extract, which provides easy, cost effectpr@ficient way for the synthesis of silver
nanoparticles. The simplest and efficient methodsynthesize silver nanoparticles without adding aaymful
chemicals as reducing agent. The synthesis oérsianoparticles using green method can be usegrious
biological applications. In this study, the devetemt of silver nanoparticles was observed by agpear of the
solution and UV-Vis spectroscopy. The FTIR analygés used to identify the functional group preserthe plant
extract which are responsible for the reductiorsibfer nanoparticles. The XRD studies were usedotafirm the
synthesized silver nanoparticles are found to alhistable and crystalline in nature. The SEM ®sidonfirmed
that the synthesized silver nanoparticles werenmahape with the range between 20-100 nm. Antdsadtanalysis
showed Staphylococcus aureus was found to be notive dhan Escherichia coli. These results condlutiat even
though the reduction process is slow, the greemigigy approach has many advantages such as ecalfyj cost
effective and easily scaled up to large scale ggish
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