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ABSTRACT

Green synthesis method of nanoparticles is evaiutiom the nanobiotechnology. It is a low cost,iemment
benign, non toxic and large scale up process. lis gtudy, Coleus aromaticus leaf extract was usedhe
bioreduction of silver ions to nanoparticles. Biduetion process was carried out to study about fdeors
affecting the nanoparticles synthesis by chandiegsilver ion concentration, pH and temperaturenld silver ion
concentration, pH 8.2 and temperature 70 °C is nfamorable for maximum production of silver nandpdes.
UV-vis spectrum was used to characterize thesénagizied silver nanoparticles and the SPR band Wwaserged at
460 nm indicates particles are poly dispersed. &im shape of nanoparticles was analyzed by Scgrelgctron
microscope (SEM) shows polydispersed and mostlgrigih shape of nanoparticles with aggregation. sTgreen
synthesis method has many advantages over the cleméthod because it reduces the use of toxiclsietdhe
synthesis process and it is a single step ecodhjemethod.
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INTRODUCTION

Now a day Nanotechnology owes to the tremendousawement in human life and it has a multidisciptina
research area. Among the various fields of nanoi@ogy, green nanotechnology provides more effectiv
nanoparticles synthesis with expected productsemathomical manner [1]. Nanomaterials are new, eimgrgnd
creating progress due to their interesting elealrioptical, magnetic and chemical properties thalk materials.
Noble metal nanomaterials are great attention fioua fields due to their unique properties. Notmetals such as
Ru, Pd, Ag, Pt and Au [2] are exhibiting a partiily wide range of material behavior along the atota bulk
transition [3]. Among the noble metals, silver igrahistoric and transition metal. Silver has be@tely utilized for
thousands of years in human history. Silver is altheadditive in traditional Chinese and Indian Ayedic
medicine [4]. Silver nanoparticles have wide ramgebiomedical applications due to their large scefearea
compared than bulk materials [5].

Many methods are adopted for nanoparticles areigadyshemical and biological methods. Biologicattirod of
synthesis of silver nanoparticles was achieveddaygubacteria [6], fungi [7, 8], algae [9, 10] goldnts [11]. Green
synthesis method of silver nanoparticles by exthalee using plants and plant derived compounds wase
environmental favorable, less time consuming, lacgded up and low cost. Plant mediated synthesiseps was
more advantages over the chemical and microbe teedisynthesis method because it eliminate the reultu
maintaining process [13, 14]. Plants have flavosoalkaloids and polyphenolic compounds which neduce the
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silver ions to silver nanoparticles and acts aspicep and stabilizing agent [15]. Shape and sizesibfer
nanoparticles was depends on the physical and chéfaictors. The nanoparticles synthesis was chedrdy pH
ant temperature of the reaction mixture [16].

In this study, medicinal valuable pla@bleus aromaticuseaf extracts was used for the silver nanopasicléhe
optimum silver ion concentration, pH and tempemtfor silver nanoparticles synthesis was studiedJbyvis
spectrophotometer. Morphology of silver nanopagiolvas characterized by Scanning Electron Micrascop

MATERIALSAND METHODS

Chemicalsand plant material

Silver nitrate, sodium hydroxide, hydrochloric agidre analytical grade purchased from HiMedia, Maimbeaves
of Coleus aromaticusvas collected from Campus of Sri Paramakalyanitt@eior Environmental Sciences, M. S.
University, Alwarkurichi, Tamilnadu.

Preparation of leaf extract

Leaves ofC. aromaticuswas washed with Tween 20 for surface sterilizatoal washed thoroughly by double
distilled water for three times. About 20 g of leawvere cut into fine pieces and boiled with 100ofmtouble
distilled water at 60 °C for 10 min. After boilipgocess the extract was filtered through Whatmari Nitber paper.
Collect the supernatant and stored at 4 °C fohéunhanoparticles synthesis process.

Synthesis of silver nanoparticles

Typical synthesis process of silver nanoparticlésml of leaf extract was added into 90 ml of 1 relWer nitrate
aqueous solution and incubated at room temperafaenation of brown colour was indicates synthesisilver
nanoparticles.

To study the optimum factors for silver nanopaeicisynthesis, the experiments were carried outifesreht
conditions are silver ion concentration (1, 2, &ndl 5 mM), pH (5.2, 6.2, 7.2, and 8.2) and tempeea(20 °C, 35
°C, 40 °C and 70 °C). The pH of the reaction me&twas adjusted by using 0.1 N sodium hydroxide @AadN
Hydrochloric acid. The effect of these parametershe synthesis of silver nanoparticles was moeidry UV-vis
spectrophotometer.

Characterization of green synthesized silver nanoparticles

The reduction of silver ions (AYto silver nanoparticles (Aywas spectrometerically identified by double beam
UV-Vis spectrophotometer (Perkin Elmer, Singapoat)different wavelength (400- 700 nm). The graph of
wavelength on X-axis and absorbance on Y-axis viaite. Morphological characters such as size dvape of
green synthesized silver nanoparticles was analggesicanning Electron Microscope (Philip model CBOR The
thin films of the sample was prepared on a carlwatex] copper grids by just dropping a very smalbam of the
sample, extra solution was removed by using blgttiaper and the grids were allowed to dry by pgttirunder the
mercury lamp for 5 min and the images were recarded

RESULTSAND DISCUSSION

Visual observation

Formation of silver nanoparticles was preliminasigll known by changing of yellow to brown whiledidg leaf
extract with silver ion solution due to the exditatof free electrons in the nanoparticles [17]eTolour formation
was occurs within a few min after addition of leatract. Metal nanoparticles exhibits differentazob in solution
due to their optical properties. Silver nanopagsclvere characterized by forming of brown colowevi®usly,
increasing colour intensity with in 30 min was atveel using leaf extract dfcalypha indicq18].

UV-Vis spectrophotometer analysis

Effect of silver ion concentration

The UV-vis spectrum (Fig. 2) shows effect of silvgéirate concentration in the silver nanopartidgathesis by
using the leaf extract &@. aromaticus Characteristic surface plasmon absorption barglobserved at 460 nm for
the brown coloured silver nanoparticles synthesizeth 1 mM silver nitrate. At the 1 mM concentratishows
narrow band with increased absorbance whereas otimeentrations shows broad peak at 460 nm. Thertixsn
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was increased while increasing the concentratiosileér ions from 1mM to 5 mM. In 1 mM concentratithe

nanoparticles synthesis and size reduction watedtguickly due to the more availability of functad groups in
the leaf extract. While increasing the substrateceatration the large size and aggregation of nanicfes was
occurred due to the occurrence of compete betwiam Bns and functional groups of 10 ml leaf extr Thus, the
optimization study showed a significant effect @ncentration on the synthesis of silver nanopadiclThis
investigation concludes that the optimum silveraté concentration 1 mM is suitable for nanopaticdynthesis.
Similarly, increasing intensity indicates increasiconcentration of nanoparticles. Higher conceiatnadf silver

nitrate suggests the formation of larger nanopegifl9].

Fig.1. colour change yellow to brown indicate for mation silver nanoparticles (a) leaf extract (b) after addition of leaf extract into 1 mM
AgNO;
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Fig.2. UV Spectrum of synthesis of silver nanoparticlesat different concentration of AgNO3

Effect of pH
pH play an important role in the nanoparticles bgsts, this factor induce the reactivity of leafragt with silver
ions. The influence of pH in the nanoparticles weaaluated under different pH of the reaction migtby the leaf
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extract (Fig. 3). In low pH, small with broadenii®PR band was formed indicates formation of large sif

nanoparticles. IrColeus aromaticuseaf mediated synthesis alkaline pH 8.2 shows mapeak at 460 nm with
maximum production with sharp peak. The sharp pedicates formation of spherical shape of silvemazarticles
[20]. Several results are reported pH is playsmapoirtant role in shape and size control synthesisgss of silver
nanoparticles. The present investigation indicatkaline pH is more suitable for synthesis of silmanoparticles.

Similarly, Pandey et al. [21] reported that thedgolanoparticles show maximum stability at the pHubsing
agueous extract dflomordica charantia
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Fig.3. UV spectrum shows effect of pH in the nanoparticles synthesis
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Fig.4. Effect of temperaturein the nanoparticles synthesis using leaf extract of C. aromaticus
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Effect of temperature

Temperature is play one of the important physieahmeter on the synthesis of silver nanoparti¢tes. 4 shows
the effect of temperature in the nanoparticles I&sis. The synthesis of nanoparticles was increadel
increasing the reaction temperature by using thkdgtract ofC. aromaticus The absorbance band was broadened
and positioned at 470 nm and 450 nm at the temyeratf 20 °C and 35 °C, respectively. The highee raf
reduction was occurred at higher temperature duthéoconsumption of silver ions in the formation rafclei
whereas the secondary reduction was stopped osutface preformed nuclei [22]. The broadening peals
obtained at low temperature shows formation ofdasiged nanoparticles and the narrow peak wasrautait high
temperature, which indicates the formed nanopasdiare small in size and the higher rate of rednaif silver ions
was occurred in the 70°C. Finally, it was concludedt higher temperature was optimum for nanopgasic
synthesis.

Scanning Electron Microscope

The size, shape and distribution of green syntkessilver nanoparticles were characterized by SogniElectron
Microscope (Fig 5). It shows particles are sphérdth average size 45 nm and also individual namtgles were
aggregated shows large nanoparticles. This aggoegetok place due to the presence of cell compisnen the
surface of nanoparticles and acts as capping a§dwuer nanoparticles were synthesized using leawtsact of
Acalypha indicashowed the size of the control silver nitrate aledi was greater than 1000 nm, where as
synthesized Ag NPs measured 20-30 nm in size [17].
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Fig.5. SEM image of synthesized silver nanoparticles shows polydispersed silver nanoparticles

C. aromaticusis a medicinal plant and it was used in the Indigatem of medicine. It has several antioxidant
compounds are rosmarinic acid, chlorogenic acid eaffeic acid [23]. Being the major polyphenol @
aromaticus the rosmarinic acid was more likely to be resgdasfor most of the observed antioxidant activity,
may involve in the reduction of silver ions (Ado silver nanoparticles (&Y

CONCLUSION

This present investigation shows green synthe$igrshnanoparticles usin@. aromaticusleaf extract is more
compatible, large scaled up and less time consumiogess. Rapid synthesis of silver nanoparticlas attained
maximum when altering such effective parametersif lextract was acts as a capping agent and redagegt in

the nanoparticles synthesis. It is a better sofmcthe rapid synthesis of silver nanoparticlesisTgreen method is a
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single step process, economic viability; effectwel rapid production of nanoparticles could be usdniomedical
and environmental applications.
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