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ABSTRACT

A single-step environmental friendly approach ispkyed to synthesize silver nanoparticles.
The environmental friendly synthesis of nanopatighrocess is a revolutionary step in the field
of nanotechnology. In this study, the biosynthesisilver nanoparticles was carried out using
Glycyrrhiza glabra root extract as reducing agehiV-visible spectroscopy was used for
guantification of silver nanoparticle synthesis. eTlsynthesized silver nanoparticles were
characterized with Scanning electron microscopy MEEEnergy dispersive X ray analysis
(EDX), X-ray Diffraction (XRD) and Fourier transfor Infrared Spectroscopy (FTIR).

Keywords: Silver nanoparticlesGGlycyrrhiza glabraroot Extract, Biological Synthesis, TEM,
SED, EDAX, FTIR.

INTRODUCTION

Nature has made noble metals part of our daily Riecently there has been considerable interest
in the development of techniques for the biosynthe$ metal-nanoparticles of well-defined
size, shape and composition, as they find apptinatin areas such as optics and electronics [1],
[2], [3] and [4]. Among metal-nanoparticles, silvenoparticles exhibit tremendous applications
in spectrally selective coatings for solar ener@ggaaption, optical receptors, bio-labeling, and
intercalation materials for electrical batterieitefs, antimicrobial agents and sensors [5]-[7].
Silver nanoparticle-embedded antimicrobial painti8a promising area of environmentally
friendly applications. Hence, a variety of techmguncluding physical and chemical methods
have been developed to synthesize silver nanofegti¢herefore, there is a growing need to
develop environmentally friendly nanoparticle syg#is processes that do not use toxic
chemicals in the synthesis protocols [6] and [9].
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Silver nanoparticles can be produced either imtraextra-cellularly by using living organisms
[10]. Over the past decade, a variety of microoigas such as bacteria, fungi and yeast have
been used to synthesize silver nanoparticles [J1@&en synthesis of silver nanoparticles and
their antimicrobial activities have been reviewgdSharma et al. [14]. Mohanpuria et al. [10]
have reviewed the synthesis of silver nanopartioksg plants. Most of the reported biological
synthesis methods using plants took more thandt thé formation of colloidal silver. Herein, a
rapid biological synthesis of stable silver nantiplas using aqueous extract Glycyrrhiza
glabra root is reported. The root is used traditionallytteat various infections and has anti-
diabetic and anti-hyperglycaemic effect. The rogtract is known for its antioxidant and
antibacterial activity.

MATERIALS AND METHODS

Experimental

Glycyrrhiza glabraroot was washed several times with de-ionized wa&i@rg of the root was
finely cut and stirred with 150 mL de-ionized wasgr300 K for 5 min and filtered to get the
extract. The filtrate is used as reducing agent statilizer. AQNQ and NaOH were procured
from Sigma—Aldrich. 7 mL extract is added to a vasly stirred 100 mL aqueous solution of
AgNO; (5 x 10* M) and stirring continued for 10 min. Reductiokes place slowly at 300 K
and is complete in 30 min as shown by stable relistvn colour of the solution giving colloid.
It is found to be stable for more than 2 monthewshg no precipitation or colour change.

UV-VIS spectra analysis

The UV-vis spectra were recorded using, ELCO 150/-vi$ible spectrophotometer with
samples in quartz cuvette. X-ray diffraction pattef dry nanoparticle powder was obtained
using Siemens D5005 X-ray diffractometer with Gukadiation £ = 0.1542 nm). The FTIR
spectra were obtained on a Nicolet 5700 FTIR imsént with the sample as KBr pellets. The
morphology of the nanoparticles was analysed usiaghigh-resolution images obtained with a
JEOL 3010 transmission electron microscope.

SEM (Scanning Electron Microscopic) and EDX (Energydispersive X-ray spectrometer)
analysis of silver nanoparticles

SEM analysis was done using Hitachi S-3500SEM nmechthin films of the sample were
prepared on a carbon coated copper grid by jugtpiing a very small amount of the sample on
the grid, extra solution was removed using a bigtpaper and then the film on the SEM grid
were allowed to dry by putting it under a mercuagp for 5 min.

EDX

Energy dispersive X-ray spectrometers take advanséghe photon nature of light. In the X-ray
range the energy of a single photon is just swficito produce a measurable voltage pulse X-
ray, the output of an ultra low noise preamplifeannected to the low noise are a statistical
measure of the corresponding quantum energy. Biatligrecording and counting a great
number of such pulses with in a so called Multi @&l Analyzer, a complete image of the X-
ray spectrum is building up almost simultaneou3lgis digital quantum counting technique
makes the energy dispersive spectrometry excegdialigble. A semiconductor material is used
to detect the x-rays together with processing sdeats to analyses the spectrum.
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XRD analysis of silver nanoparticles

The silver nanoparticle solution thus obtained ywasfied by repeated centrifugation at 5000
rom for 20 min followed by redispersion of the pelbf silver nanoparticles into 10 ml of
deionized water. After freeze drying of the puufiglver particles, the structure and composition
were analyzed by XRD (Rigaku RINT 2100 series). @ned mixture of silver nanoparticles
was collected for the determination of the formatad Ag nanoparticles by an X'Pert Pro x-ray
diffractometer operated at a voltage of 40 kV araiaent of 30 mA with Cu K radiation in a

8- 2 6 configurations. The crystallite domain size wakwated from the width of the XRD
peaks, assuming that they are free from non-unifgrains, using the Scherrer formula.

D:99 / p Cosd — (1)

where D is the average crystallite domain size grdular to the reflecting planésjs the X-
ray wavelengthp is the full width at half maximum (FWHM), artdis the diffraction angle. To
eliminate additional instrumental broadening theHiWwas corrected, using the FWHM from a
large grained Si sample.

B corrected = (FWHNsample- FWHMSsi)1/2— (2)
This modified formula is valid only when the crylsta size is smaller than 100 nm [15]
RESULTS AND DISCUSSION

It is reported that aqueous extractGfcyrrhiza glabra root extract is composed of a variety of
The herb contains glycyrrhizin, glycyrrhetinic acithvonoids, asparagine, iso-flavonoids, and
chalcones [16] and these may be responsible fduct®on of metal ions and efficient
stabilization of nanopatrticles.

UV-vis, TEM and SEM analysis

UV-vis spectroscopy is an important technique wedain the formation and stability of metal
nanoparticles in aqueous solution Fig. 1. Figureshaws the UV-vis spectra of the silver.
Colour of silver colloid is attributed to surfacéagmon resonance (SPR) arising due to the
collective oscillation of free conduction electranduced by an interacting electromagnetic field
[17]. SPR bands of the colloids are centered at#0 The bands are broad and the intensity
increases indicating increase in production of panticles. The SEM and TEM images of the
colloids are shown in [Fig. 2 and 3].

Colloids consist mainly of large nanoparticles Imgvinearly spherical shape particles of size 20—
30 nm. It is clear from the images (Fig. 2 andH3t the particles in colloid are well-dispersed
with a more uniform size 20 nm. A similar TEM imag@s observed for polydispersed silver
nanopatrticles by Lee et al. [18] in chemical reducind Huang et al. [19] in biosynthesis. It is
evident from the TEM image that the shape and siz¢he silver nanoparticles could be
controlled by adjusting the reaction mixture. Thghhresolution TEM images (Fig. 2) indicate
good crystallinity of the nanopatrticles.
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EDAX analysis of silver nanopatrticles

The energy dispersive X-ray analysis (EDX) revestlong signal in the silver region and
confirms the formation of silver nanoparticles (Fy Metallic silver nanocrystals generally
show typical optical absorption peak approximatdlB keV due to surface plasmon resonance.
This analysis revealed that the nano-structures ¥aemed solely of silver (Table 1).

Table 1. EDAX elemental micro-analysis of the silvenanoparticles

Element Wit% At%
OK 42.43 83.24
AgL 57.57 16.76

Matrix | Correction | ZAF

A B
Fig 1. Colloidal silver in various stages of aggregion, (A) clear yellow sol, (B) dark yellow sol,€) violet sol ,
and (D) grayish sol, as aggregation proceeds

XRD and FTIR studies

The crystalline nature of Ag nanoparticles was coréd from the analysis of the X-ray
diffraction (XRD) pattern (Fig. 5). The five diffcion peaks [18] and [19] are indexed as (1 1
1),(200),(220),(311)and (2 2 2) planescofsilver (JCPDS, file no. 04-0783). The (2 0 0),
(220),(311)and (2 2 2) Bragg reflections weak and broadened relative to the intense (1 1
1) reflection. This feature indicates that the ragstals are highly anisotropic [20] and suggests
that the particles are (1 1 1)-oriented as confitrog high resolution TEM measurements. The
mean size of nanoparticles is calculated using BeBgherrer's equation by determining the
width of the (1 1 1) peak and found to be 19 nmchhis fairly in agreement with the TEM
measurement

FTIR measurement was carried out to identify the ptessitomolecules irGlycyrrhiza glabra
root responsible for capping leading to efficienabdization of the silver nanoparticles.
Prominent IR bands (Fig.6a and 7b ) are observ@®®4, 2847, 1708, 1601, 1464, 1376, 1008,
880, 716 and 469 cth Most of the IR bands are characteristic of flasids and tepenoids
present in the root. The sharp bands at 2914 aAd 281" arise from C—H stretching modes.
The medium intense bands at 1708 and 1601 cm-assigned to the stretching vibrations of
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C=0; and C=C, respectively [21] and [22]. The apion bands located at 1376 and 1008tm
may be attributed to —-C-O and —C-O-C stretchingaso@he medium intense band at 1464
cm-1larises from the C-N stretching mode of the at@mamine group [23]. The vibrational
bands corresponding to bonds such as —C=C, —-C=a0-8C—0-C and —C-N are derived from
the water soluble compounds such as flavonoidgeterids and thiamine presentGhycyrrhiza
glabra root. Hence, it may be assumed that these biomlele@re responsible for capping and
efficient stabilization. The presence of reducingas in the extract could be responsible for the
reduction of silver ions and formation of the naadigles [23, 24]. This rapid and
environmentally benign method is a faster synthesisparable to chemical reduction methods.

Absorbance (a.u.)

T J L) | T !
400 500 600 700 800
Wavelength (nm)

Fig 1a. UV-vis spectra of Silver colloids
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Fig 2. TEM of Silver nanopatrticles
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Fig 3. SEM of Silver nanoparticles
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Fig 4. EDAX of Silver nanoparticles
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Fig 5. XRD pattern of silver nanoparticles
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Fig 6. FTIR Spectra of Silver nanoparticles
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CONCLUSION

Silver nanopatrticles of are synthesized from sily@ecursor using aqueous extract of
Glycyrrhiza glabra leaf at room temperature. The reduction is foundbeéoaccelerated by the
change reaction mixture. The colloid obtained bgidareduction is found to consist of well-
dispersed nearly spherical particles having siparad 20 nm. The nanoparticles are found to be
highly crystalline as evidenced by the peaks in ¥iRD pattern corresponding to Bragg
reflections from the (1 1 1), (2 0 0), (2 2 0),3) and (2 2 2) planes of the fcc structure, and
clear lattice fringes in the high resolution TEMage. The biomolecules responsible for efficient
stabilization of the silver colloid is suggesteddtydying the FTIR spectrum.
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