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ABSTRACTS

The present study was demonstrated with simple and rapid synthesis of silver (Ag) nanoparticles using marine
seaweed, Sargassum wightii. The nanoparticles of silver were formed by the reduction of silver nitrate to
aqueous silver metal ions during exposure to the extract of marine seaweed S. wightii. The optical properties of
the obtained silver nanoparticles were characterized using UV-visible absorption and room temperature
photoluminescence. The X-ray diffraction results reveal that the synthesized silver nanoparticles are in the cubic
phase. The existence of functional groups was identified using Fourier transform infrared spectroscopy. The
morphology and size of the synthesized particles were studied with atomic force microscope and Scanning
electron microscope measurements. Further, the photocatalytic degradation of methyl orange was measured
spectrophotometrically by using silver as nanocatalyst under visible light illumination. The results revealed that
biosynthesized silver nanoparticles using S. wightii was found to be impressive in degrading methyl orange.
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INTRODUCTION

The field of nanotechnology is one of the most
active areas of research in modern materials
science. Nanoparticles exhibit completely new or
improved  properties  based on  specific
characteristics such as size, distribution and
morphology. New applications of nanoparticles and
nanomaterials are emerging rapidly (Jahn 1999;
Naiwa 2000; Murphy 2008). Alexander the Great
used silver vessels to store drinking water (Silver et
al., 2006). However, the formulation of silver has
changed during antiquity, from bulk silver to ionic
silver or adsorbed on carrier materials (Zeolite)
(Kwakye- Awwah et al., 2008) and now to silver
nanoparticles.

The metallic nanoparticles are most promising and
remarkable biomedical agents. Due to their large
surface volume ratio, they govern interest of
researchers on microbial resistance. Among the
developed nanoparticles, silver (Ag) nanoparticles
are pertaining to have a wide range of application
in the fields of physical, chemical and biological
science. In the past decade, several kinds of the
biological organisms like microbes, plants and

seaweeds have been employed and well studied for
the synthesis of Ag nanoparticles (Ramanathan et
al., 2011; Ahmad et al., 2003; Shankar et al., 2003;
Mohanpuria et al., 2008; Kumar et al., 2012a). In
the present study, the extracellular synthesis of
silver nanoparticles by the brown seaweed S.
wightii and their photocatalytic degradation of
methyl orange using Ag nanoparticles synthesized
from S. wightii.

MATERIALS AND METHODS

Plant material and preparation of the Extract:
Sargassum wightii was used to make the aqueous
extract. Sargassum wightii weighing 25g were
thoroughly washed in distilled water, dried, cut into
fine pieces and were crushed into 100 ml sterile
distilled water and filtered through Whatman No.1
filter paper (pore size 25 um). The filtrate was
further filtered through 0.6 um sized filters.

Synthesis of Silver Nanoparticles: 1mM aqueous
solution of Silver nitrate (AgNQO3) was prepared
and used for the synthesis of silver nanoparticles.
10 ml of Sargassum wightii extract was added into
90 ml of aqueous solution of 1 mM Silver nitrate

*Corresponding Author Address: Dr. K. Sivakumar, Division of Algal Biotechnology, Department of Botany, Annamalai University,
Annamalainagar - 608 002, Tamil Nadu, India; E-mail: kshivam69@gmail.com



Sivakumar and selvam, World J Pharm Sci 2014; 2(9): 1022-1028

for reduction into Ag+ ions and kept at room
temperature for 5 hours.

UV-Vis Spectra analysis: The reduction of pure
Ag+ ions was monitored by measuring the UV-Vis
spectrum of the reaction medium at 5 hours after
diluting a small aliquot of the sample into distilled
water. UV-Vis spectral analysis was done by using
UV-Vis spectrophotometer UV-2450 (Shimadzu).

FTIR analysis of dried biomass after
bioreduction: To remove any free biomass residue
or compound that is not the capping ligand of the
nanoparticles, the residual solution of 100 ml after
reaction was centrifuged at 5000 rpm for 10 min
and the resulting suspension was redispersed in 10
ml sterile distilled water. The centrifuging and
redispersing process was repeated three times.
Thereafter, the purified suspension was freeze dried
to obtain dried powder. Finally, the dried
nanoparticles were analysed by FTIR.

XRD measurement: The silver nanoparticle
solution thus obtained was purified by repeated
centrifugation at 5000 rpm for 20 min followed by
redispersion of the pellet of silver nanoparticles
into 10 ml of deionized water. After freeze drying
of the purified silver particles, the structure and
composition were analysed by XRD and SEM. The
dried mixture of silver nanoparticles was collected
for the determination of the formation of Ag
nanoparticles by an X’Pert Pro x-ray diffractometer
operated at a voltage of 40 kV and a current of 30
mA with Cu Ka radiation in 6- 2 6 configurations.
The crystallite domain size was calculated from the
width of the XRD peaks, assuming that they are
free from non-uniform strains, using the Scherrer
formula.
D=0.94 /B Cos 6 — (1)

Where, D is the average crystallite domain size
perpendicular to the reflecting planes, A is the X-
ray wavelength, f is the full width at half
maximum (FWHM), and 8 is the diffraction angle.
To eliminate additional instrumental broadening
the FWHM was corrected, using the FWHM from a
large grained Si sample.

B corrected = (FWHM2 sample- FWHM2 si)
12 - (2)

This modified formula is valid only when the
crystallite size is smaller than 100 nm (Boulch et
al., 2001).

SEM and AFM analysis of silver nanoparticles:
The procedure followed SEM observation of silver
nanoparticles below. Sample was prepared by
placing a drop of AgNPs on carbon coated copper
stuff and subsequently drying air, before
transferring it to the microscope operated at an
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accelerated and voltage of 120KV (JOEL Model
JSM-5010 LV with INSA EDS) and followed for
Energy Dispersive Spectrophotometer analysis.

The morphology of the product was observed by
Nano Surf Easy Scan 2 Atomic Force Microscope
(AFM) measurement study the morphology and
size of the Ag nanoparticles.

Photocatalytic degradation: The photocatalytic
degradation of methyl orange was evaluated by
biosynthesized Ag nanoparticles (Rashed and El-
Amin 2007). All the experiments were performed
outdoor with sun as the main source of light (Wang
et al., 2000). Prior to the experiment, a suspension
was prepared by adding 20 mg of Ag nanoparticles
to 50 ml of methyl orange solution (Fisher
Scientific). Later, the mixture was allowed to stir
constantly for about 30 min in darkness to ensure
constant equilibrium of Ag nanoparticles in the
organic solution. During the reaction, the mixture
was kept under sunlight within a Pyrex glass
beaker and stirred constantly. The mean
temperature was found to be 29°C with 10 h mean
shine duration. The absorption spectrum of the
suspension mixture was measured periodically
using a UV-visible spectrophotometer (Shimadzu,
UV-2450, Japan) after centrifugation to ensure the
degradation of methyl orange solution.

RESULTS AND DISCUSSION

It is well known that silver nanoparticles exhibit
reddish brown colour in agueous solution due to
excitation of surface plasmon vibrations in silver
nanoparticles (Shankar et al., 2004). As the extract
was mixed in the aqueous solution of the silver ion
complex, it started to change the colour from
watery to yellowish brown due to reduction of
silver ion which indicated formation of silver
nanoparticles (Fig. 1). It is generally recognized
that UV-Vis spectroscopy could be used to
examine size and shape controlled nanoparticles in
aqueous suspensions (Wiley et al., 2006). Fig. 2
shows the UV-Vis spectra recorded from the
reaction medium after 4 hours.

FT-IR predicts the molecular configuration of
different functional group present in the seaweed
extract. Considerable absorption peaks by S.
wightii (Fig. 3) were found at 3279.86 cm
indicates the presence of N-H stretch (primary,
secondary amines), 2953.00 cm™,2922.19 cm™ and
2851.90 cm? indicates presence of C-H stretch
(alkanes), 1723.15 cm™ C=O stretch indicates
presence of —C=C- stretch (alkanes), 1528.24 cm
indicates the presence of N-O asymmetric stretch
(nitro compounds), 1450.45 cm-1 indicates the
presence of C-C stretch(in-ring) (aromatics),
1379.45 cm? indicates the presence of C-H
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Scissoring bending(alkanes), 1284.76 cm™ and
1260.03 cm* indicates the presence of C-N stretch
(aromatic amines), 1228.85 cm™ and 1043.46 cm'!
indicates the presence of C-N stretch (aliphatic
amines) and 976.95 cm™ (alkenes). Several species
of Gracilaria have been reported to contain
abundant of amino acids, fatty acids, vitamins,
minerals, phenolic compounds and carbohydrates
(YYang et al., 2012). Of which, phenolic compounds
especially polyphenols and tannin have reported to
have antimicrobial, anti-carcinogenic and anti-
oxidant properties (Arunkumar et al., 2010).
Satyavani et al., 2011 have reported that silver ions
may possibly bind to phenolic compounds with one
or more aromatic ring resulting in the formation of
Ag nanoparticles.

The pattern has three main diffraction features
corresponding to (1 1 1), (2 0 0) and (2 2 0) planes
and all the three peaks can be indexed to standard
cubic phase of silver (JCPDS card No 04-0783).
No reflection peaks corresponding to nitrate ions
and other impurities were noted in this pattern,
indicating the high purity of the final product.
Moreover, the obtained reflections are sharp and
high in intensity which reveals that the synthesized
nanoparticles are well crystalline. In addition, the
lattice constant of the synthesized cubic phase of
silver is found to be ‘a = 4.083 A ° . This value is
consistent with the JCPDS value (a = 4.086 A °).
The size of the nanocrystals was determined from
the Debye—Scherrer formula D = 0.9k/bcosh, where
D is the crystallite size, k is the wavelength of the
incident X-ray (1.5406 A °), h is the Bragg’s angle
and b is the full width at half maximum (FWHM).
From the X-ray line broadening the crystallite size
of the synthesized products is estimated around 20
nm (r = 10 %) (Fig.4).

The SEM image (Figure 5a and b) showing the
high density Ag-NPs synthesized by the S. wightii
further confirmed the development of silver
nanostructures. The SEM  micrographs of
nanoparticle obtained in the filtrate showed that
Ag-NPs are spherical shaped, well distributed
without aggregation in solution. EDS analysis was
confirmed the chemical composition of AgNPs.
The study significant observed from the atom of
Ag.

The surface morphology and size of the Ag
nanoparticles harvested after 120 h of incubation
were studied by AFM. The two- and three-
dimensional images of the nanoparticles were
shown in Fig. 6 a and b. From the 2D view, well-
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separated spherical particles are seen. The sizes of
the particles are in the range of 1-40 nm. However,
most of the particles are in the range of 10 nm. The
3D view revealed that the growth direction of all
the particles was almost same confirming the single
crystalline nature of the cubic phase of Ag
nanoparticles.

Williams 2008 reported nanoparticles are clusters
of atoms in the size range of 1-100 nm.
Shanmugam et al., 2013 stated that the morphology
and size of the synthesized particles were studied
with atomic force microscope. Photocatalytic
degradation of methyl orange dye was investigated
using biometrically synthesized silver
nanocatalysts by solar irradiation technique at
different time intervals as shown in Fig. 7. The
characteristic absorption peak of methyl orange
solution was found to be 420 nm. Degradation of
methyl orange was visualized by decrease in peak
intensity within 10 h of incubation time. Kumar et
al.,, (2013) suggested Silver nanoparticles
synthesized by facile method from U. lactuca can
able to degrade dyes in the presence of visible light
and paves way for environmental bioremediation.
The adsorption of Ag nanoparticles on to the
methyl orange solution was initially low and
further increased with constant increase in time.
Altogether, the photocatalytic properties of Ag
nanoparticles in visible light may well be due to
excitation of SPR, which is nothing but oscillation
of charge density that can propagate at the interface
between metal and dielectric medium (Garcia
2011).

CONCLUSIONS

In conclusion, it has been predicted that the extract
of marine seaweed Sargassum wightii is capable of
producing Ag nanoparticles extracellularly and
these nanoparticles are quite stable in solution due
to capping likely by the proteins present in the
extract. This is an efficient, eco-friendly and simple
process. The presence of functional bioactive
compounds in seaweed extract is responsible for
the formation of Ag nanoparticles as revealed by
FTIR. The average size of spherical-shaped Ag
nanoparticles ranges between 05 and 40 nm. The
XRD and SEM analysis showed the particle size
between 25-50 nm as well the cubic structure of the
nanoparticles. This green chemistry approach
toward the synthesis of silver nanoparticles has
many advantages such as, ease with which the
process can be scaled up, economic viability, etc.
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Fig. 1 C. Silver nitrate (AgNO3) solution and others colour changes during the reduction of AgNO3 into AgNPs
by the extract of S. wightii after 20 min of incubation
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Fig. 2 UV-visible absorption spectrum of silver nanoparticles after 30 min of incubation
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Fig. 3 FT-IR spectrum of AgNO3s into AgNPs by the extract of S.wightii.
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Fig. 4 XRD patterns of silver nanoparticles synthesized after 120 h of incubation
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Fig. 5 (A) SEM micrograph of Silver nanoparticles synthesized from the extracts of S.wightii and (B) Energy
dispersive spectrometer analysis
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Fig. 6 (A) AFM images of synthesized silver nanoparticles using extract of S. wightii and (B) corresponding 3D
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Fig. 7. Photocatalytic degradation of methyl orange using silver nanoparticles synthesized from S. wightii.
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