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ABSTRACT

In the present study, gold nanoparticles were synthesized from the aque-
ous solution of red seaweed Gracilaria corticata using gold precursor.
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Theformation of gold nanoparticleswas primarily confirmed by the colour UV (Vishle);
change from pale yellow to red. The biologically synthesized gold FTIR;
nanoparticles were characterized by UV-Vis spectrophotometer, FTIR, X- Transmission electron
ray diffraction, FE-SEM, EDX, and HR-TEM. HR-TEM and FE-SEM analy- microscopy;

ses revealed the size and shape of the nanoparticles. FTIR showed that Scanning electron micros-
nanoparticleswere capped with algacompounds. X-ray diffraction pattern copy;

and UV-Vis spectrum showed the peaks corresponding to gold
nanoparticles. Thus, physiochemical characteristic results suggest that
gold nanoparticleswill have biomedical applicationsin different areasuch

X-ray diffraction.

as drug delivery, tissue engineering, biosensor, etc.
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INTRODUCTION

Bionanotechnology isaninterdisciplinary field that
combinesthebiological processes and thetechnology
to build nano sized materialsor particlesfor various
biologica applications. Theuseof biologica processin
nanotechnol ogy can havean impact inthe production,
functionand propertiesof the synthesized nanomaterias
or nanoparticles. Nanobiotechnology isone of themost
promising areas in modern nanoscience and technol -
ogy. Thisemerging areaof research interlacesvarious
disciplines of science such asphysics, chemistry, biol-
ogy and materia science®®. Gold isone of the pre-
cious, inert, and lesstoxic metals, and it isutilized for
curing variousdiseases. Gold nanoparticlesplay avita

rolein nanobiotechnol ogy as biomedi cine because of
convenient surface bioconjugation with biomolecul ar
probes and remarkabl e plasmon resonant optical prop-
erties*?7, Gold nanoparti cleshave animportant func-
tion in the delivery of nucleic acids, proteins, gene
therapy, invivo ddivery, targeting, etc?!.

Generally, metal nanoparticlesare synthesized and
stabilized through chemica and mechanica methods?,
electrochemicd techniques, photochemica reactions
inreverse micellesand nowadaysviagreen chemistry
methods??. A widevariety of physical and chemical
processes have been devel oped for the synthesis of
metal nanoparticles¥, but thesemethodsareexpensive
and requirethe use of toxic and aggressive chemicals
asreducing and/or capping agents¥. Therefore, green
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chemistry should beintegrated into nanotechnologies
especidly when nanoparticlesareto beusedin medica
gpplications, whichincludeimaging, drug ddivery, dis-
infection, andtissuerepairty,

The green biosynthesis of nanoparticles can be
achieved viathe sd ection of anenvironmentally accept-
able solvent with eco-friendly reducing and stabilizing
agents'®. Therefore, biological approaches to
nanoparticle synthesi shave been suggested asvauable
dternativesto physica and chemica methods'Y. The
literature survey found that the marinered algae are
rich sources of phenolic compounds especially
bromophenols. Phenolic substanceswere reported to
possess awide range of biological effects, including
antioxidant, antimicrobid, anti-inflammeatory and vasodi-
lator actions. Furthermore, tannisand flavonoidsare
defined as naturally occurring seaweed polyphenolic
compoundswhich have been found only in marineal-
gaele,

In the present study, the red seaweed Gracilaria
corticata was used to synthesisgold nanoparticles by
thereduction of aqueousHAUCI, into nanoparticles.
The synthes zed gold nanoparti cleswere characterized
by UV-Vis spectrophotometer, FTIR, X-ray diffrac-
tion, FE-SEM, EDX, and HR-TEM.

MATERIALSAND METHODS

In the present study Gracilaria corticata were
collected from Kovalam, 50 km from Chennai,
Tamilnadu, India Thedgaeweredeaned thoroughly in
doubledistilled water and shadedried for 3to 5 days,
ground with mortar and pestle and seived to amesh
sizeof <0.5mm. Thedried biomass powder was used
for the synthesisof gold nanoparticles. About 30 mg of
seaweed powder was added with 10 ml of 10°M ague-
ousHAUCI4 solution in a 20 ml test tube and incu-
bated at room temperature. The colour changefrom
yellow to deep red colour indicatesthe formation of
gold nanoparticles. Theoptical property of synthesized
gold nanoparticleswas characterized using aultravio-
let—visible (UV—vis) spectrophotometer; morphologi-
cal characters was studied by performing TEM and
SEM; crystdlinenaturewas anadyzed using X-ray dif-
fraction (XRD) patterns; and functional moleculesin-
volved in thereduction processwere comprehensively
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studied using Fourier transform-infrared (FTIR) spec-
troscopy.

RESULTSAND DISCUSSION

The colour change from yellow to deep red was
thevisua inspection of reduction of goldionsto gold
nanoparticles. Thegoldionsexhibitsyellow colourin
doubledidtilled water (Figurela), whenitisexposedto
seaweed powder it turnsto dark pink (Figurelb) after
2 hours of incubation. Mukherjee et al., (2002) re-
ported that the appearance of the purplecolour clearly
indicatestheformation of gold nanoparticlesinthere-
action mixture during the studies carried out on
Fusariumoxysporum. Synthesized gold nanoparticles
wereextracted by centrifugation with 5,000 rpmfor 15
minat 4°C.

Figure 2 shows the UV-Vis spectra recorded at
546 nm corresponding to the formation of gold
nanoparticles. Thereactionwasoptimized sincethesize
and shape of nanoparticles depend on bio-extract con-
centration®®!. Rgjathi et al. (2012) reported theforma-
tion of gold nanoparticles using Soechospermum
marginatum (kiitzing) confirmed by the presence of
an absorption peak at 550 nm. In this present study,
the colour changeand absorption peak at 530 nmwas
an evidencefor the bioreduction of goldionsextracel-
lularly. The Plasmon resonancefor gold nanoparticles
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Figurel: (a) Aqueoussolution of 1 x 103 M chloroauricacid
indoubledistilled water (b) Deepred colour duetotheaddi-
tion of seaweed powder tothe choroaur ate solution after 2
hour sincubation
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Figure2: UV-Visiblerange spectrum of gold nanoparticles showing the sur face Plasmon band
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Figure3: FT-IR spectrum of gold nanoparticlessynthesized by G corticata
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In agueous sol ution appeared at approximately 540 nm
and changed according to the s ze of the nanoparticles?®.
1 FTIR spectrum analysis of gold nanoparticles

80 showed intense absorption bands at 3276.74, 1645.88,
1531.98 and 1037.63 cm (Figure 3). The intense
broad absorbance peak at 3276.74 cn (O-H stretch)
isthecharacteristic of thehydroxyl functiona groupin
a coholsand phenolic compounds. Theband at 1645.88
cmrt (C=C stretch) can be assigned to the functional
group akenes. The intense medium absorbance at
1531.98 cmrt (N-O asymmetric stretch) isthe char-
————— 1 acteristic of nitro compounds. Theintense absorbance
% % 429 (degmef" °0 ™ a1037.63cm?(C-N stretch) may be assigned asali-
Figure4: X-ray diffraction pattern of thegold nanoparticles phaticaminesgroup. A previousreport reved s.that the
obtained from G corticata hydroxyl group (O-H) has a strong ability to interact
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Figure5: (a) EDX analysisof gold nanoparticlessynthesized by G corticataand (b& ¢) FE-SEM imagesof gold nanoparticles
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Figure6: HR-TEM imagesof gold nanoparticlesformed by reduction of gold ionsusing G corticata (a) 10 nm scale (b) 50 nm

scale(c) 100nm scaleand (d) selected areadiffraction pattern

with nanoparticleg929,

The crystalline nature of synthesized gold
nanoparticlesof G corticatawasanalysed usng XRD
patternsasobserved by Singh et al., (2013) in Padina
gymnospora. Figure4 showsthe XRD pattern of gold
nanoparticlessynthesized using red seaweed. TheXRD
patternsreved ed that gold nanoparticles cor-
responded to the crystalline gold fcc phase. The dif-
fraction peaksobtained at 20=37.92° (11 1),44.01°
(200), and 64.13° (2 2 0) are identical with those

reported for the standard gold metal (AuwP) (Joint Com-
mitteeon Powder Diffraction Standards-JCPDS, USA).
The presence of thesethree intense peaks correspond-
ing to the nanoparticles was in agreement with the
Bragg’s reflections of gold identified with the diffraction
patterni*”l, The other unidentified peaksrevedstheas-
sociation of algal biomasswith the synthesized gold
nanoparticles.

FE-SEM micrographs show gold nanoparticlesat
200 to 300 nm range (Figure 5b and 5¢). A few larger
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Figure7: Particlesizedistribution obtained from HR-TEM
micrograph

particlesareformed by the aggregation of smaller par-
ticles. In EDX, strong signalswere observed for the
gold atomsand weak signalsfor carbon, oxygen and
chloride. Thisweaker signalsindicate the presence of
biomolecule of G corticata (Figure5a)

The TEM study givesclear shape and size of the
nanoparticles. Thediameter of the nanoparticlesranges
from 5to 135 nm. Thenanoparticles synthesized were
hexagonal and spherical shaped (Figure 6a-d). The
particlesizedigtribution histogram constructed fromthe
TEM micrographisshowninFigure7. Thesizedistri-
bution variesfrom 10 to 140 nm with an average par-
ticleszeof 75+ 41.83 nm. The reason behind the ag-
gregation of the gold nanoparti clesmay bethe change
of thepH during the synthesisof the nanoparticles.

CONCLUSION

Inthe present study, we have used economically
important red seaweed G. corticata which isarich
marinesourceavailablein abundance. Thebiomolecules
present in the a gae must beresponsiblefor thereduc-
tion of gold ionsto gold nanoparticles. Thisbiologica
method of synthesisof gold nanoparticlesislesstime
consuming, ecofriendly, non-toxic and single-step pro-
cess. The nanoparticlesthusformed are spherica and
hexagona shaped with smooth edges. Hence, thishas
high potentid in biomedica applications. Thismethod
isinexpensiveand highly recommendedfor large-scae
production of gold nanoparticles.
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