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Abstract: In this investigation, a novel technique for biosynthesizing of gold nanoparticles (GNPs) using
Elettaria cardamomumas reductants due to presence of phenol groups and stabilizers is reported.The GNPs
were characterized by UV-Vis Spectrophotometer, XRD, FTIR, SEM, TEM and DLS. The TEM results indicated
that the GNPs were spherical in structure and almost 15-25 nm in diameter. UV-Vis spectroscopy exhibited an
absorption peak at 549 nm. FT-IR spectroscopy revealed thatgold nanoparticles were functionalized with
biomolecules that have primary amine group (-NH ), carbonylgroup,-OH groups and other stabilizing functional2

groups. X-ray diffraction pattern showed highpurity and face centered cubic structure of gold nanoparticles.
Dynamic light scattering technique wasused for particle size measurement and it was found to be about 15 nm.
The rate of the reaction was highand it was completed within 5 min.The present research opens a new avenue
for the green synthesis of nanomaterial.
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INTRODUCTION system of medicine.Elettaria cardamomum (Family:

The field of nanotechnology has recently witnessed various medicinal properties have been mentioned in the
spectacularadvances in the methodology of nanomaterials Ayurveda and Unani system of medicine [12,13]. It is a
fabricationand utilization of their exotic physicochemical popular food additive and flavouring agent all over the
and optoelectronicproperties [1]. Nanomaterials of various world and is the third most expensive spice after saffron
shapes and sizes have been thesubject of utmost interest and vanilla. Cardamon or Gujurati (Elettaria
due to their potential applicationsin industries, biomedical cardamomum) which is a perennial herb indigenous to
diagnostics and electronics, over the past decade. Most the Indian subcontinent, contains a wide variety of
of the available chemicalprocesses for synthesis of gold compounds, including -terpineol, myrcene, subinene,
nanoparticles (AuNPs) involvetoxic chemicals that get limonene, cineol,  and -pinene -phellandrene,
adsorbed on the surface,leading to adverse effects in menthone, cis/trans-linalol oxides, trans-nerolidol, -
medical applications [2-7]. Presentlythere is a growing sitostenone, Y-sitosterol, phytol, eugenyl acetate,
need to develop environmentally benignprocess for rapid bisabolene, borneol, citronellol, p-cymene, geraniol,
synthesis of nanoparticles [7-11]. geranyl acetate, stigmasterol and terpinene. Studies

Medicinal plants play a major role in  the  discovery showed that cardamom inhibited platelet aggregation,
of new therapeutic agents for rich source of drug when induced with agents such as ADP, epinephrine,
development. In India more than 70% of population use collagen and calcium ionophore. Cardamon reduced blood
herbal drugs for their health care. There is a need to pressure in rats, probably by acting through cholinergic
explore the principles used by the time tested traditional and calcium antagonist mechanisms [12-15].

Zingiberaceae), is a common spice indigenous to India. Its
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Today, biosynthesis of GNPs using plants or plant Characterization
extracts, although biosynthesis of gold nanoparticles by
plants have been reported, the potential of the plants as
biological materials for the synthesis of nanoparticles is
yet to be fully explored.Green synthesis of GNPs using
organelles may be an exciting alternative to methods
currently available.The GNPs is formed due to reduction
of Au to Au  nanoparticles in plants. +3 0

Inthepresent researchprogram greensynthesis of
goldnanoparticleswere carried outusing the extract of
Elettaria cardamomum. Gold nanoparticles through
reduction of Au containing salt namely HAuCl4

employing the natural precursor Elettaria cardamomum
as reductant.Elettaria cardamomum is called “Elaichi” in
India and is used in Ayurvedic. We have used to Elaichi
as reducing agent. Utilizing elaichi is justified by its
strong reducing capability. We describe and discuss the
synthesis of Au nanoparticles by employing the elaichi
extract as reducing agent for HAuCl . The reducing time4

with the Elettariacardamomumis small. A mechanism of
reduction of HAuCl  has been suggested based on4

detailed analysis of UV-Visible spectrophotometer,XRD,
FTIR, SEM, TEM andDLS.

Experimental
Material: Chloroauric acid (HAuCl ) was purchased from4

Sigma.

Preparation of Elettaria cardamomum (Elaichi) Ethanol
Extract: Elettaria cardamomum fruits were procured from
local market of Bhubaneswar, Odisha, India.

Preparation of Extract: Dried fruits (weight-50g) were
ground with the outer shells to obtain a coarse powder
using an electric mixer. This was then taken in a muslin
bag and subjected to Soxhlet extractionusing ethanol
(90%) as solvent maintained at 60 C for 20 hours. Theo

ethanol extract of Elettaria cardamomum was made free
from the solvent by using rotary evaporator. The yield
obtained was 7% (w/w) [16, 17].

Synthesis of Gold Nanoparticles: 100 ml of plant or spice
extract were collected in a 500 ml beaker which was kept
on magnetic stirrer for stirring at 200 rpm at room
temperature, to this stirring solution 10 ml of 1mM auric
acid solution was added drop wise. The ratio of extract
and auric acid solution in above procedure is 10:1,
similarly 5:1 and 1:1 ratios were followed for optimization
of protocol [18].

Phytochemical Analysis: The presence of phytochemical
constituents in the test sample was determined using
qualitative phytochemical tests.

UV-vis Spectral Analysis: The reduction of pure Au to3+

nanoparticle was monitored by measuring the UV-vis
spectrum the most confirmatory tool for the detection of
surface Plasmon resonance property (SPR) of AuNPs, by
diluting a small aliquot of the sample in distilled water.
UV-vis spectral analysis was done by using UV-vis
spectrophotometer   Systronics   118   at   the   range  of
300-600 nm.

X-ray diffraction (XRD) Analysis: XRD measurement of
green synthesized AuNPs from tertrachloroauric acid,
AuNPs solution dissolved in 1% chitosan solution
forming thin film, these gold nanoparticle chitosan film
were on glass and thin film XRD measurement were done
on a Bruker AXS-D8 advance instrument operating at a
voltage of 40 KV and current of 20 mA with Cu K
radiation.

FT-IR Analysis: A Perkin-Elmer Model of FTIR
spectrophotometer,   USA    within    the    range   of 4000-
400 cm-1 was used for the samples analysis.
Approximately,  sample  of  5  mg was with KBr (100 mg)
and   condensed  into   pellet   using   hydraulic   press.
The KBr pellet methods were used for all FT-IR spectra
analysis.

SEM (Scanning Electron Microscopy) Analysis: To
observe the morphological features, Field Emission
Scanning Electron Microscopy, JEOL, JSM-6700F, Japan
was used. By using sputter coated with a 5 nm thick gold,
the samples were sprinkled.

TEM    (Transmission      Electron    Microscopy)
Analysis:  TEM  analysis  was  performed  on  a  Hitachi
H-8100 electron microscope with an acceleration voltage
of 200 kV.

Particle size Analysis: Size analysis of gold
nanoparticles  were  carried   out   on   Brookhaven 90
Plus Nanoparticle Size Analyzer with following
measurement parameter, Refractive index fluid-1.330,
Angle-15.00, Average count rate-5.2kcps with run
completed 3 times.
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RESULTS AND DISCUSSIONS

UV-vis  Spectroscopic  Analysis  of  Au  Nanoparticles:
The appearance of violet color evident that the formation
gold nanoparticles in the reaction mixture and the efficient
reduction of the Au  to Au  (Fig. 1), the formed color3+ 0

solution allowed to measure the absorbance against
distinct wave length to conform the formation of gold
nanoparticles. The corresponding UV-vis absorption
spectra are shown in Fig. 1A. The change in pH of
aqueous gold solution 2.95 and elaichi extract 5.97 to 4.99 Fig. 2: XRD of gold nanoparticles.
of elaichi gold nanoparticles solution in 1hour. In the
present work, AuNPs synthesis with three different
concentration of elaichi extract with fixed concentration of
gold solution as ratio 1:1, 5:1, 10:1. UV-vis scanning of
reaction product showed SPR absorption band and peaks
(Fig. 1). Reaction mixture with 1:1 ratio, in which reduction
of Au  ions just to occurred and SPR band intensities3+

was less and peak is broad which suggest partial
reduction of Au  ion and formation of larger AuNPs with3+

SPR at 549 nm and in reaction mixture ratio 1:10 the
observed intensity of SPR peak is more with small
sharpness in the peak compare to the reaction mixture 1:1 Fig. 3: FT-IR  spectrum  of  Elettaria  cardamomum
with SPR at 539 nm. Where as in reaction mixture 1:5 the extract ( ) and GNPs synthesized by Elettaria
SPR band intensity and peak is highest indicating cardamomum extract (  ).
complete reduction of gold ions with SPR at 546 nm. Thus
maximum yield of reduced sized AuNPs at reaction ratio XRD Analysis: The crystalline structure of biologically
5:1 suggested as optimum reaction condition under room synthesized AuNPs using elaichiextract were analysed by
temperature condition [19]. XRD measurements. A typical XRD pattern of the Au was

Fig. 1: A.UV-Vis spectra of AuNPs synthesized by FT-IR spectra of both functionalized GNPs and the dried
reacting different concentration of Elettaria elaichi extract. By comparing the FT-IR spectra of both
cardamomum extract with 1Mm HAuCl  aqueous functionalized GNPs and the elaichi extract, it was found4

solution (5:1, 10:1, 1:1) at room temperature. that many peaks obtained by elaichiextract have been
B.Elettaria cardamomum.C.Tube-1 contains repeated in FT-IR spectrum of functionalized GNPs. The
yellow color gold solution, Tube-2 contains  white characteristic peaks of the primary amine group (-NH )
color Elettaria cardamomumextract and Tube-3 were observed at 1381 cm  and 1408 cm  for
contains violet color gold nanoparticles solution. functionalized  GNPs and the elaichi extract, respectively.

found by Bragg reflections corresponding to (111), (200)
and (220) sets of lattice planes are observed that may be
indexed on the bases of the fcc structure of gold [19]. The
characteristic peaks corresponding to (111), (200) and
(220) are located at 2 =38.80°, 44.13° and 64.82°
respectively and the weak intensities of peaks indicates
that gold nanocrystals are embedded in the film, shown in
Fig.2.

FTIR: The FT-IR spectra were used to characterize the
successful functionalization of GNPs. Fig. 3 shows the

2
1 1
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Fig. 4: The SEM images of GNPs.

Also, the peaks of the carbonyl group were perceived
clearly at 1609 cm  and 1579 cm  for functionalized1 1

GNPs and the elaichi extract, respectively. The broad
peaks around 3300 cm  taken from the elaichi extract1

confirm the existence of both-NH  and-OH groups. This2

pattern has been repeated in the FT-IR spectrum of
functionalized GNPs. The typical peaks at 621 cm , which1

are  observed  in  functionalized  GNPs  pattern  close  to Fig. 6: Different diameter of gold nanoparticles in graph
602 cm , signify the presence of R-CH group [19,20]. of lognormal size distribution.1

SEM: Figure 4 shows representative SEM images determined by DLS Method and was found to be 15 nm.
recorded at different magnifications from drop-coated The representative size distribution graph is shown in
films of the gold nanoparticles synthesized by treating (Fig. 5) [22,23].
HAuCl  solution with Elettaria cardamomumextract. The4

resulting gold nanoparticles were predominantly square Particle Size Analysis: Particle size and dispersity of
and of uniform size. Higher magnification showed the gold nanoparticles generated and capped using aqueous
average diameter of these square nanoparticles to be extract of Elettaria cardamomum, were determined based
about 15-25 nm. SEM images of biologically synthesized on DLS (Dynamic Light Scattering) phenomena represents
typical gold nano irregular particles (the shape of the effective diameter of about 15.1 nm and polydispersity
nanoparticles were not clearly predicted) were obtained index (PDI) 0.643 as shown in Fig. 6
from 15 ml of extract. The resulting nanoparticles showed The main phytochemicals present in Elettaria
that a small percentage of spherical particles were in the cardamomum ethanolic extract consist of -terpineol,
size range 10-45 nm. SEM images of the nanotriangles in myrcene, subinene, limonene, cineol,  and -pinene -
the same suspension are depicted. Au ions were not well phellandrene, menthone, cis/trans-linalol oxides, trans-
separated from each other in the nano triangles and nerolidol, -sitostenone, Y-sitosterol, phytol, eugenyl
dimensions in the size range 15-25 nm are capped with acetate, bisabolene, borneol, citronellol, p-cymene,
smaller particles due to the presence of small crystal and geraniol, geranyl acetate, stigmasterol and terpinenemay
hexagonal particles on the triangular surface 10-25 nm in be playing a major role in the overall reduction of Au  to
diameter [21-23]. Au state and shows excellent stability of the gold

TEM: The TEM images (Fig. 5) showed polydisperse nanoparticles below the 100nm range makes nanoparticles
nanoparticles with different shapes such as spherical, circulate within the blood vessels feasible. In addition to
triangular   and   hexagonal.   Average   particle  size  was the size and stability, the anticarcinogenic, antibacterial,

Fig. 5: The TEM images of GNPs.

3+

0

nanoparticles more than 2 months. The size of the



World Appl. Sci. J., 28 (7): 962-967, 2013

966

antioxidant properties of Elettaria cardamomum extract 6. Zhang, J.B., Liu, H. Liu, X. Zhang and W. Tan, 2013.
could have important application in the use of the Aptamer-conjugated gold nanoparticles for
biogenic gold nanoparticles in cancer therapy and is bioanalysis. Nanomedicine (Lond), 8(6): 983-93. 
currently being pursued [24-26]. 7. Gui, C. and D.X. Cui, 2012. Functionalized gold

CONCLUSION Cancer Biol Med. Dec., 9(4): 221-33. 

To conclude, the GNPs were produced by the use of organic dyes using biosynthesized silver
the extractof Elaichi petals as reducing and capping agent. nanoparticles. Micron., 56: 54-62. 
In this study, it wasobserved that the reaction is rapid and 9. Mittal, A.K., Y. Chisti and U.C. Banerjee, 2013.
is completed within 5 minat room temperature. This Synthesis of metallic nanoparticles using plant
method is green and environmentallyfriendly. Thus, the extracts. Biotechnol. Adv., 31(2): 346-56.
synthesized GNPs could have a high potentialfor use in 10. Ghosh, S.S., M. Patil, R. Ahire,  S.  Kitture,  K.  Kale,
biological applications. This method is inexpensive S.S. Pardesi, J. Cameotra, D.D. Bellare, A. Dhavale,
andhighly recommended to be used in large-scale Jabgunde and B.A. Chopade, 2012. Synthesis of
production of GNPs. silver nanoparticles using Dioscorea bulbifera tuber
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