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ARTICLE INFO ABSTRACT

The bio molecules present in the plant induced the reduction of Au3+ ions from HAuCL 4, resulted in
the formation of Gold nanoparticles. The growth of nanoparticles was monitored by Uv-Vis
spectrophotometer that demonstrated a peak at 540nm. Particle size Analyser and Transmission
electron microscopy (TEM) were used to find the size and shape of the Gold nanoparticles. Gold
nanoparticles were 20-30nm in size and their shape varied from spherical to triangular and
hexagonal poly shaped.  X-ray Diffraction analysis (XRD) studies corroborated that the
biosynthesized nanoparticles were crystalline gold. Energy dispersive spectroscopy (EDAX)
confirmed the presence of an elemental gold signal. Fourier transform-infrared (FTIR) spectroscopy
analysis revealed that biomolecules were involved in the synthesis and capping of gold
nanoparticles.

INTRODUCTION

In recent years a rapid advancement in various technologies for
the fabrications of nanoparticles . Metal nanoparticles are
witnessing extreme attention due to their inverse properties and
uses, like magnetic and optical polarizability, electrical
conductivity[1]catalysis and antibacterial and antimicrobial
activities[2,3], DNA sequencing [4] and surface enhanced
Raman scattering (SERS )[5]. Many chemical based methods
are available for synthesis of silver and Gold nanoparticles, but
there is a growing concern towards use of these chemicals as
they are reported to be very toxic for the environment and cost
effective at the industrial scale.

Due to these problems, various ecofriendly approaches for the
synthesis of Gold nanoparticles are being adopted. Among
them, plant mediated synthesis is being widely explored.
Number of plants have been successfully used for the synthesis
of gold nanoparticles. The gold nanoparticle  are synthesized
within live alfalfa plants[6]. There have been recent reports on
biosynthesis of gold nanoparticles by employing coriander

leaves,[7]sundried Cinnamomum camphora leaves[8]
phyllanthin extract[9] and purified compound extracted from
henna leaves [10].Research on biosynthesized nanoparticles
and insect control should be geared towards introduction of
faster and ecofriendly pesticides in future [11] Cymbopogon
(lemongrass) is a genus of about 55 species of grasses, (of
which the type species is Cymbopogon citratus) native to
warm temperate and tropical regions. Lemongrass oil is used as
a pesticide and a preservative.  Research shows that lemongrass
oil has anti-fungal properties. It is native to cambodia, India, sri
lanka, burma, and thailand.

Lemongrass is usually ingested as an infusion made by pouring
boiling water on fresh dried leaves and is one of the most
widely used traditional plants in folk medicine. It is used as an
antispasmodic, antiemetic, and analgesic, as well as for the
management of nervous and GI disorders and the treatment of
fevers. In India it is commonly used as an antitussive,
antirheumatic, and antiseptic. In Chinese medicine, lemongrass
is used in the treatment of headaches, stomach aches,
abdominal pain, and rheumatic pain. Lemongrass is an
important part of Southeast Asian cuisine, especially as
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flavoring in Thai food. Other uses include as an astringent and
a fragrance in beauty products. [12,13,14] . It is also used as an
insect repellent in insect sprays.

Chemical composition

The main chemical components of lemongrass oil are myrcene,
citronellal, geranyl acetate, nerol, geraniol, neral and traces of
limonene and citral. Fresh C. citratus grass contains
approximately 0.4% volatile oil. The oil contains 65% to 85%
citral, a mixture of 2 geometric isomers, geraniol and neral.
Related compounds geraniol, geranic acid, and nerolic acid
have also been identified [15,16,17,18]. Other compounds
found in the oil include myrcene (12% to 25%), diterpenes,
methylheptenone, citronellol, linalol, farnesol, other alcohols,
aldehydes, linalool, terpineol, and more than a dozen other
minor fragrant components. [19,20,21]. Several reports
describe antimicrobial effects of lemongrass, including activity
against both gram-positive and gram-negative bacterial
pathogens, and fungi.[22,23,24,25,26,27,28,29,30]

Chemical Structures of Important Constituents In Green
Leaves of Cymbopogan Citratus

The effects are attributed in part to the geraniol (alpha-citral)
and neral (beta-citral) constituents. [31,32] In  our work , We
present a simple and green method for the preparation of gold
nanoparticles from naturally occurring plant extract as both the
reducing and stabilizing agent. No other chemical reducing
agent is added. The reaction is carried out in an aqueous
solution in a process that is benign to the environment.

MATERIALS AND METHOD

Synthesis of gold nanoparticles

The collected fresh leaves of plant Cymbopogan citratus was
washed three or four times with distilled water. 25 gm of leaves
were chopped into fine small pieces and added to 100 ml of
deionized water and boiled for 5 minutes and at known
temperature (55oC) using a water bath. This was filtered to get
a clear aqueous extract.

Chloroauric acid (HAuCl4), were purchased from Sigma
Aldrich Chemicals was used in typical synthesis of gold
nanoparticles using Cymbopogan Citratus and the leaf extract
was added to lmM concentration of aqueous Chloroauric
acid(HAuCl4),solution in 100 ml of conical flask stored at room
temperature under dark condition.

Characterization of the synthesized nanoparticles
UV –Vis absorbance spectroscopy

The bioreduction of the AUCL4 ions in solution was monitored
by periodic sampling of aliquots (2ml) and measuring the UV-
VIS spectra of the solution in 10-mm –optical –path- length
quartz cuvettes with a systronics. UV –VIS spectrophotometer
at a resolution of 1nm between 500 and 680 nm with a
scanning speed of 1856 nm/min. After the OD values were
taken upto 3 days at regular intervals. The sample was then
centrifuged at 42,000 rpm for 10 minutes and pellet was dried
and the nanopowder obtained was used for further analysis.
The optical properties of AOT and SDS-capped gold
nanoparticle solutions (samples 1–4) were monitored on a
Hewlett-Packard diode array spectrophotometer (model HP-
8452) operated at a resolution of 2 nm.

Transmission electron microscopy (TEM) measurements

TEM measurements were performed on a JEOL model 1200
EX instrument operated at an accelerating voltage of 120 kV.
Samples for TEM studies were prepared by placing drops of
the silver nanoparticle solutions in samples 1–4 on carbon-
coated TEM grids. The films on the TEM grids were allowed to
dry in air for 2 min following which the extra solution was
removed using a blotting paper.

X-ray diffraction measurements

X-ray diffraction (XRD) analysis of drop-coated films on glass
substrates from the AOT-capped silver nanoparticles in sample
1 was carried out on a Phillips PW1830 instrument operating at
40 kV and a current of 30 mA with CuKa radiation.

Particle size analyser

The particle size of range of the nanoparticles was determined
by using particles analyser (Malveern Zetasizer nanosizer).
Particle size was arrived based on measuring the dependent
fluctuation of scattering of laser light by the nanoparticles.

Chemical Structures of Important Constituents In Green
Leaves of Cymbopogan Citratus
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Fourier Transform infrared (FTIR) spectroscopy
measurements

Samples were measured by shimadzu 8400s and using spectral
range of 4000-400cm-1 with resolution of 4cm-1 power samples
for the FTIR was prepared similarly as for powder diffraction
measurements. The FTIR spectra of leaf extracts taken before
and after synthesis of AuNPs were analyzed. This analysis
shows the presence of functional groups in this extract, which
helps in the formation of AuNPs.

RESULTS AND DISCUSSION

Absorption spectra of gold nanoparticles of Cymbopogan
citratus is shown in fig. 1. Reduction of gold iron into Au
particles during exposure to the plant extracts could be
followed by colour change. Au nanoparticle exhibit pinkish
Red colour in aqueous solution due to the surface plasmon
resource. The result obtained in this investigation is very
interesting in terms of identification of lemon grass is
Cymbopogan citratus for synthesizing the Au Nanoparticles.
UV-vis spectrograph of the colloidal solution of gold
nanoparticles has been recorded. Absorption spectra of Au
nanoparticles formed in the reaction media has absorbance
peak at 540.

In figure, 2a&b. From Tem Analysis it is possible to identify
large population of poly dispersed gold NPS Consisted of
Spherical, triangular, hexagonal and rod shapes. The resultant
histograms representing the size distribution of the particles
were obtained by digital analysis of images containing at least
243 particles. The distribution of the particle diameters showed
as main peak located between 1 and 40 nm and the sizes
ranging with an average particles size of 20nm. A percentage
distribution for each different shape and size of particles is
shown in the fig.3 & 4. From this figure, it can be seen that the
spherical particles are more than that of hexogen, triangle &
rod shapes. The Stability of the resultant solution was
confirmed by UV-visible and Tem Analysis. This figure also
shows the Tem images of the biogenic gold nanoparticles and
the corresponding electron diffraction patterns of the particles
obtained using Cymbopogan citratus. The SAED pattern was
obtained by aligning the electron beam perpendicular to the
triangular facet of the nanoplate. The hexagonal symmetry of
the diffracted spots suggests the single crystalline nature of
gold nanotriangle lying flat on the TEM grid (Germain et al-
2003).

Fig. 1Absorption spectra of gold nanoparticles of Cymbopogan citratus
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Fig. 2a Percentage of gold nanoparticles of Cymbopogan citratus with
different particle size

Fig. 2b Percentage of gold nanoparticles of Cymbopogan citratus with
different particle shape

Fig 3&4 TEM images and corresponding size distribution of gold
nanopartcles obtained by reduction of HAuCL4 with Cymbopogan citratus.
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The fig 5 i.e Particle size Analyzer shows the nanoparticle sizes
ranging from 10 to 110 nm.

The presence of the elemental gold can be seen in the graph
presented by the EDX analysis, which indicated the reduction
of gold ions to goldnanoparticles (Fig.6). The EDX profile
shows a strong gold signal along with weak oxygen, which
may have originated from the biomolecules bound to the
surface of the gold nanoparticles. It has been reported that
nanoparticles synthesized using plant extracts are surrounded
by a thin layer of some capping organic material from the plant
leaf broth and stable in solution after synthesis.

XRD patterns obtained for gold nanoparticles synthesized
using lemon grass is shown in fig.7. The experimental data
obtained from X-ray diffraction (XRD) of very small particle is
quite difficult to analyse.

Nanoparticles in XRD patterns exhibit several different size
dependent features leading to anomalous peak position height
and width. XRD analysis is mainly taken to study the
crystalline nature of the gold nanoparticles. A number of Bragg
reflections corresponding to the (111), (200), (220), (311) and
(222) sets of lattice planes are observed. The XRD pattern thus
clearly shows that the gold nanoparticles formed by the
reduction of HAUCl4 by lemon grass leaves extract are
crystalline in nature.

FTIR analysis was used for the characterization of the extract
and the synthesized nanoparticles and shown in fig 8. The
FTIR spectra of (Lemon grass) Cymbopogan citratus extract
before and after bioreduction did not show any significant
changes. The FTIR spectrum of the leaf extract showed bands
at 3460.3 and 1033.85 cm-1 is the characteristic of the
hydroxyl functional group in alcohols and phenolic
compounds. The band at 1033.85 cm-1 can be assigned to the
amide 1 band of the proteins released by the Cymbopogan
citratus or to alkyl halide C-f stretch. The FTIR spectrum of
gold Nanoparticles showed bands at 1448.54, 1643.35,
2360.87, 2856.58 cm-1. the band at 1448.54 cm-1 corresponds
to the c=c stretching vibration of Nitro groups of aromatics.
The bands at 1643.35 and 2360.87 cm-1 corresponds to the
amides of c=o stretching and P-H stretch of phosphines. The
bands at 2856.58 and 2918.30 cm-1 can be assigned to the

Fig.5 Size of gold nanoparticles in Particle size analyser

Fig.6 EDX spectrum of gold nanoparticles of Cymbopogan citratus

Fig.7 X-ray diffraction measurements of gold nanoparticles of
Cymbopogan citratus

Fig.8 FTIR analysis of gold nanoparticles
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carloxylic acids. The observed peaks are more characteristic of
flavanones and terpenoids that are very abundant in lemon
grass leaves extract.

CONCLUSION

Biocompatible and rapid synthesis of gold nanoparticles using
the leaf extract of cymbopogan citrates is demonstrated with
possible role of different phytochemicals as reducing and
stabilizing agents. The present investigation provides a new
possibility for synthesis gold nanoparticles using natural
products. These nanoparticles shows special geometrical
structures such as triangles and hexagons are obtained having
absorption coefficient in the NIR region, which makes it very
attractive in photonic devices such as optical sensors and NIR
absorbers. These rapid time scaled methods for the synthesis of
Gold nanoparticles using environment friendly natural
resources are need to be  Explored and focused on.
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