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Linoleic acid-protected gold nanoparticles have been synthesized through the chemical reduction of tetrachloroaurate ions
by ethanol in presence of sodium linoleate. The structure of these nanoparticles is investigated using transmission electron
microscopy, which shows that the Au nanoparticles are spherical in shape with a narrow size distribution which ranges from 8
to 15 nm. Colloidal dispersion of gold nanoparticles in cyclohexane exhibits absorption bands in the ultraviolet-visible range due
to surface plasmon resonance, with absorption maximum at 530 nm. Fluorescence spectra of gold nanoparticles also show an
emission peak at 610 nm when illuminated at 450 nm. UV-Vis spectroscopy reveals that these nanoparticles remain stable for 10

days.

1. Introduction

Nanoparticles (1-100nm) have been a source of intense
interest due to their novel electrical, optical, physical, chemi-
cal, and magnetic properties. They have significant potential
for a wide range of applications such as catalysis, magnetic
recording media, optoelectronic materials, magnetic fluids,
composite materials, fuel cells, pigments, and sensors. Their
uniqueness arises from their high ratio of surface area to
volume [1-6]. The synthesis of noble metal nanoparticles
with desired size/shape has enormous importance, especially
in the emerging field of nanotechnology. There is presently
great interest in the optical properties of gold nanoparticles
due to the various applications they have in different fields.
These gold colloids show bright colour due to surface
plasmon resonance (SPR). This surface plasmon resonance
is the transverse oscillations of the surface electrons of the
particle on interaction with light of suitable wavelength.
Gold colloids show an absorption band in the visible range.
Here gold nanoparticles have been prepared by a simple
and convenient reduction method [7], which is a promising
approach for highly efficient synthesis of gold nanoparticles
with a more uniform particle size. The prepared gold
nanoparticles have been dispersed in cyclohexane and then
examined using X-ray diffraction (XRD), Transmission Elec-
tron Microscope (TEM), UV/Vis absorption spectroscopy,

and fluorescence spectroscopy (PL). The most important
factor is that the gold nanoparticles prepared by this process
remain stable for 10 days.

2. Materials and Method

Uniform gold nanoparticles can be obtained through the
reduction of tetrachloroaurate ions by ethanol at tempera-
tures between 30°C to 60°C under atmospheric conditions
[7]. In this synthesis process, 25 mL of aqueous solution
containing tetrachloroauric acid (1 g of HAuCly), 3 g sodium
linoleate (C;3H3,ONa), 20 mL ethanol (C;HsOH), and 5 mL
linoleic acid (C13H3,0,) are added in a capped tube under
agitation. The system is well capped and treated at the
temperature range 30°C to 60°C for 2 hours. In the aqueous
solution of tetrachloroauric acid, sodium linoleate and the
mixture of linoleic acid and ethanol are combined in order: a
solid phase of sodium linoleate, a liquid phase of ethanol and
linoleic acid, and water ethanol solution phase containing
tetrachloroaurate ions forms in the system. Ethanol in the
liquid and solution phases reduces the tetrachloroaurate ions
into gold nanoparticles. Along with the reduction process,
among all the reactant, only the linoleic acid gets absorbed
on the surface of the gold nanoparticles with the alkyl chains
on the outside through which the produced nanoparticles
gain hydrophobic surfaces. In this simple reduction process,



FIGURE 1: Pale reddish colour of the gold nanoparticles dispersed in
cyclohexane.

the role of linoleic acid is to protect the gold nanoparticle
from agglomeration, making a layer over it with its alkyl
chains on the outside giving a hydrophilic surroundings to
the nanoparticles. On changing the concentration of the
electrolyte, it is found that the colour becomes reddish on
adding linoleic acid at the same proportion. This reddish
colour of prepared nanoparticles indicates the conversion of
tetrachloroaurate ions into gold nanoparticles.

The produced nanoparticles having reddish brown in
colour actually, collected at the bottom of vessel after cooling
to room temperature, are then dispersed in cyclohexane to
form a homogenous colloidal solution of gold nanoparticles.
The colour of the colloidal solution of gold nanoparticles
becomes pale reddish due to dispersion in cyclohexane as
shown in Figure 1.

The structure of prepared gold nanoparticles has been
investigated by Bruker AXS model X-ray diffractometer.
Size and shape of the gold nanoparticles has been obtained
from TEM photographs which was performed on a JEM
1000C X II model instrument. The absorption spectra of
the gold nanoparticles was taken on a Perkin Elmer Lambda
351.24 model whereas fluorescence spectra was performed
on Hitachi; F-2500 model.

3. Results and Discussion

3.1. XRD Analysis. The XRD patterns of the sample prepared
by the present reduction method are shown in Figure 2. The
crystalline nature of the as-synthesized product is demon-
strated in the XRD measurements. The diffraction peaks at
45.3 degrees and 64.5 degrees match with those of a face-
centred cubic (fcc) Au as in JCPDS correspond to the planes
of (200) and (220), respectively. From this study, average
particle size is estimated by using Debye-Scherrer formula
[8, 9]. Here the instrumental broadening at 45.3 degrees
and 64.5 degrees are 0.00632 and 0.00912. Considering
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FIGURE 2: XRD pattern of gold nanoparticles.

the instrumental broadening, the average particle size is
calculated to be around (11 + 2) nm with 14% experimental
error.

3.2. TEM Analysis. Samples for TEM studies are prepared by
placing a drop of the gold colloidal solution on TEM carbon-
coated copper grid. The films on the TEM grids are allowed
to dry for a few hours after removing the extra solution using
blotting paper. TEM micrograph of the prepared colloidal
solution of gold nanoparticles is shown in Figure 3(a)
with a graphic of statistical size distribution of particles
in Figure 3(b). The Au nanoparticles (black portion) are
spherical in shape with smooth surface morphology. Though
the size range of the nanoparticle lie between 8 and 15nm,
about 80% of the nanoparticles were found to have size
approximately 12nm. After 10 days, it is found that the
reddish colour of the colloidal solution starts to deteriorate
slowly and the particles starts to agglomerate with time. So,
after 10 days particles remain no longer stable.

3.3. UV/Vis Spectroscopy Analysis. Noble metal nanoparticles
(Au, Ag, P, etc.) show a strong absorption band in the
visible range due to surface plasmon resonance. Surface
plasmon resonance is the coherent motion of free electrons
in the conduction band caused by interaction with an
electromagnetic field. The electric field of an incoming light
wave induces a polarization of electrons with respect to
the heavier ionic core of the nanoparticles. This induces
a dipolar oscillation of all the free electrons with the
same phase. When the frequency of the light wave become
resonant with the electron motion, a strong absorption
occurs which is the origin of observed colour of colloids.
Width of the absorption band and wavelength corresponding
to the surface plasmon resonance peak strongly depend
on size, shape, dielectric constant of nanoparticle, as well
as on the surrounding medium. For small metal particles
(diameter < 20 nm), absorption spectra significantly depend
only on the dipole oscillation [5, 6, 10-13]. This reduction
method by ethanol produces spherical gold nanoparticles
around 12nm. The UV/Vis absorption spectra of the gold
nanoparticles dispersed in cyclohexane is shown in Figure 4.
The absorption (SPR) peak is obtained in the visible range
at 530 nm which matches well with others result. Moreover,
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FIGURE 3: (a) TEM image of gold nanoparticles. (b) Graphic for particle size distribution.
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FiGUre 4: UV-Vis spectra of gold nanoparticles.

as absorption peak and width remains the same for 10 days,
so it indicates that nanoparticles remain stable for 10 days
without any agglomeration.

3.4. Fluorescence Spectroscopy. In gold nanoparticles, 5d
valence and 6sp-conduction electrons play the role for flu-
orescence spectra [12—18]. It has been reported by Liao et al.
[14] and Varnavski et al. [18] that 15 nm particles produce
fluorescence. Eichelbaum et al. [16] reported that 10 nm
gold nanoparticles show photoluminescence. The reason for
photoluminescence is attributed to the interband transition
from sp-conduction band above the Fermi level to the d-
band below. The radiative recombination of electron hole
pairs between this d-band and sp-conduction band produces
emission [12—-18], which occurs at 610nm for linoleic
acid protected gold nanoparticles (8—15nm), when excited
with 450nm of optical source (Xenon lamp-150 watt).
Moreover, the absorbed linoleic acid on gold nanoparticles
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F1GURE 5: Fluorescence spectra of gold nanoparticles.

surface further enhances the intensity of emission [14-17].
Fluorescence spectra for gold nanoparticle are shown in
Figure 5.

4. Summary

We have prepared gold nanoparticles through the reduction
of tetrachloroaurate ions by ethanol, which is dispersed in
cyclohexane. Here, linoleic acid acts as a stabilizer. XRD
analysis, UV/Vis spectra, and TEM micrograph reveal that
the prepared nanoparticles are spherical in shape with an
average size of 12 nm which remain stable for 10 days. SPR
peak is observed at 530nm whereas fluorescence peak is
obtained at 610 nm.
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