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Silver nanoparticles have been synthesised by chemical reduction of silver nitrate
solution by ethanol. The samples have been characterised by X-ray diffraction
study. Transmission electron microscopy reveals the nanostructure of the
particles produced. This study infers that the particles are mostly spherical
in shape and the sizes are within 18 nm. The surface plasmon resonance peak
in the UV-Vis absorption spectra shows maximum absorption at 422nm.
Fluorescence spectra of silver nanoparticles, which show an emission peak at
470 nm have also been studied.
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1. Introduction

Nanoparticle syntheses are of fundamental importance in the advancement of recent
research [1-5]. The synthesis of metal nanoparticles has received much attention because of
their optical, electronic, magnetic and catalytic properties, which depend on their size and
shape [2,3]. Moreover, noble metal nanoparticles show surface plasmon resonance (SPR)
in the visible range as well as in the infrared range. The SPR phenomenon is due to the
collective oscillation of free electrons of the metal nanoparticles in resonance with the
frequency of the lightwave interacting with the metal nanoparticles. Basically, SPR
absorption peak occurs in metal nanoparticle only. Hence, the existence of SPR peak is the
primary signature of metal nanoparticle formation. In nanoparticle synthesis, it is very
important to control not only the particle size, but also the particle shape and morphology
as well. In the present investigation, we discuss the synthesis of silver nanoparticles by
chemical reduction method [4], which is a simple and convenient route for preparing silver
nanoparticles in nanometre range. The colloidal solution of silver nanoparticles has been
examined under X-ray diffraction (XRD), transmission electron microscopy (TEM),
UV-Vis absorption spectroscopy and photoluminescence spectroscopy (PL). It has been
revealed that the prepared nanoparticles are within 18 nm, having months-long stability.
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Figure 1. Reddish brown colour of silver nanoparticles dispersed in chloroform.

2. Synthesis of silver nanoparticles

Several approaches have been developed for the preparation of silver nanoparticles.
Among them, the chemical approach is an easy process. Fine and uniform silver
nanoparticles can be produced through the reduction of silver nitrate solution by ethanol
at a temperature of 70-90°C under atmospheric conditions [4]. In this synthesis process,
10 mL of aqueous solution containing silver nitrate (0.3 g of AgNO3), 1 g sodium linoleate
(CgH3,0Na), SmL ethanol and 1 mL linoleic acid (C13H3,0,) are added in an autoclave
tube under stirring. The system has been sealed and treated at the temperature between
70°C and 90°C for 5h. In the aqueous solution of silver nitrate, sodium linoleate and the
mixture of linoleic acid and ethanol is added in order. A solid phase of sodium linoleate,
a liquid phase of ethanol and linoleic acid and water ethanol solution phase containing
silver ions formed in the system. Ethanol in the liquid and solution phases reduced the
silver ions. Along with the reduction process, linoleic acid is absorbed on the surface
of the silver nanoparticles with the alkyl chains on the outside through which the produced
silver nanoparticles gain hydrophobic surfaces. After cooling to room temperature, the
produced silver nanoparticles have been dispersed in chloroform to form a homogenous
colloidal solution. The colour of the colloidal solution of silver nanoparticle is reddish
brown, as shown in Figure 1.

3. Results and discussion
3.1. X-ray diffraction analysis

The structure of prepared silver nanoparticles has been investigated by XRD study.
The XRD patterns of the sample prepared by the present reduction method are shown
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Figure 2. X-ray diffraction pattern of Ag nanoparticles.

in Figure 2. The XRD study indicates the formation of silver particles in the nanometre
range. From this study, considering the peaks at 45.1 and 64.7 degrees, the average particle
size is estimated by using Debye—Scherrer formula [6,7]:

0.9x
= 1
Wecos 6 M
where A is wavelength of X-ray (0.1541 nm), W is full width at half maximum (FWHM), 6
is the diffraction angle and D is particle diameter (size). Here, the instrumental broadening

at 45.1 and 64.7 degrees are 0.00632 and 0.00912. Considering these, the average particle
size is calculated to be 1542 nm with 13% error in the measurement.

3.2. Transmission electron microscopy analysis

The TEM image of the prepared colloidal solution of silver nanoparticles is shown in
Figure 3. The Ag nanoparticles (black portion) are spherical in shape with smooth surface
morphology. The diameter of the nanoparticles is found to be approximately 18 nm.

3.3. UV-Vis spectroscopy analysis

In metal nanoparticles such as in silver, the conduction band and valence band lie very
close to each other in which electron moves freely. These free electrons give rise to a SPR
absorption band [8,9], occurring due to the collective oscillation of electrons of metal
nanoparticles in resonance with the lightwave [6]. This absorption strongly depends on the
particle size, dielectric medium and chemical surroundings [9]. The UV-Vis the spectrum
of dilute dispersion of colloidal particles can be calculated from Mie theory [10]. For small
metal particles (diameter < 20 nm), absorption spectra significantly depend only on the
dipole oscillation [5,11]. Theoretically and experimentally, it is found that when size
decreases, the SPR peak shifts towards shorter wavelength side [5]. It is also found that
with the decrease in size, absorption spectra becomes weak and broad [5,11]. Similar is the
case for fluorescence [12—16]. This reduction method by ethanol produces spherical silver
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Figure 3. TEM image of Ag nanoparticles.
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Figure 4. The UV-Vis absorption spectra of Ag nanoparticles.

nanoparticles around 18 nm. The UV-Vis the absorption spectra of the silver nanoparticles
dispersed in chloroform is shown in Figure 4. The absorption (SPR) peak is obtained
in the visible range at 422 nm, which is in good agreement with the theoretical result.

3.4. Fluorescence spectroscopy

In silver nanoparticles, the radiative recombination of electron hole pair between d-band
and sp-conduction above the Fermi level produces emission [12—-17], which occurs
practically at 470 nm when excited with 350 nm of optical source. Moreover, the absorbed
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Figure 5. Fluorescence spectra of Ag nanoparticles dispersed in chloroform.

linoleic acid during the formation of silver nanoparticles further enhances the intensity
of emission [12—14]. Fluorescence spectra for silver nanoparticle are shown in Figure 5.
These spectra infer the possibility of silver nanoparticle to be used as ‘nano laser’ with
optical pumping.

4. Conclusion

We have prepared silver nanoparticles through the reduction of silver ions by ethanol,
which was dispersed in chloroform. XRD analysis, UV-Vis spectra, and TEM image reveal
the nanonature of the prepared samples. The size estimated from above studies is within
18 nm. SPR absorption peak is observed at 422 nm, whereas fluorescence peak is obtained
at 470 nm.
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