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We reported here the synthesis, structural characterization and optical properties of silver nanoparti-
cles (Ag NPs). Chemical synthesis method was used to synthesize the Ag NPs. Ethylene was used as cap-
ping and reducing reagent. As prepared Ag NPs sample was characterized by X-ray diffraction, X-ray ab-
sorption spectroscopy (XAS), scanning electron microscope (SEM) and fourier transform infrared spectros-
copy (FTIR). Rietveld refinement of diffraction data revealed the dimensions of unit cell, hkl values, and
Fm-3m space group of Ag NPs. The average crystallite size was found to be ~ 38.5 nm. Both X-ray absorp-
tion near edge structure (XANES) and Extended X-ray absorption fine structure (EXAFS) techniques at
silver K-edge at BL-9 beam line at Indus-2 synchrotron radiation source (2.5 GeV, 125 mA), RRCAT, In-
dore (M. P.), India. A computer software package IFEFFIT was used to analyze physical parameters. FTIR

revealed chemical bonding and symmetry of molecules.
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1. INTRODUCTION

Metal nanoparticles have been of immense interest
due to their unique features such as, optical [1], anti-
bacterial [2] and catalytic properties [3]. Silver nano-
particles (AgNPs) have been widely studied for many
decades due to their sole features and extensive range
of applications. Their uses antibacterial activity [2, 4],
biosensing [5] and imaging [6]. Among these applica-
tions, antibacterial activities have much attention be-
cause they potentially offer a solution to the problem of
antibiotic resistance [7]. The silver was widely applied
in wound treatment, medical devices, water purifica-
tion, air treatment, cosmetics, aqueous paint etc. Along
with the rapid development of nanotechnology, special
attention has been focused on the Ag nanoparticles
because of their exhibited stronger microbial activity
and wider range of applications. Due to high electrical
conductivity, the Ag nanoparticles are also applied in
conductive inks, adhesives and pastes for variety of
advanced electronic devices. In the present investiga-
tion the synthesis of Ag NPs by chemical route is dis-
cussed, which is an easy, simple and convenient route
for preparing metal particles in nanometer range [8, 9].
The prepared silver nanoparticles were characterized
using XRD, FT-IR SEM and EXAFS.

2. METHODS AND MATERIALS
2.1 Materials and Synthesis of Ag Nanoparticles

The Silver nanoparticles were prepared by chemical
method [9-13]. Initially 1.0 gram of silver acetate was
mixed with 50 ml of ethylene glycol (EG) in a 100 ml
3-neck round bottle flask, equipped with condenser and
thermometer. The chemical mixture was heated to
160 °C. The color of complex changed from off white to
light grey and then finally nearly black after an inter-
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val of about 1hr which indicates the initiation of for-
mation of silver nanoparticles. The reaction was con-
tinued for another two hour. After the completion of the
reaction the mixture was cooled to room temperature
and sample was separated in the beaker by 50ml etha-
nol. Then, the obtained precipitate was washed with
ultrasonic processor and 3-4 times by ethanol. After
washing the precipitate the sample was dried at 60 °C
and finally it was obtained in the form of dark grey
powder. As prepared nanoparticles were used directly
for the characterizations.

2.2 Characterizations

The silver nanoparticles were characterized by XRD
using Bruker D8 Advance X-ray diffractometer using (Cu
K-alpha) 0.154 nm wavelength. The X-rays were detected
using a fast counting detector based on Silicon strip tech-
nology (Bruker Lynx Eye detector). Further; the refine-
ment was carried out through the profile matching rou-
tine of the FullProf 2000 software package. Morphology of
synthesized AgNPs was characterized by scanning elec-
tron microscopy (SEM) (JEOL JSM 5600). A few mi-
crograms of the nanoparticles of the sample were added to
a fixed quantity of pure KBr and ground it systematically.
Afterward, a pellet of the uniform mixture was made for
this sample. The FTIR was obtained on a (Bruker, Ger-
many, Vertex 70) instruments with the sample as KBR
pellet in the wave number region of 400-4000 cm~1. X-ray
absorption fine structure studies (EXAFS) at K-absorption
edge of the silver nanoparticles. The results were recorded
in the EXAFS beam line BL-9, synchrotron radiation
source (2.5 GeV, 125 mA), RRCAT, Indore. Theoretical
model has been generated from the available standard
crystallographic database (COD-1100136) and was fitted
with the experimental data.
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3. RESULTS AND DISCUSSION

3.1 Structural Characterization

Fig. 1 represents the XRD patterns of prepared Ag
NPs sample.
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Fig. 1 — Structural Rietveld refinement of XRD patterns of Ag
NPs

The peaks in the XRD spectra arising from corre-
sponding Bragg’s (hkl) planes for various diffraction
positions were recorded as (111), (200) and (220) at 20
values ~ 38.1°, 44.26° and 64.44° respectively, which
indicates the Ag NPs are in crystalline FCC phase in
nature with (JCPDS file # 04-0783) space group F m-
3m and determined Cell Parameter is 4.089 A. The
broadening of Bragg’s peak indicated the formation of
nanoparticles. The sheerer relation [14] was used for
the determination of average particle size (L)

_0.94
Beos(6)’

where, 1 is the incident X-ray wavelength, B=Full
width at half maxima (FWHM) of the peak and 6 is the
Bragg diffraction angle. The average particle size was
determined ~ 38.5 nm.

Further, Rietveld refinement was done by using
FullProf 2000 software package. The pseudo-Voigt
function was used to model the Bragg peaks. Corre-
sponding fit values were found such as Profile Factor
(Rp) 66.4, Weighted Profile Factor (Ruwp) 45.4, Expected
Weighted Profile Factor (Rep) 37, Bragg factor (Rs)
8.67, Crystallographic Rr Factor 6.26 and x2 1.503 re-
spectively.

3.2 Scanning Electron Microscopy and Energy
Dispersive X-Ray Analysis

Scanning Electron microscopy (SEM) techniques
was used to analyze the surface morphology of the Ag
NPs shown in Fig. 2. It was observed that all the parti-
cles have spherical-shape and aggregates into bigger
particles with no well-defined morphology.

For the confirmation of formation of AgNPs EDAX
study was used. The EDAX results were shown in
(Fig. 3). EDAX results recorded for silver nanoparticles,
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which showed a strong signal at 3 keV and few weak
peaks were observed. Throughout the scanning range
of binding energies, there is no peak to detect the im-
purity. This result indicated that the product was com-
posed of high purity Ag nanoparticles.

.

Fig. 2 — SEM image of Ag NPs
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Fig.3 — EDAX spectra of Ag NPs

3.3 Fourier Transform Infrared Spectroscopy

To find the ionic state of the Ag NPs, FTIR meas-
urements were carried out to identify the potential
functional groups of the molecules in the EG, which is
responsible for the reduction of the silver ions.
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Fig. 4 — FTIR Spectra of Ag NPs

These functional molecules are associated with sil-
ver nanoparticles. FTIR spectra (Fig. 4) had shown that
the band at 3430 cm~! corresponds to N-H stretching
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due to amines groups. The band at 2929 cm-1,
2854 cm-1 and 2368 cm~-! are corresponds to O-H
stretching of secondary alcohols. The band at
1573.40 cm—! corresponds to N-H bend amines. The
transmittance peak at 509 cm-1! corresponds to C—H
bend alkenes. These observed peaks indicated that the
carbonyl group formed amino acid residues capped on
the surface of silver nanoparticles and reduces the par-
ticle size.

3.4 XAFS Study

If Io and I were intensities obtained without and
with placing the sample respectively in transmission
mode then, I= le~**, where u(E) is absorption coeffi-
cient corresponding to the photon energy (E) and x is
the thickness of the absorber. The computer software
package IFEFFIT was used to analyze the obtained
experimental data. Synthesized AgNPs were character-
ized at Ag K-edge ~ 25514 eV. The spectrum obtained
after characterization is shown in Fig. 5.

=— Ag Nanoparticles'

w (E)

|

25400 25600 25800 26000 26200 26400
Energy (eV)

Fig. 5 — EXAFS spectrum of Ag nanoparticles

In X-ray absorption near-edge structure (XANES)
region, ejected photoelectron probes the empty density
of electronic states of the materials. As a result,
XANES has long been known to be rich in chemical and
structural information, short-range order around an
absorbing element and can be Ag if Ag NPs are under
investigation [13]. The normalized derivative spectra
obtained from AgNPs is comparable with the normal-
ized derivative spectra of standard Ag (metallic foil)
obtained from Hephaestus computer Software package.
This result is shown in Fig. 6.

Fig. 7 shows fitted Fourier Transform results in real
space. Theoretical model was generated using the stand-
ard crystallographic data and fitted with the experi-
mental results. The input parameter Rprg, which decides
the maximum frequency of the background, was set to
1.0 A. Fourier transform was achieved over the k-range:
Fmin=3 A, kmax =T A. Data were fitted in the R-space by
using k-weight 2 and fitting was carried out for coordi-
nation shells in the range 1 A-4 A. We used two scatter-
ing paths using FEFF calculations and R-factor was
found to be good (0.006). The single value of passive elec-
tron reduction factor (So?) and energy shift for each path
(AEo) was used in both the scattering paths but different
values of AR guessed for both paths. Values obtained
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Fig. 6 — XANES results obtained from Hephaestus and Ag
NPs
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Fig. 7—Magnitude of Fourier transform of the x(R) versus R
curve

were in reasonable range (So?2=0.7, AEo=—1.7). The
Ag-Agl.1 bridging distance was found to be 2.86 A and
Ag-Ag1.2 bridging distance was found to be 4.08 A and
in both scattering paths Debye factor (o2) was found to
be 0.01.

4. CONCLUSIONS

In outline, we have described a suitable method to
synthesize the Ag NPs of average particle size 38.5 nm.
This synthesis method is much easier than other physi-
cal methods reported earlier and is very hopeful for the
low-cost and large scale production of Ag NPs. It was
found that Ag NPs have unique optical property,
which, depend on the size and shape of the synthesized
nanoparticles. The value of R-factor and passive elec-
tron reduction factor are reasonable good as reported
earlier.
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