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Abstract: Composite silicate powder containing silver nano-particles were prepared by sol–gel method to investigate the
effect of annealing temperature. The sol gel samples were annealed in the air environment at 450 and 550°C for the formation
of silver nano-particles. Evolution of silver nano-particles in the amorphous SiO

2
 matrix as a function of annealing temperature

with different concentration of silver has been studied. Structure, morphology and optical properties of nano-particle formation
in the matrix were characterized by X-ray diffraction (XRD), Fourier transform infrared spectroscopy (FTIR) and UV–VIS
Spectrophotometery. Spherical, isolated and well dispersed Ag nano-particles with size between 12 and 25 nm were produced.

Keywords: Ag Nanoparticles, Silica Gel, Solgel and Temperature

International Journal of Electronics Engineering, 2(1), 2010, pp. 225-228

*Corresponding Author: surender6561@yahoo.co.in

1. INTRODUCTION

Metal composites have received a vast deal of interest in many
fields, such as adsorptive, separation and purification
processes, catalysis and also water treatment, which is
attributed to their distinctive physicochemical properties [1–
5]. Actually, the high performance in these composite
materials is attained by tailoring their phase structure in the
micro-sized range. A versatile methodology is used to produce
them in the presence of solid carrier, such as polymeric
materials [5–7]. Several papers have been published recently
on the optical properties of colloidal metal particles in glasses
prepared from the melt [ l-3 ] and in a Vycor glass [4], The
great interest in these materials arises from their exotic
properties, such as optical nonlinearities. The influence of
rough metallic surfaces on luminescence of organic dyes is
of considerable interest in connection with surface-enhanced
luminescence of the dyes; some progress has been achieved
in fundamental understanding of the phenomena [5-10]. In
the experimental work testing these it has been shown, by
using molecular spacers that luminescence intensity depends
on the distance between the dyes and the silver particles [8-
10]. Because of potential practical uses of dyes incorporated
in transparent, media for solar concentrators [11-12], and
lasers [13-14], it is important to find a way of simultaneously
introducing silver particles and organic dyes into media
having thickness much larger than one monolayer. These uses
arise from the fact that submicroscopic silver particles
enhance the coupling between the oscillating dipole of the
molecule and incoming light photons by increasing the photon

field by resonantly light-driven plasma oscillations. In this
paper we present effect of doping concentration of silver
and calcination temperature with prolonged annealing time
mainly supports the development of the silver silicates
nanocrystallites in case of silver-containing-silica. The stem
of this study is in the results of our earlier report [15-16],
in which, we demonstrated that the effect of temperature
and time on Fe

2
O

3
-SiO

2
, and Nd

2
O

3
-SiO

2
 nanocomposites.

It was observed that the annealing temperature and time
dependences of the formation of Nd

2
O

3
nanocrystallites and

iron oxide as well as their distribution in fused silica matrix.
We found average size of the silver nanocrystallites in a
silica matrix was~17.8nm. Characterizations have been
made by the X-ray diffraction (XRD), Fourier transform
infrared spectroscopy (FTIR), and UV-VIS-NIR
spectroscopy data are of the prepared samples.

2. EXPERIMENT

Silver silicates were prepared by mixing high purity reagents
(CH

3
CH

2
O)Si (TEOS) Tetraethoxy silane (Aldrich 99.999),

ethanol (Aldrich 99.9995), and deionized water, in the
presence of hydrochloric acid as catalyst (Aldrich 99.995).
To prepare the Ag/SiO

2
 molar ratio of TEOS: H

2
O: HNO

3
:

C
2
H

5
OH was 1:11:0.2:5.

The 0.5-1.75 wt% of AgNO
3
was introduced in the pre-

hydrolyzed solutions. About 85% of the total water was used
for hydrolysis and condensation reaction and rest for the
dissolution of AgNO

3
. The resultant homogeneous solutions

were filled in a mold and placed in drying oven. The gelation
acts after 23 days. After gelation the samples were still left
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inside the oven for 25 days, for ageing (which result in a
further shrinkage and stiffening of the gel), until no shrinkage
appear. The optical absorption spectra (in the wave length
range 200-800nm) were obtained at room temperature using
a dual beam spectrometer (Perkin-Elmer, model lambda-19).
A silica glass was used as a reference sample. The X-ray
diffraction (XRD) patterns of the prepared samples were
recorded with a Philips X-ray diffractometer PW/1710; with
Ni filter, using monochromatised CuKα radiation of
wavelength 1.5418 A° at 40KV and 30 mA. Infrared spectra
were collected from with a Perkin Elmer 1600
(spectrophotometer) in 4400-400 cm–1 range.

3. RESULTS AND DISCUSSION

3.1. XRD

Fig.1 shows the X-ray diffraction pattern of the powdered
samples heated at the indicated temperatures and time
durations. All diffraction patterns show a broad band,
centered at about 23 degrees, indicating the amorphous
structure of silica. It is also observed that the amorphous
band becomes narrower when the annealing temperature is
increased. According to the results that will be shown later,
these changes can be attributed to an increment in the
structural order of the amorphous SiO

2
toward the cristobalite

phase, one of the crystalline forms of the SiO
2
.

Figure.1: XRD Pattern of the Silver Doped Samples Annealed at
(a) 450°C (30min), (b) 550°C (30min) and (c) 550°C
(30min)

Fig.1 (a) shows the x-ray diffraction patterns of powders
sample, with 0.5 wt% of AgNO

3
. The samples were heated

in air at the indicated temperatures 450°C for 30 min. The
patterns of samples heated 450°C, also show the broad
amorphous band. The x-ray pattern (b) of the samples with
1.01 wt% of AgNO

3
 heat treated at temperatures of 5500C

for 30 min show crystalline diffraction lines corresponding
to metallic Ag at 2θ = 29.3°. The pattern (c) corresponding
to the sample with 1.75 wt% of AgNO

3
 heat treated at 5500C

for same time duration, silver crystalline peak that is
relatively strong and broad, appeared at 2θ = 29.3°, 38.3°,
and 44.2°. Notice that the amorphous diffraction band is
weak appears in this last pattern. The mean size of silver
nano-particles was estimated by Scherer’s equation

d = 0.9 λ/(β cos θβ)

where, d is the mean diameter of the nano-particle, λ is
wavelength of Cu Kα X-ray radiation source, β is the angular
width at FWHM of the X-ray diffraction peak at the
diffraction angle θβ. Mean silver particle sizes (diameters)
estimated in the silica matrix varied from about 15-30 nm
in these composite samples.

3.2. Fourier Transforms Infrared Spectroscopy

Fig.2 show the FTIR spectra of the samples (annealed at
different sintering temperatures) in the region 400–4400 cm–1.
In general, in FTIR spectra 3497 cm–1 and 3400cm–1 is
assigned to the peaks of the H

2
O and hydrogen bonded Si-

OH band, respectively [17]. The study, the H-O-H band
overlaps with the surface hydroxyl group vibration and
results in the broadening of the band.

Figure.2: Infrared Spectra of a Silver Doped silica matrix heated
at (a) 450°C (30min), (b) 550°C (30min) and (c) 550°C
(30min)
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Fig.3 (a) and (b) shows the samples with 0.5 wt% and
1.01 wt% of AgNO

3
 and treated at the indicated

temperatures. For both annealing temperatures, both sets of
samples showed absorption bands centered at about 466.0,
565.72, 799.37, 960.45 and1090 cm–1 respectively. Similar
spectra have been previously reported for silica based
samples and have been associated with, bond-rocking, bond-
bending and bond-stretching vibrations of the Si-O-Si units
[18-19].

Figure.3: Absorption Spectrum of Sample Annealed at at (a) 450°C
(30min), and (c) 550°C (30min)

For the spectra of samples with 1.75 wt % of AgNO
3

heated at 550°C for 30 min which according to x-ray
diffraction are already crystallized into the α-cristobalite
phase, the following changes were observed: (i) a decrease
in the line width of the stretching mode (1084cm–1) in
samples, similar results have been previously reported [20],
The additional band at 571.75 cm–1, assigned to TO-A2
symmetry modes, and the splitting of the bond banding have
been previously observed in á-cristobalite samples [21-22].
The absorption in the region of about 850–1084 cm–1 was
decomposed into gaussian curves with peaks, located at
960.45, and1084 cm–1 for samples with 1.75 wt % of AgNO

3.

The spectra of samples heat treated at 450°C show an
example of the deconvoluted band streatching. The bands
at 1084 cm–1 have been previously associated with (TO)
transverse optical modes in the SiO

2
 structure [23]. Notice

that these bands are wider for sample of 1.01 wt % of AgNO
3
.

The band at about 962.46 cm–1 in samples of 0.5 wt % of
AgNO

3
heated at 450°C is associated with stretching

vibrations of Si OH groups [24]. This band is dramatically
reduced in samples heated at higher temperatures. The band
at 960.45 cm–1 in samples with 1.75 wt % of AgNO

3
 is

assigned to stretching vibrations of the last two atoms in
terminal chains of the form Si –O- M, where M is an alkali

atom (Ag or K). In previous articles reporting IR data of
silica based samples with alkali ions, a band in the range of
980–1070 cm–1 was been attributed to stretching vibration
of the type mentioned above [25-26]. The incorporation of
the alkali ions M+ into the SiO

2
 matrix occurs when the M+

ion splits open some of the oxygen bridging bonds and then
gets attached to a neighboring Si

4
+ ion to form the Si –O- M

chains [25-26].

3.3. Optical Spectra

Fig. 3 shows the measured absorption spectra in the range
of 200 to 800 nm for the samples with 0.5wt% of AgNO

3

and with 1.75 wt% of AgNO
3
and heat treated at 450°C and

550°C for constant time duration respectively. The spectra
shown absorption band centered at about 400 nm, being
wider for samples with 1.75wt% of AgNO

3
. This band is

associated with the absorption by surface plasmons in the
nanometric silver particles embedded in the SiO

2
 transparent

matrix [27-28]. According to Mie, if the particles do not
interact, the width of the absorption band is inversely
proportional to the size of the particles. The size of the Ag
particles obtained from fitting the Mie’s theory (continuous
line) was of 6.6 and 13.3 nm, respectively. The error for the
particle size is about 10% of the estimated value.

4. CONCLUSIONS

In summary we have shown that the doped silica samples
with 0.5wt% of AgNO

3
 (TEOS) have a different amorphous

structure than those with 1.01 to 1.75wt% of AgNO
3

(colloidal silica). This account for the different annealing
behavior observed in these samples. According to X-ray
diffraction and IR measurements, samples produced from
colloidal silica have a more disordered structure, which
results in a network with small channels. The latter allows
an easier diffusion of the Ag to form larger particles at lower
annealing temperatures.
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