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Microstructure and surface morphology of AgO nanocrystallites (25 nm) supported on SiO2 and subjected
to heat treatment in air up to 500 ◦C have been studied by transmission electron microscopy, scanning electron
microscopy, and the Fourier transform infrared spectroscopy measurements. It has been found that heating at
500 ◦C resulted in spreading of AgO over silica and formation of quasi two-dimensional amorphous phase (silicate
precursor) exhibiting very weak band at 566 cm−1 have appeared in the Fourier transform infrared spectroscopy.
Nanocrystalline silver silicate of unde�ned structure formed at 300�500 ◦C.

PACS: 61.46.Df, 61.46.Hk, 78.67.Bf

1. Introduction

Synthesis and characterization of nanosized metal-
lic powders have attracted attention of the materials
community due to their promising properties. Metal-
lic nanoparticles have many potential applications such
as heterogeneous catalysts, surfaces of heat exchangers,
thermometers at ultra low-temperatures, memory de-
vices, gas sensors, optical switches etc. [1, 2]. Their use
in several natural and inorganic materials has been used
as antimicrobial agents [3]. However, among them, silver
or silver ions have been long known to have widespread
antibacterial activities [4�6]. Therefore, there have been
a broad range of commercial usages of silver or silver ions
as antibacterial agents.
Materials containing metal nanoclusters have tradi-

tionally been prepared by a variety of chemical or phys-
ical methods. Among various methods, sol�gel has been
largely used for the preparation of inorganic oxide, due to
its versatility and low cost. In this method, the synthesis
of materials starts from precursors and oxide network is
obtained via hydrolysis and condensation reactions that
occur in solution. This method allows the incorporation
of di�erent species such as atoms, molecules or ultra�ne
particles into dried glass. These species are added in
the precursor solutions producing characteristic proper-
ties in solid-glasses. The optical properties of silica based
nanocomposites, synthesized using chemical process, de-
pend on the type and amount of the incorporated species
[7�14]. In recent past, the physical properties of silica
glass containing the di�erent amounts of silver were dis-
cussed [15�17]. Recently, it has been shown that silica
glasses containing certain amounts of silver, prepared by
sol�gel method, can be crystallized in cristobalite phase
at annealing temperatures much lower than 500 ◦C pre-
dicted by the phase diagrams.
In the present report, we have studied e�ect of calci-

nations temperature with prolonged annealing time that
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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 re-
port [18], in which we demonstrated the e�ect of temper-
ature and time on Nd2O3�SiO2 nanocomposites. The an-
nealing temperature and time dependence of the forma-
tion of Nd2O3 nanocrystallites as well as their distribu-
tion in fused silica matrix were observed. We found that
the average size of the silver nanocrystallites in a silica
matrix was ≈ 25 nm. The scanning electron microscopy
(SEM), transmission electron microscopy (TEM), and
the Fourier transform infrared (FTIR) spectroscopy data
for silver silicates are presented.

2. Experimental

2.1. Preparation of bulk samples

The principle and basic technique of the sol�gel process
were described in detail in Ref. [18]. Silver silicates were
prepared by mixing high purity reagents (CH3CH2O)Si
tetraethoxy silane (TEOS) (Aldrich 99.999), ethanol
(Aldrich 99.9995), and deionized water. To prepare the
samples, the molar ratio of starting solution was taken as
TEOS:AgNO3:H2O:HNO3:C2H5OH was 1:0.2:11:0.5:8.
The pH of resultant solutions was three. The resultant
homogeneous solutions were �lled in a mold and placed
in drying oven at 25 ◦C. The gelation occurred after 9
days. After gelation the samples were still left inside the
oven for 20 days, for ageing, until no shrinkage appeared.
Thermal treatments were then done in air, at di�erent
temperatures (200, 300, 400, and 500 ◦C) and time (1 h).

2.2. Characterization

The particle size and aggregation state of particles were
further measured with transmission electron micrograph
(TEM, JEOL, JEM-1010, Japan) at 80 kV accelerating
voltage. Infra red spectra in the wave number range
2000�400 cm−1 were recorded with a FTIR spectrometer
(Perkin Elmer 1600). SEM of the samples was done with
JEOL-JSM-T330-A 35 CF microscope at an accelerating
voltage of 20 kV.
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3. Results

3.1. FTIR

Figure 1 shows the infrared absorption spectra, in the
range 500�4000 cm−1, and treated at the indicated tem-
peratures 300, 400, and 500 ◦C. For annealing tempera-
tures 300 ◦C, samples showed three absorption bands cen-
tered at about 450, 800, and 1050 cm−1, which are the
most important peaks related to Si�O�Si bonds [19, 20].
These peaks are related to the bending vibration, sym-
metric and stretching vibration modes of this bond, re-
spectively. For the spectra of samples heated at 400 ◦C,
there is also a shoulder peak at about 1636 cm−1 which
is related to the Si�O�Si bond [1].

Fig. 1. FTIR spectra of silver doped in silica matrix
at di�erent temperatures: (a) 300 ◦C, (b) 400 ◦C and
(c) 500 ◦C.

In addition, an additional sharp absorption band ap-
peared at about 625 cm−1, assigned to TO-A2 symmetry
modes. The spectra of samples heat treated at 500 ◦C
show an example of the deconvoluted absorption band
(Si-OH). The bands at 1070 and 1200 cm−1 have been
previously associated with TO and LO optical modes in
the SiO2 structure, respectively [19]. The bands at about
950 cm−1 in samples heated at 500 ◦C are associated with
stretching vibrations of Si-OH groups [20]. This band is
dramatically reduced in samples heated at higher tem-
peratures. The absence of nitrate peak at about 1300�
1400 cm−1 and organic bond related peaks show that all
of the nitrate and organic groups are burned and removed
from the system during thermal treatment. There is a
peak at 3409 cm−1 which is related to the H2O groups.
It can be seen from Fig. 1 that peak at 566 cm−1 has

appeared in the FTIR of silica due to the Ag doping.
In the FTIR spectra this peak can be seen with higher
intensity which is a result of thermal treatment of the
sample at higher temperatures.

3.2. SEM

In order to study the morphology of heat treated sam-
ples, SEM micrographs are shown in Fig. 2. Micrograph
(a) (calcined at 200 ◦C for 1 h) shows the morphology of
amorphous Ag-doped silica. The structure of amorphous
Ag-doped silica (dark patches) is similar to thick lamellar
structure. With increasing temperature (micrograph (b),
calcined at 300 ◦C for 1 h) the content of water molecule,
Si-OH and volatile materials decreases, which con�rms
the initial phase of crystallinity of the silver oxide in sil-
ica matrix. The structure of patches (silver oxides/sili-
cates) is irregular. In order to overcome the problem of
nonuniform distribution/dispersion, the introduction of
glass modi�ers such as aluminum or phosphorus in silver�
silica binary system shall be the subject of further consid-
eration. Micrograph (c) (calcined at 400 ◦C for 1 h) shows
that all the dark patches were replaced by white patches
due to concentration quenching of silver oxide in silica
matrix and their size ranging 30�80 nm. Finally thermal
treatment of the sample (micrograph (d)) at compara-
tively high temperature (500 ◦C) for prolonged sintering
(1 h) provides much improved crystallinity and dispersion
of silver in a fused silica matrix. One may note that, in
this micrograph, the structure of agglomerated particles
is similar to rod shaped and thick lamellar quasi-spherical
shape may be identi�ed as silver silicates and their size is
in the range 15�80 nm. These observations also support
FTIR data of the corresponding condition. This micro-
graph indicates that the microstructure of silver doped
silica powder prepared by sol�gel technique can be fa-
vorably controlled by selecting correctly both the heat
treatment time and temperature.

Fig. 2. SEM micrograph of silver doped in silica ma-
trix at di�erent temperatures: (a) 200 ◦C, (b) 300 ◦C,
(c) 400 ◦C and (d) 500 ◦C.
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3.3. TEM

The TEM spectra of the samples annealed at 300 ◦C,
400 ◦C, and 500 ◦C are shown in Fig. 3a�c, respectively.
Figure 3a shows agglomerates of small grains and some
dispersed nanoparticles which are more or less spheri-
cal. Figure 3b shows particles spherical and close to the
square for the large ones. Figure 3c shows agglomerates
of small grains and some dispersed nanoparticles. The
particle size of silver particles (right-hand illustration in
Fig. 3) shows that the particles range in size from 8 to
50 nm with mean diameter 24 nm.

Fig. 3. TEM pictures of silver doped in silica matrix
at di�erent temperatures: (a) 300 ◦C, (b) 400 ◦C and (c)
500 ◦C.

4. Discussion

Silver silicates were successfully prepared by the sol�
gel technique and characterized by FTIR spectroscopy,
SEM and TEM. The heat treatment forms silver doped
in silica nanocrystallites in the range 25�45 nm in the
sample. The presence of IR band at around 950 cm−1 for
the 400 ◦C dried gels (Fig. 1) con�rmed the presence of
non-bridging oxygen other than those belonging to Si-OH
groups. With the increase of temperature, the densi�ca-
tion of silicate network was followed by elimination of
residual organics; mainly carbon and water were formed
by condensation reaction. It is also noticed that silver
clusters formed at 500 ◦C are stable and do not show any
degradation of their optical properties with aging.
In relation to the surface morphology of the samples

and the annealing temperature, in this system, high tem-
perature treatment leads to a semi circle-like morphology
of Ag/SiO2 clusters (Fig. 2). TEM results showed that
the aggregates around these circles are Ag-rich areas. It
seems that these semi-circle-like pores are created due to
the exhaust of the gases resulting from nitrate decompo-
sition to the formation of Ag-rich clusters around these
pores.

Work is in progress on the characterization of the non-
-linear optical properties of the obtained samples.

5. Conclusions

The sol�gel process successfully prepared silver-doped
silica samples. The samples were characterized by FTIR
spectroscopies, SEM and TEM, and the formation of
Ag/SiO2 nanocomposites was con�rmed. It is found that
the morphology and evolution of the system as a function
of the annealing temperature is necessary for obtaining
a nanoclusters distribution in silica matrix.
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