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Abstract

Metallic nanoparticles embedded in various glassy matrices are intensively studied due to
their ability to modify the physical and chemical properties of the bulk glass phase. These
nanomaterials dispersed in glasses find several applications, f. e. in ultra-fast non-linear pho-
tonics (e.g. optical and electro-optic modulators, switches, ultra-fast time response optical
sensors), plasmonics and telecommunications. Silver nanoparticles attract a great atten-
tion due to their electrical, optical, catalytic and biochemical properties. Therefore, the
researchers have focused on studying their physical, chemical, electrical, and optical proper-
ties (1, 2). Presence of metal silver nanoparticles in the glass matrix results also in unique
linear and non-linear optical properties due to strong surface plasmon resonance. Non-linear
properties of such nanocomposite materials depend mainly on the size, shape, distribution
and concentration of metal nanoparticles (2).

The formation of silver nanoparticles has already been investigated in common glass systems
based on silica, phosphate and borate oxides. However, these glasses exhibit much lower
non-linear (Kerr) EO coefficient and also their transparency in infrared region is limited
in comparison to the glasses based on heavy metal oxides. The heavy metal oxide glasses
are further characterized by high refractive index, they show high stability against crys-
tallization and are easy to prepare. They are characterized by high content of heavy metal
oxides, usually PbO or Bi203, in combination with WO3, Ga203, GeO2 and/or other oxides.
The PbO-Bi203-Ga203 system forms homogeneous thermally stable glasses with very good
transmittance going from the visible up to mid-infrared region (up to 8um). These glasses
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exhibit also better physical and chemical properties (higher chemical resistance, lower ther-
mal expansion coefficient) in comparison with halide and other non-oxide glasses that are
transparent in similar spectral region (2).

In this work the silver nanoparticles were formed during thermal treatment in glasses modified
by Ag20 and Sb203 addition. These glasses were prepared by conventional melt-quenching
in PtRh crucible in an electric furnace. The presence, chemical composition and structure of
the silver metal nanoparticles were confirmed with transmission electron microscopy (TEM)
and x-ray photoelectron spectroscopy (XPS) analysis. TEM confirmed an increased number
of spherical nanoparticles caused by additional heat treatment. The indexes of the selected
area electron diffraction (SAED) pattern recorded on such particles matched the fce-Ag crys-
talline phase, high resolution (HRTEM) mode identified the periodical arrangement in the
particles corresponding to d-spacing of (111) planes in Ag and the elemental state of the
present Ag in the heat-treated sample was confirmed also by XPS. Electrical measurements
were chosen due to their sensitivity to any changes in the material structure. The electrical
conductivity of glasses containing Ag/Sb changed during thermal treatment (the investigated
temperature range of 240-290 oC), while the properties of the base glass without Ag/Sb ad-
dition remained practically unaffected (3).
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