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Macroscopic properties of glass, for example, density, refractive index, and Young' s
modulus can be estimated by calculation based on the glass composition with an assumption
that the properties are unambiguously determined by the composition. However, glass
property depends on not only composition but also structure, because the structure is not
exactly uniquely determined by the composition. By considering voids in glass network,
which are not exactly known, as the counter part of atomic network structure, we try to
observe void in glass network structure and find out its relationship with glass properties. In
this report, we will introduce positron annihilation spectroscopy (PAS) for the observation of
voids in glass. As an example of the application of PAS, we report the observation of void in
silica glass network. PAS-observed void whose size was approximately 0.5 nm in diameter
existed in silica glass network, and they were found to decrease the size when the fictive
temperature (freezing temperature of the glass network), 7;, was lowered. It was found that
the decrease in the optical scattering in silica glass by lowering 7; is attributable to the
shrinkage of the voids. The result in silica glass indicates that controlling void structure is
very important for development of new glass.
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2. BEFHHEEHAE;Positron
Annihilation Spectroscopy: PAS
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Fig1. Positron lifetime spectra for silica glass and its
deconvoluted lifetime components. z; through
zginthe figure showtheshapeofthe

deconvoluted components of exp (-t/7z;),
where z;= 7, through z,.
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Fig.2 Density of silica glass versus fictive
temperature (7;).
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Fig.3. The fictive temperature dependence of (a) positron lifetime parameters, z, toz;, and (b) the relative intensity
parameters, I, to I;, obtained by deconvolution of the lifetime spectra of the PALS measurement!'?
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Fig.4 A schematic of the network rings smaller than 6 members (polygons) and voids in silica glass at low and high 7;. Voids
are expressed as open circles. When T; increases, the PALS-observable voids expand, while networks become dense by
rearrangement of 6-membered rings into 3- or 4-membered rings. The total density is higher at higher 7;. Such
rearrangement and densification show the degree of network polymerization decreases at higher 7.
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Fig.5 Sixth power of the void diameter (D°) versus T,.
The plots are fitted well by a linear function ™.
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