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Abstract

Phosphate glasses represent a significant group of phosphorus and oxygen-containing
glasses with several potential technological applications. These materials exhibit relatively
high values of coefficient of thermal expansion with low glass transition temperature and
other processing temperatures which is interesting for sealing (1). Some phosphate glasses
with suitable chemical compositions, e.g. calcium phosphate glasses, are also applicable in
the field of biomedicine (2). In addition, they also have the short wavelength absorption edge
typically located in UV region and are able to incorporate into their structure a relatively
high amount of transition metal ions (1,3). These properties make phosphate glasses promis-
ing for several hi-tech applications, such as solid-state lasers (4), low-frequency optical fibers
(5) or optical data storage (6). The advantage of these materials from the point of view of
sustainable development is also the potential immobilization of radioactive wastes (7).
Copper can exist in glassy structures in several different chemical forms, i.e. metallic Cu(0),
Cu(+) or Cu(2+) ions with various coordinations, which differently determine/affect the
materials’ properties, e.g. optical characteristics (8). The chemical form of copper in glasses
is subsequently given mainly by the chemical compositions of starting materials, which react
together during the synthesis, and applied experimental conditions (8-10).

In this work, we focus on the substitution of Zn(2+) ions by Cu(n+) ions (where n = 1
or 2) in the phosphate glasses and the influence of this substitution on their structure and
properties, i.e. optical and thermal properties including also photo-viscous changes. All
bulk materials (i.e. with 0-11.6 mol% of starting CuO) were synthesized by classical melt-
quenching technique in a corundum crucible.

The obtained bulk glasses were chemically stable in the ambient atmosphere. The amorphous
character or the presence of crystalline phase in glasses was detected using X-ray diffraction
analysis. The real chemical composition of prepared materials was checked employing X-ray
fluorescence spectroscopy. The information on the structure of the anionic part of glasses,
i.e. the present phosphate-based structural units, was obtained using two different methods:
Raman and 31P nuclear magnetic resonance spectroscopy. The characterization of incorpo-
rated Cu(n+) ions (oxidation state, coordination) was performed by electron paramagnetic
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resonance spectroscopy. The effect of Cu(n+) ions on the optical properties was examined
using UV /Vis spectroscopy in the range of A = 300-900 nm. Glass transition temperature
of prepared materials was determined by thermomechanical analysis.

The photo-viscous changes were examined similarly as in our previous work (11) employing
a specially modified thermomechanical analyzer (TMA) with an optical transparent path
(indenter) for in-situ laser illumination during the measurements. In this work, the photo-
viscous changes were studied using two different approaches. The first approach is based on
the measurement of the rate of indenter penetration into the sample (the change of penetrat-
ing indenter volume per time in the given time interval) during the isothermal measurements.
The penetration rates for measurements with and without illumination were subsequently
compared. In the second case, TMA was used for the common dilatometric measurements
without and with illumination. For each illumination, solid state continuous-wave laser emit-
ting at 808 nm (maximal laser power density incident on the samples &~ 5.9 W/cm2) was used.

In this work, it was found that copper ions significantly affect the optical properties in
the visible region due to the formation of a broad absorption band with maximum around
800 nm which intensity increases with the increasing amount of starting CuO. The values
of glass transition temperatures have non-monotonous behavior affected by the amount of
CuO and the structure of prepared materials. Illumination of the samples by 808 nm during
penetration measurements at the same temperatures led to an increase in the penetration
rate compared to that obtained without illumination. Based on the shift of penetration rates
between illuminated and non-illuminated measurements, the local non-uniform overheating
of the sample with ~ 0.7 mol% of CuO induced by illumination is by ~ 22 oC. Similarly,
illumination causes the ”apparent” decrease of glass transition temperature value compared
to the dilatometric measurement without illumination which is for the same sample (0.7
mol% CuO) =~ 20 oC corresponding well with the results obtained by penetration method.
In addition, the magnitude of the difference between glass transition temperature without
illumination and ”apparent” glass transition temperature due to illumination increases with
the increasing CuO content. The cause is probably higher overheating of materials as a result
of the increasing absorbance at 808 nm associated with the increase of Cu(2+) ions content.

We believe that the results of this work could bring new findings from the point of view
of the laser-solid state interactions and could help to determine the suitable Cu(2+) ions
concentration for the successful laser micro-structuring (i.e. concave or convex microlenses
formation) by synergy effect of the heat and continuous-wave laser in the visible part of the

spectra. The laser micro-structuring of materials presents an interesting way for miniatur-
ization of various devices.
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