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Summary

Thiogermanate and thioarsenite glasses containing bivalent cal-
cium or lead have low phonon wave-numbers and enhance line-
emission of trivalent lanthanides by less extensive multi-phonon
de-excitation and by energy transfer. Photo-electron spectra of
such glasses, elemental sulphur, and arsenic sulphides are studied.
The Wagner parameter of the chemical shift of Auger signals is
larger for thiogermanate glasses than for germanium (IV) bound
to oxide.

The germanate and tellurite glasses formed by oxygen-
containing anions have particularly low phonon fre-
quences and show high fluorescence yields of trivalent
lanthanides [1] because of the lower probability of
multi-phonon relaxation. The detailed behaviour of the
excited states of holmium (III) [2] and of erbium (II1)
and thulium (III) [3] can be described by the three
Judd-Ofelt parameters of band intensities. The relative
luminescent intensity of three transitions of samarium
(III) and of four transitions of terbium (III) was re-
cently studied [4] in mixed arsenite-borate glasses and
Sm (IIT) compared [5] in borate and ternary germanate
glasses. One conceivable way of decreasing the phonon
frequences further is to use sulphur-containing glasses.
One can hope for laser action [6] in the infra-red
(below 13000 cm™!) only, because of strong, continuous
absorption in the visible of the thioarsenite (though
the energy gap may be up to 20000 cm™* in germanium
(IV) sulphide glass) but on the other hand, this may
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present the advantage of energy transfer [7] to the rare
earth, as has already been observed (in the blue region)
in tellurite glasses. Sulphur-containing glasses are
known with germanium ([8,9] and arsenic [10,11] as
constituents of the network-former.

We prepared the sulphide glasses by melting stoichio-
metric amounts (1g batches) of the elements p.a. (to
which might be added CaS from Hopkins and Williams
or PbS from Alfa Ventron) in evacuated sealed Vycor
glass tubes at 550°C for 2 hours. During subsequent
heating to 900°C during 18 hours, the ampoules were
turned around several times in order to assure perfect
mixing. It is recommended to cool the tubes at 200°C
instead of room temperature, because the ampoules
tend to explode in the latter case. After breaking the
tubes, the samples can be polished for spectroscopic
purposes.

In a previous note [12] we described the 1253.6 eV
induced photo-electron spectra of oxidic glasses, meas-
ured on a Varian IEE-15 instrument. Besides the
sulphur-containing samples mentioned above, ele-
mental sulphur (which we had not previously measured
on our photo-electron spectrometer) and two arsenic
sulphides [10] were studied for comparison. Contrary
to oxide-containing glasses [12] and most typical non-
conducting salts [13,14] we did not generally observe
two distinct Cls signals from the hydrocarbon originat-
ing in the one-sided scotch tape (600 P from the 3M
company) carrying the freshly pulverized samples.
With exception of a shoulder indicating C, = 3.5 eV
in the calcium thiogermanate glass containing holmium
(III) the observed C_, given in Table 1 can be identified
with C_, corrected for charging effects. This is also the
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