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Abstract

Using a large volume high-pressure apparatus, quartz-type crystalline GeO,, Li,Ge O glass and pure GeO, gel have
been compressed to 14 GPa at room temperature and their local structural changes have been investigated by an in-situ X-
ray absorption fine-structure (XAFS) method. The pressure-induced coordination number changing from 4 to 6 is ob-
served around 10 GPa for crystalline GeO, and Li,Ge,Oq glass, while the coordination number change for GeO, gel grad-
ually occurs over a pressure range from 2 to 12 GPa. The same method has been then applied to the structural analysis of
liquid germanate (Li,Ge,Oo composition) under high pressures up to 9 GPa and high temperature of 1000°C. The Ge—O
distances obtained with the analysis of the extended X-ray absorption fine structure (EXAFS) and the modification in the
X-ray-absorption near-edge structure (XANES) indicate that the time-averaged coordination of Ge ions in the present
liquid germanate is a mixture of fourfold and sixfold around 3 GPa and completely sixfold above 4 GPa, respectively. The
transition pressure is much lower than that observed in crystalline GeO, and Li,Ge,Oy glass with room temperature com-

pression.
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Figure 1. Pressure-temperature phase diagram of GeO,.
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Figure 2. High-pressure cell assembly for room-temperature meas-
urements.
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Figure 3. EXAFS spectrum of quartz-type GeO, recorded at 14
GPa.
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Figure 4. Experimental Ge K-edge XANES spectra of various
samples.
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Figure 5. Experimental Ge K-edge XANES spectra of Li;Ge Og
glass (a) and GeO, gel (b) at various pressures. The arrows indi-
cate the peaks A, B, and C as discussed in the text.
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Figure 6. Variation of Ge—O distance of quartz-type GeO, and Li,
Ge Oy glass on compression (filled symbols) and decompression
(open symbols) . Circles are quartz-type GeO, and squares Li,Ge;Oq
glass. Solid lines are only a guide for the eye.
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Figure 7. Variation of Debye-Waller factors, ¢? of quartz-type
GeO, and Li,Ge,O9 glass on compression (filled symbols) and
decompression (open symbols). Circles are quartz-type GeO, and
squares Li;Ge4Oy glass. Solid lines are only a guide for the eye.
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Figure 8. Variation of Ge—O distance of GeO, gel (circles) and Li,

Ge,0, glass (squares) on compression (filled symbols) and decom-
pression (open symbols). Solid lines are only a guide for the eye.
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Figure 9. High-pressure cell assembly for high-temperature meas-
urements.
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Figure 10. Fourier transform of Ge K-edge EXAFS spectra of ger-
manate melt recorded at 6 GPa and 1000°C. No phase-shift correc-
tions are made.
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Figure 11. Experimental Ge K-edge XANES spectra of germanate
melts recorded at various pressures and 1000°C together with those
of rutile- and quartz-type GeO, and GeO, glass at ambient condi-
tions.
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Figure 12. Variation of the first-neighbor Ge-O distance of ger-
manate melts (close circles) and rutile-type GeO, (close triangles) at
1000°C. Solid lines are only a guide for the eye.
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