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The Local Structure of Antimony Ions in Silicate Glasses

Hideo Sakai, Jisun Jin and Toshinobu Yoko
Institute for Chemical Research, Kyoto University

Abstract

Sb:0s-containing sodium silicate glasses have been investigated by X.ray diffraction technique in order

to determine the local structure of antimony ions in these glasses. Structural parameters of antimony ions

arc obtained by comparison of radial distribution functions (RDF) of Sb-containing and Sb-free glasses.

The local ordering unit structure of Sb®* ion is an SbO: trigonal pyramid, and that of Sb*" ion is an
SbOs octahedron. The SbOa unit is linked with the Si0s units, and the ShOs unit is surrounded by

sodium ions. A new refining mechanism is proposed based on these structural information.

Kev-words : X-ray radial distribution analysis, Refining mechanism, Glass structure, Antimony, Silicate

glass
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Fig. 1 RDF curves of 705i0.+30Na.0-xSb.0.

glasses (x=0, 1, 2.5, 5 and 10).
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Fig.2 ARDF curves of 70Si0.+30Na.0-
x5b203 glasses (x=1. 2.5, 5 and 100,
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Table 1 Coordination state of Sb ions in
70510, -30Na.0-x5b:0;5 glasses melted
at 1400 °C for 30min.

x Tono /AL Ngpo™ Sb*/Sb,
1 0.203 28 0.95

5 0.206 3.0 0.94

2.5 0.204 34 0.88

t 0.201 36 0.86
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Fig, 3(a) RDF curves of 805i0.+20Na.0-2.5
Sbe8y glass and 808i0.+20Na.0 matrix
glass |
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Fig. 3(b) RDF curves of 605i0.+40Na.D-2.5
Sb:0, glass and 605i0,+40Na.0 matrix
glass |
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Fig.4 ARDF curves of (100-y)SiQ.-yNa.0-
2, 58b.0; glasses (y=20, 30 and 40).
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Table 2 Coordination state of Sb ions in
(100-y)Si0, <yNa.0+2.58b.0: glasses
melted at 1400 °C for 30min.

¥ tgy o /OMm R ot™ Sb™/Sby,
20 0.206 33 0.99
30 0.204 34 0.88
40 0.265 4.1 0.79
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Table 3 Coordination state of antimony ions in antimony oxide crystals.

Crystai Valence Fsp o/ AT Coordination state Dy
Sb,0, {senarmontite) 3+ 0.198 rigonal pyramid 3
$b,0, (valentinite) 3+ 0.201 trigonal pyramid 3
a - 8b,0, 3+ 0.212 trigonal bipyramid 4
54+ 0.19% octahedron 6
Sh,0; S5+ 0.199 octahedran 6

Table 4 Comparison of measured and calculated coordination numbers of Sb ions

in $10:-Na.0-8b,0, glasses.

Composition Mg N Sb¥/Sb
70810, +30Na,0-x5b,0,

x=10 2.8 3.2 0.95

x=5 10 3.2 0.94

x=25 34 34 0.88

L o 0%

£100-y}Si0, - yN2,0+2.55b,0,

y=20 31 3.0 0.9%

y=30 34 34 0.88

y=40 4 36 0.79
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Fig, B Peak deconvolution profile of
ARDF/r curve for 805i0.20Na.0
2. 58b.0, glass.
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Fig. 6 Linkage model of ShO; trigonal
pyramid and Si0. tetrahedron.
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Fig. 7 Difference between ARDF(y=40) and

ARDF(y=20).
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Table 5 Sb°*-0, Sb®* -Sb** and Sh**-Na*

and silicate glass.

distances in NaSb0, crystal

NaSbO, crystai Siticate glass
Atomic pair T /nm 1 jam
$6™-0 0.197~0.206 0.198
Sb**-gp* 0397 e
Sb™*-Na* 0.322 0.317
0.372~0.382 0.374
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