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The comparison of IR-spectra of tellurite glasses and their crystal products
containing from 5 up to 45mol%, WO, indicates that the modifier does not
change the coordination of tellurium. The IR-spectra of glasses containing small
WO, amounts show a band at 925 cm ™!, which shifts up to 950 em ~! with the
increase in the tungsten concentration. The effect is specific of the vitreous state
and may be explained by the change in the coordination of tungsten.
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1 R-Spektroskopische Untersuchung des Einflusses von WO, auf die Struktur von
Tellurit-Gliisern

Der Vergleich der IR-Spektren von Tellurit-Gldsern mit denen ihrer
kristallinen Phasen, die 5 bis 45 Molprozente WO, enthalten, zeigt, dal3 der
Modifikator die Tellurkoordination nicht &ndert. Die TR-Spektren der Gliser
mit kleinen Mengen an WO, zeigen eine Bande bei 925 cm !, die sich mit der
Erhshung der Wolframkonzentration auf 950 cm ~! verschiebt. Diese Wirkung
ist fiir den glasartigen Zustand spezifisch und wird  mit dem
Koordinationswechsel des Wolframs erklirt.

Introduction

In earlier communications of this series'™ an IR-spectroscopy
study was carried out on the structure of tellurite glasses of the TeOQ,—
V305 and TeOy—MoO; systems with an increase in the content of the
second component. The purpose of the present paper was to continue the
investigation of the structures of the glasses in the TeOy,—WO; system.



988 V. Dimitrov et al.:

Method

The glasses were obtained by the methods deseribed in . They were
thermally treated and the crystalline phases obtained were identified by X-ray.
The TR-spectra were taken on samples in Nujol with a UR-10 (Karl Zeiss, Jena)
spectrometer in the 1200400 cm ! range (1200-700cm~"! NaCl prism, 700~
400cem~! KBr prism). The wavenumber accuracy was + 1.5cm~! for the
crystals, and 4+ 3em~! for the glasses.

Results and Discussion

The IR-spectra of the glasses and the crystalline products are
presented in Fig. 1. They are interpreted through a comparison with the
spectra of certain crystalline tungstates whose structures are formed by
WO, and WOg groups* .

The following four normal vibrations are possible when the WO}~
groups of a Ty-symmetry are isolated”: v; = 928 cm ™, v = 320cm !,
vy =833 em ! and v, =405 cm ™. The v, and v, alone are active in the
IR-spectra. Six normal vibrations are possible for the WOg group of an
Oy,-symmetry where likewise only two vibrations are TR-active’. When
the crystalline tungstates are built up of deformed WO, and WOq
groups* %, the number of bands in the spectra increases as a result of the
breakdown in the degeneration.

The spectra of some tungstate glasses are also studied® . From
these investigations it is concluded that glasses of the BaO—P,05—
WO, system, containing up to 30 m%, of WO, ® and likewise the vitreous
alkaline tungstates® are formed by WO, groups. With the increase in the
WO, content, the formation of WOg-polyhedra is also possible® 1. This
has been shown by X-ray structural analyses for glasses having a
K,W,0, composition'!. The structure of the amorphous WO, may be
examined as a limiting case. Its structural elements, however, are still
subject to discussion'”.

In the case of the system studied, the spectra of the crystalline
products are the sum of the spectral curves of the initial oxides and this
fact is in good agreement with the phase diagram which is of a simple
eutectic type . The typical bands are at 940 em ™! (shoulder), 870 cm !,
825cm ™! and 750 em ™!, of WOz* 4 and at 780cm™!, 7Tl4cem™Y,
675 cm ! and a shoulder at 635 cm ™' corresponding to a-TeOy '°.

In the spectra of glasses there is an intense band at 635cm™
compared with crystals (Fig.1). It characterizes the presence of non-
symmetrical TeO, groups® which give an indication that Te does not
change its coordination number in this range of compositions.

In the case of glasses having 5 to 30 m%, of WO; an intense band is
observed also at 935-925 cm . Tn the spectra of the crystalline products
in this region of the system there is only a weakly expressed shoulder

1
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(Fig. 1 a). The difference in the intensities of the two absorption maxima
may be explained by the fact that the glasses, having the WO; content
mentioned above, are built up of deformed WO, polyhedra. In such a
case, the band at 935-925 cm ~! may be referred to a vibration of the
vi(A;) type which becomes active when the symmetry of the
tetrahedron decreases. The shoulder at 870-860cm ™" moreover
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Fig. 1e¢ and b. IR-Spectra of glasses ( } and their crystal products
(— — —) of the TeQO,—WOj, system

corresponds to vibration vy (B;). A similar effect is observed in %'6. We
agsume that the WO -tetrahedra substitute a part of the TeQ4-groups
(Fig. 2), which is possible because of the close ion radii of Te**+ (0.70 A)
and W8+ (0.62 A) and the similar nature of the Me—O bonds. This leads
to alternation of TeO, and WO, groups and the formation of Te—O0—W
bonds in the structure. That makes possible a decrease of the repulsive
forces in the zone of the free electron pairs in the TeQ-polyhedra, in
opposite to pure tellurite glass®®. This kind of interaction is seen as a
main cause for the easy vitrification of the compositions mentioned
above. With the rise in the WOj4 concentration (between 30 and 45 m?%;),
the position and the outline of the high-frequency band are altered
(Fig.1b). Similar spectra possess the alkaline pyrotungstates®'?,
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glass

Fig. 3. Interconnection of the WO,, WO; and TeO, polyhedra in the network of
the tellurite glass with high WO, content

Taking into account their structure'” this effect may be explained by the
simultaneous presence of both WO, and WOyg groups, thus the band
between 950 and 935 cm ! is a superposition of v; (WO,) and v4 (WOyg).

In accordance with the analysis made, a structural model for glasses
with an increased WO; content is suggested (Fig. 3). The WOg groups in
the glasses are associated by corners in chains linked to the TeOy groups
by WO,-tetrahedra. The rise in the WO, content leads to a decrease in
the number of WO, and TeO, polyhedra and the structure becomes more
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flexible. This is the reason for the deterioration of the glass-forming
ability. It is likewise in agreement with the general principles for glass-
formation, according to which X0, complexes should be prevalent in the
stable glass'®.

Conclusion

It has been found with IR-spectra that in glasses of the TeOy—WOq
system in the region of 0—45mol%, of WOs;, the tellurium is present in
deformed TeO, groups (a band at 635cm~!). When the WO,
concentration is small, the tungsten participates in the glasses as WO,
groups (a band at 925 cm ~1). With the increase in the W0, content, also
WO groups are formed (a band at 950 cm ™).

References

U Dimitriev Y., Arnaudov M., Dimitrov V., Monatsh. Chem. 107, 1335 (1976).
2 Dimitriev Y., Bart J. C. J., Dimitrov V., Arnaudov M., 7. anorg. allg. Chem.
479, 229 (1981).

Dimitriev Y., Dimitrov V., Arnaudov M., J. Mat. Sci. 18, 1353 (1983).

Clark G. M., Doyle W. P., Spectrochimica Acta 22, 1441 (1966).

Caillet P., Saumagne P., J. Mol. Struct. 4, 351 (1969).

Lesne J., Caillet P., Ann. Chim. 9, 57 (1974).

Nakamoto K., IR-Spectra of Inorganic and Coordination Compounds. New

York-London: J. Wiley. 1963.

8 Miroschnitshenko O., Mombelli V., Fiz. Chim. stekla 5, 30 (1979).

® Qelsing R. J., Stein H. N ., Stevels J. M., Phys. Chem. Glasses 7, 185 (1966).

0 Gossink R. G., Phillips Res. Resp. Suppl., No. 3, 1 (1971).

U Imacka M., Hasegawa H., Yogyo-Kyokai shi. 84, 389 (1976).

2 Kleperis Y., Gabrusenok E., Lusis A., Ramans G.,Izv. AN Latv. SSR (ser. fiz. i
techn. nauk), No. 5, 61 (1982).

13 Yakhkind A. K., in: Structure 1 fizikochimitsheskie svoistva
neorganitcheskich stekol (Viasov 4. G., Florinska V. 4., eds.). Leningrad:
Chimia. 1974.

Y Mattes R., Schroder F., Z. Naturforsch. 24 b, 1095 (1969).

15 Arnaudov M., Dimitrov V., Dimitriev Y., Markova L., Mat. Res. Bull. 17,1121
(1982).

16 Kondilenko I., Pasechny A., Tsyashchenko Yu., Phys. stat. sol (b) 54, 783
(1972).

T Okada K., Morikawa H., Marumo F., Iwai S., Acta Cryst. B 31, 1200 (1975).

18 Rawson H., Inorganic glass-forming systems. London-New York: Academic
Press. 1976.

NG R W



