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The comparison of IR-spectra of tellurite glasses and their crystal products 
containing from 5 up to 45 tool% WO 3 indicates that  the modifier does not 
change the coordination of tellurium. The II~-spectra of glasses containing small 
WO 3 amounts show a band at  925 cm -1, which shifts up to 950 cm -1 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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IR-Spektroskopische Untersuchung des Einflusses yon WO 3 auf die Struktur von 
T ellurit-Gl~isern 

Der Vergleich der It~-Spektren yon Tellurit-Gl~sern mit denen ihrer 
kristallinen Phasen, die 5 bis 45 Molprozente WO s enthalten, zeigt, dab der 
Modifikator die Tellurkoordination nicht ~ndert. Die IR-Spektren der Gli~ser 
mit kleinen Mengen an WO 3 zeigen eine Bande bei 925 cm -1, die sich mit der 
ErhShung der Wolframkonzentration auf 950 cm-1 versehiebt. Diese Wirkung 
ist fiir den glasartigen Zustand spezifisch und wird mit dem 
Koordinationswechsel des Wolframs erkli~rt. 

Introduction 

I n  ear l ie r  c o m m u n i c a t i o n s  of  th i s  series 1-3 an  I R - s p e c t r o s c o p y  
s t u d y  was car r ied  ou t  on the  s t r u c t u r e  of  t e l lu r i t e  glasses  of  the  T e O 2 - -  
V205 and  T e O 2 - - M o O  3 sys t ems  w i th  an  increase  in the  con t en t  of  the  
second  componen t .  The  p u r p o s e  of  the  p r e s e n t  p a p e r  was  to  con t inue  the  
i nves t i ga t i on  of  the  s t ruc tu re s  of  t he  glasses in the  T e O 2 - - W O  3 sys tem.  
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Method 

The glasses were obtained by the methods described in 1--3. They were 
thermally treated and the crystalline phases obtained were identified by X-ray. 
The IR-spectra were taken on samples in Nuj ol with a UR-10 (Karl Zeiss, Jena) 
spectrometer in the 1 200-~00 cm 1 range (1 200-700 cm -1 NaC1 prism, 700- 
400cm -1 KBr prism). The wavenumber accuracy was _ 1.5cm -1 for the 
crystals, and + 3 cm -I for the glasses. 

Results and Discussion 

The IR-spec t ra  of the glasses and the crystalline products  are 
presented in Fig. 1. They are interpreted through a comparison with the 
spectra of certain crystalline tungsta tes  whose structures are formed by  
W04 and WO 6 groups *~6. 

The following four normal  vibrat ions are possible when the WO~- 
groups of a Td-symmetry  are isolatedT: v I = 928 cm -1, v2 ---- 320 cm -1, 
v 3 = 833 cm =1 and v4 = 405 cm -1. The v 3 and v4 alone are active in the 
IR-spect ra .  Six normal  vibrat ions are possible for the WO6 group of an 
Oh-symmetry where likewise only two vibrations are IR-ac t ive  7. When 
the crystalline tungsta tes  are built up of deformed WO4 and WO 6 
groups 4~6, the number  of bands in the spectra increases as a result of the 
breakdown in the degeneration. 

The spectra of some tungs ta te  glasses are also studied s- l° .  F rom 
these investigations it is concluded tha t  glasses of the B a O - - P 2 0 5 - -  
WO 3 system, containing up to 30 m ~  ofWO3 s and likewise the vitreous 
alkaline tungstates  9 are formed by  WO4 groups. With  the increase in the 
WO 3 content, the format ion of WO6-polyhedra is also possible s, ~0. This 
has been shown by  X- ray  structural  analyses for glasses having a 
K2W207 composition n. The structure of the amorphous  WO 3 m a y  be 
examined as a limiting case. I t s  structural  elements, however, are still 
subject to discussion 12. 

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 13. The typical  bands are at  940 cm -1 (shoulder), 870 cm - I ,  
825cm -1 and 750cm -1, of WO35'14 and a t  780cm -1, 714cm -~, 
675 cm -1 and a shoulder a t  635 cm -1 corresponding to a-Te0215 

In  the spectra of glasses there is an intense band a t  635cm -1 
compared with crystals (Fig. 1). I t  characterizes the presence of non- 
symmetr ical  TeO 4 groups 3 which give an indication tha t  Te does not 
change its coordination number  in this range of compositions. 

In  the case of glasses having 5 to 30 m ~  of WO 8 an intense band is 
observed also at  935-925 cm-1.  In  the spectra of the crystalline products  
in this region of the system there is only a weakly expressed shoulder 
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(Fig. 1 a). The difference in the intensities of the two absorption max ima  
m a y  be explained by  the fact  tha t  the glasses, having the WO~ content  
mentioned above, are built up of deformed W04 polyhedra.  In  such a 
case, the band at  935-925 cm - I  m a y  be referred to a vibrat ion of the 
vl(A]) type  which becomes active when the symmet ry  of the 
te t rahedron decreases. The shoulder at  8 7 0 ~ 6 0 c m  -1 moreover  
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Fig. 1 a and b. Ii~-Spectra of glasses ( ) and their crystal products 
(-- -- --) of the TeO2--WO ~ system 

corresponds to vibrat ion v 3 (B]). A similar effect is observed in s, 16. We 
assume tha t  the WO4-tetrahedra subst i tute a pa r t  of the T e Q - g r o n p s  
(Fig. 2), which is possible because of the close ion radii of Te 4+ (0.70 A) 
and W 6+ (0.62 A) and the similar nature  of the M e - - O  bonds. This leads 
to al ternat ion of TeO4 and WO4 groups and the formation of T e - - O - - W  
bonds in the structure. Tha t  makes  possible a decrease of the repulsive 
forces in the zone of the free electron pairs in the TeO-polyhedra,  in 
opposite to pure tellurite glass 2' 3. This kind of interaction is seen as a 
main cause for the easy vitrification of the compositions mentioned 
above. With  the rise in the W03 concentrat ion (between 30 and 45 m%), 
the position and the outline of the high-frequency band are altered 
(Fig. l b). Similar spectra possess the alkaline pyro tungs ta tes  5']°. 
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Fig. 2. Scheme of arrangement of WQ-polyhedra in the network of the tellurite 
glass 
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Fig. 3. Interconnection of the W04, .WO 6 and TeO 4 polyhedra in the network of 
the tellurite glass with high WOa content 

Taking into account their structure 17 this effect may be explained by the 
simultaneous presence of both WO4 and WO6 groups, thus the band 
between 950 and 935 cm -1 is a superposition of vl (W04) and v3 (W06). 

In  accordance with the analysis made, a structural model for glasses 
with an increased WO 3 content is suggested (Fig. 3). The WO 6 groups in 
the glasses are associated by corners in chains linked to the Te04 groups 
by WO4-tetrahedra. The rise in the WO 3 content leads to a decrease in 
the number of W04 and TeO4 polyhedra and the structure becomes more 
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flexible. This is the reason for the deterioration of the glass-forming 
ability. I t  is likewise in agreement with the general principles for glass- 
formation, according to which X Q  complexes should be prevalent in the 
stable glass is. 

Conclusion 

I t  has been found with IR-spectra tha t  in glasses of the TeO2--WO 3 
system in the region of 0-45 molto of WO 3, the tellurium is present in 
deformed TeO4 groups (a band at 635cm-1).  When the W03 
concentration is small, the tungsten participates in the glasses as W04 
groups (a band at 925 cm-1). With the increase in the WO 3 content, also 
WO 6 groups are formed (a band at 950 cm-1). 
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