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Abstract-Raman
spectroscopy and differential scanning calorimetry (DSC) are used in this work to study
lattice structures, crystallization behavior, effects of heat treatment and the thermal properties of a wide
range of tungstate-tellurite glasses {(lo0 - x)TeO, + xW0,) with 5 < x < 50 mol%. We extended the
glass formation range of this glass system up to 50 mol% of WO, using a platinum crucible. The Raman
vibrational bands and the different coordination states of the constituent oxides are discussed. Interesting
aspects of Raman spectra and DSC were found, and this gives integrated information about the
short-range order of the structures of these glasses as a function of WO, concentration. The thermal
parameters, such as the glass transition temperature (T ), the onset of crystallization temperature (T,).
and the heat of crystallization SH were determined. Tlsre relation In TB= 1.62 + 2.3, where 2 is some
average coordination number of the constituent atoms, known for molecular and chalcogenide glasses,
was found to be satisfied by these oxide glasses up to a certain threshold (27.5 mol%) of WO,.
Keywords: A. glasses, A. oxides, C. differential scanning calorimetry (DSC), C. Raman spectroscopy, D.

1. INTRODUCTION
The

first

Raman

study

of

tellurite

glasses

was

for the glass system (85Te0, +
15W0,) [ 11.Few Raman studies on tellurite glasses in
general are found in the literature [2], and to the best
of our knowledge the present work represents the first
Raman study on a wide range of tungstate-tellurite
glasses containing up to 50 mol% of W03. Infrared
spectra and optical absorption spectra of the glass
system (TeOr-CaO-WO,),
as well as i.r. spectra and
electron spin resonance spectra of the glass system
((100 - x)TeO, + xW0,)
with 0 i x ,< 33.8 mol%
have been reported in previous publications [3,4].
The short-range order of the glass system (80Te0, +
2OW0,) was discussed earlier on the basis of neutron
diffraction techniques [5]. Tellurite glasses are technologically important since they are chemically stable,
have high homogeneity and are resistant to divitrification at low temperatures (T, z 300°C) [6]. Many
binary and ternary tellurite glasses can be manufactured on a commercial scale with good reproducibility of optical constants; some applications of these
glasses have been published [7-91. The dipole-dipole
correlation properties of the glass system (77Te0, +
23W03)
[lo], the photochromism
and electrochromism, and the space charge injection of some
other tungstate glasses have been reported [ 11, 121.
reported
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previously

These interesting properties of the tungstatetellurite glasses motivated us to study the structures
and crystallization
behavior
of a series of
((100 - x)TeO, + xWO,}
glasses
with
5< x
< 50 mol% using Raman scattering and differential
scanning calorimetry (DSC) techniques.
2. EXPERIMENTAL ARRANGEMENTS
Reagent grade TeO, (Alfa Johnson Matthey Electronics, 99.995%) and W03 (Alfa Inorganic Ventron)
were used to prepare the glass samples by fusing the
mixtures of TeO, and WO, in a platinum crucible in
a preheated furnace at 800°C for about 30min to
ensure complete homogeneity of the samples. For the
glass system {(lo0 - x)TeO, + xWO,} with 33 <x
< 50 mol%, the melting temperature was increased
from 800 to 1000°C in order to obtain good quality
samples. After complete fusion, the melt was quickly
poured onto a stainless steel plate at room temperature. Bulk samples of about 2 cm diameter and 0.5 cm
thickness were obtained, except for the sample with
x = 50 mol% where only very small pieces (less than
0.5 mm in diameter and 0.1 mm in thickness) were
obtained. The color of these glasses changed from
yellow to light green to dark green as WO, concentration increased. The glassy state of all the samples
was confirmed using X-ray diffraction techniques.

141

I. SHALTOUT et al.

142

The Raman spectra were measured using a system
consisting of a SPEX 1878 triplemate spectrometer, a
Spectra Physics 2000 Argon laser operating at
5145 A, and an RCA C31034 GaAs photomultiplier
tube with a photon counting system. More experimental details can be found in Ref. [13]. The glass
samples were used as castings where they have very
good surfaces with high reflectivity. Initially, the
Raman spectra were obtained for samples not subjected to any heat treatment or annealing processes
and, subsequently, the Raman spectra were obtained
for the same samples after different heat treatment
processes.
For DSC measurements, glass samples were carefully ground in an agate mortar in order to avoid the
effects of grain sizes on the results. Samples of about
0.01 g were used to avoid the temperature gradient
through the sample. The scanning temperature was in
the range of 0-6OO”C with a heating rate of
lO”Cmin-I.
The measurements were carried out
using a General V2.2A DuPont 9900 DSC system.

position and the other two 0 atoms are in an
equatorial position [17]. The trigonal bipyramids are
deformed where the Te atom is not at the center of
the equatorial plane and the third position in this
plane is occupied with the free electron pair of the Te
atom. The TeO, tetrahedra have axial symmetric
vibration at (A,) = (STe02)ax = 635 cm-’ and equatorial symmetric vibration
at (A,) = (“TeO,), =
780 cm-’ [18]. These frequencies appear in the Raman spectrum of crystalline TeO, at 643 and
761 cm-‘, respectively (Fig. 1).
Figure 2 shows an enlargement of the Raman
spectra of crystalline TeO, and the {95TeO, + 5W03}
glass sample. The band at 663 cm-’ in the glass
spectrum corresponds to the axial symmetric vibration of crystalline TeO, at 643 cm-‘, and the

3. RESULTS AND DISCUSSION
Figure 1 shows the Raman spectrum of crystalline
TeO, and WO,, and the glass samples ((100 - x)
TeO, + xWO,} with 0.5 < x < 31.5 mol%. The Raman frequencies of crystalline TeO, and W09, and
the glass samples before and after heat treatment at
450°C for 18 h are summarized in Table 1. As can be
seen in Fig. 1 and Table 1, the Raman bands of the
glass samples have broadened and shifted to higher
frequency values from that of crystalline TeO, . This
broadening could be related to chemical perturbation
of the vibrational energies arising from glass former-glass modifier bonding. In the disordered
matrix, the atoms are strained and have a distribution
of bond angles, distances and orientations.
As can be seen in Fig. 1, the strongest sharp peak
observed at 643 cm-’ in the Raman spectrum of
crystalline TeO, (Fig. 1) has broadened and shifted to
higher frequencies (N 663 cm-‘) in the spectra of the
glasses (spectra l-5). This broadening, as mentioned
above, is a result of the distribution of bond angles
and average nearest-neighbor distances in the glass
matrix. The strong peak at 663 cm-’ and the shoulder
around 739 cm-’ spectrum 1 in Fig. 1 correspond to
the vibrational oscillations of the TeO, tetrahedra in
the glass matrix [14, 151.
It is known from the literature that TeO, has three
different crystalline structures, the orthorhombic
structure of D ::symmetry and two tetragonal structures of 0: symmetry (paratellurite) and 0:; symmetry (rutile), respectively [16]. The structural units
are trigonal bipyramids with two 0 atoms in the axial
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Fig. 1. Raman spectra of crystalline TeO,, WO, and the
glass system {(lo0 - x)TeO, + xWO,} with 5 <x Q 31.5
mol%. (1) x = 5; (2) x = 15; (3) x -20; (4) x =25;
(5) x = 27.5; (6) x = 30; (7) x = 31.5.
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Table 1. Raman frequencies of crystalline TeO, and WO,, the heated treated and untreated glass system
((100 - x)TeO, + xWOl}
Raman frequency
(cm-‘)

Sample
Crystalline TeO,:

187
587

Raman frequency
(cm-‘)

230
283
334
643
716
761
Before heat treatment

(100 - x)TeO, + xW0,
glasses
x=5

398

461,
(7 l&763),,
353,
(745-850),,,

x = 15

663,
928,
463,
664,,
925,

261
263

Heat treated at 450°C
for 18h
328
388
590
709
795
324
390
594
675
709
795

639
640
911

x =20

353,
(745-850),,

463,

668,s
925,s

262

323

388
703

591
799

637
913

x = 25

353”,
(745-850),,,

460,

668,s
930,s

260

322

390
700

591
800

640
910

354,
(745-850),,,
353,
715”,,
805,
268,
353,
715ush
805,
273,
329,
714,
806,
273,
325,
714,
806,
275,
325,,
714,
806,
268
324

460,

668,
930,s
680,s

262

326

680,s

260

645&

269

645,,,

268

645,

268

328
705
324
704
333
713
328
709
329
710

590
795
590
904
590
910
591
910
590
913
590
912

635

262

391
698
383
801
383
801
391
807
393
808
392
807

x = 27.5
x = 30
x = 31.5
x = 33
x =35
x =40
Crystalline WO,:

464,
930,s
461,
929,
462,
928,
460,
928,
460,
928,
714

639
638
646
645
646

806

m, medium; s, strong; rsh, resolved shoulder; sh, shoulder; ush, unresolved shoulder; vs, very strong; VW,very
weak.

shoulder

around

739 cm-’ is an envelope

of the two

weak bands at 716 and 761 cm-’ of crystalline TeO,.

The Raman band at 663cm-’
and the shoulder
around 739 cm-’ are also i.r. active [19] and were
detected
spectrum

around 662 and 774 cm-’ as shown in the i.r.
of the (95Te0,

+ 5W03) glass (Fig. 3).

As shown in Fig. 1, the peak at 663 cm-’ and the
shoulder around 739 cm-’ gradually overlap as W03
concentration
increases from 15 to 27.5 mol% (spectra 2-5). As WOJ concentration
reaches 30 mol% or
more (spectra 6 and 7), the broad frequency
centered
indicates

envelope

at 663 cm-’ splits into three bands which
a drastic structural change at these compo-

sitions.
As shown in Fig. 4(a), the crystallization
ture T,, the glass transition
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Fig. 2. Raman spectra of crystalline TeO, and the glass
sample (95Te0, + 5WO,}.

temperature

temperaT, and the

onset crystallization temperature To reach a maximum as WO, concentration increases to 27.5 mol%.
As shown in Fig. 4(b), the difference temperature
ST = (To - T,), which represents the temperature
interval during which nucleation and partial crystallization take place [20], and the heat of crystallization
6H pass through a maximum at W03 = 27.5 mol%.
We now return to the assignment of the rest of the
Raman peaks of the glasses shown in Fig. I. The
peaks around 46Ocm-’ are due to the stretching
vibrations of the bonds (Te-O-W) [14,21,22]. This
represents the substitution of TeO, tetrahedra by
WO, tetrahedra. Previous i.r. and neutron diffraction
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Fig. 3. Infrared absorption spectrum of the (95TeO,+
5W0,) glass system.
studies [22,23] showed such incorporation of the
modifier cations in the glass matrix in various TeO,rich glasses. The bands around 928 cm-’ are due to
the symmetric vibrations of WO, tetrahedra [24].
These bands were also observed around 932 cm-’ in
the i.r. spectrum of (95Te0, + 5W0,) (Fig. 3), which
represents a typical spectrum of these glasses [19].
Dimitrov et al. [22] studied the i.r. spectra of the
(TeOr-WO,) glass system and suggested a partial
substitution of TeO, by W04 tetrahedra based on a
similar band observed around 930 cm-‘. Also,
Bobovish and Yakhind [23], in a Raman study of
tellurite glasses, have detected this band around
930 cm-‘.
It is hard to judge the relative intensity of the bands
around 461 cm-’ as a function of WO, concentration,
since they overlap with the Rayleigh broad background or a cluster of low frequency optic modes.
However, as shown in Fig. 1, it is clear that the
relative intensity of the bands around 928 cm-’ in-

460.
II

creases with respect to the prominent band at
663 cm-’ as W09 increases from 5 to 30 mol%. Since
the intensity of the Raman peak is proportional to the
number of scattering units and their scattering
efficiency (Raman cross-section), we may conclude
that the number of WO, tetrahedra increases as WO,
concentration increases and reaches a maximum at
W03 = 30 mol% (spectra l-6). Furthermore, we expect the formation of (Te+W)
bonds, because both
Te and W ions have comparable electronegativity
values (2.1, and 2 respectively) and can therefore
substitute for each other in bonding with 0 atoms. It
is known that the density of tellurite glasses containing WO, increases as WO, concentration increases
[25]; this density increase is due to the increase of
W04 formation, which occupy a smaller space than
W06 octahedra in crystalline WOJ.
Previous i.r. studies of TeO,-rich glasses showed a
band around 565 cm-’ which was ascribed to the
(TeO) vibrations where the 0 anions were considered as non-bridging oxygen (NBO) [26]. However, since we do not see this band either in the
Raman or i.r. spectra [24] of our glass system, this
may indicate that our glasses do not contain detectable NBO. It is well known that the glass structure is very sensitive to the melting temperature, the
method of quenching, the crucible material and the
thermal history.
Figure 5 shows the Raman spectra of crystalline
W03 and the glass samples with 30 < x (40 mol%.
For the two samples containing 30 and 31.5 mol%
W03 (spectra 1 and 2), the two bands at 680 and
715 cm-’ correspond, respectively, to the axial symmetric vibration of TeO, tetrahedra in crystalline
TeO, [(A,) = (STe02),, = 635 cm-‘] and to the band
at 714cm-’ of the W03 vibrations.

To
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Fig. 4. (a) Glass transition temperature Tr, crystallization temperature T, and onset crystallization
temperature T,. (b) Heat of crystallization bIf and the gap dT = (T, - T,) as a function of WO,
concentration.

Tungstate-tellurite

s

Lfi

Yv
0

u___
2

-WV

Y-

i

uii

u
,(,,,

a3

0.5

3---

i

U___

glasses

145

ions possess a higher electronic polarizability (ionic
charge/radius)
than the Te ions. Thus, when
x 2 31.5 mol%, more oxygen can be attracted to W
ions which in turn convert to octahedral coordination
In comparing the spectra in Fig. 1 and Fig. 6, it
should be noticed that the structural entities of the
dominant constituent oxide are present in the spectra
of the glasses according to the content of each oxide.
As we proceed from compositions of high W03
concentration to those of high TeO, concentration,
we note a gradual broadening and overlapping of the
respective bands. This reflects the gradual incorporation of the constituent polyhedra and complexes
(TeO,, WO.+, W06) forming the glass network. Also,
it should be noticed that the Raman spectra of the
glass samples with 33 < x < 40 mol% are sharper
than the spectra of the samples with 5 <x
< 31.5 mol%. The vibrational modes change when
the oxygen bridges W and Te instead of two Te.
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Fig.

5.

Raman

spectra of the glass system
with 30 <x < 40 mol%, and Raman spectrum of WO, . (1) x = 30; (2) x = 3 1.5; (3) x = 33;
(4) x = 35; (5) x = 40.
{(lo0 - x)TeO, + xW0,)

As shown in Fig. 5, the relative intensity of the
bands around 930 cm-’ decreases continuously with
respect to all other bands in each individual spectrum
as WO, concentration
increases above 30mol%.
Another peak is observed at about 805 cm-i, which
is not seen in the spectra of samples with I5 < x
< 27.5 mol% (Fig. 1, spectra 2-5). It is clear that the
relative intensity of the two peaks at 805 and
715 cm-’ increases as WO, concentration increases
and they correspond to the two peaks at 714 and
806 cm-’ of crystalline WO,. Also, as WO, concentration increases the broad bands around 460 cm-i
gradually disappear and in addition a band around
265cm-’ is observed and its relative intensity increases. All these observations indicate that the W ion
coordination state changes from fourfold coordination with 5 < x < 30 mol% (spectra l-6 in Fig. 1)
to sixfold coordination with x 3 31.5 mol%, which is
the coordination of W ions in crystalline W03 (spectra 2-5 in Fig. 6). Although W and Te ions have
approximately the same electronegativity values, W

izv$
\

Crystalline
wo.

Wovenumber (cm”)
(Thousands)
Fig. 6. Raman spectra of crystalline TeO,, WO, and the
glass system (75Te0, + 25W0,) before and after different
heat treatment processes. (1) Untreated; (2) heat treated at
370°C for 90 min; (3) heat treated at 370°C for 21 h; (4) heat
treated at 450°C for 30 min; (5) heat treated at 450°C for
18h.
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Hence the vibration of a TeO, tetrahedron depends
on the number of 0 atoms (between zero and four)
that are back-bonded to a W atom and vice versa for
WO., tetrahedra.
From the analysis of the two classes of samples
shown in Figs 1 and 5, respectively, we may conclude
that as WO, concentration (x) increases, the number
of WOI tetrahedra first increases to a maximum at
x = 27.5 mol%, subsequently the number of W04
tetrahedra decreases and the number of WOb octahedra increases. For a variety of amorphous materials
such change of the modifier ion coordination state as
a function of composition has been reported [27-301.
To study the structural changes, nucleation, crystallization, and the thermal behavior of the samples,
we measured the Raman spectra for the samples heat
treated around both Tg and T, for different periods of
time. Figure 6 shows the Raman spectra of the glass
sample (75TeOr + 25W0,) as a representative one
before and after different heat treatments, and the
Raman spectra of both crystalline TeO, and W03.
Spectrum 1 is the Raman spectrum of the untreated
sample. Spectra 2 and 3 are the Raman spectra of the
sample after heat treatment at 370°C for 90 min and
21 h, respectively. Spectra 4 and 5 are the Raman
spectra of the sample after heat treatment at 450°C

Wavenumbers hi’)
(Thousands)

Fig. 7. Raman spectra of crystalline TeOz, WO, and the
glass system (95Te0, + 5W0,) before and after heat treatment at 450°C for 18 h.

i
Wavenumbers km-‘)
(Thousonda)

Fig. 8. F&man spectra of crystalline TeO1, WO, and the
glass system (72STe0, + 27SW0,) before and after heat
treatment at 450°C for 18 h.

for 30 min and 18 h, respectively. Table 1 presents the
positions of the Raman bands.
As shown in Fig. 6, spectra 2-4 look very much the
same as the spectrum of the parent glass. This
indicates that no partial crystallization or any ordered micro phases have developed upon heat treatment. That is because the heat treatment has been
carried out for a short period at temperatures 370 and
450°C which are less than the crystallization temperature of the sample (T,= 488°C). For the sample
treated at 450°C for 18 h (spectrum 5) it is clear that
it has been partially crystallized as a result of this heat
treatment for a long time near the crystallization
temperature. In the temperature range from T, to To,
the group of atoms have the translational energy to
diffuse statistically and rearrange themselves in an
ordered way to reduce the residual stress and reach
a lower internal free energy, and consequently partial
crystallization takes place.
Figures 7 and 8 show the Raman spectra of the
glass samples (95Te0, + 5W03) and (72.5Te0, +
27.5W03), respectively, before and after heat treatment at 450°C for 18 h, and the Raman spectra of
crystalline TeO, and WO,. As shown in Fig. 7
spectrum 2, upon heat treatment two bands at 261
and 328 cm-’ emerge out of the broad background.
The strong sharp band at 398cm-’ of crystalline

Tungstate-tellurite glasses
TeO, reappeared in the glasses’ spectra upon heat
treatment at 388 (Fig. 7, spectrum 2) and 391 cm-’
(Fig. 8, spectrum 2), respectively, and the band at
587cn-’ of crystalline TeO, reappeared as a weak
shoulder around 590 cm-’ in both samples. The
disappearance of the band around 460cm-’ from
both samples may indicate that the bonds (T&W)
have been broken as a result of the partial crystallization upon heat treatment. As shown in Fig. 8 spectrum 1, the broad band around 668 cm-’ splits into
three bands at 635, 698 and 795cm-’ (spectrum 2)
upon heat treatment.

Wavenumber hi’)
(Thousands1

Fig. 9. Raman spectra of crystalline TeO,, WO, and
the glass system {(MO+ x)TeO,+xWO,)
with 5 d x c
35 mol% after heat treatment at 450°C for 18 h. (I) x = 5;
(2)x=15;(3)x=20;(4)x=25;(5)x=27.5;(6)x=30;
(7) x = 31.5; (8) x = 33; (9) x = 35.
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The Raman frequencies of crystalline TeO, (summarized in Table 1) are characteristic of tetragonal
TeO, of D, symmetry [ 161.The characteristic Raman
frequencies of the parent glasses, especially those with
5 <X < 27.5 mol%, and the heat treated samples
(Table 1) show a great correspondence to that of
tetragonal TeO,. Also, in the present work, as discussed earlier, certain modes of crystalline TeO, and
the glass samples are active in both i.r. and Raman
spectra (Table 1, Fig. 1, spectra 2, 7 and 8). On the
other hand, the orthorhombic form of TeO, has no
frequencies active in both Raman and i.r. spectroscopy [31]. These observations confirm the previously mentioned assignments of the different
Raman bands and show that the TeO,-rich glass
structure is a disordered version of tetragonal TeO,
where Te atoms are fourfold coordinated.
The spectra of all glass samples after heat treatment at 450°C for 18 h and the spectra of crystalline
TeO, and WO, are compared in Fig. 9. As shown, the
relative intensities of the band around 265 cm-’ and
the very weak band at 328 cm-’ increase gradually as
WO, concentration increases and their positions are
about the same as the bands at 268 and 328 cm-’ of
crystalline W03. Therefore, these bands correspond
to vibrations of some tungstate complexes (WO, or
W06 units) according to the concentration of W03.
The relative intensities of the bands around 388 cm-’
and the shoulder around 590 cm-’ decrease as the
WO, concentration increases and become very weak
as WOA concentration reaches 40mol%. These two
bands have about the same positions as the strong
band of TeO, at 398 cm-’ and the medium band at
587 cm-‘, and therefore they correspond to vibrational modes of TeO,.
The very strong bands observed around 663 cm-’
in the spectra of the parent glasses (Fig. 1) have
become more distinct and shifted to about 640 cm-’
(Fig. 9) after heat treatment. These bands, as we
mentioned before, correspond to the axial symmetric
(STe02),X vibrational mode of TeO, at 643 cm-‘.
Close to each of these bands a shoulder around
715 cm-’ is observed. It is clear that while the relative
intensity of the bands around 640cm-’ decreases
continuously with the increase of WO, concentration
(x), the relative intensity of the shoulders around
715 cn-’ increases and becomes a separated band at
x > 25 mol%. The peaks around 928 cm-’ corresponding to the strong vibrations of the WO, units
observed in the parent glasses spectra (Fig. 1) disappeared in Fig. 9. Finally a peak around 805 cm-’
(Fig. 9) is observed and its relative intensity increases
very rapidly with the increase of WO, concentration.
It is clear that the peak at 805 cm-’ corresponds to
the band at 806 cm-’ of W06 vibrations in crystalline
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Fig. 10. Differential scanning calorimetry curves of the glass
system {(lo0 - x)TeO, + xW0,) with 5 C x G 50 mol%.
(a) x = 5; (b) x = 15; (c) x = 20; (d) x = 25; (e) x = 27.5; (f)
x = 30; (g) x = 31.5; (h) x = 33; (i) x = 35; (j) x = 50.

WO, and this confirms the suggestion mentioned
before for the parent glasses that the coordination of
W ions is changing from four to six as W03 concentration increases.
In conclusion, upon heat treatment four bands at
265, 328, 715 and 805 cm-’ have been enhanced and
their relative intensities increased with the increase of
WO, concentration. Three other bands at 388, 590
and 64Ocm-’ have also been enhanced and their
relative intensities decreased with the increase of WOJ
concentration.
All these observations confirm the

suggestions mentioned before that the samples with
5 Q x < 27.5 mol% (Fig. 1 spectra l-6) are similar in
short-range order structure to crystalline tetragonal
TeO,, where Te atoms are tetrahedrally coordinated
and the W ions are mostly fourfold coordinated. For
the samples with 30 <x < 40 mol% the W ions are
sixfold coordinated.
Figure 10 shows the DSC curves of the glass
samples {( 100 - x)TeO, + x WO, }, where 5 ( x
< 50 mol%. In general, the curves show a broad
endothermic peak between 330 and 370°C which
represents the glass transition temperature Tg. The
thermal parameters estimated from these curves are
collected in Table 2. These are: T,, the glass transition
temperature;
T,, the crystallization
temperature
which appears as a sharp exothermic peak; To, the
onset crystallization temperature which is estimated
by drawing tangents on the straight line portion of
the crystallization peak; 6H, the heat of crystallization obtained from the area under the crystallization
peak; and finally T = (To - T,), which represents the
temperature interval during which nucleation and
partial crystallization take place [20]. As shown in
curves a-c of Fig. 10, the samples containing 5, 15
and 20 mol% of WO, exhibit two successive crystallization peaks and the area under the peak depends
on the composition. The two prominent successive
crystallization stages may have resulted from the
polymorphic nature of the tetragonal TeO, which can
have either D ii symmetry (rutile) or 0: symmetry
(paratellurite). One structure may crystallize first
and then the other will crystallize at a higher temperature where the second crystallization peak is observed. Such a result of more than one exothermic
peak or crystallization stages for these TeO,-rich
glasses is usually observed [32,33]. After complete
polycrystallization the final product may be mostly of
tetragonal TeO, with some other tellurite-tungstate
complexes distributed therein.
As shown in Fig. 10, for the samples with W03
concentration x > 25 mol% (curves e-j) only one
crystallization peak is observed due to the higher
content of WO, which may minimize the effect of the
polymorphic nature of TeO, during the crystallization process and consequently result in simply crystallization behavior.
Tanaka [33] found that the simple relation
In T, = 1.62 + 2.3, where Z is some average coordination number of the constituent atoms, is satisfied
by a wide variety of molecular glasses, chalcogenices
and organic polymers. A thermal study on a
{35TeO, + (65 - x)V,O, + xFe,O,}
glass system
reported earlier [34] showed that the same relation is
followed by this glass system up to 10 mol% Fe,O,,
after which deviation takes place. In the present
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Table 2. Thermal parameters of the glass system {(100 - x)TeO, + xW0,)
(100 - x)TeO, + x WO,
glasses

&)

&)

x=5
x=15
x =20
x =25
x = 27.5
x = 30
x =33
x =35
x =40
x = 50

333
347
359
370
375
369
371
370
362
368

351
390
430
446
461
449
447
448
442
450

(=;k

this relation is found to be satisfied as a
function of WO, concentration up to 27.5 mot% and
the deviation takes place when WO, concentration
x > 30 mol%. This interesting behavior of these
tungstate-tellurite glasses and the data from Ref. [34]
suggest that this relation may turn out to be satisfied
by a wide range of oxide glasses as well.
work,

T,)
18
43
12
76
86
80
76
78
80
82

(2)

Z

360, 393, 415
409, 416
458, 488
488
495
468
471
467
471
473

2.19
2.22
2.24
2.26
2.27
2.26
2.26
2.26
2.24
2.25

3.1
4.53
7.66
11.50
14.73
9.10
6.77
5.66
6.64
6.51
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place; however, no pure TeO, glasses could be obtained using a platinum crucible [35]. Previously, in
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alumina crucibles were found to contain between 1.5
and 6 mol% A&O, [16]. The structural changes due
to composition and heat treatment have been studied
using Raman spectroscopy, and the thermal parameters of the glasses have been estimated and
discussed in terms of structural aspects. Finally, the
relation In T, = 1.62 + 2.3 was found to be satisfied
by these oxide glasses up to a certain percolation
threshold of the modifier (27.5 mol% W03) after
which deviation takes place.
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