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We present a thermodynamic model for fluorozirconate melts which takes into consideration the 
strong negative deviation from ideality manifested by deep eutectic wells in phase diagrams and 
exothermic heats of mixing. The model is based on chemical equilibria between complexes with 6— 
8-fold coordination of Zr. Only 6-coordinated complexes are present in the glass-forming regions. 
The results of the thermodynamic model are related to structural data obtained by infrared and 
Raman spectroscopy. Frequencies of Zr—F stretching vibrations have been found to decrease with 
increasing n(F)/n(Zr) ratio for both melts and glasses, which indicates either an increasing Zr 
coordination number or decreased connectivity between ZrFn polyhedra. At constant n(F)/n(Zr) 
ratio the stretching frequencies increase significantly going from the glass to the melt. We propose 
that the coordination number of Zr in fluorozirconate glasses is decreasing significantly when heating 
above the glass transition temperature. The fragility of fluorozirconate glasses shown by the non-
Arrhenius behaviour of the viscosity is thereby explained by a decreasing coordination number of Zr 
causing the connectivity between ZrFn polyhedra to decrease. The viscosity of fluorozirconate melts 
demonstrates that the fragility is not very sensitive to changes in composition. However, both the 
glass transition temperature and the viscosity increase with increasing charge of the counter-cations. 

The heavy metal fluorides based on ZrF4 belong 
to the most remarkable ionic glasses. The coordina
tion number of the major cation Zr is around 7—8 
which is quite unusual compared to traditional ox
ide glasses. Such high coordination numbers in glasses 
were relatively unknown before the discovery of the 
fluorozirconate glasses in 1974 [1]. The heavy metal 
fluoride glasses (HMFG) based on ZrF4 have a broad 
optical transmission window extending into the near 
IR region and thereby a potential for ultra-low optical 
losses [2]. The fluorozirconate glasses are also known 
as ones of the most fragile high Tg (glass transition 
temperature) glasses, which is shown by the extreme 
non-Arrhenius temperature dependence of the viscos
ity and the large change in the heat capacity going 
through the glass transition region [3, 4]. These prop
erties make the fluorozirconate glasses a unique class 
of inorganic vitreous materials. 

The coordination of fluorine around zirconium has 
been regarded as an important parameter for the un
derstanding of the structure and properties of the fluo
rozirconate glasses. In crystalline fluorozirconates the 
coordination number (CN) of Zr is 6—8 [5]. Similar 
CN of Zr has been suggested in fluorozirconate melts 
based on Raman spectroscopy and thermodynamic in

vestigations [6, 7]. It is generally agreed that the coor
dination number of Zr in the fluorozirconate glasses is 
in the region 7—8 [8]. However, so far there is no gen
eral agreement on how the fluorozirconate glass struc
ture changes upon variation in composition or heat
ing above Tg. Phifer et al. have considered the effect 
of coordination environments (including the effect of 
the counter-cations) on the Zr—F symmetric stretch
ing frequency of fluorozirconate crystals, glasses, and 
melts [9]. The proposed dependence of this frequency 
on composition was based on data for a few fluorozir
conate crystalline compounds. 

We have recently carried out an experimental pro
gram in order to study the structure and properties of 
both melts and glasses of binary and ternary fluorozir
conate systems which compose the main part of the 
well known ZBLAN/Li (ZrF4—BaF2—LaF3—A1F3— 
NaF/LiF) fluorozirconate glasses. The structural as
pects of both fluorozirconate melts and glasses ob
tained by the experimental program are summarized 
in the present paper. First, the thermodynamic inves
tigations of binary and ternary fluorozirconate melts 
are presented including liquid-liquid heats of mixing, 
phase diagrams, and a physical thermodynamic model 
for fluorozirconate melts containing alkali and alka-
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line earth fluorides [7, 10—14]. Secondly, the observed 
correlation between composition and viscosity/Tg of 
some of the most important glasses is presented [4, 
5, 14, 15]. Finally, infrared and Raman spectroscopic 
studies of the structure of ternary ZrF 4 —BaF 2 —NaF 
(ZBN) and ZrF 4 —BaF 2 —LiF (ZBLi) glasses are sum
marized [16,17]. A correlation between the vibrational 
data and the n(F)/n(Zr) ratio in melts and glasses is 
presented. Based on all these data we propose a struc
tural model which takes into consideration the known 
fragility of the fluorozirconate glasses. 

Physical T h e r m o d y n a m i c Model 
for Fluorozirconate Melts 

The phase diagrams of a number of binary and 
ternary fluorozirconate systems have been studied 
by differential thermal analysis and X-ray diffraction 
[10—15]. Deep eutectic wells are found in all these 
phase diagrams containing alkali and alkaline earth 
fluorides, as shown for the important binary system 
ZrF 4 —BaF 2 in Fig. 1. The solidus temperatures are 
about 370 °C and 470 °C lower than the melting point 
of ZrF 4 in the important binary ZrF 4 —BaF 2 and 
ternary ZrF 4 —BaF 2 —NaF systems, respectively. The 
composition of the glass-forming melts can be de
scribed by the n(F)/n(Zr) ratio between 4.5 and 6, 
independent of the composition of the counter-cations 
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Fig . 1. The phase diagram of the binary system Z r F 4 — 

BaF2- Experimental observations shown are reported 

by Grande [10, 14]. The solid lines representing the 

liquidus temperatures are calculated by the thermo-

dynamical model [7]. The dotted liquidus lines are re

ported by Grande [10, 14]. 
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Fig. 2. Experimental and calculated liquid-liquid heats of mix
ing in ZrF4—alkali fluoride systems: • ZrF 4 —LiF, • 
Z r F 4 — N a F , О Z r F 4 — K F , Л Z r F 4 — R b F . Experimen
tal data reported by Hatem et al. [18, 19] and Grande 
[14] ( Z r F 4 — N a F ) . 

of the glass. The glass-forming regions of fluorozir
conate systems are always located within these deep 
eutectic wells which are limited by the liquidus sur
faces for ZrF 4 on the ZrF4-rich side and the liquidus 
surface for refractory fluorozirconates like Ba2ZrF8 at 
high n(F)/n(Zr) ratios. 

Hatem et al. [18, 19] and Grande [14] have mea
sured the liquid-liquid heats of mixing for a number of 
binary and ternary fluorozirconate systems, as shown 
for the binary zirconium fluoride—alkali fluoride sys
tems in Fig. 2. The liquid-liquid heats of mixing of flu
orozirconate melts are strongly exothermic reaching a 
value of about —(40—60) kJ m o l - 1 at the minimum 
where the n(F)/n(Zr) ratio is near 6. The exothermic 
heats of mixing are a clear evidence for local order 
in the melts and have been interpreted as the sig
nature of the particular stability of isolated ZrF 6~ 
complexes [7, 14] which also have been found in crys
tals [20, 21]. Octahedral coordination of zirconium is 
also supported by the spectroscopic investigations of 
ZrF4-based melts [6, 22]. In alkali fluoride-rich melts 
with n(F)/n(Zr) ratio > 6 the interpretation of vibra
tional data gives support to the formation of ZrF^ -

and ZrFg" anions [6, 22]. At n(F)/n(Zr) ratio < 6 the 
coordination number of Zr is proposed to be 6 based 
on the high entropy of melting of ZrF 4 [14]. The num-
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ber of bridging Zr—F—Zr and terminal Zr—F fluorine 
bonds in the melts is dependent on the proposed CN 
of Zr and the n(F)/n(Zr) ratio in the melt. Based on 
these arguments a physical model for fluorozirconate 
melts consisting of complex anions with 6-fold coordi
nation of Zr, together with ZrF^" and ZrFg - at high 
concentrations of alkali and alkaline earth fluorides 
has been developed [7, 14]. The stoichiometry of the 
6-coordinated anions in the model is Z r m F 4 ~ + 2 (m > 
1). Models consisting of complexes with 5-, 7- or 8-fold 
coordination of Zr could not fit the thermodynamic 
data at high concentrations of ZrF4. The formation 
of these complexes in ZrF4—BF2—AF melts (A = al
kali metal, В = alkaline earth metal) is described by 
the following chemical equilibria shown for the binary 
ZrF 4—AF system 

ZrF4(l) + n AF(1) = A n ZrF 4 + n ( l ) 

m ZrF4(l) + 2 AF(1) = A 2 Z r m F 4 m + 2 ( l ) 

where n = 2, 3, 4 and m = 2, 3, 4, 5 (m > 5 has been 
neglected). The complexes are assumed to dissociate 
to A + and B 2 + cations and Z r m F 4 ~ + 2 and Z r F J ^ 
anions in the molten state. The chemical activities 
of the complexes were described by a Temkin model 
[23], assuming random mixing of cations in a cation 
"sublattice" and random mixing of anions in the cor
responding anion "sublattice" [7]. Molecular ZrF4(l) 
was defined as an anion in the Temkin model. 

Liquid-liquid heats of mixing of binary and ternary 
fluorozirconate systems were calculated by the model 
and are compared to experimental data as shown in 
Fig. 2. The experimental data are well reproduced by 
the thermodynamical model. The model was also ob
served to agree well with the chemical activities de
fined by solid-liquid phase relations [7]. This is shown 
in Fig. 1, where the estimated phase diagram for the 
binary system ZrF 4 —BaF 2 is compared to experimen
tal observations. The calculated heats of fusion of bi
nary compounds were also in reasonable agreement 
with experimental values (± 5 %) [14]. 

The calculated distribution of anions in the molten 
system ZrF 4 —BaF 2 is shown in Fig. 3. All the species 
introduced in the model are present as major species 
and have a significant contribution to the free energy 
of mixing. Z r 2 F ^ and ZrFg - are the major com
plex species in the glass-forming region of the system 
ZrF 4 —BaF 2 —NaF (n(F)/n(Zr) ratio = 4.5—6) [24]. 
Based on the model considerations six-fold coordina
tion of Zr in the glass-forming regions of fluorozir
conate melts can therefore be assumed as most likely. 
At higher n(F)/n(Zr) ratios the model melt consists 
of the complexes ZrFg", ZrF^ - , and ZrFg" which is 
consistent with the interpretation of the vibrational 
data of molten fluorozirconates [6, 22]. The number of 
fluorines around Zr is increasing with the n(F)/n(Zr) 
ratio in this region which probably causes an increas-

o 

! 

Fig . 3. The calculated distribution of the complex anions in 
the molten system ZrF 4 —BaF2 [7]. The species are: 
Z r F 4 (1), BaZr 5 F 2 2 (2), B a Z r 4 F i 8 (3), B a Z r 3 F i 4 (4), 
BaZr 2 Fio (5), B a Z r F 6 (6), B a i . 5 Z r F 7 (7), B a 2 Z r F 8 

(8), Bao.sF (9). 

ing Zr—F bond length. An increasing bond length 
with increasing n(F)/n(Zr) ratio agrees nicely with 
the reported decreasing frequency of the Zr—F bond 
with increasing n(F)/n(Zr) ratio [6, 22]. At high con
tents of ZrF 4 in the melts, larger anionic complexes are 
present together with pure ZrF 4 . The model proposes 
six-coordination of Zr in pure molten ZrF 4 . Chains or 
rings formed by edge-sharing ZTFQ octahedra is one 
possible structure of this liquid. The entropy of fusion 
of ZrF 4 is large [25] and a change from 8- to 6-fold co
ordination of Zr upon melting is therefore reasonable. 
In the glass-forming region (n(F)/n(Zr) ratio 4.5—6), 
the model for the melt consists only of complexes with 
six-coordinated Zr. 

Viscosity and Glass Transi t ion T e m p e r a t u r e 

The fluorozirconate melts exhibit one of the most 
fragile viscosity—temperature dependences among 
high r g glasses as shown in Fig. 4. The fragile nature 
of the fluorozirconates is compared to the viscosity 
of BeF2 which is the fluoride analogue to the strong 
SÍO2. One of us has previously measured the viscos
ity of some binary and ternary fluorozirconate melts 
in the glass-forming ZBLAN system [4]. At constant 
n(F)/n(Zr) ratio, the viscosity is found to increase 
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Fig . 4. Tg-Scaled Arrhenius plots for the viscosity of some flu
oride glass-forming melts: 0 BaZrFö [14], D B a Z ^ F i o 
[14], О N a B a Z r 3 F i 5 [14]. 1. BeF 2 [33], 2. ZBLA [3], and 
3. ZBLAN [3]. 
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markedly with increasing ionic charge (ionic poten
tial, Zjr) of the counter-cations (Na, Ba, La) in the 
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F i g . 6. Glass transition temperatures in ZBN (o) and ZBLi 
(D) systems along joins with the A/Ba ratio equal to 
one. (A = Na or Li) [15]. The arrows indicate the ex
pected direction of a correction in the T g value due to a 
deviation from the A/Ba = 1 joins in the ternary phase 
diagrams. The lines are drawn as a guide to the eye. 

fluorozirconate melts [4]. The glass transition temper
ature has also been found to increase with increasing 
charge on the counter-cations in the ternary ZBN sys
tem [15, 24]. When the logarithm of the viscosity of 
the melts is plotted vs. the reduced inverse tempera
ture Tg/T, curves for different compositions superim
pose as shown in Fig. 4. 

Moderate changes in composition do not have any 
significant influence on the temperature dependence of 
the structural relaxation in the fluorozirconate melts 
as shown in Fig. 4. It is rather the thermodynamical 
properties that change drastically with composition 
as shown in the preceding chapter. Across the glass 
formation field in the system ZrF4—BaF2 the viscos
ity varies by less than one order of magnitude [4]. In 
fact, it has been manifested that it is a minimum in 
the isothermal viscosity at the n(F)/n(Zr) ratio near 
5.5 in the system ZrF4—BaF2 as shown in Fig. 5. 
Similarly, a minimum in the glass transition tempera
ture as a function of the n(F)/n(Zr) ratio is shown 
for the ternary ZBN and ZBLi glasses at constant 
n(Na)/n(Ba) (n(Li)/n(Ba)) ratios in Fig. 6. Glass 
transition data reported by other groups support these 
findings [24, 26, 30, 31]. The minima in Tg and viscos
ity are both located in the composition region where 
the fluorozirconate glasses are reported to be the most 
stable. The minimum in the glass transition tempera
ture itself does not seem to have a determining effect 
on the stability of the glasses. We propose a very sim
ple explanation of the minimum in the glass transition 
temperature. The initial decrease in Tg with increas-
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ing n(F)/n(Zr) ratio is probably due to a decreas
ing number of bridging fluorine bonds as suggested 
by Aasland et al. [16]. However, at sufficiently high 
n(F)/n(Zr) ratio the proportion of counter-cations in 
the structure is large enough that the effect of cation— 
cation repulsions starts to dominate over the role of 
the connectivity of the ZrFn polyhedra. Our argument 
is reflected in the solid state by the large difference be
tween the melting points of crystalline compounds in 
the ZrF4—BaF2 system (Fig. 1). The congruent melt
ing points of Ba2ZrFg and BaaZrFio are both more 
than 400 °C higher than the melting point of the glass-
forming compound BaZr2Fio. Using the empirical re
lationship Tg/Ti « 2/3, one would predict that the 
glass transition temperature should increase by about 
300 XJ on going from BaZr2Fi0 to Ba2ZrF8. 

The glass transition temperature for ternary ZBA 
(A = alkali) and other alkali-containing multicompo-
nent fiuorozirconate systems has been found to de
crease with decreasing size of the alkali ions as shown 
for ZBN and ZBLi in Fig. 6 [15]. The lowered Tg and 
viscosity when BaF2 is substituted by alkali fluorides 
in ternary ZBA systems at constant n(F)/n(Zr) ratio 
can be explained by a weaker ability of the alkali ions 
to cross-link the Zr polyhedra due to their lower ionic 
potential. However, the observed increase in Tg with 
increasing size of the alkali ions is somewhat surprising 
as the ionic potential is decreasing in this case. This 
observation could then indicate different coordinations 
for the alkali cations in fiuorozirconate glasses, as 
higher coordinated alkalies may have a higher ability 
to cross-link the Zr—F polyhedra. Indeed, the smaller 
sized alkali ions are found to have lower coordination 
numbers than the larger alkali ions in alkali fiuorozir
conate crystals. Rb and Cs have 12-coordination of 
fluorine while Li has only 6-coordination in the binary 
alkali fiuorozirconate crystals A2ZrFô (A = Li, Rb or 
Cs) with six-coordinated Zr [21, 27]. In the ternary 
ABaZr2Fn (A = Li or Na), Li is 4-coordinated while 
Na is 6-coordinated [28, 29]. 

The S t ruc ture of Binary and Ternary Fiuo
rozirconate Glasses 

The structure of binary and ternary fiuorozirconate 
glasses has been studied by Raman and IR spec
troscopy [16, 17, 26]. Infrared and Raman spectra of 
a ternary ZrF4—BaF2—NaF glass (50 mole %—25 
mole %—25 mole %) are shown in Fig. 7. The spec
tral features are similar for all the reported binary 
and ternary alkali and alkaline earth fiuorozirconate 
glasses. The most intense Raman band at v — 569— 
592 cm - 1 (denoted vs) and the weaker band around 
480 cm - 1 are interpreted as symmetric stretching vi
brations of terminal and bridging Zr—F bonds, re
spectively [16, 26]. Two broad bands at 260—270 
cm - 1 and 480—516 cm - 1 (denoted vas) are observed 
in the IR spectra. The most intense infrared band at 

200 300 400 500 600 700 

v/cm"1 

100 200 300 400 500 600 700 

v/cm'1 

Fig . 7. a) Infrared and 6) Raman spectra of a fiuorozirconate 
glass with composition 50 mole % ZrF4, 25 mole % 
BaF2, and 25 mole % NaF. Both polarized and depo
larized Raman spectra are shown in 6). 

480—516 cm l is assigned to asymmetric stretching 
vibrations of bridging and nonbridging Zr—F bonds 
tie]. 

The observed vs and vas stretching frequencies for 
binary and ternary fiuorozirconate glasses are com
pared in Fig. 8. The stretching frequencies are seen to 
decrease with increasing n(F)/n(Zr) ratio for all the 
fiuorozirconate glasses. This observation is consistent 
with an increase in the average Zr—F bond length, 
giving rise to a decrease in Zr—F stretching force con
stant. Phifer et al. have reported such a general de
crease in the vs frequency with increasing terminal 
bond length for isostructural series of crystals, for in-
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stance /?-BaZrF6, a-SrZrF6, and e*-PbZrF6 [9]. The 
nonbridging Zr—F bond lengths also increase with 
increasing coordination number of terminal fluorines 
around Zr, as the bond valence is decreased. In addi
tion, a shortening of the nonbridging Zr—F bond is 
expected if the number of (longer and weaker) bridg
ing Zr—F(—Zr) bonds increases at constant CN of 
Zr [14]. Thus the observed decrease in the stretching 
frequencies of fluorozirconate glasses and melts with 
n(F)/n(Zr) ratio can be explained by increased CN 
of Zr and/or decreased bridging of the Zr polyhedra. 
An increase in the relative intensity of the v s band to 
the band at 480 c m - 1 (stretching of bridging bonds) 
with n(F)/n(Zr) ratio observed in the Raman spectra 
for the ZBLi and the ZBN glasses [16, 17] indicates 
an increasing proportion of terminal fluorines as the 
n(F)/n(Zr) ratio is increased. 

The effect of different counter-cations (Li, Na, and 
Ba) on the vs and v as frequencies of the fluorozir
conate glasses can be seen from Fig. 8. The v s fre
quency (Raman) decreases smoothly with increasing 
n(F)/n(Zr) ratio, and is nearly independent of the 
nature of the counter-cations. However, the v ^ fre

quencies (IR) change markedly between the ZB and 
the ZBN and ZBLi glasses, for a similar n(F)/n(Zr) 
ratio. One reason for this is that the dominant high-
frequency Raman band of symmetric ZrF„ structural 
units is always singly degenerated, while the high-
frequency IR band is usually triply or doubly degener
ated. Perturbation of the ZrF n species by interaction 
with counter-cations will cause distortion and split
ting of the IR mode, resulting in a broadened band, 
which will shift the position of the transmission min
imum. In addition, the width and position of the IR 
band will also be more affected by changes in effective 
partial charges, because of the highly polar nature of 
the Zr—F asymmetric stretching vibration. 

S t ruc tura l Changes above T g — an Explanat ion 
of t h e Fluorozirconates Fragility 

Continuous structural studies of the transition be
tween fluorozirconate melts and glasses are difficult 
due to the high quenching rate needed to avoid crys
tallization. The fluorozirconate glasses will also crys
tallize when heated above T g . However, a few spec
troscopic studies of fluorozirconate melts have previ
ously been reported [6, 22], and we recently managed 
to obtain infrared spectra of both glass and melt for 
one ZBN composition [16]. The v s and v as frequencies 
observed for the melts are always significantly higher 
than the corresponding frequencies of the fluorozir
conate glasses with the same n(F)/n(Zr) ratio, even 
if the effects of counter-cations are taken into account 
as shown in Fig. 8. For example, the v as wavenumber 
reported for the one ZBN melt is 30—40 c m - 1 higher 
than that for the corresponding glass. This change 
cannot be due to inharmonic effects, which would be 
expected to decrease the observed frequencies at high 
temperature. We therefore conclude that the differ
ence in the v s and v as frequencies of room-temperature 
glass and high-temperature melt is due to some struc
tural effect. 

The v s and v a s frequencies can be correlated with 
the average terminal Zr—F bond strength, which de
creases on increasing the Zr coordination and/or with 
decreased number of Zr—F—Zr bridges. We propose 
that this type of structural change is responsible for 
the large shift in the v s and v as frequencies going from 
the glass to the melt. Although it is still not clear how 
the structure of fluorozirconate glasses changes with 
variations in composition, it is generally agreed that 
CN of Zr in glasses is in the region 7—8 [2, 8, 16]. The 
number of bridging Zr—F—Zr bonds in the glasses 
is large (i.e. at n/(F)/n(Zr) = 5 with CN of Zr = 
7 the fraction of bridging bonds is 4/7), and a three-
dimensional network is probably formed. We predicted 
a coordination number of 6 in the glass-forming region 
of fluorozirconate melts based on the thermodynamic 
model described above. The dominating complexes are 
ZrFß" and Z r 2 F ^ as shown in Fig. 3. A substantial 
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decrease in the coordination number of Zr going from 
the glass to the melt is in agreement with the large in
crease in the Zr—F frequency shown in Fig. 8. The re
duction in Zr coordination at constant n(F)/n(Zr) ra
tio with increasing temperature (above Tg) will cause 
a lowering of the number of bridging Zr—F—Zr bonds 
in the melt. The connectivity between the ZrFn poly
hedra is therefore much more pronounced in the glassy 
state compared to the molten state. Upon cooling the 
melt through the supercooled region, we propose that 
the ZrFö polyhedra present in the melt begin to poly
merize by formation of Zr—F—Zr bridging bonds. 
The formation of bridging bonds simultaneously re
sults in an increased coordination number of zirco
nium. 

The prediction of a low content of bridging Zr— 
F—Zr bonds in molten fluorozirconates agrees with 
the viscosity of sodium and barium fluorozirconate 
melts being approximately one order of magnitude 
higher than the viscosity of simple molten salts, but 
several orders of magnitude lower than most glass-
forming oxide melts [4]. Fluorozirconate glasses be
long to the most fragile inorganic glasses known due 
to the low viscosity of the molten state as shown in 
Fig. 4. The proposed structural rearrangement upon 
heating of the fluorozirconate glasses, which involves a 
decreasing number of bridging fluorines, may explain 
the rapid decrease in the viscosity above the glass 
transition temperature. The significant change in the 
heat capacity of fluorozirconate glasses going through 
the glass transition region is firmly established [2]. The 
high heat capacity of the supercooled melt is proba
bly due to a decreasing coordination number of Zr 
and thereby a reduction of the number of bridging flu
orines. Assuming the heat capacity of the crystalline 
ground state to be of the same order as for the glasses, 
the configurational entropy will rapidly increase with 
increasing temperature due to the large heat capacity 
of the supercooled melts relative to the ground state. 
The structural relaxation time and hence the viscosity 
will therefore show a non-Arrhenius temperature de
pendence in the supercooled region due to the rapid 
change in the configurational entropy in accordance 
with the model analysis of Adam and Gibbs [32]. 

CONCLUSION 

A physical thermodynamical model for fluorozir
conate melts based on chemical equilibrium between 
the anionic complexes ZrmF4~+ 2 and ZrF£~n has 
been developed. The model takes into account the 
strong negative deviation from ideality manifested by 
deep eutectic wells in the phase diagrams and strong 
exothermic liquid-liquid heats of mixing. In the glass-
forming region (n(F)/n(Zr) ratio between 4.5 and 6) 
which is located in the deep eutectic wells, the model 
consists mainly of complexes with six-fold coordina
tion of fluorine around zirconium. Both the viscosity 

and the glass transition temperature show a minimum 
in the middle of the glass-forming region. Thus we pro
pose that it is the thermodynamics rather than vis
cosity which determines the glass-forming properties 
of fluorozirconate systems. 

The frequencies of infrared and Raman bands as
signed to stretching of Zr—F bonds were observed 
to decrease with increasing n(F)/n(Zr) ratio in the 
fluorozirconate glasses. Structural changes involving 
increased coordination number of zirconium and de
creased bridging between the Zr polyhedra are pro
posed. Structural dependence on the counter-cations 
(La, Ba, Na, Li) was demonstrated in the high-
frequency infrared band and in the viscosity and 
r g data. An increasing ability to cross-link the Zr 
polyhedra, and thus influence the intermediate range 
of structural order, with increasing charge on the 
counter-cations was proposed. 

On going from the glass to the melt at constant 
n(F)/n(Zr) ratio, a remarkable increase in the intense 
Raman and infrared frequencies has been manifested. 
We propose a structural model involving a signifi
cant decrease in the coordination of Zr from 7—8 in 
the glasses to 6 in the melts. The proposed coordina
tion change upon heating above Tg can also explain 
the fragile behaviour of these melts. The bond break
ing process leading to increasing coordination num
ber of Zr and a decreasing connectivity between the 
ZrFn polyhedra may explain the high heat capacity of 
the supercooled fluorozirconate melts due to increas
ing configurational entropy. The rapidly decreasing 
viscosity, shown by the extreme fragility of these su
percooled melts, is also reasonable as the Zr—F—Zr 
bridges disappear with increasing temperature. 
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