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Molecular dynamics simulations on devitrification: The PbF 2 case
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POMA UMR CNRS 6136, Universite´ d’Angers, 2 bd. Lavosier, 49045 Angers, France

Younès Messaddeq and Sidney J. L.Ribeiro
Instituto de Quı´mica-UNESP, CP.355, CEP 14801-970, Araraquara, SP, Brazil

~Received 16 April 2002; accepted 24 June 2002!

In this work molecular dynamics simulations were performed to reproduce the kinetic and
thermodynamic transformations occurring during melt crystallization, vitrification, and glass
crystallization~devitrification! of PbF2. Two potential parameters were analyzed in order to access
the possibility of modeling these properties. These interionic potentials are models developed to
describe specific characteristic of PbF2, and thermodynamic properties were well reproduced by one
of them, while the other proved well adapted to simulate the crystalline structure of this fluoride. By
a modeled nonisothermal heat treatment of the glass, it was shown that the devitrification of a cubic
structure in which the Pb–Pb distances are in good agreement with theory and experiment. ©2002
American Institute of Physics.@DOI: 10.1063/1.1501119#
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I. INTRODUCTION

In the last years a new class of oxyfluoride glass
appeared as an important composite aiming at the deve
ment of new photonic devices. These mixed systems, c
posed by a well-known glass former oxide, like SiO2, B2O3,
TeO2, or GeO2 and heavy metal fluorides, can be obtained
the glassy state by the conventional melting/quenching te
nique, at room atmosphere.1–5 In addition to the relatively
simple preparation method and optical characteristics of
earth doped samples, very interesting devitrification~glass
crystallization! features are presented by these systems.
example, the MO–PbF2–CdF2 systems (MO5SiO2, B2O3,
and GeO2) are characterized by the devitrification of a cub
structure, identified as lead fluorideb-PbF2, with the possi-
bility of obtaining transparent glass ceramics under c
trolled thermal treatments. Cd12xPbxF2-type solid solutions
were also identified in some devitrified samples.2

The crystallization processes in glasses have been s
ied by various generations of glass researchers. The kn
edge of the nucleation and crystal growth processes ha
ways been the goal of these scientists due to its importa
in the beginning, to avoid glass crystallization and, now
days, to control it. Experimental techniques employed in t
kind of research are mainly thermal analysis differen
scanning calorimetry/differential thermal analysis~DSC/
DTA!, but other techniques have been employed, for
ample, x-ray diffraction, vibrational spectroscopy~IR, Ra-
man! and x-ray absorption spectroscopy~XANES/EXAFS!.

On the other hand, molecular modeling has been u
extensively as a power tool in the determination of structu
of glasses, mainly silicates and fluorozirconates. The inte
in these deterministic and stochastic methods has grown
the computational development but, although the utilizat
of these modeling techniques to understand the devitrifi
tion processes can be helpful, few works6 have been pub-
lished concerning the thermodynamic changes in glas

a!Electronic mail: mauricio.silva@univ-angers.fr
5360021-9606/2002/117(11)/5366/7/$19.00
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during devitrification, modeled by computational metho
like molecular dynamics.

Our goal in this paper is to optimize the numerical co
ditions of modeling the devitrification processes of an in
ganic material, using the molecular dynamics~MD! tech-
nique. Our experience in the crystallization behavior
oxyfluoride glasses led us to investigate the devitrificat
process of a ‘‘fictive’’ PbF2 glass, aiming at the study of th
glass–ceramic formation in fluorosilicate glasses.

II. INTERIONIC POTENTIALS

In MD simulations, it is important to keep in mind tha
the interionic potentials used are models trying to describ
specific characteristic of a material. For example, a poten
can be developed to well describe the structural characte
tics of a material, in detriment of a good reproduction of
dynamic properties. That is the case, for example, of
usual potentials employed to describe the structure of si
glasses, in which the structural characteristics are well sim
lated, whereas the glass transition temperature is obtaine
a higher value than the one observed experimentally.7

The literature concerning MD simulations of PbF2 is not
extensive. We have selected two works to investigate, du
their interesting similarities and differences. Walkeret al.8

have studied the conduction behavior of PbF2, which pre-
sents a diffuse transition from a nonconducting to a fast-
~superionic! conducting state at about 700 K. Another wo
involving PbF2 was made by Hayakawaet al.,9 in a struc-
tural study of PbF2–PbO–SiO2 glasses. It was proposed th
ions Pb21 and F2 are present as clusters Pb–F along
Si–O chains, and the glassy network former/modifier fe
tures of Pb21 and F2 ions depend on the PbO/SiO2 ratio.

The short-range atomic interaction used in both pap
can be described by the Buckingham potential, which c
sists of a repulsive exponential and an attractive dispers
term between the pairs~represented by2C/r 6)
6 © 2002 American Institute of Physics
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U~r !5ZiZje
2/r i j 1Ai j exp~2r i j /r i j !2C/r i j

6 , ~1!

whereZ is the charge on ions of speciesi and j, in units of
the electronic chargee, andr i j is the distance between thes
ions.Ai j is the short-range coefficient for repulsion andr i j is
an adjustable constant. Although the interionic potent
used in the works cited above were the same, the pair po
tial parameters used in the MD simulations were rather
ferent, as listed in Table I. These two sets of pair poten
parameters will hereafter be called the ‘‘Walker model’’ a
‘‘Hayakawa model.’’

As our interest in this work is to model the transform
tions during vitrification/devitrification of PbF2, we are deal-
ing with thermodynamic and structural properties. In th
case, an ideal interionic potential is the one that has the
ter compromise between these properties. This paper is
vided in the following way: We have investigated the tw
potential parameters cited above by means of radial distr
tion function analysis,g(r ), simulation of EXAFS spectra
using modeled configurations, and ion diffusion coefficie
analysis~Secs. III and IV!. This preliminary investigation
allowed us to select the potential parameters that better
respond to our goals and in Sec. V we will present our res
obtained with the modeling of the vitrification and devitrifi
cation processes of PbF2. Finally, the presented results wi
be discussed in Sec. VI and the conclusions traced in
VII.

III. MOLECULAR DYNAMICS CALCULATIONS AND
EXAFS SIMULATIONS

For the long-range electrostatics~Coulomb! potentials
the Ewald sum technique10 was used.

The simulations were performed using theDL_POLY pro-
gram, developed in the CCLRC Daresbury Laboratory.11 For
the generation of the crystal structure, we have construct
cubic fcc structure, of lattice constanta55.93 Å, containing
768 atoms~256 cations and 512 anions! in a cubic box, du-
plicated in the three directions to infinity~periodic boundary
condition!. For the two sets of parameters~Walker and Hay-
akawa!, the simulation procedures were identical. The s
tem was equilibrated at 300 K in the canonical~NVT! en-
semble during a run of 20 000 steps, with time step fixed
0.001 ps, and then relaxed at the same time interval~20 ps!
in the microcanonical (NVE) ensemble. Then, as the expe
mental x-ray absorption spectra were obtained at liquid
trogen temperature, the system was cooled down to 77 K
the processes of equilibration and relaxation done under

TABLE I. Buckingham two-body pair potentials used in MD simulations
PbF2.

Walker et al.a Hayakawaet al.b

Atomic pair A~eV! r~Å! C~eV Å6! A~eV! r~Å! C~eV Å6!

Pb–Pb 0.0 0.0 0.0 2.513106 0.170 3.1031022

Pb–F 122.7 0.516 0.0 1.363106 0.170 3.1031022

F–F 10 225 0.225 107.3 7.313105 0.170 4.2931022

aReference 8.
bReference 9.
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same conditions. Finally, a 5000-steps~5 ps! run in theNVE
ensemble was performed in order to record the radial dis
bution functions,g(r ).

The Pb LIII -edge EXAFS spectra simulations were pe
formed using theFEFF8.1program.12 The modeled configura
tions were introduced in theATOMS field and a configuration
average over all absorbers~Pb! atoms was considered usin
the CFAVERAGE card, in order to consider eventual distortio
in the absorbing atoms surroundings. The EXAFS spe
Fourier transforms were obtained using Michalowicz’sEX-

AFS98 program.13 ‘‘Modeled’’ EXAFS spectra were com-
pared with experimental ones whose conditions for sam
preparation, spectra acquisition, and data analysis were
tailed in a previous work.2

IV. COMPARISON BETWEEN MODELS

Figures 1~a! and 1~b! show the g(r ) curves for the
Pb–Pb and Pb–F pairs obtained by the Walker and H
akawa models, respectively, and Table II compares the c
dination numbers and interatomic distances obtained fr
the MD simulations and the theoretical values, calculated
a perfect fcc PbF2 crystal of cell parametera55.93 Å. The
coordination numbers and interatomic distances are rel
to a central Pb atom. From Fig. 1 one can observe narro
and more intense peaks obtained with the Hayakawa m
than those from the Walker model. Also, from Table II, o

FIG. 1. Radial distribution functionsg(r ) for the pairs Pb–Pb~solid line!
and Pb–F~dotted line!, obtained by MD simulations using the Walker~a!
and Hayakawa~b! models.
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observes that the interatomic distance are best reprodu
mainly in the first coordination shells, by the Hayakaw
model.

Figures 2~a! and 2~c! shows the comparison between t
Pb LIII -edge EXAFS spectrum of a cubicb-PbF2 sample,
obtained experimentally at 77 K~open circles!, the modeled

TABLE II. Kind of coordination atom and interatomic distances from
central Pb atom simulated using the Walker and Hayakawa models, c
pared to theoretical values calculated considering a perfect fcc PbF2 crystal
of cell parametera55.93 Å.

Theoretical Walker model Hayakawa model

8 F at 2.57 Å 8 F at 2.55 Å 8 F at 2.57 Å
12 Pb at 4.19 Å 12 Pb at 4.17 Å 12 Pb at 4.19 Å
24 F at 4.91 Å 24 F at 4.91 Å 24 F at 4.91 Å
6 Pb at 5.93 Å 6 Pb at 5.93 Å 6 Pb at 5.93 Å
24 F at 6.46 Å 24 F at 6.45 Å 24 F at 6.46 Å
24 Pb at 7.26 Å 24 Pb at 7.26 Å 24 Pb at 7.26 Å
32 F at 7.70 Å 32 F at 7.70 Å 32 F at 7.70 Å
rticle is copyrighted as indicated in the article. Reuse of AIP content is sub
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spectra, calculated by theFEFF8.1 program using as atomic
configuration the DM simulation using the Walker~a! and
Hayakawa~c! models~solid circles! and the EXAFS signal
calculated by theFEFF8.1 program with the ‘‘perfect’’ fcc
structure ofb-PbF2 generated by theATOMS program14 ~solid
line!. The ATOMS program generates the atomic coordina
for a given crystal from its crystallographic parameters. Fo
better visualization of the contribution of each coordinati
shell to the whole signal, a Fourier transforamtion was p
formed in these spectra, using a Kaiser window (t52.5)
between 3.48 and 16.00 Å21; they are illustrated for the
Walker and Hayakawa models, in Figs. 2~b! and 2~d!, respec-
tively.

While Fig. 2~a! shows a relatively good agreement b
tween the EXAFS oscillations of the modeled structure a
those obtained experimentally, Fig. 2~b! reveals an importan
characteristic presented by the potentials of the Wal
model. The first coordination shell, formed by fluorine atom
around the central lead atom, presents a weaker inten
accompanied by an asymmetry in the modeled signal

m-
e

FIG. 2. b-PbF2 LIII -edge EXAFS spectra,x(k), and
respective Fourier transformed signals,uF(R)u ~Kaiser
window between 3.48 and 16.00 Å21!, obtained experi-
mentally ~open circles! and calculated ones using th
MD configurations~solid circles! and the perfect fcc
structure given by theATOMS program~solid line!. ~a!
and~b!: MD results from the Walker model;~c! and~d!:
MD results from the Hayakawa model.
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 This a
comparison to the experimental signal. In the same way,
modeled signal at the right side of the peak correspondin
the second coordination shell is less intense than the ex
mental one. These results reflect the anionic disorder pre
in the modeled configuration.

The comparison made in Fig. 2~c! show that the modeled
EXAFS oscillations obtained with the Hayakawa model a
more intense than those obtained experimentally. On
other hand, a good agreement is obtained when one c
pares the modeled signal with the perfect crystal EXA
oscillations, calculated byFEFFF8.1 AND ATOMS. In Fig. 2~d!
the differences between the experimental and calculated~us-
ing ATOMS or MD configurations! data are noteworthy, indi
cating the highly ordered environments obtained in the c
culated EXAFS spectra. Comparing both calculated Four
transformed EXAFS signals in Fig. 2~d!, one can observe a
difference in the intensity of the main peak at about 4
relative to the Pb–Pb and Pb–F interactions in the sec
lead coordination shell. This can suggest some degre
disorder obtained by the model proposed by Hayakawa
relation to the perfect ordering produced byATOMS. But,
compared with the experimental signal, the differences
tween both calculated signals are rather irrelevant.

The other method employed to compare the feature
the two models was to follow the approximate ion diffusi
coefficient during constant heating. This study allows us
determine the possibility of a qualitative reproduction
thermodynamic characteristics of PbF2, such as crystal melt
ing and the transition from the state of low conduction to t
of fast-ion conduction. The parameters suggested by Wa
et al. were obtained to describe the ionic disorder of PbF2 at
high temperature, and it was proposed8 that the simulation
results are in good agreement with the experiment. On
other hand, concerning the parameters suggested by
akawaet al.,9 obtained to well reproduce the structure of
lead oxyfluorosilicate glass, no information about the pos
bility of reproduction of phase transformations was ava
able. In order to investigate it, we have performed simu
tions with both models, in which a constant heating w
employed, from 300 to 3500 K, with equilibration and rela
ation~20 ps! processes for various temperatures. Figures 3~a!
and 3~b! illustrate the curves of variation of Pb21 ~circles!
and F2 ~squares! diffusion coefficients, D, with temperature
obtained with the models of Walker and Hayakawa, resp
tively.

Figure 3~a! reveals the occurrence of two transform
tions, labeled 1 and 2. Transformation 1 occurs at about
K in the fluorine D curve and is related to the transition fro
the state of low conduction to that of fast-anion conduct
~superionic state!. This result shows a very good agreeme
with experimental value presented in the literature.15,16

Transformation 2, which occurs in both Pb21 and F2 D
curves at 2000 K, reflects the melting temperature. T
phase transformation, better observed in the Pb21 D curve,
occurs at a higher temperature than the one observed ex
mentally,Tm'1100 K.17

The thermodynamic properties discussed above are
reproduced efficiently by the Hayakawa model, as seen
Fig. 3~b!. This figure indicates that the increase of mobil
rticle is copyrighted as indicated in the article. Reuse of AIP content is sub
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of both ions occurs simultaneously, during fusion, at ab
2500 K. After the jump of the diffusion coefficient value
with rising temperature, there is a nonconventional dimin
tion of the ions’ mobility. This after-melting behavior is als
observed in Fig. 3~c!, which illustrates energy variation dur
ing heating. At about 2500 K one observes the fusion clea
characterized by the endothermic discontinuity~change in
the specific heat during solid–liquid transition!, but, with
rising temperature, the system relaxes into a lower ene
state. These physically senseless behaviors are not expla
and are probably due to mathematical artifacts of the po
tial used.

As recalled in the beginning of this paper, the interion
potentials used in MD simulations are models trying to d
scribe, with more or less success, aspecificcharacteristic of
a material. As seen from the results presented, the interi
potential parameters proposed by Hayakawaet al.9 repro-
duce very successfully the structural characteristics of a
fect crystalline fcc PbF2 and, as shown in the cited referenc
it is a good potential to describe the structure of oxyfluo
silicate glasses. But, it does not reproduce the thermo
namic transformations during heat. On the other hand,
interionic potential parameters proposed by Walkeret al.,8

while showing an excessive anionic structural disorder in
crystal phase, even at low temperature, are a good mod
describe the transformations concerning our work: the kin
ics of vitrification and thermodynamics of devitrification o

FIG. 3. ~a! and ~b!: Diffusion coefficient variation with temperature of F2

~squares! and Pb21 ~circles! ions obtained by MD simulations using th
Walker model and the Hayakawa model, respectively.~c! Internal energy
variation during heating simulation using the Hayakawa model~the dotted
line is a guide to the eyes!. Phase transitions:~1! nonconducting to a fast-ion
~superionic! conducting state;~2! melting.
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 This a
PbF2. The results presented hereafter are those obtaine
MD simulation using the Walker model.

V. CRYSTALLIZATION FROM THE MELT Õ
VITRIFICATIONÕDEVITRIFICATION MODELING

The MD simulations on phase transformations we
made with 2592 atoms~864 cations and 1728 anions!, as the
periodic boundary condition, used to avoid the effects
artificial boundaries, would harm the dynamics in smal
systems.6 Our interest here is to reproduce the melt cryst
lization, with a slow cooling rate, and the glass formatio
with a fast cooling rate. Then, by heating the amorpho
phase, one would expect the relaxation~stabilization! of the
glassy structure, promoting the glass crystallization~devitri-
fication!. In this way, simulations were performed in the fo
lowing steps: starting from the liquid phase~3000 K!, the
system was cooled down to 50 K with cooling rates of 1 a
100 Kps21. One would expect the melt crystallization durin
the slow-cooling process, while an amorphous phase is
pected to be obtained from the fast-cooling regime. T
glassy PbF2 was then heated up to 1500 K at a rate of 1
Kps21 in order to verify the devitrification process.

Figure 4 shows the evolution of the internal energy w
temperature during the cooling and heating processes, w
circles and up, open triangles denote the slow and fast c
ing cases, respectively, and down, closed triangles denot
glass heating process.

During the melt slow-cooling process~circles!, the drop
at about 650 K in the internal energy curve reveals the
currence of an exothermic transformation. This transform
tion corresponds to the melt crystallization, as revealed

FIG. 4. Evolution of the internal energy with temperature during the coo
and heating processes simulated using the Walker model. Circles: slo~1
Kps21! cooling process; up, open triangles: fast~100 Kps21! cooling pro-
cess; down, closed triangles; glass heating process~1.5K ps21!.
rticle is copyrighted as indicated in the article. Reuse of AIP content is sub
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Fig. 5, which shows theg(r ) curves of the Pb–Pb pairs a
200 K, recorded for the configurations obtained after sl
~solid line! and fast~dotted line! cooling processes. Theg(r )
curve for the fast-cooling case shows an amorphous-
structure, while the one obtained after the slow-cooling r
indicates the formation of a regular Pb–Pb structure, at ab
the same intercationic distances and coordination num
obtained for the crystal@see Fig. 1~a! and Table II#. The inset
in Fig. 5 represents the cumulated distribution functio
n(r ), which indicates the number of atoms in each coor
nation shell. These values are in good agreement with
expected values.

Finally, as expected, glass crystallization was obtain
by heating, indicated by the exothermic transformation
curring in the corresponding internal energy curve~down,
closed triangles! in Fig. 4 at about 650 K. This result i
confirmed by Fig. 6, which shows theg(r ) curves for the
Pb–Pb pairs at 600 K~dotted line! and 800 K~solid line!,
obtained during heating the glass at 1.5 Kps21. No crystal-
like structure is observed in theg(r ) curve at 600 K but, at
800 K one observers the occurrence of the crystallizat
process, revealed by the structures at about 4.2, 5.9, and
Å. The n(r ) curve in the inset of Fig. 6 reveals the expect
coordination numbers for a fcc structure.

g

FIG. 5. Radial distribution functions,g(r ), of the Pb–Pb pairs at 200 K
recorded for the configurations obtained after slow~1 Kps21, solid line! and
fast~100 Kps21, dotted line! cooling processes. Inset: cumulated distributi
function, n(r ), obtained after slow cooling process indicating the Pb–
coordination numbers as 12, 6, and 24, respectively, as expected for
structure.
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VI. DISCUSSION

As stated in this paper, the first part of our study w
dedicated to investigating two parameter potentials use
describe the interatomic interaction forces in PbF2, proposed
by Walker et al.8 and Hayakawaet al.9 Our goals were to
evaluate the characteristics best described by these two m
els, in order to use them in our study of phase transform
tions occurring during fusion, quenching, and reheating
PbF2 modeled sample.

The calculation of Pb LIII -edge EXAFS spectra using, a
atomic configurations, the modeled structures given
Walker and Hayakawa models has been successfully
ployed to determinate the structural characteristic simula
by these models. As seen in Figs. 2~a! and 2~b!, related to the
Walker model, by comparing the modeled EXAFS spec
with the experimental one, a difference in the oscillations
the x(k) spectra and peak’s width and intensity in the Fo
rier transformed EXAFS signal is observed. The discrep
cies, better visualized in Fig. 2~b!, mainly in the intensity of
the peak relative to the first Pb coordination shell and
discordance in the right side of the peak related to the sec
coordination shell, reflect an excessive anionic disorde
the modeled structure. This feature is also observed in Fig
where the peaks in the radial distribution function curv
appear as a broader distribution~but centered at expecte
positions! in relation to the ones in the Hayakawa mod

FIG. 6. g(r ) curves for the Pb–Pb pairs at 600 K~dotted line! and 800 K
~solid line!, obtained during heating the glass at 1.5 Kps21. Inset:n(r ) curve
indicating the expected value sof cation–cation coordination numbers
fcc structure.
rticle is copyrighted as indicated in the article. Reuse of AIP content is sub
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case. In fact, the Walker model parameters were develo
for studies on disorder anomalies in PbF2, caused by anion
diffusion and defects, and reveal a good accordance of
characteristic with experiment. Nevertheless, though
model favors the modeling of ion transport features, a
verified in this work@Fig. 3~a!#, it does not reproduce per
fectly the experimental crystal anionic structure.

On the other hand, the EXAFS spectrum calculated
ing the atomic configuration obtained by MD simulatio
with the Hayakawa model is in good agreement with t
one calculated using an atomic configuration obtained by
ATOMS program. Nevertheless, no structural or thermal d
order was considered during calculations usingATOMS

~Debye–Waller factors50) and its structure can be consid
ered as a crystallographically perfectb-PbF2 crystal, free of
defects and thermal agitation. This observation explains
higher intensity of the modeled EXAFS oscillations in rel
tion to the experimental ones, which presents, naturally
non-negligible Debye–Waller factor (s.0). These results
added to the narrower peaks and better distance distribut
observed in theg(r ) curves obtained by the Hayakaw
model @Figs. 1~a! and 1~b!# lead to the conclusion that thi
model is more adapted to the reproduction of the crystal
structure ofb-PbF2 than the Walker model. Nevertheless,
was seen that the Hayakawa model does not reproduce
cessfully the ion conclusion characteristics@Fig. 3~b!# and
thermodynamic features like crystal fusion@Fig. 3~c!#. These
properties present a nonconventional behavior of stabil
tion after fusion which is physically senseless.

On the other hand, the Walker model is well adapted
describe the effects of fluorine mobility anomalies duri
heating @Fig. 3~a!#, with a transition temperature obtaine
from MD simulations (Tt5700 K!, close to the ones ob
served experimentally@Tt'700 K ~Ref. 15!, or Tt'711 K
~Ref. 16!#. These mobility anomalies are related to the su
rionic conduction characteristics of PbF2. Its high conductiv-
ity properties are connected to the strong disordering in
fluorine sublattice, caused by thermal generation of Fren
defects, inducting anionic transport.15 On the other hand, the
cation sublattice, as exemplified for Cd12xPbxF2 mixed
crystals,18,19 plays an important role in the fluorine disorde
ing process. It has been proposed that the lower Pb–F in
action coefficient compared to the other fluorides is resp
sible for the superionic properties of PbF2.

The modeling of kinetic and thermodynamic properti
using the Walker parameters was successful. The same
culations shown here for the Walker model were carried
with the Hayakawa model, but without success. Glass c
tallization was attained by modeling the glass heating
mean distance of about 4.2 Å between two closer lead at
was obtained, as seen in Fig. 6. This result is in total agr
ment with Pb LIII -edge EXAFS analysis in SiO2–PbF2–CdF2

glass ceramics2 ~in which the crystalline phase is th
b – PbF2), RPb–Pb54.20 Å. Moreover, in the first cation–
cation vicinity, as expected for a fcc structure, the coordi
tion of 12 lead atoms was obtained, which corroborates
occurrence of the crystallization process.

Of course, the modeled crystallization can be control
and crystal growth obtained by an isothermal run at the

a
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 This a
ginning of the crystallization temperature,Tx , at about 700
K for a more or less long time period, depending on t
proportion of crystalline phase desired.

VII. CONCLUSIONS

The main goal of this work was to reproduce, by M
simulations, the kinetic and thermodynamic transformatio
occurring during melt crystallization, vitrification, and gla
crystallization~devitrification! of an inorganic material such
as PbF2, as it is the main crystalline phase present in ox
fluoride glass ceramics, important composite material w
applications in photonics. Two potential parameters,
Walker and Hayakawa models, were analyzed in orde
access the possibility of modeling these properties. The H
akawa model revealed an excellent potential paramete
describe the crystalline structure of cubicb-PbF2, but did
not reproduce successfully the phase transformations
interest in this work. The Walker model generates a go
cationic structure but the anionic disordering is more imp
tant than the one observed experimentally, as shown by
EXAFS spectrum simulation. On the other hand, anion d
fusion and crystal melting are relatively well reproduced
this model. With this model it was also possible to reprodu
the liquid–solid phase transition, during slow cooling of t
melt as well as the vitrification of the material by fast coo
ing. Moreover, by a modeled nonisothermal heat treatmen
the glass, it was possible to obtain the devitrification o
cubic structure in which the Pb–Pb distances are in g
agreement with theory and experiment. Finally, it was p
posed that an isothermal treatment nearTx can control the
amount of crystalline phase in the glass.
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