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Structural properties of liquid Al 2O3: A molecular dynamics study

Gonzalo Gutie´rrez, A. B. Belonoshko, Rajeev Ahuja, and Bo¨rje Johansson
Condensed Matter Theory Group, Department of Physics, Uppsala University, Box 530, S-751 21 Uppsala, Sweden

~Received 8 September 1999!

Molecular dynamics~MD! simulations of liquid aluminum oxide (Al2O3) were carried out on a system with
up to 1800 particles, using a pairwise potential. All simulations were done in the microcanonical ensemble, for
two densities, 3.0 and 3.175 g/cm3, at temperatures of 2200, 2600, and 3000 K. A detailed analysis of the
interatomic distances, given by the partial pair-distribution functions and the bond-angles distribution, reveals
that in the liquid state there is a short range order dominated by a somewhat distorted (AlO4)52 tetrahedron,
in agreement with recent experimental measurements. This conclusion is supported by the distribution of
nearest-neighbor coordinations, where more than 60% of Al atoms have four O as nearest neighbors. This
finding does not change over the explored temperature range. Because of the presence of twofold rings, the
connectivity of (AlO4)52 units consists of corner, edge, and face sharing tetrahedra. Based in this structural
information, i.e., bond lengths, coordination numbers, bond-angle distributions, and ring statistics, our MD
simulation allows us to put forward a possible structure of liquid Al2O3.

PACS number~s!: 61.20.Ja, 61.25.2f
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I. INTRODUCTION

Aluminum oxide, Al2O3, traditionally referred to as alu
mina, is a very important ceramic material with many tec
nological applications. Its great usefulness as a technolog
system rests primarily on its extreme hardness~Moh 9!, high
melting point ~2327 K!, and low electrical conductivity
(10212 S/m at 20 °C). It has a wide range of application
from electronics, optics, biomedical and mechanical en
neering to catalyst support. Crystal polymorphs of alumi
particularly its thermodynamically stable phasea-Al2O3, or
corundum, have been studied rather extensively, both exp
mentally and theoretically, with emphasis on properties a
phase transitions at room temperature. In spite of that, th
are many metastable structures which so far are not
understood~see for example, Ref.@1#, and for a more recen
review see Ref.@2#!.

Liquid alumina is also of great interest both from the e
perimental and theoretical points of view. It is a we
recognized reference material in high temperature appl
tions, hence knowledge of its properties is essential
industrial application in materials processing such as sin
ing reaction for producing new ceramics@3#. In addition,
molten alumina is one of the precursors for the allotro
form g-Al2O3, and atomic-level information about its stru
ture would be very useful to understand the transition
wards the stablea-Al2O3 phase.

However, in contrast to the crystal phases, only a f
studies exist about liquid alumina. This is partially due to t
difficulties of doing experimental studies at elevated te
peratures, and also because the theoretical approaches
ployed are usually restricted to applications at 0 K. For liqu
alumina, there are measurements of its volume expansion@4#
and optical properties@5,6#. Recently, the Al coordination
numbers have been estimated from NMR measuremen
liquid Al2O3 @7,8# and in glass as well as in liquid
Al2O3-SiO2 @9,10#. Also, solidification behavior@11# and the
pressure dependence of its melting temperature@12# have
been reported.
PRE 611063-651X/2000/61~3!/2723~7!/$15.00
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As far as the structural properties of liquid alumina a
concerned, two experimental studies have been publishe
cently, one by Wasedaet al. @13# and the other by Ansel
et al. @14#. Unfortunately their results are in disagreeme
with each other. The measurements of Waseda andet al.
were done by means of x-ray diffraction technique, at
temperature of 2363 K. The radial distribution function w
estimated by using the interference function refining te
nique, assuming a densityr53.01 g/cm3, obtaining for the
pair distribution function a first peak at 2.0 Å and a seco
peak at 2.8 Å. They have also calculated the partial dis
bution functions, obtaining for nearest neighbor interatom
distances AluO, OuO, and AluAl, the values 2.02 Å,
2.82 Å, and 2.87 Å, respectively. The Al coordinatio
number was estimated to be 5.6. Thus, octahedrally coo
nated aluminum is found as the fundamental cluster confi
ration in the melt. These results contradict the ones found
Ansell et al., who reported measurements using x-ray sy
chrotron radiation at 2663 K and 2223 K. They used t
maximum entropy Fourier transform method, assuming
density of 3.175 g/cm3, to obtain the pair distribution func
tion. The first peak is at 1.76 Å and the second peak
3.08 Å, and the Al coordination number was estimated
4.461.0. These results imply that Al2O3 undergoes a majo
structural rearrangement on melting, with an Al coordinati
change from octahedral~solid phase! to tetrahedral~liquid
phase!, which remains over a temperature range of 500
The interatomic distances were estimated to be 1.76 Å
AluO and 3.08 Å for OuO. No explanation that migh
account for this discrepancy with the results of Wasedaet al.
has been provided by Ansellet al. It should be noted that in
the former experiment the sample was heated in a molyb
num cell, whereas in the second one the specimens w
levitated in a conical nozzle and melted with a laser. Ho
ever, the coordination number found by Ansellet al. is sup-
ported by the measurements done by Coutureset al. @7# and
Massiot et al. @8# using 27Al magic-angle spining NMR
spectroscopy on liquid Al2O3, from which it is inferred that
liquid consists of predominantly four-coordinated Al31, with
2723 ©2000 The American Physical Society
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an average Al coordination number of 4.561.0. Similar
NMR results have been obtained for the Al2O3-SiO2 system,
both for glass quenched from the melt@9# as well as for
liquid @10#. Moreover, quenched experiments do support t
proposed tetrahedral coordination above the melting p
because high cooling rates (.105 K/s) from melt result in
crystallization of eitherg-Al2O3 or various ordered transi
tion Al2O3 phases, all containing tetrahedrally coordinat
aluminum@15#.

In view of the above discrepancies, it would be very
teresting to perform a theoretical study on the structure
liquid Al2O3 which might contribute to resolving this con
troversy. Molecular dynamics~MD! techniques@16# seem
well suited to tackle the type of problems at hand. In fa
three recent MD works have obtained interesting results
ing pair potentials. In Refs.@17,18#, the authors calculated
the melting temperature with respect to the pressure u
the so-called ‘‘two-phase methods,’’ obtaining a close agr
ment with the experimental values. They also presented
pair distribution function at 2663 K. San Miguelet al. @19#
have performed MD simulations for systems at temperatu
ranging from 2200 K to 3000 K. They have found that t
liquid structure is invariant as a function of temperature
constant volume, and concluded that more than 50% of
atoms are tetrahedrally coordinated at four different temp
tures. These three papers are in good agreement with
results of Ansellet al., giving support to the thesis that sho
range order in molten alumina is defined essentially b
(AlO4)52 basic unit.

In this contribution we report on a MD study of liqui
Al2O3. Our main goal is to investigate in detail the short a
intermediate range order of the liquid structure as infer
from the pair-distribution function, coordination number, a
bond-angle distribution. We will also discuss the effect
temperature and pressure on these properties. The pr
paper is organized as follows: after this introduction, in S
II we present an outline of the MD simulations for liqu
Al2O3. Results for pair-distribution functions, bond-ang
distributions, and rings statistics are presented in Sec. II
discussion of our findings and the conclusion are drawn
Sec. IV

II. COMPUTATIONAL PROCEDURE

Molecular dynamics simulations are carried out in the m
crocanonical ensemble (NVE) for N51800 atoms~720 Al
and 1080 O!, in an orthorhombic cell, using periodic boun
ary conditions. Two systems were prepared, at mass de
ties of ra53.0 g/cm3 and rb53.175 g/cm3, in order to
compare with reported experiments@13,14#, and run at three
different temperatures,T52200 K, T52600 K, and T
53000 K. The cell box lengths areLx527.175 Å, Ly
526.148 Å, andLz528.580 Å for the low density system
and Lx526.667 Å, Ly525.659 Å, andLz528.045 Å for
the high density system.

A major issue in MD is the choice of the interaction p
tential. In addition to someab initio MD simulations on alu-
mina @20,21#, a number of interatomic potentials have be
developed to study Al2O3 in its different phases@22–28#.
Following previous works@17,18#, we have adopted the
transferable potential of Matsui@25#, which is still simple
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and has been demonstrated to reproduce a number of ex
mental properties such as structure, density, bulk modu
thermal expansivities, and melting temperatures among
ers @29,30#. The potential employs pairwise additive inte
atomic terms of the forms

V~r i j !5
qiqj

r i j
2

CiCj

r i j
6

1D~Bi1Bj !expS Ai1Aj2r i j

Bi1Bj
D
~2.1!

where the terms represent Coulomb, van der Waals, and
pulsion energy, respectively. Herer i j is the interatomic dis-
tance between atomsi and j, andD is a standard force con
stant 4.184 kJ Å21 mol21. The effective chargeq, the
repulsive radiusA, the softness parameterB, and the van der
Waals coefficientsC are the energy parameters, which a
listed in Table I. The long range Coulomb interactions a
calculated with the Ewald summation technique. In the sim
lation, the equations of motion are integrated with a mod
cation of the Beeman algorithm@31#, using a time stepDt
51310215 s. All the calculations were done using th
MOLDY program@31#.

The Al2O3 liquid systems were generated by starting w
an initial orthorhombic lattice corresponding toa-Al2O3 at
the density of 2.75 g/cm3. This initial low density system
was chosen in order to have a liquid at 5000 K at zero pr
sure@18#, and also to avoid the unphysically attractive fe
tures of the potential at very short distance, as is discusse
Ref. @32# for this kind of potential. Thus, this initial configu
ration is heated to 5000 K and thermalized for over 45 0
time steps. Then, the sample is cooled to 3000 K and th
malized for over 55 000Dt. In the thermalization process th
temperature was lowered with velocity scaling at intervals
10 time steps during the first 10 000Dt, after that the system
is allowed to reach the equilibrium without any disturbanc
With this well-equilibrated Al2O3 liquid at 3000 K we pre-
pare the two systems, reducing simultaneously the length
the MD cell and the position of all the atoms. From this sta
we thermalized the systems at 3000 K for over 45 000Dt.
Preliminary simulations were tried with different schedul
and different initial configurations, but no significant diffe
ences were found.

III. RESULTS

Complete information on the structural correlations of t
simulated liquid can be inferred from pair-distribution fun
tions, coordination numbers, bond-angle distributions, a
ring statistics. Atomic trajectories from MD simulations a
used to calculate these kinds of positional and angular
relations. All structural properties are calculated by taki
the average over the last 100 configurations, separated
100 time steps. In the case of the pair-distribution functi

TABLE I. Potential parameters for Al2O3.

q(ueu) A (Å) B (Å) C (Å 3 kJ1/2 mol21/2)

Al 1.4175 0.7852 0.034 36.82
O 20.9450 1.8215 0.138 90.61



y

ed

r

te
at
o
, a

d
ex
y

r-
e
r
ha
a
b
-

ot
m

h
ost

4.4,

the
und
ex-
-
are

era-
n of
d is
in
nes
k,
as

ntal
t of
en-

3.

xi-
e

e
,

-
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we take an average over 2000 configurations separated b
time steps.

A. Pair-distribution function

Basic information about structural correlations is deriv
from the partial pair-distribution functionsgab . In a binary
system these are determined from

ga,b~r !5
^na,b~r ,r 1Dr !&

4pr 2Dr

V

Nb
, ~a,b5Al,O!, ~3.1!

where^na,b(r ,r 1Dr )& denotes the average number of pa
ticles of speciesb surrounding a particle of speciesa in a
spherical shell betweenr and r 1Dr , and Nb is the total
number of particles of speciesb ~beingN5Na1Nb the total
number of particles in the system!. The total pair-distribution
functions are obtained from

g~r !5(
a

(
b

cacbgab~r !, ~3.2!

whereca(b)5Na(b) /N is the concentration ofa(b) species.
The total pair-distribution functionsg(r ) from the work

of Wasedaet al. and from the work of Ansellet al. are
shown in Fig. 1. Together with these experimental estima
we plot our computedg(r ) corresponding to the system
density 3.175 g/cm3 and temperature of 2200 K. The tw
experimental results are quite different from one another
we already pointed out. The computedg(r ) shows a better
agreement with the results of Ansellet al., especially in the
first peak, although at distances beyond 5 Å the curves
fer. In spite of that, the simulated liquid reproduces the
perimental results of Ansellet al. at short distances ver
well, as we will show below.

In Figs. 2~a! and 2~b! we show the computed total pai
distribution functions at two different densities and at thr
temperatures. From Fig. 2~a!, which corresponds to the lowe
density system, we can see that the only change which
pened under pressure is related with the height of the pe
whereas the position remains almost the same. Similar
havior is shown in Fig. 2~b! corresponding to the high den
sity system. Comparing Figs. 2~a! and 2~b!, we notice that
while the first peak is located at the same position in b
figures, 1.75 Å, the second peak shifts to the left, fro

FIG. 1. Total pair-distribution function for liquid Al2O3. Dashed
and dotted line, experimental results of Wasedaet al. and Ansell et
al., respectively. Solid line, MD result.
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2.85 Å in the low density system to 2.80 Å in the hig
density system. The other features of the curves are alm
the same. In both systems the Al coordination number is
calculated with a cutoff located at the first minima ofg(r ).
Thus, regarding the density of liquid alumina, aside from
shift in the second peak, no significant changes were fo
in the range explored which roughly corresponds to the
perimental density value@33,38#. With respect to the behav
ior at different temperatures, the only noticeable changes
the heights and widths of the peaks: the higher the temp
ture, the lower and wider is the peak. This is an expressio
the increased disorder with temperature. The same tren
found in the partial pair-distribution function as well as
the angle distribution. These results agree well with the o
of Ansell et al., except for the position of the second pea
for which the value obtained in our simulation is smaller,
in the case of the work of San Miguelet al., and for the
width of the peaks they are narrower than the experime
ones. Based on these considerations, we will in the res
this paper extract conclusions for the results of the high d
sity system,rb53.175 g/cm3, at T52200 K, which corre-
sponds to the supercooled system of Ansellet al.

The partial pair-distribution functions are shown in Fig.
We find that the AluO and OuO bond lengths, given by
the positions of the first peak ingAl–O andgO–O, are 1.75 Å
and 2.75 Å, and the corresponding full width at half ma
mum ~FWHM! are 0.4 Å and 0.6 Å, respectively. Th
nearest-neighbor distance for AluAl is 3.1560.4 Å. It is
clear from this figure that the second peak ofg(r ) is due to
a superposition of OuO and AluAl nearest-neighbor dis-
tances, and not only due to OuO closest distance. Also, th
third peak of the total pair-distribution function at 4.25 Å
according to this simulation, comes from the AluO second
nearest neighbors, and not from OuO next nearest neigh

FIG. 2. Total pair-distribution function for liquid Al2O3, calcu-
lated at three different temperatures,T52200, T52600, andT
53000 K, and at two different densities,~a! ra53.0 g/cm3 and
~b! rb53.175 g/cm3.
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2726 PRE 61GUTIÉRREZ, BELONOSHKO, AHUJA, AND JOHANSSON
bors ~at 5.15 Å), as was suggested by Ansellet al.
In order to obtain more information about the short ran

correlations, it is essential to supplement the information
the bond lengths with the nearest-neighbors coordina
numbers. The average coordination numbernab is calculated
from

nab~R!54pcbnE
0

R

gab~r !r 2dr, ~3.3!

wheren5N/V is the average number density. Thus, with
the cutoff distanceRAl–O52.2, RO–O53.2 and RAl–Al
53.7 Å, the Al atom is on the average surrounded by 8
Al atoms and 4.1 O atoms, while the O atom is surround
by 2.72 Al atoms and 8.84 O atoms. Figure 4 shows his
grams with the distribution of coordination numbers for d
ferent kinds of neighbors at three different temperatures.
can see that atT52200 K, more than 60% of the Al atom
have tetrahedral coordination, and more than 60% of th
atoms have three Al atoms as first nearest neighbors.
coordination number for AluAl is peaked at 8 and for
OuO it is peaked at 9. Note that the number of Al atom
coordinated with six oxygen atoms is small, suggesting t
the presence of AlO6 octahedra, if present at all, must b
very small~less than 2%!.

Although these numbers change very little over the ra
of temperatures considered, we can see that in the AluO
coordination number, the fraction of three-coordinated Al
oms inscreases with temperature, whereas the fractio
four- and five-coordinated Al decreases. In the case
OuAl coordination number, the fraction of two- and fou

FIG. 3. Partial pair-distribution function for liquid Al2O3, at the
densityrb53.175 g/cm3 and temperatureT52200 K.
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coordinated O atoms increases a little at the expense of
three-coordinated O atoms. The overall picture can be s
as a consequence of increased disorder and interdiffu
when the temperature increases. In fact, this trend rem
the same when one decreases the temperature and obta
amorphous system, where the distribution of coordinat
number presents a clear maxima at four-coordinated Al
three-coordinated O@34#.

B. Angle distributions

Valuable information about the local structural units a
their connectivity in the liquid is provided by the bond-ang
distribution Pabg(u). Figure 5 displays the bond-angle di
tribution calculated with AluO, OuO, and AluAl cutoff
distances of 2.2, 3.2, and 3.7 Å, respectively. T
OuAluO bond angle distribution has a peak at 95
AluOuO at 40° and OuOuO at 60°, with FWHM of
30°, 10°, and 10°,respectively. Knowing that the coordina
tion number of Al is around four, and combining these r
sults with the interatomic distance, we can conclude that
basic unit in molten alumina is a somewhat distorted te
hedron (AlO4)25, where the oxygen atoms at the vertic
forms a nearly perfect tetrahedron, but where the Al atom
not placed at the very center. The bond angles in an id
tetrahedron are/OuAluO5109.47°,/OuOuO560°
and/AluOuO535.26°.

The connectivity of these tetrahedra can be ascerta
through the remaining bond-angles and rings analysis
Fig. 5 the distribution of AluAluAl displays a peak around
60°, and a hump between 80 to 120°. The distribution
AluOuAl angles, which tells us about the connectivity
two basic units, shows a peak at 115°, with a FWHM of 50
So, Al atoms are linked to O atoms at 115°, and at the sa
time, Al atoms form an equilateral angle. Taking into a
count that the coordination number of OuAl is peaked at 3,
we can assert that there is one O atom nearly at the cent
this triangle. This picture is supported by the AluAluO
distribution angle, which has one small peak at 35°.

FIG. 4. Distribution of Al and O nearest-neighbors coordinati
in liquid Al2O3, at the densityrb53.175 g/cm3, at three different
temperatures: 2200 K, 2600 K, and 3000 K.
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To gain insight into network topology, we have calculat
the rings statistics. Ann-fold ring is defined as the shorte
path of alternating AluO bonds. Thus, starting with an A
atom we locate the positions of the rest of the atoms aro
it, within a sphere with a cutoff radius of 2.2 Å. Then, th
nearest-neighbors O atoms of the central Al are determin
Moving to one of the O atoms, we determine its neare
neighbors Al atoms, excluding the previous Al atom. Th
procedure is continued until one of the atoms in the (n11)th
sequence corresponds to the central atom. Therefore,n-fold
rings consist of 2n alternating AluO bonds. For example
corundum has 40% of twofold and 60% of threefold rin
whereasu-alumina has 23% of twofold rings, 62% of thre
fold rings, and 15% of fourfold rings. In liquid alumina w
found a nearly symmetric distribution, from two- to seve
fold rings, with a peak at fourfold rings~31.6%!, followed by
threefold rings~24.6%!, fivefold rings ~22.6%!, and a few
six- ~7.5%! and sevenfold rings~1.1%!. Because of the pres
ence of twofold rings~13%!, the connectivity of (AlO4)25

units consists not only of corner, but also of edge and f
sharing tetrahedra.

C. Structural model of liquid Al 2O3

From the calculated information, we now put forward
structural model of liquid alumina. Figure 6 displays a sna
shot of typical structural units and their connectivity found
the simulation. According to our results, this polyhedron c
responds to the majority building blocks in the system.
fact, as was show in Fig. 4, more than 60% Al atoms belo
to a (AlO4)25 tetrahedron. Moreover, this picture is cons
tent with the rest of the coordination numbers: each Al
coordinated with four O, and in its turn, each O is coor
nated with two others Al atoms, giving an AluAl coordina-
tion number of 8. In the same way, we can see from Fig

FIG. 5. Bond-angle distribution for liquid Al2O3 at the density
rb53.175 g/cm3 and the temperatureT52200 K.
d
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that each O is coordinated with nine oxygen, in corresp
dence with the peaks show in Fig. 4.

Of course, there are other possible connections of the
rahedra. There are approximately 35% of O atoms with
ordination 2, which means that the link is only between tw
tetrahedra, and it can be corner, edge, or face sharing t
hedra. Also, we can still have an O atom linking four tetr
hedra, although its number must be very small~less than
8%!.

Finally, we also note that tetrahedron as a basic unit is
the only possibility. Roughly 40% of the Al atoms have bo
coordination 3 and 5, so we must also expect other kinds
structures compatible with the same interatomic distan
and bond angles.

IV. DISCUSSION AND CONCLUSION

A MD calculation based on the two body potential in E
~2.1! was implemented to model liquid alumina. The resu
provide considerable insight into the atomic-level structu
of the system, and appear similar to those obtained by
Miguel et al. using a different interatomic potential and
different preparation of the system. Both simulations are
good agreement with the experimental results reported
Ansellet al., except for the position of the second peak in t
total pair-distribution function. The experimental valu
3.01 Å, is greater than the value found in the MD simu
tions: 2.9 Å in the work of San Miguelet al. @19#, and
2.8 Å for r53.175 g/cm3 and 2.85 Å forr53.0 g/cm3

in our simulations. This last value is comparable to the va
estimated by Wasedaet al. for this peak, 2.8 Å, using a
density of 3.01 g/cm3. However, aside from this coinci
dence, which seems to be a systematic deviation of two
ferent MD simulations, our findings are very different fro
the ones reported by Wasedaet al.

Let us compare the structural results obtained for liq
alumina to some allotropic forms of Al2O3. As we noted in
the Introduction, molten alumina is one of the precursors
metastable polymorphs; in particular, the following pha
transformation towards the stablea-Al2O3 phase is known:

melt→g→d, u→a-Al2O3 ,

FIG. 6. A typical representative polyhedron found in the sim
lation. The small spheres correspond to aluminum atoms and
big spheres to oxygen atoms.
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TABLE II. Density, coordination number, AluO bond length, and ring statistics in terms ofn-fold rings,
for liquid alumina and the crystal phasesg-, u-, anda-Al2O3. Name and mass density are given in the fi
and second columns, respectively. In the third column the coordination number of Al as well as of O at
given, with its respective percentage in brackets. Bond length is given in the fourth column, the upper n
is the AluO distance with higher multiplicity, and the lower number is the range of the bond length. I
last column we present the percentage ofn-fold rings, from two-fold to six-fold rings.

Density Coordination Bond length Ring distribution~%!

Phase (g/cm3) number Al-O~Å! 2 3 4 5 6

Liquid 3.175 Al: 3~13%!, 4~66%!, 5~20%! 1.75 13 24.6 31.6 22.6 7.5
O: 2~31%!, 3~61%!, 4~6%! ~1.71-1.79!

g 3.66 Al: 4~30%!, 6~70%! 1.941 40 40 18.5 1.5 0
O: 3~50%!, 4~44%!, 5~6%! ~1.77–2.24!

u 3.6-3.65 Al: 4~50%!, 6~50%! 1.904 23 62 15 0 0
O: 3~66.6%!, 4~33.3%! ~1.71–2.03!

a 3.98 Al: 6~100 %! 1.97, 1.85 40 60 0 0 0
O: 4~100 %!
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and in general, crystallization goes to phases containing b
tetrahedrally and octahedrally coordinated aluminum. Ta
II shows some calculated structural properties of the liquid
order to compare tog, u, and a alumina polymorph
@35,39,40#. Crystal phases are denser than the liquid, as w
as present longer bond length and larger fraction of octa
drally coordinated Al atoms. This is consistent with the fa
that the liquid has a lower coordination than the crys
phases, so its bond length will also be shorter. Moreover,
ring distribution shows that the fraction of four-fold, five
fold, and six-fold rings decreases as the density increa
and are not present at all in the octahedrala phase. A similar
behavior have been observed in the case of SiO2 @36#. Ac-
cording to the coordination numbers, it seems that the liq
state resembles more theu than theg phase. Therefore, i
should be more probable to get theu phase when liquid
alumina is quenched from the melt. However, we think t
this is not true, because here we only consider the bulk p
erties, and the surface structure of theg phase has differen
structural properties. It has been suggested that the surfa
g-alumina could be considered as an amorphouslike ph
@37#. In fact, the coordination numbers of the simulated s
face agree with the ones of the liquid, and show an e
m

ne

ffl
.

th
le
n

ll
e-
t
l
e

s,

id

t
p-

of
se
-
n

better agreement with the coordination number of amorph
alumina@34#.

In conclusion, we have performed MD simulations of li
uid Al2O3, which support the recent experimental measu
ment presented by Ansellet al. @14# within the temperature
range studied, and disagree with previous experimental
sults of Wasedaet al. From our results we conclude that th
structure mainly consist of a tetrahedral basic unit (AlO4)25,
linked through corners, edges, and faces. Moreover, we c
clude that most of these tetrahedra are connected betw
them by an oxygen atom which links three tetrahedra to e
other.
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