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Structural properties of liquid Al,O5: A molecular dynamics study
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Moleculardynamics(MD) simulationsof liquid aluminumoxide (Al,O;) werecarriedout on a systemwith
up to 1800particles,usinga pairwisepotential. All simulationsweredonein the microcanonicaensemblefor
two densities,3.0 and3.175 g/cn®, at temperaturesf 2200, 2600, and 3000K. A detailedanalysisof the
interatomicdistancesgiven by the partial pair-distributionfunctionsandthe bond-angledlistribution, reveals
thatin the liquid statethereis a shortrangeorderdominatedby a somewhadistorted(AlO,)°~ tetrahedron,
in agreementwith recentexperimentalmeasurementsThis conclusionis supportedby the distribution of
nearest-neighbocoordinations where more than 60% of Al atomshave four O as nearestieighbors.This
finding doesnot changeover the exploredtemperatureange.Becauseof the presenceof twofold rings, the
connectivityof (AlO,)®~ units consistsof corner,edge,and face sharingtetrahedraBasedin this structural
information, i.e., bond lengths, coordinationnumbers,bond-angledistributions,and ring statistics,our MD
simulationallows us to put forward a possiblestructureof liquid Al,Os.
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I. INTRODUCTION

Aluminum oxide, Al,,O3, traditionally referredto asalu-
mina, is a very importantceramicmaterialwith manytech-
nologicalapplicationslts greatusefulnessasa technological
systemrestsprimarily on its extremehardnesgMoh 9), high
melting point (2327 K), and low electrical conductivity
(107%2 S/m at 20°C). It hasa wide rangeof applications,
from electronics,optics, biomedical and mechanicalengi-
neeringto catalystsupport.Crystal polymorphsof alumina,
particularlyits thermodynamicallystablephasea-Al,Og3, or
corundum havebeenstudiedratherextensively both experi-
mentally and theoretically,with emphasison propertiesand
phasetransitionsat room temperatureln spite of that, there
are many metastablestructureswhich so far are not well
understoodseefor example,Ref.[1], andfor a morerecent
review seeRef. [2]).

Liguid aluminais alsoof greatinterestboth from the ex-
perimental and theoretical points of view. It is a well-
recognizedreferencematerialin high temperatureapplica-
tions, hence knowledge of its propertiesis essentialfor
industrial applicationin materialsprocessingsuchas sinter-
ing reactionfor producingnew ceramics[3]. In addition,
molten aluminais one of the precursorsfor the allotropic
form y-Al,05, and atomic-levelinformation aboutits struc-
ture would be very useful to understandhe transition to-
wardsthe stablea-Al,0; phase.

However, in contrastto the crystal phasesonly a few
studiesexistaboutliquid alumina.Thisis partially dueto the
difficulties of doing experimentalstudiesat elevatedtem-
peraturesand also becausehe theoreticalapproacheem-
ployedareusuallyrestrictedto applicationsat O K. For liquid
alumina,therearemeasurementsf its volumeexpansiorj4]
and optical properties[5,6]. Recently,the Al coordination
numbershave beenestimatedirom NMR measurementi
liguid Al,O; [7,8] and in glass as well as in liquid
Al,05-SIiO, [9,10]. Also, solidificationbehavio 11] andthe
pressuredependencef its melting temperature[12] have
beenreported.
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As far as the structuralpropertiesof liquid aluminaare
concernediwo experimentaktudieshavebeenpublishedre-
cently, one by Wasedaet al. [13] and the other by Ansell
et al. [14]. Unfortunatelytheir resultsare in disagreement
with each other. The measurementsf Wasedaand et al.
were done by meansof x-ray diffraction technique,at the
temperatureof 2363 K. The radial distribution function was
estimatedby using the interferencefunction refining tech-
nique,assuminga densityp=3.01 g/cnr, obtainingfor the
pair distribution function a first peakat 2.0 A anda second
peakat 2.8 A. They havealso calculatedthe partial distri-
bution functions,obtainingfor nearestneighborinteratomic
distancesAl—O, O—O, and Al—Al, the values2.02 A,
2.82 A, and 2.87 A, respectively. The Al coordination
numberwas estimatedto be 5.6. Thus, octahedrallycoordi-
natedaluminumis found asthe fundamentatlusterconfigu-
rationin the melt. Theseresultscontradictthe onesfound by
Ansell et al., who reportedmeasurementssing x-ray syn-
chrotron radiation at 2663 K and 2223 K. They usedthe
maximum entropy Fourier transform method, assuminga
densityof 3.175 g/cm?®, to obtainthe pair distributionfunc-
tion. The first peakis at 1.76 A and the secondpeak at
3.08 A, andthe Al coordinationnumberwas estimatedin
4.4+1.0. Theseresultsimply that Al,O; undergoes major
structuralrearrangemern melting, with an Al coordination
changefrom octahedral(solid phase to tetrahedral(liquid
phasg, which remainsover a temperaturaangeof 500 K.
The interatomicdistancesvere estimatedto be 1.76 A for
Al—O and 3.08 A for O—O. No explanationthat might
accountfor this discrepancywith the resultsof Wasedeet al.
hasbeenprovidedby Ansell et al. It shouldbe notedthatin
the former experimenthe samplewas heatedin a molybde-
num cell, whereasin the secondone the specimenswere
levitatedin a conicalnozzleand meltedwith a laser.How-
ever,the coordinationnumberfound by Ansell et al. is sup-
portedby the measurementdoneby Coutureset al. [7] and
Massiot et al. [8] using ?’Al magic-anglespining NMR
spectroscopyn liquid Al,O5, from which it is inferred that
liquid consistsof predominantlyfour-coordinatedl®*, with
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an averageAl coordination number of 4.5+1.0. Similar
NMR resultshavebeenobtainedfor the Al ,05-SiO, system,
both for glassquenchedfrom the melt [9] as well as for

liquid [10]. Moreover,quenchedxperimentsio supportthis
proposedtetrahedralcoordinationabove the melting point
becauséhigh cooling rates(>10° K/s) from melt resultin

crystallizationof either y-Al,O5 or various orderedtransi-
tion Al,O; phasesall containingtetrahedrallycoordinated
aluminum[15].

In view of the abovediscrepanciesit would be very in-
terestingto perform a theoreticalstudy on the structureof
liquid Al,O5; which might contributeto resolvingthis con-
troversy. Molecular dynamics(MD) techniques[16] seem
well suitedto tackle the type of problemsat hand.In fact,
threerecentMD works haveobtainedinterestingresultsus-
ing pair potentials.In Refs.[17,18, the authorscalculated
the melting temperaturewith respectto the pressureusing
the so-called‘two-phasemethods,” obtaininga closeagree-
mentwith the experimentalalues.They also presentedhe
pair distribution function at 2663 K. SanMiguel et al. [19]
haveperformedMD simulationsfor systemsat temperatures
rangingfrom 2200K to 3000 K. They havefound that the
liquid structureis invariantas a function of temperatureat
constantvolume, and concludedthat more than 50% of Al
atomsaretetrahedrallycoordinatecht four differenttempera-
tures. Thesethree papersare in good agreementwith the
resultsof Ansell et al., giving supportto the thesisthat short
range order in molten aluminais defined essentiallyby a
(AIO,)®" basicunit.

In this contributionwe reporton a MD study of liquid
Al,O5. Our maingoalis to investigaten detailthe shortand
intermediaterange order of the liquid structureas inferred
from the pair-distributionfunction, coordinatiornumber,and
bond-angledistribution. We will also discussthe effect of
temperatureand pressureon theseproperties.The present
paperis organizedasfollows: after this introduction,in Sec.
I we presentan outline of the MD simulationsfor liquid
Al,O;. Resultsfor pair-distribution functions, bond-angle
distributions,andrings statisticsare presentedn Sec.lll. A
discussionof our findings and the conclusionare drawn in
Sec.lV

II. COMPUTATIONAL PROCEDURE

Moleculardynamicssimulationsarecarriedoutin the mi-
crocanonicalkensemblgNVE) for N= 1800 atoms(720 Al
and10800), in an orthorhombiccell, using periodicbound-
ary conditions.Two systemswere preparedat massdensi-
ties of p,=3.0 g/cm® and p,=3.175 g/cn?, in order to
comparewith reportedexperiment$13,14], andrun at three
different temperatures,T=2200 K, T=2600 K, and T
=3000 K. The cell box lengths are L,=27.175 A, Ly
=26.148 A, andL,=28.580 A for the low densitysystem
andL,=26.667 A, L,=25.659 A, andL,=28.045 A for
the high densitysystem.

A majorissuein MD is the choiceof the interactionpo-
tential. In additionto someab initio MD simulationson alu-
mina[20,21], a numberof interatomicpotentialshavebeen
developedto study Al,O; in its different phases22—-28].
Following previous works [17,18, we have adoptedthe
transferablepotential of Matsui [25], which is still simple
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TABLE |. Potentialparametergor Al,O;.

a(le)) A A B (A C (A% kI? mol™?
Al 1.4175 0.7852 0.034 36.82
(6] —0.9450 1.8215 0.138 90.61

andhasbeendemonstratedb reproducea numberof experi-
mental propertiessuch as structure,density, bulk modulus,
thermalexpansivitiesand melting temperatureamongoth-
ers[29,30. The potential employs pairwise additive inter-
atomictermsof the forms

giq; CiC;
V(r) =1 —
( IJ) rij r|6]

Ai+A]-—rij
B +B,
(2.7

+ D(Bi+ B])eX[{

wherethe termsrepresentCoulomb,van der Waals,andre-
pulsionenergy,respectivelyHerer;; is the interatomicdis-
tancebetweenatomsi andj, andD is a standardforce con-
stant 4.184 kJ A~ mol 1. The effective chargeq, the
repulsiveradiusA, the softnesparameteB, andthe vander
Waals coefficientsC are the energy parameterswhich are
listed in Tablel. The long range Coulombinteractionsare
calculatedwith the Ewald summatiortechniqueln the simu-
lation, the equationsof motion are integratedwith a modifi-
cation of the Beemanalgorithm [31], using a time step At
=1x10 ' s. All the calculationswere done using the
MOLDY program[31].

The Al,O5 liquid systemsveregeneratedby startingwith
an initial orthorhombiclattice correspondingo «-Al,0; at
the density of 2.75 g/cm®. This initial low density system
waschosenin orderto havea liquid at 5000K at zeropres-
sure[18], and alsoto avoid the unphysicallyattractivefea-
turesof the potentialat very shortdistanceasis discussedn
Ref.[32] for this kind of potential. Thus,this initial configu-
ration is heatedto 5000 K and thermalizedfor over 45000
time steps.Then, the sampleis cooledto 3000K andther-
malizedfor over55000At. In thethermalizatiorprocesghe
temperaturavasloweredwith velocity scalingat intervalsof
10time stepsduringthefirst L0000 At, afterthatthe system
is allowedto reachthe equilibrium without any disturbance.
With this well-equilibratedAl,O5 liquid at 3000K we pre-
parethe two systemsreducingsimultaneouslyhe lengthsof
theMD cell andthe positionof all theatoms.Fromthis stage
we thermalizedthe systemsat 3000 K for over 45000 At.
Preliminary simulationswere tried with different schedules
anddifferentinitial configurationsput no significantdiffer-
enceswerefound.

I11. RESULTS

Completeinformationon the structuralcorrelationsof the
simulatedliquid canbe inferredfrom pair-distributionfunc-
tions, coordinationnumbers,bond-angledistributions, and
ring statistics.Atomic trajectoriesfrom MD simulationsare
usedto calculatethesekinds of positionaland angularcor-
relations. All structuralpropertiesare calculatedby taking
the averageover the last 100 configurations,separatecy
100 time steps.In the caseof the pair-distributionfunction,
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FIG. 1. Total pair-distributionfunctionfor liquid Al,O5. Dashed
anddottedline, experimentatesultsof Wasedeet al. and Ansell et
al., respectively.Solid line, MD result.

we takean averageover 2000configurationseparatedby 10
time steps.

A. Pair-distribution function

Basicinformationaboutstructuralcorrelationsis derived
from the partial pair-distributionfunctionsg,z . In a binary
systemtheseare determinedrom

(Ng,p(r,r+Ar)) v

., (a,B=A1,0), (3.1
am?ar N, (.8 ), (3.1

ga,B(r):

where(n, 4(r,r +Ar)) denotesthe averagenumberof par-
ticles of speciesB surroundinga particle of speciesa in a
sphericalshell betweenr and r+Ar, and Ny is the total
numberof particlesof speciess (beingN=N,,+ N thetotal
numberof particlesin the system. Thetotal pair-distribution
functionsare obtainedfrom

g<r>=§ ; CaCpUap(r), (3.2

wherec, g =N, g /N is the concentratiorof «(3) species.

The total pair-distributionfunctionsg(r) from the work
of Wasedaet al. and from the work of Ansell et al. are
shownin Fig. 1. Togethemwith theseexperimentakstimates,
we plot our computedg(r) correspondingo the systemat
density 3.175 g/cm® and temperatureof 2200 K. The two
experimentatesultsare quite different from one another,as
we alreadypointed out. The computedg(r) showsa better
agreementvith the resultsof Ansell et al., especiallyin the
first peak,althoughat distanceseyond5 A the curvesdif-
fer. In spite of that, the simulatedliquid reproduceghe ex-
perimentalresults of Ansell et al. at short distancesvery
well, aswe will showbelow.

In Figs. 2(a) and 2(b) we show the computedtotal pair-
distribution functionsat two different densitiesand at three
temperatureszromFig. 2(a), which correspondso the lower
densitysystem,we canseethat the only changewhich hap-
penedunderpressurds relatedwith the heightof the peaks,
whereasthe position remainsalmostthe same.Similar be-
havior is shownin Fig. 2(b) correspondingo the high den-
sity system.ComparingFigs. 2(a) and 2(b), we notice that
while the first peakis locatedat the samepositionin both
figures, 1.75 A, the secondpeak shifts to the left, from
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FIG. 2. Total pair-distributionfunction for liquid Al,Og, calcu-
lated at three different temperaturesT=2200, T=2600, and T
=3000 K, and at two different densities,(a) p,=3.0 g/cnm® and
(b) pp=3.175 glcn®.

2.85 A in the low density systemto 2.80 A in the high

density system.The other featuresof the curvesare almost
the same.n both systemghe Al coordinationnumberis 4.4,

calculatedwith a cutoff locatedat the first minima of g(r).

Thus,regardingthe densityof liquid alumina,asidefrom the
shift in the secondpeak,no significantchangeswvere found
in the rangeexploredwhich roughly corresponddo the ex-

perimentaldensityvalue[33,3§. With respectio the behav-
ior at differenttemperatureghe only noticeablechangesare
the heightsandwidths of the peaks:the higherthe tempera-
ture,thelower andwider is the peak.This is anexpressiorof

the increaseddisorderwith temperatureThe sametrend is

found in the partial pair-distributionfunction as well asin

the angledistribution. Theseresultsagreewell with the ones
of Ansell et al., exceptfor the position of the secondpeak,
for which the value obtainedin our simulationis smaller,as
in the caseof the work of San Miguel et al., and for the
width of the peaksthey are narrowerthan the experimental
ones.Basedon theseconsiderationsye will in the rest of

this paperextractconclusiondor the resultsof the high den-
sity system,p,=3.175 g/cnr, a T=2200 K, which corre-
spondsto the supercooledystemof Ansell et al.

The partial pair-distributionfunctionsareshownin Fig. 3.
We find that the Al—O and O—O bond lengths,given by
the positionsof thefirst peakin ga._o andgg_o, arel1.75 A
and2.75 A, andthe correspondindull width at half maxi-
mum (FWHM) are 0.4 A and 0.6 A, respectively.The
nearest-neighbodistancefor Al—Al is 3.15-0.4 A. It is
clearfrom this figure that the secondpeakof g(r) is dueto
a superpositiorof O—O and Al—Al nearest-neighbodis-
tancesandnot only dueto O—O closestdistance Also, the
third peakof the total pair-distributionfunction at 4.25 A,
accordingto this simulation,comesfrom the Al—O second
nearestneighbors,and not from O—O next nearestneigh-
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FIG. 3. Partialpair-distributionfunction for liquid Al,Os, at he
densityp,=3.175 g/cn® andtemperaturel = 2200 K.

bors(at5.15 A), aswassuggestedy Ansell et al.

In orderto obtainmoreinformationaboutthe shortrange
correlationsjt is essentiato supplementhe information of
the bond lengths with the nearest-neighborgoordination
numbersThe averagecoordinatiommumbem,,; is calculated
from

R
naB(R)=4chnf Uap(r)radr, (3.3
0

wheren=N/V is the averagenumberdensity. Thus, within
the cutoff distance Ry _0=2.2, Ro_0=3.2 and Rp_p
=3.7 A, the Al atomis on the averagesurroundecby 8.24
Al atomsand 4.1 O atoms,while the O atomis surrounded
by 2.72 Al atomsand 8.84 O atoms.Figure 4 showshisto-
gramswith the distribution of coordinationnumbersfor dif-
ferentkinds of neighborsat threedifferenttemperaturesiVe
canseethatat T=2200 K, morethan60% of the Al atoms
havetetrahedralcoordination,and more than 60% of the O
atomshave three Al atomsas first nearestneighbors.The
coordination number for Al—Al is peakedat 8 and for
O—O it is peakedat 9. Note that the numberof Al atoms
coordinatedwith six oxygenatomsis small, suggestinghat
the presenceof AlOg octahedrajf presentat all, must be
very small (lessthan 2%).

Although thesenumberschangevery little overtherange
of temperaturesonsideredwe can seethat in the Al—O
coordinationnumber the fraction of three-coordinatedl at-
oms inscreaseswith temperature whereasthe fraction of
four- and five-coordinatedAl decreasesin the case of
O—AI coordinationnumber,the fraction of two- and four-
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FIG. 4. Distributionof Al andO nearest-neighborsoordination
in liquid Al,O;, at the densityp,=3.175 g/cnt, at threedifferent
temperatures2200K, 2600K, and 3000K.

coordinatedO atomsincreases little at the expenseof the
three-coordinate® atoms.The overall picture can be seen
as a consequencef increaseddisorder and interdiffusion
when the temperaturancreasesin fact, this trend remains
the samewhenonedecreasethe temperatureandobtainsan
amorphoussystem,where the distribution of coordination
numberpresentsa clear maximaat four-coordinatedAl and
three-coordinate® [34].

B. Angle distributions

Valuableinformation aboutthe local structuralunits and
their connectivityin theliquid is providedby the bond-angle
distribution P, 4,( ¢). Figure 5 displaysthe bond-angledis-
tribution calculatedwith Al—O, O—O, andAl—Al cutoff
distances of 2.2, 3.2, and 3.7 A, respectively. The
O—AI—O bond angle distribution has a peak at 95°,
Al—O—O0 a 40° and 0—0—O0 at 60°, with FWHM of
30°, 10°, and 10°, respectivelyKnowing thatthe coordina-
tion numberof Al is aroundfour, and combiningthesere-
sultswith the interatomicdistance we canconcludethatthe
basicunit in molten aluminais a somewhatdistortedtetra-
hedron(AlO,) ~°, where the oxygen atomsat the vertices
forms a nearly perfecttetrahedronput wherethe Al atomis
not placedat the very center.The bond anglesin an ideal
tetrahedrorare ~ O—AI—0=109.47% ~ O—0—0=60°
and £ Al—O0—0=35.26"

The connectivity of thesetetrahedracan be ascertained
through the remaining bond-anglesand rings analysis. In
Fig. 5 thedistributionof Al—AIl—Al displaysa peakaround
60°, and a hump between80 to 120°. The distribution of
Al—O—AI angleswhich tells us aboutthe connectivityof
two basicunits, showsa peakat 115°, with a FWHM of 50°.
So, Al atomsarelinked to O atomsat 115°, andat the same
time, Al atomsform an equilateralangle. Taking into ac-
countthatthe coordinationnumberof O—Al is peakedat 3,
we canasserthatthereis one O atomnearlyat the centerof
this triangle. This picture is supportedby the AlI—AI—O
distributionangle,which hasone small peakat 35°.
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FIG. 5. Bond-angledistributionfor liquid Al,O5; at the density
pp=23.175 g/cn?® andthe temperaturel = 2200 K.

To gaininsightinto networktopology,we havecalculated
the rings statistics.An n-fold ring is definedasthe shortest
path of alternatingAl—O bonds.Thus, startingwith an Al
atomwe locatethe positionsof the restof the atomsaround
it, within a spherewith a cutoff radiusof 2.2 A. Then,the
nearest-neighbor® atomsof the central Al aredetermined.
Moving to one of the O atoms,we determineits nearest-
neighborsAl atoms,excludingthe previousAl atom. This
procedureas continueduntil oneof theatomsin the(n+1)th
sequenceorresponddo the centralatom. Therefore,n-fold
rings consistof 2n alternatingAl—O bonds.For example,
corundumhas 40% of twofold and 60% of threefoldrings
whereasf-aluminahas23% of twofold rings, 62% of three-
fold rings, and 15% of fourfold rings. In liquid aluminawe
found a nearly symmetricdistribution, from two- to seven-
fold rings, with a peakat fourfold rings (31.6%, followed by
threefold rings (24.6%, fivefold rings (22.6%), and a few
six- (7.5% andsevenfoldrings (1.1%). Becauseof the pres-
enceof twofold rings (13%), the connectivity of (AlO,) >
units consistsnot only of corner,but also of edgeand face
sharingtetrahedra.

C. Structural model of liquid Al,O3

From the calculatedinformation, we now put forward a
structuralmodelof liquid alumina.Figure6 displaysa snap-
shotof typical structuralunitsandtheir connectivityfoundin
the simulation.Accordingto our results this polyhedroncor-
respondsto the majority building blocks in the system.In
fact, aswasshowin Fig. 4, morethan60% Al atomsbelong
to a (AlO,) ~° tetrahedronMoreover,this pictureis consis-
tent with the rest of the coordinationnumbers:eachAl is
coordinatedwith four O, andin its turn, eachO is coordi-
natedwith two othersAl atoms,giving an Al—Al coordina-
tion numberof 8. In the sameway, we canseefrom Fig. 6
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FIG. 6. A typical representativgolyhedronfound in the simu-
lation. The small spherescorrespondo aluminumatomsand the
big spheredo oxygenatoms.

that eachO is coordinatedwith nine oxygen,in correspon-
dencewith the peaksshowin Fig. 4.

Of course thereare otherpossibleconnectionf the tet-
rahedra.Thereare approximately35% of O atomswith co-
ordination2, which meansthatthe link is only betweentwo
tetrahedraandit canbe corner,edge,or face sharingtetra-
hedra.Also, we canstill havean O atomlinking four tetra-
hedra, althoughits numbermust be very small (less than
8%).

Finally, we alsonotethattetrahedrorasa basicunit is not
the only possibility. Roughly40% of the Al atomshaveboth
coordination3 and5, so we mustalso expectotherkinds of
structurescompatible with the sameinteratomic distances
andbondangles.

1V. DISCUSSION AND CONCLUSION

A MD calculationbasedon the two body potentialin Eq.
(2.1) wasimplementedo modelliquid alumina.The results
provide considerablensight into the atomic-levelstructure
of the system,and appearsimilar to thoseobtainedby San
Miguel et al. using a different interatomic potential and a
different preparationof the system.Both simulationsare in
good agreementwith the experimentalresults reportedby
Ansell et al., exceptfor the positionof the secondpeakin the
total pair-distribution function. The experimental value,
3.01 A, is greaterthan the value found in the MD simula-
tions: 2.9 A in the work of San Miguel et al. [19], and
2.8 A for p=3.175 g/cm® and 2.85 A for p=3.0 g/cn?®
in our simulationsThis lastvalueis comparabléo the value
estimatedby Wasedaet al. for this peak,2.8 A, using a
density of 3.01 g/cn®. However, aside from this coinci-
dencewhich seemdo be a systematiadeviationof two dif-
ferentMD simulations,our findings are very different from
the onesreportedby Wasedaet al.

Let us comparethe structuralresultsobtainedfor liquid
aluminato someallotropic forms of Al,O3. As we notedin
the Introduction,molten aluminais one of the precursorof
metastablepolymorphs;in particular, the following phase
transformatiortowardsthe stablea-Al,05 phaseis known:

melt— y— 6, 6— a-Al,0s3,
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TABLE II. Density,coordinationnumber,Al—O bondlength,andring statisticsin termsof n-fold rings,

for liquid aluminaandthe crystalphasesy-, 8-, and a«-Al,0;. Nameand massdensityaregivenin the first

andsecondccolumns respectivelyln thethird columnthe coordinatiornumberof Al aswell asof O atomare

given, with its respectivepercentagén bracketsBondlengthis givenin thefourth column,the uppernumber

is the Al—O distancewith highermultiplicity, andthe lower numberis the rangeof the bondlength.In the

last columnwe presentthe percentag®f n-fold rings, from two-fold to six-fold rings.

Density Coordination Bond length Ring distribution (%)

Phase  (g/cm®) number Al-O (A) 2 3 4 5 6

Liquid 3.175  Al: 3(13%), 4(66%), 5(20%) 1.75 13 246 316 226 75
0: 2(31%), 3(61%), 46%)  (1.71-1.79

0% 3.66 Al: 4(30%), 6(70%) 1.941 40 40 185 15 0
0O: 3(50%), 4(44%), 5(6%) (1.77-2.29

0 3.6-3.65 Al: 4(50%), 6(50%) 1.904 23 62 15 0 0
O: 3(66.6%9, 4(33.3%9 (1.71-2.03

a 3.98 Al: 6(100 %) 1.97,1.85 40 60 0 0 0

O: 4(100 %)

andin generalcrystallizationgoesto phasesontainingboth
tetrahedrallyand octahedrallycoordinatedaluminum. Table
II showssomecalculatedstructuralpropertiesof theliquid in
order to compareto vy, 6, and « alumina polymorph
[35,39,4Q. Crystalphasesredenseithanthe liquid, aswell
aspresentionger bond length and larger fraction of octahe-
drally coordinatedAl atoms.This is consistentwith the fact
that the liquid has a lower coordinationthan the crystal
phasessoits bondlengthwill alsobe shorter.Moreover,the
ring distribution showsthat the fraction of four-fold, five-
fold, and six-fold rings decreasess the density increases,
andarenot presentatall in the octahedrak phaseA similar
behaviorhave beenobservedn the caseof SiO, [36]. Ac-
cordingto the coordinationnumbersjt seemghatthe liquid
stateresembleamore the 6 thanthe y phase.Therefore,it
should be more probableto get the # phasewhen liquid
aluminais quenchedrom the melt. However,we think that
thisis not true, becauséierewe only considerthe bulk prop-
erties,andthe surfacestructureof the y phasehasdifferent
structuralpropertieslt hasbeensuggestedhatthe surfaceof
y-alumina could be consideredas an amorphouslikephase
[37]. In fact, the coordinationnumbersof the simulatedsur-
face agreewith the onesof the liquid, and show an even

betteragreementvith the coordinatiornumberof amorphous
alumina[34].

In conclusionwe haveperformedMD simulationsof lig-
uid Al,O3, which supportthe recentexperimentaimeasure-
mentpresentedy Ansell et al. [14] within the temperature
rangestudied,and disagreewith previousexperimentalre-
sultsof Wasedaet al. From our resultswe concludethatthe
structuremainly consistof atetrahedrabasicunit (AlO,) ~°,
linked throughcorners,edgesandfaces.Moreover,we con-
clude that most of thesetetrahedraare connectedbetween
themby anoxygenatomwhich links threetetrahedrao each
other.
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