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DiscussionandFutureWork

We have presentedpreliminaryevidenceof a hexatic phasein 2D solid to liquid transition.The
behaviour of elasticconstantsseemsto contradicttheoreticalpredictions.However, morestudies
concerningtheroleof pressureareneededin orderto getadefinitiveanswer

�����
.

In threedimensions,our resultsseemsto favor a first orderphasetransitionscenario.However,
computationof theGibbsfreeenergy anduseof a largersystemis requiredin orderto compare
our resultswith theory.

PreliminaryResults

Three Dimensions

In threedimensionswe have computedthe enthalpy, the non-gaussianparameterandthe mean
squaredeviation in systemswith up to 702,464particles.Usingthepair distribution functionwe
identifiedeachphase.Our resultsseemto agreewith thosepresentedin
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(e) The transitionbetweena solid and a liquid in 3D is detectedby a suddenchangein the

enthalpy (blue)andtheslopeof MSD (red). Non-gaussianparameter( � 	 
 �
� ������ 
 ��� � �
� ������� � � )
behavesin agreementwith (5). (f) Thepair distribution functionconfirmsthenatureof each
phase.
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(a) A metastablestatecan be observed in the
enthalpy (green, for about � � � ���! time
steps).Theparameter" 	 #%$ &'$ ( )+*-,.&0/1$ ()2* �  � was calculatedusing a fluctuation for-
mula for the elastic constants
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: 465 78:9<;>= 	? @BA CEDGF 8:9 F =H;JI � DGF 8:9 I DGF =H;KIML . The anisotropy

factorwascalculatedusing /ON P�P<,.&QN 7�7 � N 7 � * .
The horizontal line correspondsto " pre-
dictedby KTHNY.

(b) & (c) Thepair distribution functionandori-
entationalcorrelationfunctionfor threediffer-
entstagesof thesimulation.Typical behavior
of solid,hexaticandliquid phasesis observed
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(d) Averagepotentialperparticleat threedifferentstages(at / � �R� � , �TS � ��� � and #%U � �R� � time
steps).Colorcode:-0.45left of thebar, -0.81right of thebar. Theappearanceof defectsin the
latticecanbeobservedasthesystemevolvesto a liquid phase.

PreliminaryResults

Two Dimensions

In order to identify the hexatic phasepredictedby KTHNY we measuredthe enthalpy of the
system.Wealsocomputedthepairdistributionfunctionandtheorientationalcorrelationfunction
at threedifferentstagesof a simulationof 36,864atomsin 2D. We followeda proceduresimilar
to thatusedby Chenetal.

� P � andobtainedthesameresultsusingdifferentequationsof motion. In
addition,wecomputedelasticconstantsandtheaveragepotentialenergy perparticle.Theinitial
conditionwasa thermalizedhexagonallattice.Pressure was set at V 	 / � and temperature atW 	 /YX �TS . Thecutoff radiuswas Z>[ 	 # .

Method

We have developeda parallelmoleculardynamiccodethatsolvesthemodifiedNewton’s equa-
tionsusingaLennard-JonesPotential.In orderto reproducetheisothermalisobaricensemble(to
avoid coexistenceof differentphases)thesystemis extendedin suchawaythatwhenintegration
over extra variablesis carriedout, themicrocanonicalpartition functionof theextendedsystem
becomestheisothermal-isobaricpartitionfunctionin therealsystem
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The modified equations of motion are
solved using a standard5 value Gearpre-
dictor corrector algorithm with periodic
boundary conditions in a shape-varying
box. Wealsoemploy acutoff for ourpoten-
tial that permitsthe useof a Verlet neigh-
bour list createdusinga cell structurein a
parallel configuration. Our resultsare ex-
pressedin the following units (Argon): a
unit of temperature� � / � X S K; aunit of en-
ergy � � X �]�R� # eV; a time step � ^># fms; a
unit of pressure� #_/ MPa; a unit of length� ^`Xa# A.

Equationsof Motion
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Introduction

Solid to liquid transition is one of the most commonphenomenain nature. However, a de-
taileddescriptionof this processunderdifferentconditionsis still unknown. In thepastseveral
yearsit hasbecomeclearthat thermodynamicmelting begins at the surfaceof the solid. If the
surfaceis suppressed,for instance,by coatinga specimenwith a different materialof higher
melting temperature,superheatingcanbeachieved. It hasbeenproposedthatanupperlimit to
themetastabilityof asuperheatedsolidwouldbeprovidedby asuddenproliferationof thermally
exciteddislocations.
In 2D, a defect-mediatedmelting theory by
KTHNY

� 7 � predictsthat thermally excited dis-
locationsanddisclinationsdo indeeddrive two
continousphasetransitionsfrom a solid, to a
new hexaticphase,andfinally to a liquid.
In 3D, different theorieshave been proposed
and a hierarchy of stability limits has been
established

�����
. In particular, a theoreticalwork

by Arias andLund
� � �

(usingan approachsimi-
lar to thatusedby KTHNY) predictsacontinous
phasetransitionwherethe shearmodulusvan-
ishesasapower functionof temperature.

In the presentwork we compareour resultsfrom moleculardynamicssimulationswith these
theoreticalpredictions. We have first reobtained,using different equationsof motion, results
presentedby Chenetal.

� P � in 2D. In additionwecomputedelasticconstantsandhavestudied3D
systemswith up to 702,464particles.

Abstract

Wepresentpreliminaryresultsonnumericalstudiesof meltingin two andthree-dimensionalinfinite crystallinesolids.WeusedaLennard-Jones12-6interatomicpotentialin aMolecularDynamicsimulationthatreproducesIsothermalIsobaricEnsembles.Enthalpy,
pair distribution function,orientationalcorrelationfunction,elasticconstantsandotherquantitiesarecomputedin systemswith periodicboundaryconditionsandup to 702,464particles.Comparisonsof our resultswith Kosterlitz,Thouless,Halperin,Nelsonand
Young’s theoreticalpredictionof anintermediateHexaticPhasein 2D areprovided. In additionwediscussandcomparepreviousnumericalandtheoreticalresultsonmelting-superheatingin two andthree-dimensionalsystems.

Marcos Sotomayor � , Fernando Lund   , Rodrigo Soto  
1:BeckmanInstitute& Departmentof Physics,Universityof Illinois atUrbana-Champaign,Urbana,Illinois 61801,USA.
2:CIMAT-DepartamentodeFı́sica,FacultaddeCienciasFı́sicasy Mateḿaticas,UniversidaddeChile,Casilla478-3,Santiago,Chile.
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