NumericalStudiesof Melting In Infinite CrystallineSolids
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Abstract

We presenpreliminaryresultson numericalstudiesof meltingin two andthree-dimensionahfinite crystallinesolids. We useda Lennard-Jone%2-6interatomigootentialin a MolecularDynamicsimulationthatreproduces$sothermalsobaricEnsemblesEnthalyy,
pair distribution function, orientationalkcorrelationfunction, elasticconstantandotherquantitiesare computedn systemswith periodicboundaryconditionsandup to 702,464particles. Comparison®f our resultswith Kosterlitz, ThoulessHalperin,Nelsonand
Youngstheoreticabredictionof anintermediateHexatic Phasan 2D areprovided. In additionwe discussandcompareprevious numericalandtheoreticaresultson melting- superheatingn two andthree-dimensionaystems.

Introduction PreliminaryResults PreliminaryResults
Solid to liquid transitionis one of the most commonphenomenan nature. However, a de- Two Dimensions Three Dimensions
taﬂed_descrlptlonof this processunderd|ffere_ntcor_1d|t|on§|s still unknawn. n the pa_stse/eral In orderto identify the hexatic phasepredictedby KTHNY we measuredhe enthaly of the In threedimensionsve have computedthe enthalfy, the non-caussiarparameteandthe mean
yearsit hasbecomeclearthatthermodynamianelting begins at the surfaceof the solid. If the g . . . . . . . . . NN .
surfaceis sunpressedor instance bv coatinga specimenwith a different materialof hiaher system.We alsocomputedhepairdistributionfunctionandtheorientationakorrelationfunction squaredeviation in systemswith upto 702,464particles.Usingthe pair distribution functionwe
PP ! DY J9a sp J atthreedifferentstagef a simulationof 36,864atomsin 2D. We followeda proceduresimilar Identifiedeachphase Our resultsseento agreewith thosepresentean (5.

melting temperaturesuperheatinganbe achie/ed. It hasbeenproposedhatan upperlimit to
themetastabilityof a superheatedolid would be provided by a suddemproliferationof thermally addition we computecklasticconstantsndthe averagepotentialenegy per particle. Theinitial

exciteddislocations. . . conditionwasathermalizechexagonallattice. Pressure was set at P = 20 and temperature at
In 2D, a defect-mediatedmelting theory by 14— . . —— 15 3 . .

KTHNY () predictsthat thermally excited dis- T'=2.16. Thecutoff radiuswasr, = 4, | [— wmsD | — Solid
locationsand disclinationsdo indeeddrive two Solid to Liquid Transition in 2D P ' ' —
continousphasetransitionsfrom a solid, to a | b L e 1.
new hexatic phaseandfinally to aliquid. RGE R B e B IS I N O

In 3D, different theorieshave been proposed h % Anisotropy|

and a hierarcly of stability limits has been

established). In particular a theoreticalwork Solid
by Arias and Lund?) (using an approachsimi-
lar to thatusedby KTHNY) predictsacontinous Liquid
phasetransitionwherethe shearmodulusvan-

Ishesasa power functionof temperature. e

to thatusedby Chenetal.4) andobtainedhesameresultsusingdifferentequation®f motion. In
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theoreticalpredictions. We have first reobtained,using different equationsof motion, results _— O (f)
presentedy Chenetal.¥) in 2D. In additionwe computecklasticconstant@andhave studied3D ° 10 20 %0 0 >0 (e) The transitionbetweena solid and a liquid in 3D is detectedoy a suddenchangein the

I I umber of time steps (x10" r 4
systemswith upto 702,464particles. embereline seps bAD enthally (blue)andthe slopeof MSD (red). Non-gaussiarparametefa = | D%ﬁfg#y — 1)

behaesin agreementvith (5). (f) The pair distribution function confirmsthe natureof each

Method phase.

(a) A metastablestatecan be obsenred in the
enthally (green,for about~ 5 x 109 time
steps).The parametetX = 4u(p + A)/(2u +
A)(6> was calculatedusing a fluctuation for-
mula for the elastic ConSta”t@:Cz‘_jiz — We have presentegbreliminaryevidenceof a hexatic phasean 2D solid to liquid transition. The
8V, ( (eiiene) — (€i) €lk>)- The anisotroy behanou_r of elasticconstantseemdo contrad|cttheoret|cap|feq!ct|ons.However, morestudies
factorwascalculatedusing2Cy /(Cy1 — Cpa)- concerningherole of pressurareneededn orderto geta definitive answefd).

In the presentwork we compareour resultsfrom moleculardynamicssimulationswith these
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DiscussiomndFutureWork

We have developeda parallelmoleculardynamiccodethat solvesthe modifiedNewton’s equa-
tionsusinga Lennard-JoneRotential.In orderto reproducdaheisothermaisobaricensemblgto

avoid coexistenceof differentphasesjhe systems extendedn suchaway thatwhenintegration
over extra variablesis carriedout, the microcanonicappartition function of the extendedsystem
becomegheisothermal-isobaripartitionfunctionin therealsystent®).
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The modified equations of motion are Equationsof Motion _ _ | | | N |
solved using a Stgndarcg value Gearpre- The horizontal line correspondgo K pre- In threedimensionspur resultsseemdo favor afirst orderphasetransitionscenario.However,

. . . A o dictedby KTHNY. i - - o
dictor corrector algorithm with periodic ;. _ by By e y A | | compute;tlom:; tT]eGlbbsfreeenegy anduseof alargersystemis requiredin orderto compare
boundary conditions in a shape-arying " gggo N e (b) & (C_) Thepalrdlstrlmtlopfunct|onaanr|- our resultswith theory
box. We alsoemploy acutof for ourpoten- P = fW;w—;; i — (1+ p¥) fPi — 5P entatlonab?r[]elayonflun_ctlo_r|1_f0|(th:riec::ff_er-
tial that permitsthe useof a Verletneigh- V' = 77 : r entstaget the simulation. Typical behaior
bour list createdusinga cell structurein a  Pe = DV (P — Ped) + 5y il 1 — P (c) of solid, hexatic andliquid phasess obsered ReferencesandAckn ONledgmentS
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unit of temperature- 120.6 K; aunit of en-
elgy ~ 0.0104 eV, atime step~ 34 fms;a ° R ,
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