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Structure and dynamics of the interface between a binary hard-sphere crystal of NaCl type
and its coexisting binary fluid

Rachel Sibug-Aga and Brian B. Laird
Department of Chemistry, University of Kansas, Lawrence, Kansas 66045

(Received 28 May 2002; published 15 October 2002

Molecular-dynamics simulations are performed to study| fl@¥)] and[111] orientations of the crystal-melt
interface between an ordered two-component hard sphere with an NaCl structure and its coexisting binary
hard-sphere fluid. The diameter ratio of the two types of hard spheres making up the mixtar8.414. This
work complements our earlier interface simulatipdsChem. Physl116, 3410(2002] for the same diameter
ratio at lower pressures where the smaller component is immiscible in the solid and the fluid mixture coexists
with a pure fcc crystal of large particles. Density profiles and diffusion coefficient profiles are presented for the
AB interfacial system. We find that for this system, the transition from crystallike to fluidlike behavior of both
the density and diffusion constant profiles occurs over a narrower region than that seen in our previous studies
of the fcc/binary fluid system. But similar to what was found in the fcc/binary fluid interface the transition
region for the large particle diffusion constant is shifted aboutr ward the fluid phase relative to that for
the small particles.

DOI: 10.1103/PhysRevB.66.144106 PACS nunifer68.08.De

I. INTRODUCTION In this work, we examine two-component hard-sphere
mixtures with a considerably larger size asymmetry aof
The kinetics of crystal growth and nucleation from the =0.414. This size ratio is significant in the theory of binary
melt is highly dependent upon the structure, dynamics andlloys in that it is the largest asymmetry in which the small
thermodynamics of the crystal-melt interfac8iven the dif-  Spheres can be accommodated in the interstitials of a densest
ficulties in obtaining unambiguous information from experi- close-packed crystal of larger spheres. The phase diagram for
ments, most of what is currently known about the micro-this value ofa has been determined as a function of pressure
scopic phenomenology of such interfaces is obtained vi&nd mole fraction using MC and MD simulations by Trizac
computer simulatioR. Although most simulation studies and co-worl_<er’sg and is reproduced in Fig. 1. At low pres-
have focused on single component systémS there has sures, the binary fluid coexists with a pure fcc crystal of large
) i 3
been recent interest in multicomponent interfaded’All of ~ SPheres, whereas at higher pressugmove 5@T/o7) the

these studies have involved crystal phases that are either di€2€Xisting solid phase is an ordered 1:1 crystal of the sodium

ordered or pure face-centered culffcc) lattices. In this
work we present results for the structure and dynamics of the
interface between amwrdered two-component hard-sphere
crystal with a sodium chloridéNaC) structure and a binary —y Bl -
hard-sphere fluid. Such a system can be viewed either as
prototype to understand the interface between intermetallic- _ |
compounds and their coexisting fluid phases or as a moden": 150
two-component colloidal dispersion. Q
The hard-sphere interaction was chosen for this study i
since it is an important reference model for the study of &,
simple liquid® and liquid mixtures® This is especially true
with regard to phenomena associated with the freezing tran 5o 50
sition. For example, it has been recently shown that the in- Fluid (F) A+F
terfacial free energy of close-packed metals can be describe
with quantitative accuracy using a hard-sphere mbdé. 0 T T T T
addition, recent phase boundary calculations have shown the 00 o2 008 03 1o
binary hard spheres form a wide range of crystal structures, X,

depe_ndlng on the ratia=og/0, of the small spherétype FIG. 1. Pressure-concentration phase diagram of the binary
B) diameterog to that of the larger sphere¢beledA) o, . hard-sphere system witlv=0.414. [Reprinted from Ref. 19 by

A substitutionally disordered fcc crystal is the stable phasepermission of the publisher, Taylor and Francis, Ltd.
for 1.0>a>0.85(Ref. 18 while for «<0.85, only ordered  (yww.tandf.co.uk/journald. Note that to make the phase coexist-
crystal structures are seen to be stable, includily AB,,  ence lines easier to distinguish, the pressure is plotted against the
and ABy; structures® 2 A detailed study of the disordered cube root of the large sphere mole fraction. The phase point of the
fcc crystal/melt interface fora=0.9 has been recently present study is shown as a filled circle.The open circle shows the
reportedl.2 conditions of our previous studyRef. 13.
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chloride (NaCl) type. Earlier cell theory calculations also specific to the current system are described here. The inter-
predicted the stability of the NaCl at this diameter rafio. ested reader is encouraged to consult Ref. 13 for a more
Other AB structures such as the CsCl and the zinc blendeomplete description.

have been shown to be unstable at this diameter rétios. To construct an interface, fluid and crystal blocks are pre-
Throughout the text we will be usingB to also refer to the pared separately using the calculated coexistence conditions.
NaCl structure. At a pressure of SBT/UE’\, we independently determined the

A detailed study of the low pressure pure fcc/binary fluid packing fractions of the coexisting crystal and fluid to be
system has been recently reportédn that work, the coex- 7°=0.683 andy'=0.490, respectively. In the preparation of
istence between the crystal and an approximately 1:1 binary fluid block, it is a usual practice to initially position par-
mixture was examined, corresponding to a pressure dficles in a lattice at a density lower than coexistence. As the
20.]kT/of\, which is approximately twice the coexistence system is allowed to equilibrate the lattice melts, giving a
pressure (11.981/0) of the pure single component system. fluid configuration, which is then compressed to the coexist-
As the pressure is increased the mole fraction of largeence density. For the system under study here this procedure
spheres in the fluid phas€, decreases, and at a pressure ofis not feasible since the size asymmetry=(0.414) and the
about 5&T/ o the fluid coexists with alB crystal of NaCl ~ mole fraction of small particles{g=0.903) in the fluid sys-
type (see Fig. L In this work, we examine in detail the tem are both largglt should be noted that for this value of
microscopic structure and dynamics of the interface between the large sphere volume is over 14 times that of the small
the high pressurAB crystal and its melt. To do this, we have particle) To construct the fluid phase we began with an fcc
chosen a point in the phase diagram V\mjg: 0.097. At this lattice of small particles at a number density equal to the
mole fraction, the fluid coexists with the NaCl crystal at adesired total number density of the fluid mixture. A number
pressure of 58T/ o3 . Details of the simulation methodology Of particles, corresponding to the target mole fraction of
and interface equilibration procedure are outlined in the nextarge spheres, are then chosen at random from this lattice. A

section followed by presentation of the results of the study ifnolecular dynamics run is started from this initial configu-
Sec. Ill and concluding remarks in Sec. IV. ration and the diameter of randomly chosen particles is peri-

odically increased until the correct large sphere diameter is
attained. The amount of increase in the diameter at each
stage depends on the maximum increase that is possible
Molecular-dynamics simulations are performed on a two-without creating particle overlap. The preparation of the
component system of hard spheres of differing diametgrs crystal is straightforward as the small particles easily inserted
andog, with o,> o (type A particles are assumed to be the into the interstitial sites of the large sphere fcc lattice.
larger spherés The interaction potential between two  After equilibration of separate crystal and fluid systems,
spheres is defined by the following pairwise interaction pothey are placed in contact within the simulation box. Due to

II. SIMULATION DETAILS

tential: the periodic boundary conditions, two interfaces are formed.
Note that packing fraction used in the preparation of the
©, r=aj, initial fluid block is slightly different from the predicteq’
¢ij(r)= 0, r>oy, because a gap ofdl, is placed between the crystal and fluid

blocks to avoid any initial overlap that may occur when the
wherei,j e {A,B}, r is the distance between the centers oftwo blocks are combined. The fluid particles are then al-
the two interacting spheres, ang;=(o;+ 0})/2 is the dis- lowed to move while the large particles are fixed so the ini-
tance of closest possible approach between two spheres wittal gaps are then filled with the fluid particles. The initial
diametero; and o, respectively. The system is completely fluid packing fraction is adjusted until an unstressed bulk
defined by specifying the diameter ratio=og/o,, the crystal is obtained when the two blocks are combined and
mole fraction of large particlex,, and the total number den- equilibrated
sity p. The total volume occupied by the hard spheres rela- In this study, we examine both tti200] and[111] orien-
tive to the volume available to the system is given by thetations of this NaCl crystal/binary fluid interface. For refer-
packing fraction ence, we define theaxis to be perpendicular to the interfa-
cial plane. Periodic boundary conditions are applied,iy,
a 3 andz directions. The length in thedirectionL, is a sum of
= TP[XA+(1_XA)“ it () lengths of the two separate blocks in thelirection and the
20, gap initially left between the two blocks. The total num-
wherep=pa+pg=N/V is the total densityx, is the mole ber of particles used are 22 032 and 22 752 for{ ftt#)] and
fraction of the larger species, aad= og/o, is the diameter [111] orientations, respectively. The details of the system
ratio. sizes used are summarized in Table I. As the systems studied
The procedures for interface construction and equilibraare large, we have implemented the cell method techAfque
tion of binary interfaces employed in this study are similar toto efficiently carry out the molecular-dynamics simulations.
those used in our earlier wdrkon the low-pressure coexist- Equilibration was done for about>410° collisions per par-
ence in this systenfisingle component fccxy=1)/binary ticle (cpp. During sampling, the run was divided into blocks
fluid mixture]. Since the general interface preparation pro-of 2600 cpp each. The sampling run was over a length of 30
cess is described at length in that work, only those detail®locks, but since each block gives two independent measures
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TABLE I. Number of particles and dimensions of the simulation F 1 1 1 ™1 71T 1T ™1 ™11
box. 1.0 CIEUTEY Y -0, forparticle A| —
<] » % = - mq for pa.tt?cle A n
N© N’ Ldoa  Lyoa  Lylog {‘g 0.5 » '_:_'gzﬁzj‘;f"m‘fjjﬁ -
[10Q] 7056 14976 10.41 10.41 53.02 §- 0.0k [100] : 7 R TR TR S S
[117] 7200 15552 10.51 10.92 51.44 o | o ]
[} [ ESY TRl
E -0
of interfacial properties when the system is properly folded S 1.0 PR u-mq, forparticle A| —
at the center of the crystal, the results reported are averageg 4 ---m:orvan?cie g .
taken over 60 samples. £ 0.5 " g b I
In the course of such simulations the position of the in- -8 N g
terfacial plane can shift due to Brownian motion or due to © 0.0 —eteatotsdeted
melting or freezing of the crystal. To prevent such motion e SRS -
from artificially broadening the interfacial profiles it is nec- —gs5b—m—-»l— 1L o+ 1 o 1 o 1 , | , |
essary to monitor the position of the interfacial plane during -8 -6 B -2 z/oO 2 4 6
the sampling runs. The standard measure of interfacial posi- A

t!on for a planar_ interface is the Gibbs dividing surfade- FIG. 2. Large(dotted and small(solid) particle orientational
fined for a multicomponent system as the valuezathere  qer parameter profilesy, (circle) and g (squarg for the [100]
the surfaces excess number of “solvent” particles is zerognq[111] interfacial orientations. The poimt=0 is the location of
However, accurate calculation of the Gibbs dividing surfacene interfacial plane as calculated from the large particle order pa-
requires relatively long simulation runs and is then unsuityameter profile.
able for a method of monitoring the time dependence of
interfacial position. In our previous studié$}we find thata  some initial growth, but quickly stabilizes before the averag-
more suitable measure can be obtained from measurement m@ runs are begun. Brownian motion of the solid phase, as
orientational order parameter profile as a functiorzothe  monitored by motion of the inner layers of the crystal, was
orientational order parameter is defined as follows: found to be negligible due to the large system size and no
1 correction was necessary.

n(2) N, i,jz,k codnbyy(l.1.k)1 ), ® IIl. SIMULATION RESULTS
wheren=4 for the[100] orientation anch=6 for the[111], FOR THE [100] AND [111] INTERFACES
i, j, andk are nearest neighbor large particlég,(i,j,k) is A. Structure: Density profiles and contour plots

the bond angle formed by j, andk projected on the,y The structural variation of the system across the interface

plane, and\, is the total number of particles that form bond s getermined by calculating the density profile for each par-
angles. The average is taken over the number of angles foung|e type:

betweenz—Az/2 and z+Az/2, whereAz is equal to the
layer spacing of the bulk crystal. (Ni(2))

We show in Fig. 2 the order parameteysandqg of the Pi(D)= 1Ay (4)
two particle types for thg100] (upper panél and [111] Xy
(lower panel orientations. As expecteq, (gg) is small in  wherei denotes a particle typdz is 1/25 of the crystal layer
the[111] ([100)) interface where sixfoldfourfold) symmetry  spacing{N;(z)) is the average number of particles of tyipe
dominates. We define the interfacial position relative to then the region betweern— Az/2 andz+ Az/2.
midpoint of the orientational order profile for the large par- The density profiles of the two particle types are shown in
ticles. That is,z=0 in all of the z-dependent profiles pre- Figs. 3a) and 3b) for the [100] and[111] orientations, re-
sented in this study is defined as the point at which the orispectively. As expected for an NaCl-type lattice, the small
entational order parameter has decayed halfway from itand large particle peaks are in phas¢lii0] and exactly out
crystal to fluid value. This order parameter is suitable as @f phase in[111]. This is similar to the registry of particle
measure of interfacial position since it is smoothly mono-density peaks found at the interfacial region of the lower
tonically decreasing and can be calculated accurately fopressure pure fcc/binary fluid systémDue to the higher
very short runs. The parameter profiles of the small particlepressures in this study, the crystal peaks are much sharper
are not smoothly varying because at the interfacial regionthan those seen in the lower pressure binary syStemin
some number of small particles cluster together to occupyhe single component interfaé&he small side peaks in the
large particle vacancies at the interfacial regias will be  NaCl density are due to the filling of large particle vacancies
seen in the density plots presented in the next sectits  in the lattice structure with several smaller particles—as dis-
rupting the smooth transition from crystal-like to fluid-like cussed below.
value of the orientational order parameter. In order to reveal any change in the lattice spacing

Analysis of the interfacial position as a function of time through the interface and to index the interfacial planes for
shows that during the equilibration run the crystal exhibitslater use, vertical dotted lines separated by the bulk crystal
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FIG. 3. Large(dotted and small(solid) particle density profiles
of the NaCl/binary fluid interface for thgl00] and[111] orienta-
tions. The distance between vertical dotted lines is equal to the
crystal layer spacing ih100] and twice the spacing ifl11].

. ) ) . FIG. 4. Structure of binary fluids with a diameter ratio @f
lattice spacing were added to Fig. 3. Label® i in the[100]  =0.414 against a structureless wat) x,=0.5 and»=0.51; (b)
profile mark specific layers for which cross-sectional densityx,=0.1 and=0.49.

distributions have been determined, as discussed later. For
both orientations, there is no discernible variation in the latinterpolate between the natural crystal and fluid values, as is
tice spacing as the interface is traversed from crystal to fluidpbserved in simulatiof® However, when the binary fluid
in contrast to what was seen in our previous interface studiesoexisting with the NaCl-type crystal is placed next to a
with either pure or disordered fcc crystaté3which exhibit  structureless hard wall, the density oscillations have much
a significant increase in the density peak spacing for themaller density peak spacings that range from @420
[100] orientation as the fluid side of the interface is ap-0.48s, for both particle types, as shown in Figlb# Since
proached. In those systems the presence of the interface ithis is close to the diameter ratio of 0.414, the peak spacing
duces significant structure in the fluid, but as one moveén this system is controlled by themall particle diameter. In
further away from the interface into the fluid the influence ofaddition, the range of influence of the wall is considerably
the specific crystal orientation diminishes and the peak spachorter for the high pressure NaCl coexistence than that for
ing in the fluid reverts to the spacing that would be formed athe pure FCC system. In contrast, the layer spacing in the
a structureless wall. Since this natural spacing is nearly idereoexisting NaCl crystal (0.%4, for [100] and 0.86, for
tical to the [111] crystal layer spacing, there is minimal [111]) is still determined by the large particle spacing. The
change in the peak spacing for that orientation. However, théarge difference between the natural length scales in the crys-
layer spacing in d100] orientation is about 15% smaller tal and fluid prevents a smooth transition between the two
than the “natural” value and a gradual increase is observedimits and only one length scale can be present in the inter-
To better understand the lack of variablity of the lattice face. This dominant length scale must be that of the crystal,
spacing for the NaCl/binary fluid interface under currentsince the packing geometry prevents the crystal from adopt-
study, we have performed separate Monte CavI€) simu-  ing the smaller length scale of the fluid.
lations for binary hard-sphere fluids ats&ructurelesshard The oscillations in the fine scale density profiles shown in
wall, using densities and mole fractions corresponding td=ig. 3 make it difficult to see the overall trend in bulk den-
both the coexisiting fluid phase of the current study and thasity, so we have processed these profiles using a finite im-
of our previous examination of the lower pressure pure fccpulse response filtét’ to reveal the nonoscillatory compo-
binary fluid interface. The MC simulations are performed onnent of the density variation. The resulting filtered density
648 particles, equilibrated for 1P cycles with density profiles are shown in Fig. 5. The 10-90 width of these bulk
profiles averaged over»210° cycles. Figure @) shows the density profiles provides a measure of the interfacial width.
result for the 1:1 binary fluid £=0.51) that coexists with (The 10-90 width of a monotonically varying interfacial pro-
the fcc crystal. The figure shows a peak spacing 0&Q,9 file is the distance over which the profile changes from 10 to
which is identical to the peak spacing that was observed 90 % of the higher of two coexisting bulk values, relative to
the single component systehindicating that the peak spac- the lower bulk valug. The 10-90 width derived from the
ing in this system is determined by the large particle sizelarge particle density profile of tH&00] orientation[see Fig.
Thus, for an interface between such a fluid and a pure fc&(a)] is 2.60,, corresponding to the region between
crystal, the peak spacing on both sides of the interface iss —2.204 to z=0.40,. For the small particles the 10-90
controlled by the large particle spacing and will smoothlywidth is smaller at 2.3, and the 10-90 region z(
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FIG. 5. Filtered density profiles for the largeotted, small
(solid), and total(dashed densities in thga) [100] and (b) [111]
interfacial orientations.

=—1.704 to z=0.60,) is shifted slightly toward the fluid, FIG. 6. Large particle density contour plots parallel to the inter-
relative to the 10-90 region of the large spheres. Combiningacial plane for different layers of tHa00] interface. The layers are
these two regions, the interfacial region of {i€0] orienta-  as labeled in Fig. @).

tion defined by the densities has a width of 2,8 The total

interfacial width defined for the densities for tfEl1] orien-  to the accumulation of small particles in the large sphere
tation (2.9,) is not significantly different than that for vacancies. The structure of this vacancy filling is interesting
[100]. The interfacial widths of the large particle density pro-in that the large particle is typically replaced by 6 small
files are identical to those found in our earlier lower pressurgarticles(although a small number of vacancies filled with 5
fce/binary fluid interface study for the same diameter ratio, or 7 small spheres do ocquwith little disturbance to the
but narrower than the 3s3widths found in the single com- surrounding lattice. This can be seen in Fig. 8 where a snap-
ponent system.In contrast, the small particle interfacial shot of one of these filled vacancies in layeis shown. A
widths found here are much smaller than those found in theniform 2D density distribution begins to develop in lager
lower pressure study, where they were found to be about
3.304. As a consequence, the overall interface for the NaCl/ g
fluid is slightly narrower than the lower pressure pure fcc/
fluid interface.

To get a detailed understanding of the structural transition
across the interface between the two coexisting phases, w
have determined the cross-sectional density distributions>
within layers parallel to the interfacial plane. For each layer,
the 2D density distribution is defined as

oo ANF(xY))
pi(xiy)_ AXAyAZ’

©)

wherei denotes a particle typdx=Ay=0.125,, Az is the
crystal layer spacing, which is 0.#4 for [100]. The average
number of particles of type in the volume given by
AxAyAzis (N#(x,y)). In Figs. 6 and 7 are density contour
plots of the[100] interface for the large and small particles,
respectively. Layeratoi are as labeled in Fig.(8), wherea

is deep into the bulk crystal,is in the bulk fluid andb to h =
are interfacial regions. The decrease in density peak height o -
the large(type A) spheres in Fig. 3 starting at layéris

initially due to the presence of lattice vacancies as shown in

Fig. 6. Small particle vacancies also start to appear in layer  FIG. 7. Small particle density contour plots parallel to the inter-
of Fig. 7. We also find by comparing Figs. 3 and 6 for layersfacial plane for different layers of tHa.00] interface. The layers are
¢ andd that the side peaks appearing at these layers are dus labeled in Fig. @).

10 20 30 40 50 60
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FIG. 9. (a) Diffusion coefficient profiles for thg100] orientation

FIG. 8. Snapshot of a portion of layeras labeled in Fig. @) of the fcc/fluid(dashedland theAB/fluid (solid) interfaces for both

showing small particles occupying a large particle vacancy. particle types(circle for large and square for small(b) Corre-
sponding diffusion coefficient plots scaled to be zero in bulk crystal

for both particle types indicating that, although the &nd unity in bulk fluid.
z-dependent density profiles still has some oscillations in this
region, the structure is that of an inhomogeneous fluid at ghe term in the summation is the mean-squared displace-
wall. ment over a time interval—t, of a total of N; typei par-

Of particular interest to materials scientists is the degregicles |ocated betweez—Az/2 and z+Az/2 at time tq,
of interfacial segregation—the preferential adsorptiende-  \yhereAz is the layer spacing ifL00] and is twice the layer
sorption of one componenfusually the “solute’) at the spacing in[111].
interface. This quantity is defined relative to the Gibbs divid- Figure 9a) shows the diffusion coefficient profiles for the
?ng sgrface. The Gibbs dividing surfa}ce .Of. a planar .im?rfacecurrent study(dotted line$, including for comparison the
is defined as the plane along theaxis %‘;’;?9 a van!shlng results previously reported for the lower pressure fcc/binary
surfaqe excess solvent particle numbé&rVe" defined in the fluid interfacé® (solid lines. Only the [100] results are
equation shown as the diffusion profiles for tHd11] interfaces are
not statistically different. The error bars are small and so are
not shown for clarity of the plots. The bulk fluid value for the
large particles in the lower pressure fcc/binary fluid system is
0.012kToi/m)Y? and that for the small particles is
0.050kToa/m)Y2. Since theAB/fluid system has a higher

NsolvenyA: piolvenk_‘_ p?olvent I—z_ Z) + Fsolvent' (6)

whereNs°Vethe total number of solvent particles spher&s,
is the area of the interfaceS°V*™ and p°"*™ are the bulk
f‘ens'“es'z is the location of the interface assuming the .\ and Jarger fluid packing fraction, the bulk fluid dif-
ength of the simulation box runs from O Lg. Defining the . . i 2, N1/

small particles as the solvent, we find that the Gibbs dividing;us'c’n Coefflc!ent values are Iozwer.l/(z).O(kG'(aA/m) for
surfaces are at= —0.49r, andz= —0.937, relative to the the large particles and 0.028(o2/m)~'< for the small par-
position calculated from the large particle order parameteficles. The difference in magnitude between the small and
for the[100] and[111] orientations, respectively. The surface large particle diffusion constants makes it difficult to com-
excess of the solute particl®% was found to be negligible, pare the two diffusion profiles. For a clearer comparison in
indicating the absence of interfacial segregation, a result thdtig. Ab) we plot the data in Fig. @ normalized relative to

is consistent for other crystal/melt systems that have beethe bulk fluid values. Traversing the system from fluid to
investigated:®13 crystal, we find a region of width greater tham 4 where the
small particles have nonzero diffusion coefficient while the
large particles have effectively zero diffusion. Both high- and
low-pressure systems exhibit this shift in the change from
Inhomogeneities in the transport properties within the in-crystal-like to fluidlike motion of the two particle types.

B. Transport: Diffusion coefficient profiles

terfacial region can be examined by calculat;mdependent As was done for structural transition, we can also define
diffusion coefficient profiles, defined for a particle of type the extent of dynamical transition by determining the 10-90
by region from diffusion coefficient profiles. From the diffusion
coefficient profile of the large particles this region starts from
N;(2) z=—0.705 up to z=1.305, resulting to a width equal to

D;(z)=lim

t—oo

— > ([rj(H)—=ri(tx)]1?. (7)  2.004 and centered a=0.30,. The small particles define
6Ni(2) dt =1 an interfacial region that starts from= —2.20, and ends at
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region, while the transition for the large particle diffusion is
shifted by about &, (1.304 in the earlier study Another
notable feature in this plot is that the transition for the ori-
entational order parameter, which we use to locate the inter-
facial plane, occurs at about the center of these two transition
regions.

1.2

1.0

0.8

0.6
IV. SUMMARY

04 Using molecular-dynamics simulation, we have investi-

gated the structure and dynamics of 0] and [111]
crystal-melt interfaces of thAB(NaCl)/binary fluid system
; for a two-component hard-sphere system in which the ratio
0.0~ . of small to large particle diameter is=0.414. This system
] was at a pressure of K3/ that is at the lower range of the
NaCl crystal/fluid coexistence region. These simulations
complement our earlier wotk on the pure fcc/binary fluid
interface found in this same system at lower pressure
FIG. 10. Filtered density, diffusion, and orientational order pa-(20_;|k-|-/gi)_ We find that the higher pressure
rameter profiles for th€100] interface. All profiles are scaled such AB/binary-fluid interface has a narrower interfacial region of
that they go from unity in the crystal to zero in the fluid phase. 3.50, compared to the lower pressure fcc/binary fluid sys-
tem at the same diameter ratio, which had an interfacial re-
gion of width 4.8, . In contrast to both the lower pressure
fcc/binary fluid systenfand our previous single componént
and disordered fcc interfacéy the peak spacing through the
interface remained constant for both orientations studied. In
addition, the crystal side of the higher pressure binary inter-
ace exhibited much higher vacancy defect concentrations
han either the low pressure binary system or the single-
component interfacéIn the interfacial region, all vacancies
in the large particle lattice were found, with little distortion
in the surrounding lattice, to be filled with an average of six
all particles. Similar to what was seen in the lower pres-
sure fce/binary fluid interface, the transition regions for both
atnsity profiles and the small particle diffusion constant are
pproximately coincident whereas the diffusion profile for
the large particles is shifted relative to the others by about
o toward the liquid side of the interface.

0.2

Normalized order parameters

z=0.60, . These boundaries give a width of 2,8, which is
40% greater than the width from diffusion of the large par-
ticles. Also, the midpoint is shifted by 17, to the fluid side
relative to the midpoint of the region defined by the large
particles.

As in our previous studies on hard-sphere interfatés
the regions defined by each of the individual density an
diffusion coefficient profiles do not all coincide, so we take a
union of these 10-90 regions to define the full interfacial
region. Taking into account all profiles, the NaCl/binary fluid
hard-sphere interface studied here has an overall 10-90 wid
of 3.504, corresponding to layersto g in Fig. 3. As per-
haps expected for the higher pressure system, this interfaci
region is narrower than the one found for lower pressure,
fce/binary fluid interfacé? which was found to be 48, . To
summarize all of the profile data for quick inspection we
show in Fig. 10 all order parameters profiles, normalize
such that we have all values equal to unity in the bulk crystal
and zero in the bulk fluid for thEL0OQ] interface. Except for
differences in the overall interfacial width, this plot is quali-  We gratefully acknowledge R. L. Davidchack for helpful
tatively quite similar to the corresponding plot for our earlier comments, as well as the Kansas Center for Advanced Sci-
low-pressure fcc/binary fluid simulations in that the transi-entific Computing for the use of their computer facilities. We
tion of densities for both particle types and the diffusion ofalso would like to thank the National Science Foundation for
the small particles is observed over approximately the samgenerous support under Grant No. CHE-9900211.
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