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A weighted-density functional method is proposed to describe

the atomic structure of the crystal-melt interface in electrolytes

based on a charged-hard-sphere model of aalt. The contribution of

long-range Coulomb interaction is taken into account in the field

formulation: the electrostatic field potential is determined from

the Poisson equation. The ion density profiles and crystalline order

parameter at the crystal-melt interface in the 1:1 symmetric

electrolytes are calculated. The structurization of liquid near the

solid surface la described. The results are compared to those for

the neutral hard sphere system. The impurity distributions of

extremely small concentrations are calculated both for the neutral

and charged hard sphere systems.



1 .Introduction

The development of theoretical approaches for atomic

scriptlon of bulk and surface properties in condensed systems of

arged particles plays an essential role from fundamental point of

.ew. Among the reasons, first of all, we mention the following. Up

> date it la possible to describe the stable binary ordered

-ystals only in systems of charged particles [1-41. And now it

-eras interesting to understand the peculiarities of atomic

tincture of ionic crystal-melt (vapour) Interfaces., There is a

lestion how the long-range Coulomb Interaction Influences the

rystal morphology. Why does the nearest-neighbour Iaing model give

n many cases good qualitative and quantitative agreement with the

xperlmental data, for example, for garnets [51?

One of the approaches to describe phase equilibrium in

ondensed matter Is the density functional method. In rets. 16,71

he authors make an attempt to calculate ionic crystal-melt phase

oexistence. In their approaches it is necessary to assign or to

alculate direct correlation functions of a homogeneous electrolyte

lelt. In ref.t6] the direct correlation functions were taken from

.he experimental data. In r e f . m these were calculated using the

analytical solution of Percus-Yevlck integral equations for a

:harged-hardhsphere model. Direct correlation functions in this

icdel contain the terms corresponding to the nonshieldlng Coulomb

interaction. The long-range contribution to the free energy was

round by direct sumnation over the lattice sites by Bwald method.

In refs.18,91 the weighted-density functional method has been

leveloped for description of the electrolyte melt structure near the

charged hard wall. Here the effects of Coulomb potential are taken

into consideration in a field formulation. To find the electrostatic

potential distribution the authors used the Polsson equation.

In refs.tiO,111 the weighted-density functional method has been

proposed to describe the crystal-melt Interface structure in

nonelectrolytes. The aim of this paper is the generalization of this

approach to describe the interface between the melt and the binary

ordered electrolyte crystal with a lattice of CsCl type.

2. Atomic structure of the crystal-melt interface

in pure substances

To describe ionic crystals we use a model of charged hard

spheres with equal diameters oQ, and the interaction potential

rxj0

r<oQ ,

(1)

where c^ is the charge of particle type a, and q1=-q2=qQ. The free

energy F of this mixture may be presented as the functional of

densities of both components, namely, p1 (r) for positively charged

and p2(r) for negatively charged ions:

pP[p1(r),p2(r)l =

+ f«(TJ(r))p(r)dr + (E(p(r))dr + ?_
J J 2 •

Jp2(rHln(p2(r))-i]dr

1 r

? J
(2)



.ere

p(r) = p2(r)

Ti(r) = ic/6 x p(r) -

(3)

(4)

3 the volume occupied by particles, and the weighted density Is

sflned according to

p (r) = J w(0)qr-r'|) p (r')dr'. (5)

ollowlng refs. [10,111, we choose the weighting function as

(6)

The first two terms In the functional (2) are the entropy

contribution to the free energy. The third term describes hard

repulsion. The fourth term takes Into account the difference of

ihemical potentials m the charged hard sphere iilxture and In the

similar neutral hard sphere system. This difference is caused by the

short -range chemical order In the homogeneous raolten electrolyte,

'-he fifth and sixth terms in eq.(2) present the interaction of

Jhargea with the averaged electrostatic field created by these

charges. The function 3!(T}) is determined from the Percus-Yevick

equation of state for hard sphere system [13]

3T)(2-T))

2(1 -T))2 ]• (7)

To determine the function E(p) we use the equation of state lor tiie

mixture of charged hard spheres with equal diameters [141, obtained

from the analytical solution of Percus-Yevick Integral equations in

the mean apherlcal approximation:

E(p)
2% I 2

3/2
(8)

The solution of these equations in ref. fU] was obtained for a

locally electroneutral system with p1 = p2. The runctlon E(p) in

eq.(2) depends on the weighted density only. Therefore the condition

of electroneutrality becomes less stronger. Tor the validity of the

functional (2) it Is sufficient that this condition is satisfied for

the weighted densities: p1 (r) = p£(r). This allows us to use this

method for description of a crystalline phase, where the condition

of local electroneutrality is not satisfied.

In eqs. (2),(8) the value Q = q/p/aQ is the dimensionless

charge. The dlraensionless temperature T = 4%/(r is measured in terms

of qQ/47tkT,0Q, the electrostatic field potential Is given in units of

•/fkjQ, and the hard sphere diameter o Q is used as a unit of length.

The equations for density distribution functions at the

interface can be found from the conditions of the functional

minimization 6T/Cpa(r)=0, 6T/0$(r)=0:

pa(r) = C expj-| fl(ij(r))± QB(r) + —- J ffi'(fi(r(

xp(r*)dr( + J E'tpCr'lJw^ (9)



9s*(r) = Q(p2Cr) - pt(r)).

E'(p)
4TC 4% 1 + r

•w T

(10)

(11)

(12)

-1 is the Debye shielding length.

Now we consider the (100) interface. Since the functions

* ) . $(r) are periodic within a plane parallel to the interface,

expand, them Into a Fourier aeries In terras of the planar square

sice vectors with a period of b=2x/d, where d is the lattice

stant:

Applying to eq. (9) the Fourier-transformation reverse to that in

eq.(13), we obtain the following system of equations for the Fourier

transforms of the density distribution functions:

where

(16)

A 5 (
M M

4 E (
M M

-Tfl

(2TC)£

B
M

r
E'(p(z,g)) B (S

J M

(17)

(18)

m.n

m.n
erp

(13)

(U)

U
K

+ f
L.M

Co)

— f w
6 J

(0)

K
0 (z')a (z')dz'
L M

(19)

stituttng eq.(H) Into eq. (10) and passing from the reciprocal

tice vectors assigned by a pair of numbers (m.n) to the

rdlnation spheres of the lattice M, we get the following set of

ations for Fourier-harmonics of the electrostatic potential:

9 (D (2)
kr » <z) = - Q [a (z) - a (z)].
MM K M

(15)

i (z)B (I),
H M

a (z)=f w ( 0 )

M J M

J w«

M
a
M

(20)

(21)

(22)



qs.d6)-(22) the value 4 M Is the coordination number or a

ar square lattice, k^ Is the radius uf M-th sphere of this

Ice, B « U ) the structural function, tlM/Kl la the number of

, by means of which the vector of a K-th coordination sphere

be expanded into the sum ol two vectors from L-th and M-th

•dtnation spheres. For 0 < K.L.M « 2 nonzero coefficients have

following values:

[00/03=1. [10/11=1, [11/21=2, [12/11=2,

[11/01=4, [01/11=1, [20/21=1,

[22/01=4, [21/11=2, [02/21=1. (23)

The structural functions are defined as the sums

(24)expClmE+imi)

(m,n)

r all the reciprocal-lattice vectors, belonging to the M-th

ordination sphere. The coordination radii of the reciprocal

ttice ky, = 2ic/d x -/n£ + n 2 . For a planar square lattice

B 0C€J=1

(25)

find the constant C, we fix the average crystal density and

sume the concentration of vacancies In the bulk crystal to be

TO.

Eqs. (15)-(22) were solved numerically at d=i .3cQ, that

corresponds to the crystal density pg0g = 0.91. The value of Q

varied from 2.5 to 6. At Q ^ 2.5 (T » 2.0) the crystal lattice of

CsCl type Is unstable. At Q ? 6 (T < 0.4) the liquid phase is

unstable.

We did not consider the crystal-vapour Interface. This problem

Is rather difficult to be solved as the atomic planes of the

considered orientation (100) contain similar ions, and therefore

the condition of the system electroneutrality at the interface can

be broken. Both the surface roughening and possible irregularities

in the alternating structure of positive and negative ions in the

interface zone could diminish the surface charge. The description of

the latter effect requires more sophisticated models. Also.the

method proposed here could not be applied for the crystal-vapour

Interface description, because with decreasing temperature the

particle localization becomes so strong, that it Is necessary to use

very rine grid for solving the Integral equations.

Numerical results for the atomic structure of the crystal-melt

Interface In the 1:1 symmetric electrolyte at Q=4 (T=0.8) and pso^ =

0.91 are presented In Plg.1. In this case the surface crystal layer

is occupied only by cations. The model under consideration is

symmetric when all particles change the sign of their charge. So we

can describe as well the interface with the surface crystal layer

formed by anions. The density of the melt coexisting with the

crystal is P-^OQ = 0.T5. The functions nct(z) = a^
a^(z) represent the

partial densities of cations (O=1 ) and anions (a=2). These are

obtained by averaging the density distribution functions pa(r) in

the interface plane. The partial density of cations is shown in

b by the solid line, and the density of anions by the dashed



e. Fig.ic present the profile of the total density

^ ( z H n ^ z ) . ^ e function a, (a) - iyaf><B>l depicted In

*.1d characterizes the two-dimensional long-range order in the

TO parallel to the interface. So. this function could be

soldered as a lateral order parameter profile. The coordinate z=O

rteralnea the position of the Glbbs dividing surface.

As IB evident from the figure, the width of the transition .one

etweenthe bulk crystal and liquid phases makes up about 6 atomic

ayers. two of them forming a region of structured liquid. Within

M s region, some oscillations of the partial densities n,. H and

;he electrostatic field potential *0(z) are still observed, while

.he total density n(t) has already reached its constant value in the

nelt (cf.Plg.ia.b and c). In the region of structured liquid there

is no two-dimensional order In the planes parallel to the interface,

m d the order parameter a,(B>-0 (see K g . 14). m the region of the

interface zone closer to the crystal, there is an order either In

the z-axis direction, or In lateral directions. Thus, the lateral

ordering decreases much faster than the density oscillations normal

to the interface, that confirms the double-soliton structure of the

crystal-liquid interfaces [151. Unlike the crystals with the

Lennard-Jones [101 (hard-sphere) short-range interaction potentials,

in the interface zone one cannot observe any Increase of the

mterplanar distances. The overlapping of the distribution

functions of neighbour atoms, and hence, the intensive diffusion

occurs in the surface crystal layer only.

To analyse the Influence of the long-range Coulomb Interaction

potential on the Interface atomic structure we also present in this

paper the results for the neutral hard sphere system forming an fee

crystal. The equations for the density profile B.Q{Z) and the

crystalllnity order parameter a1 (z) for the (100) lace have been

derived elsewhere [111. Therefore they are not presented In this

paper. The results of calculation lor the atomic structure of the

crystal-melt interlace are shown In ?lg.2. The Interface width makes

up about 8 atomic layers. Like the system of charged hard spheres,

the thickness of the structurized liquid layer is about Z

Interplanar distances. However, the density a^z) in this region is

oscillating. In the system of neutral hard spheres, the localization

of particles In the interface zone is not so strong. The region of

this zone, where the distribution functions of the nearest particles

are essentially overlapped, covers several atomic layers. Within the

Interface zone .he distance between the density function maxima is

about 1056 more than the interplanar distance In the bulk crystal.

Thus in the case of nonelectrolytes, the whole Interface can be

divided Into two parts with qualitatively different structures: the

region of structurized liquid and the region of extended crystal.

Our results are in agreement with the data of molecular-dynamics

computer simulation [161. A variational method of the

weighted-density functional minimization applied in ref. [171 does

not allow to describe the effect of Increasing interplanar distances

in the Interface zone.

Apparently, the Coulomb Interaction leads to a small decrease

of the Interface width and to significant increase of the particle

localization. The latter effect occurs both In the bulk crystal and

In the interface zone.

10
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3. impurity distribution at the Interface.

Let us consider the impurity distributions of extremely low

acentrationa In the system of charged hard spheres. All the

bsequent calculations are carried out for a cation impurity with

3 charge equal to that of cations of the basic component and the

rticle diameter o3. For a three-component system containing the

tions of two sorts with the densities p1 (r) and p3(r) and the

ions of one sort with, the density p2(r), the free-energy

notional can be represented In the following form:

(D.p2(r).p3<r)]= £ J pa(r)[lnCpa(r))-i
a

pPhs[p1(r).p2(r).p3(r)] + pPetp1 (r),p2(r),p3<r)]

J pa(r)S(r)dr J (<?B(r))2dr,
a 2

(26)

Jiere q ^ q ^ p/o0. To determine the hard repulsion contribution P ^

? use, as In refs. [10,11], the Percus-Yevlck equation of state for

multicomponent mixture of hard spheres [181:

pFha[p1(r),p2Cr),p3(r)] = J <B(T)(r))p(r)dr

+ J S(O3)(Tjo(r),TJ3(r>> po(r) P3(r) dr.

lere

p(r) po(r) = p1(r)+p2(r).

(27)

(28)

2(1-t))£

and the weighted densities

h

a(r) = J w
(a)(lr-r'|) Pa(r')<3i' (30)

The weighting functions are defined by analogy with eq. (6):

w ( a ) ( r ) = _ T) (31)

The contribution of electrostatic forces Pa is found from the

analytical solution of Percus-Yevick equations for asyranetric

electrolytes [193 In the mean spherical approximation. The latter is

the mixture of ions with different diameters o a and charges za =

q^/o^. The condition of electroneutrality in vet. [19] takes the

form:

£ zapa = 0. (32)
a

In the ordered crystal the condition (32) for local densities pa(r)

is never satisfied. For the functional (26) to be used it is

sufficient to demand that the condition (32) should be satisfied for

the weighted densities Pa(r). So, using ref.M9], we present the

expression for Pe as:

12 13



Pe[p1(r),p2(r).p3(r)) = J

re

P e = 3* 2s

a

2ae a

ae =

re r 13 the function of P i . P2. P3-

oation

2T = Q

(33)

(34)

1 a L 1 + ro a

(35)

(36)

(37)

Implicitly by the

2 1/2

(38)

tne limit of p3*0 the eq.(38) has the solution defined by

,.(12).
Consider now the diluted solution with densities p^p/2-Pj..

,=p/2. P3=Pl, with tte electroneutrallty condition (32) eatlBfied.

1 the limit p3-0 for the Impurity density distribution we have:

(39)

where p£ is the conflguratlonal part of the chemical potential of

the a-component:

(a) (a)

H* (D- (40)

To calculate the electrostatic contribution to the chemical

potential n£a*{r) In the case ol small concentration ol impurity, In

eq.(33) it Is sufficient to take into account the terms of the first

order by p3. As n=0 for the pure 1:1 symmetric electrolyte , we may

neglect In eq. (34) the term proportional to n^CKpl). Thus we have

(3)
e

Q2rp, 1 + r

dp 3 «• % 4TC(1 + D 2 4-ncd + T) dT ^ 1+ro3

]}

(42)

1 + 4ic 1 + Ta 3

According to eq.(12), the expression In braces in the right part of

u
15



is zero in the limit p3=0. The conflguraxlonal part of the

heraical potential ol the basic component pn|(r; is equal to the

ipresslon In brackets in the right part of eq. (9). Therefore for

•he chemical Impurity potential, according to eqs.(27), (29), (33),

40) and (42), we have:

+ _ i L f $.(Tj(r<)) w
(a)(|r-r' | >po(r')dr'

6 •*

+6 a3 J «(

J E(ct)[p0(r')] w(a)C|r-r'|)ar' -(-1 (43)

There

a
4ic

(44)

a
= — (/1 + (45)

pa(r) = wWJ(|r-r'|) po(r')dr\

(3) (03)
(

%(a3 -1 )
2 [(J 1 + - Tf/2]• (47)

Applying Fourier-transformation

pa(r)pa (48)
m,n

we finally get the following equations for the Fourier transforma ol

the impurity density distribution function:

\„ V 0]} 1 5

0 TJ (2) B (
(49)

where n3(z)=a^3'(z)/p3i Is the ratio of the average density in a

layer with a coordinate z to its value In the bulk melt. The

expressions for the mean-field potential are given by:

«3

M K.L
j

(z')+aL

+f wCa)(|z-z'|) E(a)(z() dz1 -(- Q 3 (z)
U

where

K.L

E(a)(z)= f
(2ic)2 J

fCa)(z)= f

(51)

(52)

16 17
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are

(53)

are the values or the mean-field potential in the bulk

The equations for the density distribution of anion Impurities

ay be defined in a similar way and thus are not cited here.

Calculation results for the cation impurity density profiles

3(z)=a^3)(z)/p31 are presented In Flg.3 by solid lines. The dashed

ine shows the results for the anlon impurities n4(z)=a£
4)(z)/p41

ith the same ratio of diameters a for the Impurity and basic

omponent particles. At a>i.18. when the bulk impurity distribution

oefficient K=cg/cl<1, in the interface zone we observe a small

ensity deficit of impurity particles as compared to that In the

ulk crystal and melt. At O<1.18, the averaged over the double

nterplanar distance density of the Impurity particles is the

monotone function of z in the Interface zone. Within the whole

:onaidered range of values 0.1<OX1.3 the distribution functions

13(3), n4(z) in the bulk crystal have their maxima at the lattice

site positions, though at 0 ^ 0.7 there exists a nonzero probability

•0 find a particle of impurity in the interstitial positions,

fowever, this probability is very low. Thus, in Ionic crystals, the

-mpuritiea with arbitrary diameters are in fact substitutional.

In Pig. 4 we present for comparison the impurity density

profiles n^z) In the system of neutral hard spheres forming an Tec

.attiee. Calculations for the density have been held as In refs.

• 10,11]. As is evident from the figure, within the whole range of

values a, the density distribution functions in the bulk crystal

have their maxima at the crystal lattice sites. With decreasing

diameter o of the impurity particles, the localization of the

impurity particles monotonously decreases, while the probability to

find a particle In the Interstitial positions Increases,

Electrostatic forces result In strong localization of

particles, so that even at o>0 the Impurities are substitutional

(F-centres In ionic crystals may be regarded as the examples of such

impurities). Small neutral hard spheres have relatively high

mobility within the volume of the crystal unit cell. Nevertheless,

In both cases the maxima of the density distribution functions In

the bulk crystal are located at the lattice sites. Only in the case

of Lennard-Jones system, where the position of the Interaction

potential minimum depends on the size of interacting particles, we

reveal that the distribution function maxima may occur in the

interstitial space tiOl-

Flg.Sa shows the profiles of distribution coefficients

K(z)=c(z)/c-]_ for charged impurities at the CsCl-type crystal-melt

interface. Here c(z) Is the Impurity ion concentration obtained

through averaging the local density profile n^Cz) by double

Interplanar distance, and Cj_ Its value In the bulk melt. In the

dependence K(z) near the Gibbs dividing surface at a 3= 1.2 a little

gap is observed, so the profiles K(z) are almost monotonous.

The distribution coefficient profiles K(z) In the system of

neutral hard spheres are presented in Pig.5b. The method predicts

nonmonotonous behaviour of K(z). For the impurities with diameters

a<1 the concentration maxima occur in the Interface zone. For the

Impurities with diameters o>1 In this region the dependence K(z) haa

a plateau. In other words, small particles are adsorbed at the

18 19



terface, but the behaviour of large Impurity particles Is more
mplex.

To explain the peculiarities of the Impurity distribution In

.e system of neutral hard spheres we divide the interface zone Into

o parts with qualitatively different structures. Closer to the

•IX exists a region of structurized liquid. Its mean density is

irger than that In the bulk melt. The concentration of Impurities

Lth diameters a<1 has a maximum in the region of compressed liquid,

ils results from the following. When a particle of the basic

wponent Is replaced by a small Impurity particle, the contribution

t repulsive forces to the free energy diminishes. The substitution

£ a solvent particle by a particle with larger diameter, on the

ontrary, strengthens the compression of the liquid. Thus the

mpurities with diameters a>1 are pushed away from this region.

Closer to the crystal, there exists a region with the parameter

f crystalline order different from zero. Here the interplanar

istances along the normal to the interface are larger than those in

he bulk crystal. Therefore the substance In that region should be

egarded as an extended crystal. The decrease In density in the

•egion of the extended crystal leads to an Increase in the

concentration of Impurities with diameters o>1, because the

substitution of the basic component density atom by a larger

article compensates the decay of the density. In this region we

observe also the increasing concentration for the Impurities of

jmaller diameters a<1 due to the contribution of mlcrostates with

the interstitial positions occupied by Unpurity particles. The

probability to find a particle In the interstitial positions is

aonzero for small impurities and It increases monotonously along the

normal to the Interface with decreasing localization of the

basic-component particle.

Thus for the Impurities with diameters o<1 the Increase in

concentration is observed over the whole interface zone, while for

the impurities with diameters a>1 only in the region of extended

crystal. Large Impurity particles are repulsed from the structurized

liquid region and attracted by the extended crystal region. Hence

the dependence K(z) has a plateau in the interface zone.

In electrolytes at any values of a the Impurities are localized

in the lattice sites. According to the molecular-dynamics computer

simulation data from ret. 1201, the repulsive force contribution to

the internal energy makes up about 10% of the contribution of

Coulomb forces. So, the energetic factor In a charged-hard-sphere

system Is more Important than the geometric one. As the attractive

energy per particle is varying in proportion to the particle

localization, and the latter changes monotonously along the normal

to the Interface, then the distribution coefficient profiles K(a)

are also monotone.

Flg.6 Illustrates the dependences of the bulk Impurity

distribution coefficient fcc^c^ versus the ratio of diameters of

the impurity and basic component particles, fhe solid line shows the

dependence K(c) for the system of charged hard spheres, the dashed

line for the neutral hard sphere system. Both dependences are close

enough, except the region of email diameters c<0.2, where the

electrostatic force contribution is more important than the

geometric factors. In the system of neutral hard spheres at o=0.8

there occurs a cusp-like minimum in the dependence K(o). At o>0.8

the impurities are substitutional. So, in the range 0.8<o<1.0 the

20 21



ue lnK(o) « - d ^ J ) 2 . and this Is the result of elastic forces

-ginated from difference of particle diameters. At o<0.8 the

ltrlbutlon of the Impurities located at the Interstitial positions

;omes more important, so KCo) increases with decreasing a in this

?lon of a values. The Coulomb forces, like the Lennard-Jones

traction, result In smoothing the minimum In the dependence K(o).

The Table presents the calculated and eiperlmental values of

e bulk impurity distribution coefficients for a series of

mine-halogen systems with Identical cations and different

ions, or vice versa. The atomic diameters of ions for thase

bstances were taken from ret. 1211. Experimental values of the

ipurity distribution coefficients are given in rer. [22]. For all

£ mentioned systems, the anion and cation radii are almost equal,

wever, good quantitative correspondence between the results of

ilculation and experiment exists only In the range o.8<o<1.0. one

! the reasons why our results differ from the eiperlmental data may

3 the fact that In eq.C40) we neglected the Impurity Influence on

tie rearrangement of Its nearest neighbours in the crystal, which Is

specially marked for the Impurities with large diameters (o>1).

ssldes, the short-range non-Coulomb forces are neglected in the

odel under consideration, that also changes for the worse the

greement with experimental data.

4. Conclusions

In this paper we have extended the weighted-density functional

method to describe the crystal-raelt Interface In electrolytes. The

atomic structure of the (10Q) interfaces for the system of charged

hard spheres forming a crystal of CsCl type has been compared to the

system of neutral hard spheres crystallizing Into an fee structure.

We have calculated the Impurity density distribution functions

at the Interface for different ratios of diameters of the impurity

and basic component particles. In the neutral hard sphere system,

small particles are adsorbed at the interface. Upon Introducing the

Coulomb interaction, almost all nonmonotonles in the impurity

concentration profile at the interface vanish.

The approach proposed for calculating the distribution

coefficients is not applicable for the case when the ion valencies

of the impurity and basic component differ. This reflects the fact

that these impurities form quasimolecular complexes in ionic

crystals. It seems that models based on spherically-aymmetric pair

interaction potentials are useless to describe these complexes.

Probably, the weighted-density functional method for polyatomic

Lennard-Jones Impurities, developed In refs. [23,24], can be

generalized for this purpose.
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)le, Ionic radii [211, experimental [223 and theoretical data for

- Impurity distribution coefficients in the 1:1 syranetric

sctrolytes forming a lattice of CsCl type.
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Figure captions

Flg.1. The atomic structure of the (100) CsCl crystal-melt Interface

in the 1:1 symmetric electrolyte:

a) Fourier transforms of the electrostatic field potential c^Q.fy,$2,

b) density profiles for both components n̂  and rig,

c) total density profile n,

d) the parameter a1 (z) of the two-dimensional long-range order in

the plane parallel to the Interface.

Here and below ft is an interplanar distance in the bulk crystal.

Pig.2. The atomic structure of the (100) fee crystal-melt interface

In the system of neutral hard spheres:

a) density profile ag(z),

b) the parameter a1(z) of the two-dimensional long-range order in

the plane parallel to the interface.

Pig.3. The density profiles na(z) for ionic Impurities at the CsCl

crystal-melt Interface In the system of charged hard spheres.

Results for impurities with similar diameters and opposite charges

are denoted by solid and dashed lines, respectively. The dash-dot

line shows the profile of the density averaged over double

Interplanar distance. Results are given for different diameters of

the Impurity particles a:

(a) - 0.1; (b) - 0.7; (c) - 0.9; (d) - 1.3.
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ig.4. The Impurity density profiles n^z) at the Ice crystal-melt

nterface In the system of neutral hard apheres. The dash-dot line

resents the profile of the density averaged over interplanar

lstance. Results are given for different diameters of the impurity

article o: (a) - 0.1; (b) - 0.7; (c) - 0.9; (d) - 1.3.

lg-5. The Impurity distribution coefficient profiles K(z): a) in

he system of charged hard spheres, b) in the system of neutral hard

ipheres. Curves are given for different impurity particle diameters

i: (D - 0.1; (2) - 0.T; (3) - 0.9; (4) - 1.2; (S) - 1.3.

Jig.6. The bulk impurity distribution coefficient K versus ratio of

Hameters o for the Impurity and basic component particles. The

Jolid line denotes results for the system of charged hard spheres,

:he dashed line for the system of neutral hard spheres.
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