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Surface melting and surface disordering in binary alloy thin films
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An interdependence between the surface melting and the surface disordering observed in binary alloy thin
films is considered in the context of their mutual relations. The present discussion allows us to extend the
diagram of phase transitions to the case when the crystallinity parameter behavior influences the local concen-
tration profiles and the lattice order parameter describing the alloy structure. In particular, the surface-induced
disorder is described when the crystal structure is preserved and, in contrast, when the surface melting is
expected for partially disordered samples.
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I. INTRODUCTION tional order parameter, the so-calléd) crystallinity order

In the present paper we consider the diagrams describinglarameter which can characterize the deviation from the
the phase transitions in binary alloys with thin film geometry, CyStal structure. It can be defined, e.g., by the change of the
In particular, the surface melting and surface disordering dedensities of a sample in its crystalline and liquid stats. In this
scribed as phenomena with different origin are discussed if@S€ the interactions between two atoms occurring in the
the context of their interdependence. In this case the descripl€€-€nergy construction for alloys depend now on the den-
tion requires two independent order parameters. One of ther#lty @nd change their values when the solid-liquid phase tran-
is a characterization of the lattice ordering in the sense ofition takes place. o
alloy structure while the second one is connected with the The structure of a binary alloy sample with thin film ge-
crystallinity state. ometry of film thicknessl=na consists in a superposition of
One of the models reported in Ref. 1 and applied to theh monoatomic layers labeled hyand parallel to the surfaces
description of systems in which more than one density palocalized ati=1 andi=n while a means the distance between
rameter is needed to characterize the ordered state is baseeighboring planes. The system is infinite and homogeneous
on two densities which ar@) the nonordering density iden- in the surface plane directions.
tified then with the deviation of the average concentration The ordered state is characterized by three parameters and
from stoichiometry andii) the lattice order parameter given their profiles across a film@) the stoichiometric concentra-
by the difference of the sublattice concentrations. tion c(i) which satisfies the constrain conditi&rc(i) =nc for
This model can be used to describe the order-disordegn average concentratianof one component of the consid-
transition in binary alloy thin films. In_the case of short- greg alloy,(ii) the lattice order paramete(i) which reflects
range forces the order parameter profile at the surface Corgse occypation of the different lattice sites by the same
sponds to the surface induced disorder behavior. Taking iNtRi 4 of atoms in a considered allogiii ) the crystallinity

account the long-range interactions the analysis based on tl}g . . ) .
model leads to the description for the surface melting o rameterm(i) which determines the sample crystaliinity

crystalline filmst degree by means of .the density depen_dent interactWgpps
It seems to us that the physical nature of melting is exf0" P=p+(pc=p)m with p. and py standing for the crystal
tremely different from the lattice disordering behavior. In the@nd liquid phase densities, respectively. Thus;1 means
second case the lattice structure is preserved while atonife solid phase, whilen=0 corresponds to the liquid phase.
move only around their equilibrium positions. The disorderThe transition fromm=1, or more preciselyn# 0, to m=0
concerns then the random occupation of the regular sites byescribes the melting effect.
the atoms of two different kinds. On the other hand, the In context of the present model the analogy between the
melting consists in a destruction of the lattice. The atomssurface melting of binary alloy thin films and their surface
leave the lattice sites and they wonder in space of the sampféisordering can be considered in two extreme cadgdrom
volume interacting between them. Moreover, the interactionghe position of melting when the crystallinity parametar
in the liquid phase change their character with respect to thachieves its value characteristic for the fluid phase0 at
interactions appearing in the crystalline structure. the temperaturd,,, when the considered alloy is homoge-
This physical picture can be a source of a new aspeoteous|c(i)=c] and completely disorderet=0 at the tem-
announced in Ref. 2 for the relation between the surfacgeraturelTy<Ts,, (2) from the position of disordering when
melting and surface-induced disordering state. In fact, it ighe crystallinity parametan keeps its value close t@=0. In
simply an interdependence of these phenomena. this case we obtain the profiles of the lattice order parameter
In the light of the interpretation presented above the coni(i) and the surface disordering phaselgt> T, which ex-
sidered model should be extended by introducing an addihibits its behavior of the first order transitions. An interme-
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diate casel,~ T, leads to the interdependent relation be-and secondly by the appearance of the surface roughness
tween surface melting and surface disordering which is aeflected by surface potentiallThe thermodynamic relation
basic subject of the present considerations.

F(d)=U(d) - TSd) (2

between the thermodynamic potentiglthe internal energy
Il. BASIC CONCEPTS U, and the entropys are apparently the same in the case of

The thermodynamic Considerations in the case Of thir{hermodynamic I|m|t and fOI’ the SyStemS W|th restricted d|'
films concern of course the systems in which the role ofnensions. In particular, this relation is satisfied for each sub-
finite size effects in the rigorous definitions of the thermody-Systemi € (1,n), i.e., Fi=U;~-TS. Therefore, the thermody-
namic functions should be taken into account. The formulahamic potentiaF(d) as one of the thermodynamic functions
tions reported by Hiflin the context of small particles can be G(d) given by Eq.(1) can be calculated on the standard way
applied to the film structure when we treat a thin film asby means of Eq(2).> However, for the sake of simplicity, it
a system divided into subsystems equivalent to twods convenient to consider sometime the thermodynamic po-
dimensional monoatomic layers parallel to the surfdcBse  tential F(d) in its total form, not separated into two pattis
film thicknessd is then the characterization of a sample andandS. This fact takes its place for the description of melting
it can be expressed by the numbeof monoatomic layers phenomena in terms of the Landau-Ginzburg model for in-
d=na, with a standing for the average spacing between thédhomogeneous systeisror these reasons, assuming con-
neighboring layers. In real films the separations between laystructions the most frequently used in literature for given
ers at the surfaces change with respect to their values insigghenomena we take into account different description in the
a sample. This effect can be introduced by the surface energsase of ordering and melting effects. We describe the order-
terms usually appearing in the current models of thin fifms. ing in terms of the internal enerdy and the entropys when
Thus, the thermodynamic functions which describe the relacalculated with respect to the boundary conditions. The melt-
tions for the considered thin film structure are not rigorouslying is described in terms of the thermodynamic poterftial
extensive, i.e., they are not proportional to the number ofonsidered in the most convenient form of two intersecting
elements, but they satisfy the relations including size effectsparabola.

According to the considerations presented by Hilh arbi- Let us now analyze an infinite thin film of fcc binary alloy

trary thermodynamic functio® can be written in the form  AB; with a film thickness ofn monoatomic layers with the
L1, ordered structure. In order to describe the lattice long-

G= N2n(6+ lg)y (1) range order, the fcc lattice is divided into two sublattiees

n and . In the perfectly ordered case, allsites are occupied

. . by A atoms and the8 sites are occupied b atoms. In the
2
whereN¢ stands for the number of atoms in the plane whlleCompletely disordered case, the probabilities to findAan

n is the number of monoatomic layel3.andG’ refer to the atom ina and g sites are the same.
mean value of5 when the system is homogeneous and to the - The Jattice order parametefi), describing the difference
difference between the two-dimensional and  threen concentrations between theand g sublattices is defined

dimensional average value &, respectively. by2
The evident example confirming the Hill procedure is
connected with the behavior of the order-disorder phase tran- t(i) = pali) - pﬁ(i) = p'g(i) - pg(i). (3)

sition temperaturd,=T,(d) (Refs. 2,6 as well as the melting
temperature T,,=T,(d) with respect to their thickness i . - )
dependencéswhich has been clearly demonstrated byztgm in they sublattice. These probabilities are normalized
experiments$. Moreover, the application of Hill's procedure y

to th(_e van derl Waals equatlt_)n of state was a subject of_ cal- pa(i) + pa(i) =1, pg(i) + pﬁ(i) =1, (4)
culations leading to the relatioR, in terms of reduced vari- ] ] ) o

ables with the reducing parameter dependent on the sample The concentration of aton#sin the monoatomic layeris
thickness By this fact we can state that the Hill procedure 9iven by

for the phase transition temperature leads to the result which N g B

. o . . X(i) = pa(D)F, + pa(i)F

is qualitatively equivalent to that obtained by means of the (1) =PAFa+ Pa)F, ®
approach in terms of molecular field approximation used fowhile the concentration of atonisin the same layer is writ-
the description of thermodynamic subsystems and interaden as

tions between them. This approach is frequently applied in o N 8/

thin films physics. Originally introduced by Valerftdrom y(i)=1=x(i) = pg(i)F. + pg(i)Fg, (6)

the physical point of view based on the Néel sublattices ideayhereF,, and F; are the relative numbers of and 3 sites,

the model was successfully used by Valenta and Sukier?nick}espectivew_

in order to calculate the lattice order-disorder phase transi- \ith all these definitions it is possible to write the layer
tion temperature. Let us notice that the expected dependengpendent probabilities as functions of the layer dependent

of the order-disorder temperature on the film thickness cagoncentratiorn(i) and the lattice order parametg):
be then obtained due to the boundary conditions, first of all,

given by the lack of nearest neighbors for the surface atoms Pa() = x(i) + Fgt(i),

The symbolp{(i) denotes the probability of finding aD
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Pa(i) = x(i) = Fut(i), atom situated at a sitg in the same layer and;j,l if two
neighboring atoms belong to different layers. The boundary
pé(i) =1 -x(i) + Ft(i), conditions for the symmetrical situation at both surfaces re-
quires that
Pa(i) =1 —x(i) — F4t(D). (7) (Qccnm1=0, (Qcc)10=0. (12)

‘The equilibrium values of(i) and (i) are obtained by  The entropys of the state with a given distribution of con-
minimizing the free energl given by Eq.(2) for our system  cenration and the long-range order parameter can by written

with respect ta(i) andx(i): as
F _o i=1.2...n ’
oty et S=-kgN’X X F, pZ(i)In p(i), (13)
i=1 yC
JF i
\ i=1.2..n ) where the summation ove€ runs overA and B and the

summation overy should be taken over and .

_ i i Let us notice that the summation in Eq40) and (13)

W.It.h \ standing for Lagrange factor which assures the conggncerns the homogeneous subsystem in each plamel
dition then leads to the factdd? when we compare Eqg$10) and
(13) with Eg. (1) while the summation ovdre (1,n) appears

ax(i)

2 x()=nc, © instead ofn due to the construction for small numberof
subsystems.
wherec denotes the average concentration of the atarrs Usually, in the case of binary alloy theories we assume
stoichiometric composition of the alloy. that the quantitie¥ ., andV/%' appearing in Eq(10) rep-

In order to calculate the free enerdy=F(x,t) We  osent the interaction energies between two atoms. In the
consider the terms connected with the mterngl. energ\sagg-Williams approximation, they are parameters of the
U=U(x,t) and the entropys=S(x,1). In the Bragg-Williams  theqry characterizing the solid phase in its average density
approximation, the internal enerdy is given as the average gtate representation.
over the energies corresponding to a given long-range order | the present model the interpretation of these quantities
and for the film consisting oh layers can be written as s extended so that they describe the interaction energies be-

follows: tween two atoms embedded in the medium characterized by
n its crystallinity. This fact can be reflected by introducing the
U=- sz > [<QCC,>”V20 +<QCC,>"+1V281 intgraction energy dependent on the cr)?istallinity iipizilrameter
i=1 cc m(i). Thus, in Eq(10) we should replac&/.., andV, by

+(Qeei Vi (10 Vgc,[m(i)] and VIS m(i), mi+1)], respectively.

Taking into account the model of solid-liquid phase tran-
for C,C’'=A or B. In the present case, we consider only thesition discussed in Ref. 10 we can see that in general, the
nearest neighbors interactions and the mean number of nediulk melting behavior can be described by means of van der
est neighbor pairs in a given layer and in the neighboringhVaals equation of state in its modified form. In this case

layers are given by VC”C,[m(i)] and Vgé,l[m(i),m(iil)] can be treated as the
1 thermodynamic Gibbs free energy functionals with respect to
(Qcei = {Fa PEDr i pe () +1h g pe. ()] + F g pE(i) the crystallinity parametemn(i). The most interesting analyti-
2 cal solutions seem to be those reported in Refs. 11,12 in
<[ri o2, (i) + i 08, ()]}, terms of the densitp=p,+(p.—p;)m, where the behavior of
[Fe Per 1)+ Mg Pe (0 p(T) and p(T) are determined then by the conditions
1 afs i a i H dV" ’
(Qeering = S{Fa AN PE (i + 1) + il (i + 1] (1) for p, ( ce ) -0, (14)
dm m=0
+F PRIr e PG (i + 1)+ rigg'p, (i + DI}, ”
dVCC’ )
2) f =0, 15
(2) Orpc<dm . (15

(Qecii-1= %{Fapé'é(i)[ri;lpé(i ~ D) +rigpl i - 1)] )
i i and forV/ ! (m), respectively.
+ F PR e (i = 1) +rigg (i - 1T In order to derive the potentialg’., (m) andV s (m) we
(11) apply, according to Ref. 10 the method reported by Ref. 13 in
) the case of the van der Waals equation of state discussion.
In the above equations, we have US¢9 for denoting the  However, we modify the model by introducing the idea of

number of the nearest neighbors located at sjite®f an  different mean-field behaviors for solid and liquid
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phaseg!**Theab initio calculations performed for the ther- as the parameters of the theory. Of course, taking into ac-
modynamic potentials in the case of aluminium samples coneount one of the forms for the van der Waals potential dis-

firm their different shape describing both the phaSeEhe

cussed in Ref. 10 we can precisely determine these param-

idea developed in Ref. 12 is based on the assumption that thegers but it seems that the theory is more flexible when they

liquid phase is well described by the van der Waals equatio

memain free parameters. The parametds stand for the

of state and by the Gibbs energy which corresponds then tmaterial constants characteristic for a given sample describ-

this van der Waals equation. The method is applied to dete
mine an effective medium potential for the solid ph&s€he
van der Waals theory is next extended by introducing

modification of the entropy parameters in analogy to the pre-

diction proposed in Ref. 11.
Taking into account the equations of stale) and (15)
we can develop the functionalsV;.[m(i)] and

Vgé,l[m(i),m(iil)] into series with respect tdql1-m),

namely,
. L
VeeImi]=Vee(m=1) + Eac(:/[l -m(i)?

1 .
+ S ago M8+ 8n) (16)
for the solid phase of a thin film and into series with respec
to m, namely,

i 1
Veom()]=Vee (m=0) + Eacc'[m(i)]2

1 .
+ éaécf[m(l)]z(éll + 5|n) (17)
for the liquid phase of a thin film. The surface contribution
(proportional IOaZC,) to'the ener.gy given by Eq§16) and

form frequently used in literature, first of all, in the paper of
Sakai! which is one of the reference works in the field of
thin films melting.

Similarly, the interaction energies between the atoms ly
ing in neighboring layers are expressed by
1

ii+1
V, cc’

Sm)] = Vo [m(i)] - S deemi)AmG),

Am@i)=m(i +1) +m(i — 1) — 2m(i) (18)

for both crystal VC"C,[m(i)] given by (16) and liquid
Vgc,[m(i)] given by Eq.(17) phases, respectively. The ap-
pearance of the second order differentm(i) reflects the
influence of the boundary conditions for(1) and m(n) in-
troduced by the lack of nearest neighbors at the suiffeee
(12)]. The termAm(i) corresponds to the gradient term in the
Landau-Ginzburg functional and integrated over all the sub
lattices is equivalent to the ter@’ in the Hill formulation
[see Eq(1)]. The present forms of Eqél6) and(17) corre-

fing its bulk, i.e., homogeneous case whii%c, correspond
to the surface, i.e.af:C, appear only at the surface planes
i=1 andi=n).

In the particular casercc=0,a3.,=0 andJcc=0 the
present model can be reduced to the standard form of the
alloy description in terms of Bragg-Williams approximation
for interaction energies which are given Bjc(m=1).
Thus, they can be determined by the low temperature behav-
ior of the energy. In the present version of the model ex-
tended to the melting area the relation between the energy
Vce(m=1) in the solid phase and the energyc(m=0) in
the liquid phase is given by

Vccr(mz O) =Vccr(m= 1) +A,

=)

(19

%Nhere

1__

m

A= Lm< (20

is valid for arbitrary temperaturé close toT,, from below
and above withT,, and L, standing for the bulk melting
point and the latent heat for melting per unit volume, respec-
tively. The relation(19) follows the thermodynamic consid-
erations connected with the phase transition descripfidh.

In this caseVcco(m=1) and Voo(m=0) belong to the
internal energy term(10) while the entropy is given

Coy Eg. (13). However, for the reasons explained above

the potentials(16) and (17) contains the terms fowcc
which is a contribution of two kinds. Formally, we can write
that acc = acc(U) +aco (S) whereac(U) denotes a con-
tribution to the internal energy due to the change of the crys-
tallinity parameter whilexcc:(S) is a contribution introduced
by the crystallinity parameter to the entrofiym(i)] (see Ref.

5). Of course, we do not divide the coefficiamtcs into two
parts in practice, taking into account the fact that the func-
tional F[x(i),t(i),m(i)] is derived by means of the potentials
(16) and(17) with Eqg. (18) given in the convenient form of
two intersecting parabolagsee Ref. ). Thus, substituting
Egs.(16) and (17) with Eqg. (18) into Eq. (10) we calculate
the functionalF for which we obtain the condition

JF

m:o, i=1,2,...,n (21)

which now, together with the solutions of E), leads to
the equilibrium values ofn(i) with respect tox(i) andt(i)
considered simultaneously.

spond to the potentials of two intersecting parabolas which

are very well known in literatur&1” Moreover, the analysis

IlI. CALCULATIONS AND RESULTS

of this type of the potential shows that it is very convenient

for calculations and its results are quite preciseor these

As an example we will consider the thin film of

reasons we reduce any potential to its parabolic shape whehe AB; alloy with (111) surface orientation. In this case

it is described only by parametess.~ and af:C, considered

19541
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sublattice consists of all the face-centered sites.cAlites
have sixg sites as nearest neighbors in the plane whilgall
sites have twar sites and foups sites as nearest neighbors in
the plane. In the next plane, all sites have thre@ sites as
nearest neighbors while gl sites have one site and two3
sites as nearest neighbors. The quantitf‘ejs.r';y,,r';jl
appearing in the relation for internal energyand entropy
S take the following values: Eg:;l‘,Fﬁf%,ria:O,r'c'yﬁ
:6,rgﬁz4,r'l'ga:Z.,r!j:O,.r'c'Yj:S,rg,ﬁlzz,rg;lz'l. . .
Our system is described by the pairwise interactions
which are defined with the quantities given by E@%2),
(14), and(15). The three paramete\(m=1),Vgg(m=1), 021
and Vpg(m=1)=Vga(m=1) considered in the nearest-
neighbor approximation are nothing else than the interaction 0.0 . T, T,
energies used in our previous pajpier describing the order- Y 0.7 0.8 0.9 10
disorder phenomena in binary alloy thin films without taking T
into account the other phenomena appearing in the sample T,(0)
with temperature changes. In the present considerations the
interaction energies are more complicated functions allowing FIG. 1. Layer dependent long-range order paramigigns re-
the melting phenomenon and the values of these parametettgced temperature for the film with nine layers.
have to be changed in the way which ensure that the order-
disorder phase transition take place at the proper temperatuji¢ the interval of temperatures between disordering reached
for the considered alloy composition. in the first layer and disordering transition for whole
We discussed here the properties of the ordering alloysample. Thus the dashed lines represent the solution of the
around the two phase transition points. The first one is chaininimizing procedure formulated by Eq®) and(21) in the
acteristic for the order-disorder phase transition while theemperature interval in which the surface layers are disor-
second one is connected with surface melting event. All thejered while the solutions of Eqe) and(21) in the tempera-
characteristics are found by simultaneous minimization oture interval belowT, correspond to the partially ordered
the total free energy with respect to the lattice order paramsurfaces. The effect described above for the surface layers in
eter, concentration, and crystallinity parameege Eqs(8)  the symmetric casét;=t) is also observed for the next lay-
and (21)] for the thin film with thickness1=9. We also as- ers(t,=tg) only in the narrower interval of temperatuiéig.
sume that our sample is composed of nickel and iron atoms) |n Fig. 2 we demonstrate the lattice long-range order
forming the_Eehlj alloy with the bulk lattice order-disorder parameter(top graph and the Fe concentratiotbottom
phase transition temperatufge) =779 K and the bulk met-  graph as a function of the plane position in the film with
ing temperature 1748 K. nine monoatomic layers for three different temperatures.

A. Lattice disordering temperatures B. Melting temperatures

The lattice order-disorder phase transition means that the Melting means a transition from the solid phase to the
distribution of atomsA and B over the sublattices and 8 liquid phase of a considered sample at the melting tempera-
becomes completely random in the temperaffirevell de-  ture T,, which is well defined for a given crystal. Surface
fined for a given crystal. Surface disordering consists in thanelting consists in the appearance of a thin quasiliquid layer
appearance of a disorder in a surface layer while the rest of @an top of the own solid surface at the temperaflygbelow
sample is still in the partially ordered state. In thin films thethe bulk temperaturd (Ts,<T,) in the condition of the
lattice disordering temperatures depend on the film thicknessomogeneous thermodynamic bath without any gradient of
and the surface states similarly to the melting temperaturesemperature. In thin films these two melting temperatigs
The lattice disordering can be interpreted by the random disandT,,,,depend on the film thickness and the surface states.
tribution of componentgA or B) located in the site6x or B) It is worth while to notice from the point of view of ordering
of the well regular lattice. The lattice is not destroyed duringin alloys that the crystallinity disorder means the distribution
the disordering process. of atoms, independently of their kingA or B) out of the

Figure 1 shows the temperature dependence of the lattiagrystallographic lattice sitegy or 8). The atoms wonder in
long-range order paramet#i). We can clearly see that the the intersite space or, in other words, the regular lattice con-
disordering state at the surface layer appears at lowestruction is destroyed. The phase transition picture is repre-
temperaturel, and it goes as a layer by layer process to-sented in Fig. 3. We show there the behavior of the solid and
wards the middle of a film when the temperature approacheliquid phase free energi€ésvo solid lineg and their intersec-

T.. The horizontal line indicates disordering degree intion point T,(n) which determines the melting temperature
particular layers at the point when the middle layer exercisesf a sample with film thickness=9. The dashed line repre-
the discontinuous jump of its order parameter. The dashegents the free energy of this thin film when its surface layers
lines show the way of the layer order parameters decreasingre in the liquid phase it means the surface melting is al-
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FIG. 4. Layer-dependent long-range order paramdigrand
crystallinity parametem(i) vs reduced temperature calculated for
the film when its surface layers are in the liquid phase.

lowed and the intersection point between this curve and the
solid phase one determines the surface melting temperature
Tsm The jumps visible on all three curves in Fig. 3 are con-
nected with the discontinuous order-disorder phase transition
taking place in the crystal phase, liquid phase and in the case
of surface melting, respectively.

C. Interdependence of melting and lattice disordering
temperatures

Figure 4 presents the temperature dependence of the long-
range order parametdfi) and the crystallinity parameter
m(i) calculated for the case of thin film with surface melting
allowed. The results in this figure clearly indicate that the
considered thin film first exhibits surface disordering, then
global lattice disordering, next, after the important interval of
temperature, the surface melting is observed, and finally the
whole sample is melted. As mentioned above, both kinds of
phase transitions discussed here depends on surface state. Let
us now consider the changes in the surface state after intro-
ducing different surface interaction energies than those exist-
ing inside the film to our system.

Up to now, all interactions energies were the same for
whole sample and the observed surfaces effects were con-
nected exclusively with the boundary conditiagd®). In Fig.

5 we show the lattice long-range order paramétigp graph

and the Fe concentratiabottom graphas a function of the
plane position in the film with nine monoatomic layers when
the surfaces interactions are enhanced by a factor of 2 with
respect to those acting inside the film. We can see that this

respectivelyand for the same film when its surface layers are in theenhancement |ead§ to an in'crease Qf the order at the surface
liquid phase. The inset shows the intersection region for meltingvhen compared with the inside. In this case we can speak on

area.

the surface ordering. The surface is higher ordered than the
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Figure 7 illustrates the behavior of the crystallinity param-
FIG. 5. Cross section df and x through nine layers with sur- eter as a section across the film thickness in the layer-by-
faces interactions enhanced calculated for three values of reducédyer melting process. The number of melt layers results, for
temperaturel/ Ty(x). a given temperature, from the minimizing process described
) ) ) i o by the conditiong8) and(21). The curves in the top graph
middle layers. It is worthwhile to notice that it is closely \yere calculated for the homogeneous interaction energies in
connected with the concentration distribution which iSthe film while those in the bottom graph represent the case

changed from the one imposing an overstoichiometric conypan jnteraction energies in the surface layers are enhanced.
centration of Fe in the middle laye(sig. 2) to the opposite  he three curves visible in both graphs in Fig. 7 represent,

situation when the iurfacs interactions a;]re ehr)hi.(liéigj - |ooking from the top, the distribution of the melting param-
We can compare the behavior fd) in the thin film, par-  gter (i) for the thin film in the crystal phase, for the same
ticularly at the surfacét(i=1)] with the case oft(i=1)]ina iy film with one liquid layer at the surfaceso compare
;eml—lnf|n|te crystal. This comparison is possible b}’,ta.k',”gwith Figs. 4 and 6, respectivelyand next with two liquid
into account the results found in Ref. 2 for a semi-infinite|5yers at the surfaces. The presented distributions result from
sample simulated by means of the properly chosen boundagye minimization of the energy for the temperatdieT,(e)
condition at the surface=n.? The behavior of(i=1) is then =0.3, 0.5, and 0.7, respectively. We note that the surface
of analogous form confirming the above interpretation. interaction energy enhancement does change the values of
In Fig. 6 we present the temperature dependence of thge crystallinity parameter but does not change the character
long-range order paramett(i) and the crystallinity param- ot the melting process which in the present case always starts
eterm(i) calculated for the case of a thin film with surface 4t the surfaces in contrast to the disordering process where it
melting allowed. It is clearly seen that the considered thinstarts in the middle of a sample. The surface interaction en-

film exhibits first the middle Iayel’ diSOI’dering, next the sur- ergy enhancement influences On|y the me|t|ng temperatures
face melting, and then the surface and global lattice disordefsee Fig. 6.

ing followed by the sample melting. The surface layer melts
before being disordered in the sense of the lattice distribution
of components. In the considered case we can observe the
melting at the surfaces while the lattice disorder is still dif- A phenomenon of the surface melting has been the subject
ferent than zero. of quite a number of works for many yedfs?3 This phe-

From the physical picture point of view it means that in nomenon relies on the appearance of a liquidlike layer on the
the interval of temperaturé€l,,, Ts) we should expect that surfaces of crystals, between the solid and gas phases. Such a
the surface liquid layer is inhomogeneous composition of thdayer exists at the thermodynamic equilibrium below the
islands consisting the same kind of alloy components. At thdulk melting temperaturéhe triple poinj. Pluiset al1® have

IV. FINAL REMARKS
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12 phenomena. In our work the surface melting in the thin film
@ of binary alloys is discussed in terms of the model based on
1.0 1 three densities: the crystallinity order parameter which char-
0.8 - acterizes a topological deviation of the liquid structure from
' the crystalline one, the lattice order parameter which de-
£ 06- scribes a degree of the ordering of components in alloy, and
the nonordering density identified with the deviation of the
0.4 - local concentration in planes parallel to the surface from the
average concentration. All three densities have their own
0.2 temperature-dependent profiles across the film which are cal-
culated and discussed. The important results show the profile
0.0 - T - - of the crystallinity order parameter which decreases from the
middle of the film towards the surface layers, showing that
1.0 1 when the melting temperature of the material is approached
08 4 from below, the melting starts at the film surface in such a
' way that at the beginning only one surface layer melts at
£ 06 each film surface and with the temperature rising the conse-
quent parts of the film melt, layer by layer. The surface melt-
0.4 - ing obtained in our work for thin films of alloys is therefore
basically similar to that obtained earlier for one constituent
0.2 slab! The most significant result concerns the picture of the
surface melting which can be obtained even in the cases
0.0 - where the microscopic surface interactions are changed in
0 2 4 6 8 10 comparison with the interactions inside the film in such a
r ! way that they lead to the surface-induced lattice ordering
@ —~— 03 =05 —A07 instead of surface-induced disordering.

It is interesting that a picture of the surface melting ob-
FIG. 7. Cross section of crystallinity parameterthrough nine  tained by us is to some extent similar to that obtained earlier
layers calculated in two caseés) for homogeneous interaction en- N models including two densities only, where the lattice or-
ergies and(b) for interaction energies in the surface layers en-der parameter and the nonordering density connected with a
hanced. Three curves in both graphs, looking from the top, repreconcentration profile have been considetdtiseems to us,
sent the film in crystalline phase; with one liquid layer at eachhowever, that the three densities model is more clear physi-
surfaces; with two liquid layers at each surface, respectively. cally: the crystallinity order parameter distribution and a de-
scription of melting appears in our approach as the result of
shown that such a phenomenon can be described by usirmgsimultaneous minimization of the free energy with respect
the simple Landau theory and other authdr¥-?>have ap- to all three densities, while in an earlier version the surface
plied such a theory to thin film or slab geometry. On themelting has been described as a result of the free energy
other hand, the Landau theory approach has been applied toinimization with respect to the lattice order and concentra-
the surface induced disorder phase transition in binary alloyson profiles only. Thus, our approach allows us to discuss
with fcc structure in Ref. 25 and to thin films in Ref. 26. In the interdependence of melting and lattice disordering, espe-
the case of thin films of binary alloys with fcc structure the cially in the case where both phenomena appear in the same
surface melting has been also studied in analogy to the surange of temperature. In particular, a nonzero surface-
face induced disordering. induced lattice disorder may appear not only if the crystal
The present paper inspired by Ref. 2 shows the analogy astructure is still preserved but also if the surface layer is
well as differences and interdependence of the considerealready melted.
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