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Microstructure of the surfactantlike effect in Ni/Ag (100 and (111)
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Recent experiments on Ni/Ag systems have shown that the growth mode can be a floating monosubstrate or
bisubstrate layer burying the deposited film. We study this surfactant effect by both mean-field and Monte
Carlo kinetic approaches. The kinetic tight-binding Ising model in mean-field approximation gives quasisteady
profiles consistent with local equilibrium concepts. In this framework, we find two and one capping Ag
monolayers for AgLO0 and Ag111), respectively, on a mostly pure Ni monolayer. Monte Carlo simulations
reveal that this Ni “sandwich” structure is in fact made of embedded Ni precipitates with low interface energy
regular polyhedra shapes. The cluster distribution is found to be larger for the less compact[setf4te0) |
and to obey the “Ostwald ripening” law.S0163-18267)01116-§

I. INTRODUCTION been proposed to describe local order in these surface phe-
nomena.

The study of metal film deposited on a metal substrate, Auger spectroscopy results have shown that a deposit of
which has considerably developed with the appearance of thene Ni monolayer on AG00 at room temperature leads,
near-field microscopy, has shown a large variety of structuradfter an annealing at 620 K, to the formation of an Ag bilayer
behaviors. If experiments are performed at an intermediatBUrying the Ni atoms.Many other cases showing this “sur-
temperature giving rise to an interdiffusion limited to somefaCtanté'kf” effe%t have ll())een foulrllollzfor sysltaem_s SUf4h as
planes close to the surface then a metastable surface allVAg,— Cr/Ag,” Fe/Ag;™ Co/Cu;=** Fe/Cu,” Ni/Cu,

15 6 H
may be formed during the kinetics of dissolutbhen the ~PUAU~ and Fe/AL,® which present a strong tendency to
corresponding bulk alloy of the two elemer(tieposit and phase separation and a significant difference between the two

substratg has a tendency to form an ordered phase, the s Tomponents’ surface energies favoring the substrate segrega-
perficial compound is usually also ordered but could differ"O™-

L The purpose of the present work is to investigate the dis-
strongly from the equilibrium ones. On the other hand, Whensolution modes of 1 ML Ni/Ag as a function of the crystal-

the type of chemical_ bonding of the_atomic species is pref1ographic orientation of the substrat@00) and (111). This
erentially homoatomi¢phase separation casene observes onor s organized as follows: in Sec. II, we formulate the

two.distinct situations depending on the tendency of the d_ekinetic tight-binding Ising mode(KTBIM), after a brief
posit element to _segregate or not at thg surface. In the firsletch of its origint’~%° The homogeneous mean-field ap-
case, the deposited monolayers remain at the surface apgloximation used in the KTBIM prevents the study of both
may give rise to a layer-by-layer dissolution at thethe nucleation phenomena and microstructure shapes occur-
interphasé. In the second case, the kinetics may reveal &ing during surface phase transition. Therefore, to go beyond
“surfactantlike” behavior that consists of the climb of sub- this average method we employ a kinetic Monte Carlo algo-
strate elementsB) through the depositA) to the surfacé.  rithm based on the same energetic model. In Sec. Ill, we
Thus, theA deposit layers can be buried below soBhdoat-  present the results of simulation of 1 Ni ML on A®0 and
ing monolayers and can then persist during the growth or th€l11) at 620 K using the two methods mentioned above.
dissolution®~16 Both approaches predict the occurrence of a quasisteady Ni
Many ingredients can be responsible for these clearlyandwich structure during the kinetics of dissolution. The
non-Fickian dissolution modes. Apart from the temperaturéVonte Carlo simulation gives more detail concerning the
and the surface orientation of the substrate one has to ta#@gcal order of this structure and predicts the existence of
into account a possible size mismatch between the two cormbedded Ni clusters close to the surface. We discuss the
stituents, the difference in surface energies, and the tenden&j@pe, the mobility, and the size evolution of these clusters
of the alloy to either form ordered phases or to phase sepa&nd consider the influence of the surface orientation on the
rate. Remembering that the equilibrium state of such a systoarsening sequences. Discussions and conclusions are given
tem is the complete dissolution of the deposit and thereford? Sec. IV.
an infinitely dilute solid solution, it is necessary to use a
k_inetic model consistent with thg thermodypamic equilib- Il. THE NUMERICAL MODEL
rium near the surface and containing the driving forces men-
tioned above. In this sense, from mean-field models to Monte Let us summarize the main aspects of the tight-binding
Carlo simulations, different degrees of approximations havésing model(TBIM) developed to study equilibrium surface
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segregation in concentrated transition and noble metal alloys TABLE |. Surface specific energetic parametéirs eV/atom
A:B1_.. From the electronic structure of the disordered al-used in this worksee text for the (100 and(111) surfaces of the
loy one can derive an effective Ising Hamiltonitlrt® The ~ Ag(Ni) system.Z andZ’ are the numbers of first neighbors in the
internal energy of the Ising model can be written as same and adjacent planes, respectively.

Z 7 AHZ*®  Ahg"  AHF*  AnS

TBIM eff size
= + —
H ; Pn) ARy +AH, ngn Vam 100 4 4 -004 039 —0.02 0

111 6 3 0 0.30 -0.02 0

+ 2 PoPmVams (1)

n,m#n .
AHo=AHS?+ AR+ V(Z+22")—Vo(Z+2Z')
wherep, is the spinlike occupation variable equal tdQ) if

the siten is occupied by an atorA (B), and the following is +2Z(VoCo—Ve)+2Z' (Voe,—2V0),
true. .
— ff ’ ’
(i) V. is the effective pair interaction between atoms at ~ AH1=AHT*+AhT+VZ'—VoZ'+2ZV(c,~c)
sitesn andm: +27" (VgCo+ VEp—2V0),
Vam=3(Vamt Via—2Voo). 2) AH,=2ZV(ci—C)+2Z'V(Cj1+Ci_1—2C).  (4)

For fcc structures it is negligible beyond first neighbors.Z andZ’ are the numbers of first neighbors in the same and
Vom=V if nm are first neighbors an¥,,=0 if they are adjacent planes, respectively. .
not. The sign ofV gives the tendency to ordeN&0) or ~ One can algo use a Monte Carlo approach to study equi-
phase separationV(<0) of the system. When at least one librium Dby using, for example, the standard Metropolis
site belongs to the surface, the interactibis enhanced and @/90rithm= rejecting and accepting configurations according
is denoted by, to the internal energy given by the Ising Modé&q. (1)].
(i) Ahe™ is generally different from zero only for the  FOr the Ag_cNi system the values in Table | are used

surface(and sometimes first underlayeplane. In that case [oF the above-mentioned energetic quantities and the two

Ahgf is very close to the difference in surface energies peSurface orientations. The values of the effective pair interac-
0 , tion areV=—0.053 eV andVy=1.5 V.
tween the pure constituents.

(iii) AH:"*® accounts for a possible size effect; this term is
calculated by means of tight-binding quenched molecular
dynamic$!~#*and is only significant close to the surface. In  To be able to follow the kinetic path from a given initial
this scheme\HJ*®is calculated as the size-dependent part ofcondition, one can also use a simple one-dimensional model
the total energy involved when a single impurity is movedconsistent with the equilibrium model. This kinetic extension
from the totally relaxed bulk to the totally relaxed surface. of the TBIM [the KTBIM (Refs. 19 and 20 also assumes

This model has been used to study equilibrium segregahomogeneous concentration per plane parallel to the surface
tion of binary alloys using either a mean-figld® descrip-  and ensures that the steady-state concentration profile corre-
tion or a Monte Carlo oné® sponds to the equilibrium profile given by E@). The time

In the mean-field approximation for a binary alloy dependence of the mean concentratifth) is calculated as a
A.B;_. and in the presence of a surface, one usually definegetailed balance between incoming and outcoming flékes:
i-plane concentrations; parallel to the surfacei €0: sur-

A. Mean-field kinetics

face;i=1: first underlayer, etci;=o: bulk plane in order ﬁ: E (1—C)| 711+ Cita

thatVne (i-plane, c,={p,)=c;. This mean-field approxi- ot d? V] Yimabiam Ty

mation, which neglects the short-range correlations, reduces

the internal energy to a one-dimensional problem. The mean A (1-ci) +yv(l—c 5
: . G ] Yi(1=Civa) | 5)

value of the grand-canonical free energy is i-1

(GYy=(HTBM)—T(S)— u(N,) where(H™M) is the mean
value of the internal energy from E@l), T is the tempera-
ture, (S) the mean value of the entropy calculated in Bragg
Williams approximation, u the chemical potential, and
(Na) the mean number ok atoms in the system. Its mini-

whereD = D gexp(—Q/KT) is the bulk diffusion constant and

d the interplanar distancey; is the transition probability for

an exchange between @natom in planeé and aB atom in
planei+1 and it is related to the instantaneous segregation

mization dG/dc;=0,Vi) leads to the following system of energies:
coupled nonlinear equations: AH, () —AH,,4(1)
vi(t)=eXP( KT : (6)
Ci c AH; |
1—c¢, ﬁexp{ B W] : ®) The dynamics of the system is found by iterating the sys-

tem of Egs.(5) using a constant time step algorithm. A large
herec is the bulk concentratiom\H; is the segregation en- enough number of equationsl) is needed in order to get a
thalpy for thei plane, that is, the energy needed to exchangelynamics independent of the system size. For the dissolution
an atomB in thei plane by an aton®\ from the bulk: kinetics of k monolayers we start the simulation with the
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initial condition ¢;(0)=1 for i=0k—1; ¢;(0)=0 for 1 : : : : : : :
i=k,N and the boundary conditiooy,(t)=0 in order to
mimic a highly dilute volume. _ 0.8 ko (a) -
Let us mention that, when all the energetic forces vanish
in Egs. (5), we recover the discrete version of the classical 06 kL |
Fick’s equation PO B R NG O
.'.c -
ac 1 045 a1
W:%(Ciﬂ"' Ci—1—2Cj), (7) N |
wheret,=d?/D. o \ o G , :
For the Ag; _.Ni. system the prefactor and activation en- 0 200 400 600 800 1000 1200 1400 1600
ergy for diffusion were taken from Ref. 2@,=15 cm?ls t(s)
andQ=2.256 eV.
B. Monte Carlo kinetics 1 . . : | . : :
A Monte Carlo realization of the kinetic process can be e
modeled using the standard Metropolis algorithm in conjunc- 0.8 - T ®) 1

tion with the energetics provided by the TBIM. By allowing
exchanges only between first neighboring atoms, one can 0.6 |
simulate an effective diffusion process and describe the dy- ¢ /
namical evolution of the system. We are aware that such an 04 1 B .
algorithm should be inefficient when exchange probabilities : ;

g
1

are very small(low-temperature caspsThe computing times 021 1o .

being not too large for the simulations performed, we use the : - c3

method that was discussed in more detail in a previous ok ; Lt feeeees e

work 26 0 200 400 600 800 1000 1200 1400 1600
We perform simulations in a system box of t(s)

(60X 60x100) fcc unit cells with periodic boundary condi-
tions in the directions parallel to the surface plane. In this FIG. 1. Ni layer concentrations,(t) vs time during the KTBIM
way, we ensure that no size effect modifies the average vatfissolution of 1 Ni ML deposited ofa) Ag(100 and (b) Ag(111)
ues calculated in the following section. The initial condition substrates and annealed @t=620 K. p=0: adsorbate layer,
simulates the experimental starting condition: a given nump=1: substrate surfacg=2: substrate first underlayer, etc.

ber of full layers of(minority) Ni atoms are placed over a

substrate ofmajority) Ag atoms. The KTBIM kinetics of dissolution in the mean-field ap-

proximation of one Ni monolayer deposited on(A90 and
(111) substrates al=620 K are shown in Fig. 1. In both
lll. RESULTS cases, Ni almost instantaneously disappears from the surface
but, instead of dissolving into the substrgéckian dissolu-
tion casg, it occupies the third and fourth underlayers, form-
Experimental results have shown that a deposit of one Ning a Ag/Ag/AgNi/AgNi/Ag- - - profile for (100 whereas it
monolayer on A¢L00) at room temperature leads, after an- is confined in the third onéAg/Ag/Ni/Ag/Ag- - - profile) for
nealing at 620 K, to the formation of an Ag bilayer burying (111). The depth of two Ag monolayers capping the Ni
the Ni deposit This structure that is obtained after 10 min at monolayers differs from the results in Ref. 5 where a Ag/Ni/
T=620 K, does not evolve subsequently, at least in severahg/Ag- - - profile for Ni/Ag(100) was proposed. In our case
hours, even if the thermodynamical equilibrium state is thet is easy to see that this difference is a consequence of the
complete dissolution. A previous KTBIM stuflyn mean- enhancement of the effective pair interaction at the surface.
field approximation of a very rapid depositash of one  However, this single Ag capping monolayer has been also
monolayer at room temperature followed by an annealing abbserved using our model for a Ni deposit beyond 1 ML and
620 K led to an Ag/Ag/AgNi/AgNi/Ag-- profile after 8 min,  a particular range of incoming flu.
in very good agreement with the experimental results. It was Notice that for both orientations, the kinetics reveal a not
estimated that this profile remains for more than one monttioo strong time dependence for the occurrence of the meta-
before complete dissolution. Moreover, by using an extenstable Ni buried monolayer: 10 min f¢£00) and 15 min for
sion of the KTBIM we have examined a possible competi-(111). For the(100 surface, most of the Ni matter crosses
tion between the incoming deposit flux of Ni and the climb rapidly the first two surface planes. For tfill), the disso-
of Ag. This study came to the conclusion that the depth andution occurs in two steps, first the Ni monolayer comes
spatial extension of the buried film could depend strongly ordown almost instantaneously from the surface to the first
the speed of the incoming fluX. Therefore, it is worth no- underplane and then migrates more slowly to form the
ticing that to avoid this flux dependence the following simu-above-mentioned quasisteady profile. The main difference is
lations correspond to the experimental initial conditions dethen that Ni spreads over two planes @00 and one plane
scribed before. for (111).

A. Mean-field results
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FIG. 2. Free energy of a 0/04x/x/0/0 profile, i.e., 1 Ni ML
confined in the third and fourttwith concentratiorx) underlayers
of Ag(100) and (111 substrates af =620 K. Thex values at the 0.5 T T T
F minima correspond to the quasisteathft) concentrations ob-
tained kinetically in Fig. 1. 0.4 () A
C2
As long as the quantity of Ni can be considered as con- 0.3 a3 7
centrated in the first four planes, we can use energetic argu- ¢ G4
ments to understand these kinetic stabilizatiothscal 0.2
equilibriun?®). If we consider that the 1 Ni ML is spread G e P NS
between the third and fourth layers, we can write the free 0.1 e S
energy of the system as depending on one parameter only, (0 cl C7 ........ .
the Ni concentration in the fourth plamg=1-Xx,c3=x: 0 S — TSP G
0 20000 40000 60000 80000
F(x)=2V[x(x—1)(2-2")-Z'] 4
+2kT[xInx+ (1—x)In(1—x)] (8)

FIG. 3. Ni layer concentrations,(7) vs time during the Monte
Carlo dissolution of 1 Ni ML deposited ofe) Ag(100 and (b)
Ag(11) substrates and annealed B+ 620 K. p=0: adsorbate

. . L _ layer; p=1: substrate surfacg=2: substrate first underlayer, etc.
the (100 orientation and two minima a¢=0.935 and 0.065 The simulation box contains 6060x 100 fcc unit cells for the

fo_r t_he(lll) directk_)n. These values aof for t_he free-energy (111) orientation and 84 84 100 for the(100) one.
minima are numerically equal to the quasisteady concentra-
tion of the third plane found kinetically.

One can wonder about the actual validity of this differ- vertical scale between Figs. 1 angl By performing many
ence between the two orientations since the third or fourtfiandom paths and for different box sizes, we ensure that the
layers can be considered as bulklike. One should then reprofiles(concentrations per plapare identical and therefore
cover the same three-dimensional behavior in both casesorrespond to the same quasisteady state. One can then won-
This is not true here; because of artifacts of the mean-fieldler what is the structural arrangement of the Ni atoms when
approximation, the separation between an interlagéy and  the same quantity of mattéd ML) is spread over a larger
an intralayer Z) number of neighbors is no longer relevant depth. Figure 4 displays an example of microstructural evo-
here. lution of a Monte Carlo simulated 1 ML Ni/Ag11) during

thermal annealing at 620 K at two different theoretical times
B. Monte Carlo results before (r~2600) and after £~80000) stabilization. Instead

Strictly speaking, the mean-field approximation makesOf forming a pure Ni monolayer parallel to the surface, the

: g : : simulation gives rise to floating Ni clusters under some Ag
sense only in the limit of a long-range interaction or a very

dilute situation and therefore it does not bring any local ordePUre surfa_ce planes_. These obgervatlons lead us to formulate
information. the following questions: What is the morphology of these

In Fig. 3 we show the Ni concentrations per plane versu?uried_ Ni clusters yvith respect to the substrate orientation?
time  for the annealing of 1 Ni ML on A(LO0) and(111) at What is .the e.vol.utlo.n of Fhe .number of clusters and of the
620 K using the Monte Carlo method described in Sec. 1l 3cluster size distribution with time? .

Starting from a full surface monolayer of Ni, we observe a Concerning the first question, we observe pure Ni clusters
rapid decrease of the Ni concentration of the surface an@resenting111) and(100) facets(see Fig. 4. Such a picture
subsurface planes leading to two practically pure Ag cappindgs in agreement with equilibrium shapes of free fcc
monolayers. Then, the major difference with the previousclusters’>** To get more insight, we report the
mean-field case is that the Ni matter now expands amongonfiguration-dependent part of the interfacial energy of each
about 6-7 layers instead of only 1 ofr®otice the change in cluster in a simple broken bond model, written as

In Fig. 2 we plot the free energlf(x) versusx for both
orientationsF(x) presents only one minimum &t 0.5 for
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FIG. 4. Two snapshots from the Monte Carlo simulation of 1 Ni 0.7 - -
ML on Ag(111) at T=620 K: (a) before (r=2600) and(b) after (b)
(7=80000) the stabilization time. Only Ni atoms are shown and 0.6 ]
from the surface planéwhite) to the eighth planédark grey, the
grey scale color of the atoms represents the depth of the plane
measured from the surface.
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wherei sums over all the atoms of the cluster afjdis the
number of Ag first neighbors of thé¢h Ni atom. In Figs. )
and 5b), we plot the instantaneous interfacial energies of the
clusters shown in Figs.(d) and 4b) (corresponding to times FIG. 5. Interfacial energies of the Ni cluste®) shown in Fig.
before and after the stabilization, respectiyeipd we com- 4, (a) before (-=2600) and(b) after (=80 000) the stabilization
pare them with the interfacial energies of some regular fcéime, compared to some regular fcc polyhedra: octahedrdn, (
polyhedra"fl Figure 8b) confirms then our observation since d_odecahedron{), and cubooctahedroril). The cluster interfa-
the Ni precipitate interfacial energies are very close to thesial energies are calculated from E§) (see text
cubo-octahedral and Wulff polyhedral energies, which are
known to be the most stable atom arrangements in fcc strudted atomsl?. It therefore implies the independence of the
ture. However, the thermal and kinetic fluctuations allow Ni{s(,1)) function with respect td.
clusters to take octahedral and dodecahedral shapes. The re-In Fig. 6 we show the average cluster s{sér)) for both
sult is therefore a combination of these morphologies givingorientations. We observe identical features concerning the
rise to buried Ni clusters presenting essentidllyll) and  general evolution of the kinetics. After a practically instan-
(100 facets at the quasisteady state. Concerning the snapsHaneous initial decrease of the number of Ni atoms per clus-
taken before the stabilization in Fig(eh, the main difference ter, we see a rapid increase of the average vol(s()) and
comes from the dispersion in energy values, which is largetherefore a strong decrease of the cluster population. From
due to a strong coagulation regime. this early stage of the dissolution it results that a consider-
Let us now focus on the question of the time evolution ofable precipitate coagulation regime occurs, which confirms
the number of clustens,(,1) and of the average cluster size the preceding conclusion from Fig(e. The main difference
(s(7,1)), wherel is the lateral size of the simulation box. between the two orientation kinetics comes from the very
The number of clusters observed in one simulation for &eginning of the dissolution. Indeed, we notice the crucial
given value ofl does not have any physical meaning. Atinfluence of the surface orientation on the initial cluster
=0 there is only one cluster, i.e., the deposited layer, the@opulation. Atr~0 the energy difference for one Ni atom to
ne(0))=1 and(s(0,))=12, the number of atoms in the sur- leave a full Ni surface monolayer is
face of the simulation bokmore preciselyt?/2 for the (100)
orientation and? for the (111) one]. For 7>0 the low solu-  AE=— AhET— AHS?+ AHSZe AR+ (22" —Z—2)V,
bility of Ni on Ag at this temperature prevents the diffusion
of the Ni atoms into the bulk and therefore practically all the —(Z+Z")V, (10
deposited atoms remain near the surface forming clusters.
The average cluster size is in this case very close to thehich is positive for thg111) surface and negative for the
inverse of the number of clusterés(r,1))=1%/ny(7,1).  (100), yielding atT=620 K a Metropolis exchange probabil-
Moreover we have found that, foe 60, the number of clus- ity equal to 1 for the(100 orientation and 0.0026 for the
tersne(7,l) at =0 is proportional to the number of depos- (111). It leads to a cluster germ distribution greater for the
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200 : : : loys, the diffusion proceeds via vacancy jumps towards
nearest-neighbor atoms. The process we have used is thus an
effective exchange as a consequence of two vacancy-atom
exchanges. A more realistic model would be to use a fre-
quency of vacancy jumps in place of the effective exchange
rate used in this work. This sophistication could favor ex-
change at the surface due to vacancy segregation and there-
fore modify the kinetics. However, the presence of the sur-
face and the very small vacancy concentration at the
temperature considered forbid a simple computing modifica-
0 L ! L tion for taking into account this mechanism. This point is
0 20000 40000 60000 80000 worth future study. Moreover, we are aware that the present
T model, which relies on a rigid lattice assumption, does not
take into account in a proper way the atomic displacements
FIG. 6. Average cluster sizés(7)), in number of Ni atoms vs  due to the large size mismatch of about 14% between Ag and
time (points for two different Monte Carlo simulations and two Ni. We also plan to focus on this effect in a future work. This
surface orientation€l00 and(111). The simulation box lateral size requires one to derive potentialise., from tight-binding or
is | =84 for the(100) surface and= 60 for the(111) one. The solid  embedded-atom methpdoupled with a kinetic Monte Carlo
lines are a guide for the eye only. algorithm allowing atomic displacements. Details presented
in this work should be also relevant for systems with negli-
less compact surfacesee Fig. 6. This difference remains gible size mismatch, which present coherent precipitation as
during the kinetics since we found an average cluster siz&li/Cu (Ref. 14 or Co/Cu*'*?
larger for the(111) substrate. In summary, the main driving forces of this surfactant
For larger time, at the quasisteady stgt€,r)) exhibits a  effect are unambiguously the surface energies of the two
linear growth with time. This stage can be interpreted inconstituents. Both on experimental and theoretical sides the
terms of “Ostwald ripening,” i.e., a coarsening regime results converge to the evidence of this original growth
where the interfacial energy is the only driving force andmode. For the capping substrate overlayer a thickness of one
where the rate of development is governed by lattice diffu-or two atomic layers is reported for systems showing a great
sion. The system evolves in such a way as to minimize itgleal of analogy with the Ni/Ag system in terms of thermo-
interfacial area, the physical process being due to highelynamic parameters. This concerns systems such as
solubility of small particles(Gibbs-Thompson which in-  Rh/Ag,”® Ni/Cu,** Co/Cul*'2 and Pt/Aut® which present a
duces a solute flow from the smaller to the larger clustersphase separation tendency, a size mismatch, and surface ten-
That phenomenon has been analyzed at various levels of seion difference that do not retain the deposit at the surface
phistication, from a spherical precipitate descriptioi°to a  and a fcc/fce structure. For systems presenting the same se-
more extended theory taking into account volume fractionquence of energetic parameters but where only the crystal
effects® All these assumptions lead to a linear time depentype of the deposit film differs, similar growth features have
dence for the average cluster size in agreement with our réseen also observed. This is the case for FéfCre/Ag®
sults. The proportionality constant is predicted to increaseCr/Ag,? and Fe/Aut® where the structure of the deposit film
when the concentration gradients around adjacent particlés bcc. Finally we emphasize that the surface enrichment by
interplay® which is our case according to concentrations persubstrate atoms during the dissolution is not specific only to

150 F

(s(7)100 £ _-go%

50 I

plane in Fig. 3. phase separation systems but can happen with some different
features for systems with bulk order tendertye.g.,
IV. DISCUSSION AND CONCLUSION AU/Ag'SSBQ

If the surface enrichment is clearly due to the difference

We have shown here that a simple kinetic mean-field apin surface energies, a large variety of geometries must exist
proach could bring valuable information for guiding Monte for the encapsulated structure depending on the thickness of
Carlo simulations. This assertion is verified for the dissolu-the initial deposit, on kinetic limitations related to the tem-
tion of a very thin 1 Ni ML deposit on Ag. The KTBIM perature, on the possible size mismatch, and on the tendency
enables one to describe the general kinetic behaviors, in paof the alloy to bulk order or not. Regarding the influence of
ticular the depth and the time occurrence of the floating Agdeposit thickness and for a Ni/Ag-like system, we expect that
bilayer. By performing kinetic Monte Carlo simulations we a critical size should give rise to either a clustering as pre-
have deepened these points and we have shown that Ni cludicted in the present wortvery thin deposit cageor a planar
ters are confined in a few planes parallel to the surface undénterphase as mentioned in experimental works? (thick
two Ag monolayers. We have seen a strong influence of theéeposit case Calculations are under way to check this as-
surface orientation on the number of germs explained by theertion. The original Ni clustering under some Ag layers pre-
different values of the initial exchange probabilities. Finally, sented in this paper could be experimentally checked by
we have found that the steady stage of the surface phasgazing-x-ray analysis coupled with Auger character-
separation follows the predicted Ostwald ripening law forization
collective behavior of a precipitate population. On the theoretical side, fromb initio calculationd®*! to

It should be noticed that some physical effects have nosemiempirical model3® static simulations have brought out
been taken into account in our simulations. In metallic al-the energetic preference of a planar sandwich layer buried
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under one or two substrate atomic layers compared to a platabilization. Recentlysee Ref. 15a molecular dynamics
nar surface adlayer. No other static morphologies have bedanvestigation of the early growth mode of Pt/ADO has
simulated or considered to our knowledge and moreover wbeen reported. It is found that the replacement mechanism
have seen here that a dynamical description of the dissolwppears in conjunction with a local corrugation of the recon-
tion is necessary to obtain the quasisteady profile. In Ref. &tructed A¢100) substrate, which thus governs the very first
molecular dynamics is used within the corrected effectivestage of the incorporation. In order to be able to account for
medium method for describing Rh penetration into the Agthe actual atomic mechanisnfexchange, diffusion, vacan-
substrate. The description of the first stage of the deposities while following the complete dissolution, we plan to
migration has been possible. A more realistic simulation igake advantage of the ability of molecular dynamics to quan-
still very demanding in computing time, which did not allow tify the various activation barriers that we will then use for
the authors to explore the dissolution until the kinetic meta-our kinetic Monte Carlo simulations.
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