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We determine here the most stable structures of a Pt deposit ont@&@d2opsubstrate, in the submonolayer
range, by means of tight-binding quenched-molecular-dynamics simulations. Our essential result is that Pt/Co
growth is essentially governed by the strain imposed by the substrate and by the tendency of the adatoms to
avoid on-top positions. More precisely, whereas in the first stages of Pt deposition the strong adsorbate-
substrate interaction leads to the formation of a high density of strained islands, these islands are able to relax
before completion of the first monolayé.8 ML), thanks to the incorporation of Co atoms removed from the
substrate. This phenomenon can be viewed as a first step towards the formatisiz@fgsmatch-induced
surface alloy in full agreement with photoemission spectroscopy experimgBl63-182809)07527-X

[. INTRODUCTION and substrate atoms that occupy inequivalent positions. This
can be done in the framework of a quenched-molecular-
The properties of heteroepitaxial systems, among which islynamics simulation, provided one uses many-body poten-
magnetism, are strongly dependent on the structural and th&ls sufficiently realistic to account for surface relaxations.
chemical nature of the interface. In most cases, this interfac&he present work is devoted to the equilibrium structure of a
is far from being a perfectly flat and abrupt one, even in thePt deposit on C®001). The principles of the numerical
absence of interdiffusion and especially when the two elesimulations and the derivation of the tight-binding potentials
ments (deposit, substratepresent a strong size mismatch. are described in Sec. Il. The superstructures of Pt deposits on
Generally, simple wetting arguments, based on the differenc€o(0001) are presented as a function of coverage in Sec. IIl.
in surface energies between both elements and on their mix-hey are followed by a discussion and a comparison with
ing ability that drives the interfacial energy, are not sufficientexperimentgSec. Il D).
to predict the growth modes in the submonolayer range. It is
then essential to understand and possibly to model how the Il. THEORETICAL MODEL
system releases the strain induced by the size mismatch,
through atomic relaxation and reconstruction of the interface
as a function of coverage. This is only possible by perform- QMD is a relaxation procedure that allows one to deter-
ing systematic studies for well-defined systems, on both exmine the equilibrium structure of a system, B0 K, by
perimental and theoretical sides. Pt/Co is a good candidatetegrating the equation of motich,
for such studies since the two elements present a large size
mismatch (11%), almost the same surface energy F_ m-% )
=1.8%), and a tendency to chemical order as evidenced by boohdt
the corresponding bulk phase diagram. From an applied

point of view, this system has been widely studied for itsWhereVi(t) is the velocity at time of an atom at sité with
magnetic proberties massm;, and F;(t) is the force acting on this atofnA

Platinum on C60001) shows a three-dimension&BD) quenching procedure which consists of cancelngwhen

growth mode as evidenced by means of synchrotron-induceffi€ ProductF;(t)vi(t) becomes negative has been applied.
he force on the atom at sites obtained from

core-level photoemission spectroscopy and Monte Carl
simulations® Strained epitaxial layers in a twinned-fcc struc- dE
ture have been observed by means of grazing incidence x-ray Fi= _ﬂ,
scattering’ From the theoretical point of view, developing a dr;
microscopic model, which should be able at the same time tqith
account for strain release, via atomic relaxations and recon-
structions, and for possible chemical rearrangements, is nec-
essary. Etot= Z Ei, 3

Our purpose is to model the first stages of Pt deposition in
the simplest way, i.e., by determining the most stable equiwhereE; is the energy of this atom. Calculating this energy
librium positions of these atoms as a function of the coverthen requires the knowledge of Pt-Pt, Co-Co, and Pt-Co in-
age, at 0 K. One needs to relax individually both adatomgeractions.

A. Quenched-molecular-dynamics(QMD) method
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B. Derivation of the interatomic potentials for the Pt-Co 7;?'20-46 eV/atom, y%%'=0.35 eV/atom,
system
In the tight-binding formalisni,the energy of an atom at YeP'=1.03 eV/atom, yg;*'=0.87 eV/atom.
sitei is written as the sum of two terms, an attractive band_ | ) ) ) )
energy and a repulsive pair interaction: This drawback is not too serious since it has been shown that

when interested in bimetallic surface proble(ssgregation,
deposition the quantity that has to be preserved is not the

E,=EP+E!. (4)  surface energy of each element, but the difference between
them* Here this difference is well reproduced:

The band term is obtained by integrating the local density ~ A¥°*=0.11 eV/atom, Ay**P'=0.15 eV/atom.
of states up to the Fermi levelyhich gives rise to the many- , . . .
body character of the potentials necessary to account for sur- | '€ main requirement for the cross-interaction parameters

face relaxations and reconstructidnglhen replacing the re- 'S t0 properly account for the tendency to bulk ordering, i.e.,

alistic density of states by a schematic rectangular ondavoring heteroatomic pairs. This is achieved by fitting the

having the same second moment, i.e., the same full width Sxperimental heats of dissolution of one impurity of Ptin Co

half maximum (second-moment approximat?c)n one ob- (respectively, Co in Bt This can be obtained from the slopes
of the mixing energi€$ in the dilute limits, with Egg

fains =—0.47 eV/atom for Pt(Co) and Es,= —0.65 eV/atom
for Co (PY).
i 172 It is worth noticing that, due to the large size mismatch
Ep=-— (i ;;r & ex;{ - 2%( r|]J l) H (5)  between Co and Pt, the whole systématrix-+impurity) has
L c

to be relaxed during the fitting procedure. Having only two
equations for four parameters, only two of theh &nd &)

The exponenty,; characterizes the distance dependence o@re left free whilep andg are taken as the arithmetic average
the hopping integral between atoms at sitesid]. &,; is an ~ between the pure metal values. Doing this, one fipds
effective hopping integral. andJ indicate the chemical spe- =9.97,0=3.32,A=0.245 eV,{=2.386 eV for Pt-Co in-
cies:{1,J}={Co or Pt}, r{ is the first-neighbor distance in t€ractions.

the metall andr'OJ=(r'o'+réJ)+/+2. The interaction is can- The use of §uch semiempirical pot_ent_ials is indeed ap-
celed beyond a cutoff radius . proximate but gives a reasonable description of the transition

The repulsive ternE! is described by a sum of Born- close-packed metals and particularly allows simulations with
Maver ion-ion re ulsior;g' thousands of atoms. A realistab initio calculation in the
y P ' same conditions is out of range of possibilities.

r“
Ei= Er AlJeXF{_le<r%—1 (6)

” C. Relative stabilities of the obtained structures
Lrij< 0 ,

In order to compare the relative stabilities of the different
structures an energy criterion is necessary to ascribe the most
stable structure to the lowest energy. To this aim, when one
Wherepu is related to the bulk modulus of the metal. depositsns Pt atoms onto a Co substrate WN@ atoms per

For each pure metal specig®t, Co, the parameters plane, corresponding to a coverage ns/Ng ML, one de-

(¢§,A,p,q) are determined by fitting the potential to the uni- fines the adsorption energy per Pt atom as folldfvs:
versal equation of state driving the variation of the potential

with distance’1° This procedure implies that the experimen- Eiot(A/B) — Eoi(B) — ngue(A)

tal values of the cohesive energy, lattice parameter, and bulk Eagd 0)= n ' @)

modulus are known. This is the case for Pt and*€®o use °

the same cutoff radius for both metats, has been fixed at Where Ei((A/B) is the total energyCo substrate anths

the second-neighbor distance for the largest atom, i.e., Padsorbed Pt atomsand E;(B) is the energy of the bare

Fromr, up to the(Co-Co third-neighbor distance, the po- substrate, which writes for a slab kfiayers

tential is linked up to zero with a fifth-order polynomial to

avoid discontinuities both in the energies and in the forces. Etot(B) =KNsEcon(B) + NsEsyri(B). 8

The cutoff was not extended to the fifth neighbors as done i (A) is the chemical potentia] of the Pt vapor phase taken as

Ref. 12 within the same formalism since the computationathe origin of energies.

time due to this long-range interaction is too important with

regard to the small improvement that this could bring. Fitting

the universal equation leads to the following values of the

parametersp=11.14,q=3.68, A=0.242 eV,{=2.506 eV

for Pt andp=28.80,90=2.96,A=0.189 eV,£=1.907 eV for The quenching procedure allows one to reach any local

Co. energetic minimum, but does not guarantee that it is the low-
A well-known problem of this fitting procedure is that it est one. However, it allows one to determine a full energetic

leads to underestimated surface energies, as it can be semap through the identification of these local minima, which

from their comparison with the experimental orfds: can exchange their respective stabilities upon external pa-

Ill. STRUCTURE OF A Pt DEPOSIT ON A Co (000D
SUBSTRATE
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rameters(temperature, coverageTherefore, to avoid being —5.65 . — T T . T T T
blocked in one minimum of secondary importance, and to
reveal the most significant ones, one has either to perforn
simulated annealings or to start from a sufficiently large set
of initial configurations to explore the whole configuration

space. The second solution was chosen, and the tight-bindin ~ _g75 1
QMD (TBQMD) simulations were performed starting with

=570 "

three different realistic configurations. §

(i) A Ptisland in registry with the Co substrate, thePt 2 =580 7
atoms being separated by a Co-Co distafoomtraction. S

(i) A Ptisland in which theng Pt atoms keep their bulk 5851 |

Pt-Pt separation.

(i ) nx n pseudoepitaxial superstructune={ \n), where
the ng Pt atoms are homogeneously distributed upon the sur- —5.90 |
face of the Co substrate. In the submonolayer range, configu
rations(i) and(ii) allow one to describe isolated islands and
configuration(iii) corresponds only to a continuous super- >3 T T T T T e T 06 07 08 09 10
structure. The misfit between Co and Pt beikg/r=0.1,
configurations (ii) and (iii) are equivalent for 6=(9
X9)/(10X10)=0.81 ML, which corresponds to a pure  FIG. 1. Variation of the adsorption energy with Pt coverage.
P{(111) plane onto a C@®00) plane, both layers keeping, result of the relaxation of configuratidi, i.e., island with an initial
respectively, their bulk distances. To stabilize such a supeiinteratomic shortest distand@'=2.50 A. +, result of the relax-
structure in a simulation, one has to impose a lateral sization of configuratior(ii), i.e., island withRin''=2.77 A. [, result
which is a multiple of 10 since, due to the finite size of theof the relaxation of pseudoepitaxial layefwmitial configuration
simulation boxes, this superstructure is repeated laterally adtii)].
cording periodic conditions. Perpendicularly to the surface,
no periodic conditions are applied so that one deals with superstructure is found slightly more close packed than a Pt
slab thick enouglttypically 10 atomic layersto recover the bulk (111) plane. This means that the completion of the first
bulk properties in the midlayéf. To accommodate the size monolayer as defined earlier, which would correspond to the
mismatch, one has to use boxes contairfihGo atoms and first break point in the Auger spectrum, is achieved for

Pt coverage [ML]

n=N+An Pt atoms along the deng&10 rows with =0.84 ML. Then, by continuing to add atoms in the first
layer beyond 0.84 ML, the structure becomes more and more
An compressed and the corresponding adsorption energy in-
N= . 9 creases rapidly, up to a dramatically high energyder1.0

ML: E_44{1.0 ML)=—5.37 eV/atom (out of the figure
where the ratio of Co to Pt atomic radif =0.902. The first ~scalg. A coherent epitaxy is highly unfavorable and the sec-
two solutions, corresponding, respectivelyAa=—1 (one  ond layer should start growing beyond 0.84 ML. When going
row removed and An=—2 (two rows removey] lead to to lower coverages, both initial configuratiofig and (ii)
values ofN either between 10 and 11, or between 20 and 21.

Changing the coverage and/or the compactness of the Pt de 2.80 . . . . . . | . .
posit corresponds to a variation &fn. Figure 1 shows an
overview of the variation of the adsorption energy per Pt
atom obtained as a function of the coverage in the range
0.0-1.0 ML for a simulation cell containing 20 Co atoms
along(110). We had to change the size cell only in the case 2.70
of configuration(iii) in order to vary more finely the com-
pactness of the Pt layer for coverages around 0.81 ML. =

For each point of these curves, it has been possible tcg 265 T
derive the function that gives the distribution of distances
around one atom after relaxation of the structures, and ther
by averaging on all sites to derive theean shortegfistance
between the Pt atoms. The variation of this Pt-Pt shortes
distance with coverage is plotted in Fig. 2. Note that one has 2.55 .
also access to the Co-Pt shortest distance at the interface, b
it does not vary in a noticeable way around 2.59 A for all the
investigated structures and coverages. This indicates a vert 25,7 01 02 03 04 05 06 07 08 08 Lo
cal inwards relaxation of about 2% with respect to a hard-
sphere stacking using the bulk neighbor distances.

The minimal energyE, 4= —5.94 eV/atom is obtained FIG. 2. Pt-Pt mean shortest distances, initial configuration
for a pseudoepitaxial layer with a (¥21.2) periodicity atd (i) (RI'=2.50 A). +, initial configuration(ii) (RI'=2.77 A). [,
=0.84 ML. With an average lateral contraction of 1.5%, thisinitial configuration(iii) (pseudoepitaxial layers

2.75

2.60 - 1

Pt coverage [ML]
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lead to higher energies. Even though the energy curves ob-
tained in both cases present a similar behavior and are close
together, the corresponding distances appear as rather differ-
ent, depending on the initial configuration. More precisely,
the average shortest distance remains smaller when starting
from the Co-Co bulk configuratiopconfiguration(i)] than

from the Pt-Pt ondconfigurations(ii) and (iii) around 0.8
ML]. In fact, it seems that the two initial structures tend to
relax towards a unique stable structure, but are “blocked” in
some intermediate local minimum, very close to the lowest
one. Anyway, this average relaxed distance is always around
2.7 A, i.e., significantly larger than the Co-Co distari2es

A) and close to the Pt-Pt ori@.77 A). Below 0.84 ML, the
deposit should be constituted of islands reconstructed ac-
cording to the (1X12) optimal superstructure, which
should then appear well below the critical coverage of 0.84
ML. Therefore, the increase of the energy whedecreases

is probably due to an edge effect related to the increasing
proportion of edge atoms when the coverage decreases. Due
to the finite size of the simulation cells, decreasing the cov-
erage corresponds to the simulation of a smaller and smaller
two-dimensional(2D) island with, therefore, a higher and
higher proportion of edge atoms. As a given coverage can be
either realized by a few large islands or many small ones, arting from either configuratior(i) (upper panel: E,qdf=
systematic study separating the variation of cluster size andg g7g e\/atomR0.=2.697 A or configuratiorii) (lower panel:
pluster density is hardly feasible with the QMD method andEads: —5.847 eV/atom;R%=2.74 A) initial configuration. The

is not p.resented in this work_.lt should be done togethgr W!thight gray balls represent the Pt adatoms and the dark ones the Co
simulations of the growth kinetics, e.g., using the kineticatoms of the first layer of the substrate. They are represented with

Monte Carlo method. _ the same size for the sake of clarity of the atomic positions.
After this first rough analysis, the only way to go further

in the description of the relaxed structures and to precisely, i separation would lead the Pt adatoms to occupy all the
give the distance distribution corresponding to the stablestysgipe inequivalent positions with respect to the Co atoms,
structure one must detail the corresponding atomic pos't'onﬁcluding the most unfavorable on-top ones. Stopping the
of the Pt atoms with respect to the underlying Co atoms, inyynansion before reaching this state can then be viewed as a

the three coverage regions described above: before, at, apdsgible way to avoid these latter sites. The corresponding
after completion of the first monolayére., on both sides of adsorption energy i€, .= —5.878 eV/atom. On the con-

0=0.84 ML). trary, when starting from an unstrained islaffidg. 3, lower
pane) already presenting the bulk Pt lattice parameter, the
situation is somewhat different since some Pt adatoms ini-
tially occupy such on-top sites. Therefore, under relaxation,
When submitted to the relaxation process, the Pt adatonthese Pt atoms try to move away from these unfavorable
move individually in order to satisfy contradictory criteria. sites, leading to an average in-plane relaxation of
Unfavorable positions such as a Pt atom on top of a Co atom 1.5%, but remain trapped close to them, due to the diffi-
should be avoided. The Pt atoms want to keep in registrgulty to perform some more collective displacements. As a
with the substrate to optimize the Co-Pt interaction, but atonsequence, the corresponding adsorption energy is found
the risk of a strong compressive stress in the Pt overlayer. Osomewhat higherE 4= —5.847 eV/atom) than in the case
the other hand, the same Pt lattice should try to recover thef initially more close-packed islands. Anyway, both struc-
bulk interatomic distances to release this compression. Thiires are very similar and can be viewed as slightly con-
relaxed structures can be viewed as the best way to accorntracted (between 1.5% and 2.8%) two-dimensional Pt is-
modate these competing requirements. This is illustratethnds. This analysis still holds in the whole coverage region
here in the particular case @¢=0.64 ML, in Fig. 3. investigated(from 0.0 to 0.75 ML, for which the deposit
When starting with an island in coherent epitagpnfigu-  should then be constituted of slightly constrained Pt islands,
ration (i): upper pand| all the Pt adatoms occupy equivalent resulting from the strong deposit-substrate interaction which
hcp ternary sites with respect to the substrate. Owing to thallows, at least in the first stages of the growth, to avoid
space left free around the island, the Pt lattice is able t@n-top positions. In fact, as can be guessed from Fig. 3, the
expand under relaxation in order to release the strain inducedistribution of the interatomic distances is not homogeneous.
by this highly symmetrical but very compressed initial con-The islands obtained from the configuratiotis have the
figuration. However, as previously mentionéske Fig. 2, distribution shown on Fig. 4. It is centered around the mean
the Pt atoms never recover their bulk interatomic distancealue of 2.697 A. The peak at 2.61[Also observed for the
but keep an average in-plane relaxation-02.8%, which islands from configuration@i)] is due to a more pronounced
can be explained as follows. Trying to recover exactly thecontraction at the islands edges. Such an edge relaxation,

FIG. 3. #=0.64 ML: top view of the relaxed island structure

A. Submonolayer range: #<0.75 ML
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0.30 T T T T T
0.25 | i
0.20 - -
0.15 - -
0.10 | i
FIG. 5. #=0.81 ML: the initial configuration is a pseudoepi-
0.05 | ] taxial layer.E, 4= —5.92 eV/atom an®R9=2.77 A.
(\ observed, contrary to what occurs starting with configuration
0.00 . . . . . (i), due once again to the difference between a continuous
2.5 2.6 2.7 2.8 2.9 3.0 3.1 layer and an islandlike deposit structure. In fact, as can be
Rpy [A] seen from the quasiholes surrounding the Pt on-top positions,

it seems that the Pt layer is still not close packed enough. By
FIG. 4. =0.64 ML. distribution of the lateral distances around increasing the coverage a little bit more, one finds that the
Pt atoms in the island obtained from initial configurati@n. minimum adsorption energy is reached fbx 0.84 ML, cor-
responding to a (1212) superstructure which presents an
usually observed in small metal clusters, originates from arin-plane contraction of 1.5% with respect to bulk Pt. Then
inwards relaxation occuring at the surface of these clusterBeyond 0.84 ML the too strong compression leads to higher
similar to the known relaxation of the extended metallicadsorption energies, in both th@ and (iii) cases, even
surfaces® This effect adds to the previous arguments in fa-though the latter curve remains slightly lower than the
vor of the formation of slightly contracted Pt islands in the former, probably due to the absence of the edge effect. How-
first stages of the growth. ever, at 0.84 ML, no significant change can be viewed in the
structure of the relaxed overlayer compared to that obtained
) ) at 0.81 ML and presented in Fig. 5. Indeed, one still observes
B. Completion of the first monolayer: 0.75 #<0.85 ML a local motion of the Pt atoms trying to move away from
When approaching the completion of the first layer theon-top positions. This feature seems to indicate that even
situation becomes more intricate since the on-top positionthough the energy curve shows a minimun®at0.84 ML, it
can no longer be avoided just by reducing the mean interis perhaps possible to get a better structure by finding some
atomic distance. The curves for configuratigimshave to be  way to allow Pt adatoms to avoid this unfavorable site, other
terminated at the limit coverage of 0.81 ML since it is not than by keeping the highly unstable positions in registry with
possible to build bulklike Pt islands beyond. Up to this limit, the Co lattice. Actually, a close inspection of the profile view
the energy decreases monotonically with increasing coveragd a relaxed Pt islandlike deposit initially in registry with Co
to reach its minimum valueg, 4= —5.92 eV/atom at 0.81 will give some indication of a possible way to reach this
ML. The curves for configurationg) and(iii ) do not present goal. This view is represented in Fig. 6 fé+=0.81 ML. The
such a limitation so that they can be drawn in the wholePt adlayer is rather compressed, since the shortest lateral
coverage range under analysis. Both present a pronouncelistance isR,?,t=2.67 A. It induces a strong corrugation that
minimum around 0.81 ML. For configuratioli ), the initial ~ the system tries to release by removing a few Co atoms
pseudoepitaxial Pt layer is significantly expanded with re{about 5% from the first substrate underlayer up to the edge
gard to bulk Pt below 0.81 ML. In that case, the main effectof the strained Pt islandlike deposit. A detailed analysis of
of relaxation is to introduce discontinuities in this layer, the results shows that such a Co-Pt mixing occurs in the
leading to the formation of a network of identical islands duesimulations as soon as the critical coverag@®f0.76 ML
to the lateral Pt-Pt interactions which force the adatoms tdas reached. However, this effect only appears when there is
come closer one with the other. The appearance of severahough space around the simulated islandlike deposit, which
islands per simulation cell strongly increases the proportiomequires sufficiently large simulation cells to allow large
of edge atoms, leading to a very high adsorption energgnough absolute value @n. So, for the cells with 10 Co
which makes the corresponding structures highly unstableatoms along(110 this phenomenon never appeared. The
Therefore, as can be seen on the curve of Fig. 1, relaxecreation of Co vacancies in the first underlayer can be related
structures derived frontiii) initial configurations are only to STM observations made on two other systems presenting
competing with the others close to the 0.81 ML coverage, foia similar size mismatch between deposited and substrate at-
which they optimize the adsorption energgs soon as the oms, namely, Au/Nil11) (Ref. 19 and Ag/Cy111).%° In
edge effect disappearsThe corresponding superstructure is both cases, a triangular-shaped periodic corrugation of the
illustrated in Fig. 5. At 0.81 ML, the relaxation does not lead adlayer was attributed to the existence of an ordered array of
anymore to the formation of islands and the Pt initial latticedislocation loops in the substrate, corresponding to local fcc/
is in the main conserved. As for ttg) case(which is com-  hcp stacking faults that allow one to avoid the on-top posi-
pletely equivalent at this coveragao contraction at all is tions. These conclusions were supported by atomistic simu-
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—5.90 i
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e
FIG. 6. Profile view of the relaxed structure obtained from con- 6.00 ! L L L I
figurations(i) (islandlike structurgand (iii) (continuous layer with 0.70 0.75 0.80 0.85 0.90 0.95 1.00
incorporation of Co atoms from the substrate in the Pt overjayer Pt coverage [ML]
Upper part:#=0.81 ML, E 4= —5.925 eV/atom andR3=2.67
A7 lower part: 6=0.80 ML, Eads: —5.990 eV/atom andR(F),t ) F|G 7. Variation'olf the adsorption energy with Pt COVerage.
—273 A, Rp'=2.50 A. +, R'=2.77 A. O, continuous pseudoepitaxial

layer. X, continuous pseudoepitaxial layer with incorporation of Co

lations performed, respectively, within the effective-medium20ms from the substrate.

theory for Au/N(11]) (Ref. 19 and the tight-binding for- - Fig. 6 and which can be viewed as a first step towards a
malism for Ag/Cy111).=> A main difference between both syrface alloyformation. Note that this case corresponds to a
systems was that the removed Ni atoms were incorporated iglight decrease of the coveragé=0.80 ML instead off

the Au adlayer but not the Cu atoms in the Ag one. The=0.81 ML. The corresponding adsorption energy is then
simulations suggest that our case is more similar to thelearly improved. In Fig. 6 Co atoms are alloyed in the Pt
Au/Ni one, with the additional information that this miXing over|ayer with a maximum of heteroatomic bon@ Co
should occur preferentially at the edges of Pt islands. Thl%tom being surrounded by six Pt atoms in the p]amb":h
enhanced surface mixing can be understood as resulting frogbrresponds to the lowest energy cost to incorporate the Co
the tendency to favor heteroatomic pairs instead of homoatoms into the Pt deposit. In Fig. 7 are reported the adsorp-
atomic ones in the bulk Pt-Co system and the possibility tqjon energy values obtained in the coverage range 0.76-0.85
release the strain energy associated to the existence of on-tRf_. The minimal energyE 4= —5.990 eV/atom, found for
sites by the creation of a th/fCC StaCking fault in the firStthe 0pt|ma| coverage of 0.80 ML, Corresponds to an 0pt|ma|

substrate layer. In order thelp the relaxation process to proportion of 5% alloyed Co atoms. The mean lateral lattice
better optimize the Co atom removal, a series of simulationgarameter is theR2=2.73 A.

has been performed in which we started from the continuous
superstructuresiii ), in which we have incorporated a vari- C. Beyond the completion: 0.8& #<1.00 ML
able number of Co atoms removed from the substrate first . - .
layer. The choice of the Co atoms to be removed was mad Starting from an _|n|t|al coherent epitaxy dt=1.00 ML,
in order to allow the Pt atoms initially located in on-top the TBQMD relaxatpn does not aI_Iow the system to leave
positions to relax more easily towardsrnary ones. The this h|ghly symm_etrlcal conflguratlon. The associated ad-
number of Pt atoms in the laydi.e., the coveragewas SCTPUion energy is therefore very higkaq((1.00 ML)=
varied by using unit cells of Co such as<20<30 and —5.37 e\(’atom- In_order to break t.he symmetry Of. the co-
An=—2. When starting with the (1212) superstructure herent epitaxy, a simulated annealing of this configuration
four rows of six Co atoms were removed from the substrate!Vas Performed. An initial temperature =500 K is suffi-
creating 5% vacancies in the underlying Co plane as sugtient 10 €ject atoms from the compact Pt layer, allowing the
gested by the ejections observed during our first simulation tlattice to eﬁpan@p to .2'74 Ah Th('js ej%CtI?n .m%Cha.mSm’
(see the upper part of Fig).6These vacancy rows allowed <MOWN as the size-mismatch-induced limited ejections
one to shift four triangles of 15 Co atoms from a hcp toward(SM”_‘E) effect, aIIowE one to strongly lower the final a_d—
a fc stacking, forming a substrate partial dislocation loop. IrSOrPton energy Kaqs=—5.82 eV/atom), but not suffi-
order to create this hcp/fcc stacking fault in the first layer Ofciently to reach the minimum region. Already fror
the initially hcp Co crystal the orientation of the loops has to~ 9-99 ML, some Pt atoms are ejected on top of the first Pt
be up. On the contrary, in the cases of Ni and Cu fcc Subgdlg_yer due to the SMILE effect, w_h|ch allows to define a
strates the orientation of the observed loops was down sindgn'_t'ng V,%!ﬂe for the lateral contraction supported by the Pt
the stacking fault has occurred in the direction fcc towarddattice: Rg™" (Pt-Pt)=2.67 A.
hcp. . . . . .

The removed Co atoms were then incorporated in the Pt~ D- Discussion and comparison with the experiments
overlayer. Under relaxation the interface rearranged itself in From the experimental point of view, the growth and
order to give the relaxed structure shown in the lower part otructure of Pt/C@®001) at room temperature have been ex-
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tensively investigated using a large panel of surface techstrongly increases due to the arrival of some Pt atoms in
niques. The crystallographic structure of the Pt layers wasn-top positions. The easiest way to avoid such unfavorable
resolved by mean of grazing incidence x-ray scatteringoositions is to remove some Co atoms from the substrate and
(GIXS).2 Actually, the knowledge of the lattice parameter, asto incorporate them in the first Pt layer. This effect is in-
well as its evolution versus the coverage, can be viewed as@eased by the twinned-fcc structure of the Pt filindeed
significant signature of the strain induced by the growth ofot only does this structure allow one to form a natural space
mismatched films. Experimentally, the Pt films are foundP&tween the islands with a different orientatispace which
in-plane strained up to 2.0 ML, with a constant average latiS Necessary in order that the effect appears—see Seo. Il B
tice parameter of 2.6320.001 A reflecting a strong deposit- but also it involves an area between islands, very unstable

- ; : from an energetic point of view because of the structural
bstrate interactiottabove 2.0 ML, the lattice parameter o :
;je;dily intl:reasesl ump toV2 749 001 A at 10 II\/ID P uncompatibility between th&BC andACB stackings. Such

These results are consistent with the TBQMD simulation a surface enhanced mixing, which is a first step towards the

which predict an average lateral lattice parameter of 2.67 S?:&?S:)en %fuzs?cr)fa:ﬁz i}lgg;greﬁr;ﬁidstg aStSelmp'tlgrf:l\lig?rgh e

when 2D islands are simulated in the submonolayer covery ! fh . y Y

age. Note that the experimental and theoretical results coul rmation of heteroatomic bonds and to the very weak hcp/
' Cc stacking fault energy in C&

not directly be compared since the experimentally Pt thick-

ness was estimated from the intensity attenuation of the Au- IV. CONCLUSION
ger CoMVV peak assuming a layer-by-layer growth mode.
Because of the 3D growth mode of PtA0601), the experi- Putting together the simulations and the various experi-

mental coverage is overestimated with respect to the onmental results, we can derive the following outline for the
used in the simulations. Thus, it is reasonable to think thafirst stages of Pt deposition on @801). In the earliest
the completion of the first layer occurs for an experimentallystages of the deposition the strong interaction adsorbate-
estimated Pt thickness of about 2 ML, consistent with the 3Dsubstrate leads to the formation of strained islands. In that
growth mode of Pt on Q0001). The slight discrepancy case, the growth of a high density of small contracted islands
which appears between the theoretical and experimental lats probably the best way for the Pt adatoms to avoid on-top
tice parameters could be due to several factors. One of thgositions, while keeping interatomic distances significantly
most important is without any doubt the possibility of a larger than the Co-Co ones. Here, more than the usual wet-
nucleation of platinum islands at cobalt edges, a situation nding criterion generally used to describe the growth modes
included in the calculations. In this case, an additional strairiwhich involves differences in surface energies which are
is imposed to the platinum atoms, which can probably conalmost negligible hepe the structural strain imposed by the
tribute to the decrease of the lattice parameter. Neverthelessybstrate and the tendency of the adatoms to avoid the most
in the light of the simulations, we can say that the formationunfavorable positions govern the whole process. Then, when
of a high density of small strained islands, deduced from théhe islands extend themselves, avoiding these positions while
experiments, can be viewed as the way with the lowest enkeepingbulklike Pt-Pt distances becomes only possible by
ergy cost to avoid on-top positions. removing Co atoms from the substrate into the Pt adlayer.
The chemical structure of the interface was investigated his can be viewed as a first step towards the formation of a
by means of synchrotron-induced core-level photoemissiosize-mismatch-induced surface alleyith a characteristic
spectroscopyon the Pt 4, line. Using Monte Carlo simu- coverage of#=0.80 ML and an optimal concentration of Co
lations in order to reproduce the experimental intensities ofitoms in the surface alloy of 5%. In this condition the Pt
the Pt 4 ,,, photoemission line versus Pt thickness, evidencdattice is able to release more easily, the lateral shortest in-
was found that small islands yielding a high nucleation denteratomic distance bein@gt =2.73 A. It would now be in-
sity grow on top of the substrate, confirming previous Augerteresting to check experimentally this surface alloy formation
electron spectroscopfAES) results?? In addition, this study by STM as it was done to evidence the correlated dislocation
highlighted the existence of an elementary photoemissiotoops in the substrate for Au/Ni and Ag/Cu. At the moment,
line characteristic of platinum atoms embedded in a cobaltthis is hindered by the difficulty in preparing Co surfaces
rich environment. This elementary photoemission line ap-exhibiting only hc§f0001) domains. However, the recent re-
pears for a platinum thickness comprised between 2.0 ansults obtained by GIXS on P/@a00J) prove the possibility
3.0 ML and coexists with the pure platinum elementary pho-of obtaining high quality Co surfaces and are therefore en-
toemission line. Thanks to the TBQMD simulations, we pro-couraging further STM studies of heteroepitaxial growth on
pose elements in favor of an enhanced Pt-Co mixing in the Pi Co substrate, as confirmed by a first STM study of the early
overlayer, which should occur preferentially at the edges obtages of growth of Cu/G6001).2* On the theoretical side,
the islands, as shown by the removal of the Co atoms fronthe next step should now be to increase the thickness of the
the substrate towards the deposit evidenced by thdeposit and to study the reversed c&Se/P) in order to
molecular-dynamics calculations. When the island size inbetter characterize the influence of the size mismatch on the
creases, while keeping Pt-Pt interatomic distances signifistructure of the deposited film. Some work is in progress in
cantly larger than the Co-Co ones, the interface energy alstinese two directions.
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