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The energetics of monomer, dimer, and triangular trimer adatom islands @hltbesurface of fcc transi-
tion metals of the same chemical species is calculated in the tight-binding scheme as a functich lodirtide
filling. Both the adatom and their nearest neighbor substrate atoms are allowed to relax. We investigate all
possible atomic configurations of the system arising from the existent® ofo types of adsorption sites:
normal (fcc) and fault(hcp sites, andb) both types of borders that may exist for triangles of adatois:
having(001), (010), and(100) facets andB, having (11}, (111), and (111) facets. It is found that there is an
inversion of relative stability from fault to normal sites when thband filling is larger than 8electrons per
atom for monomers, 7.85 for dimers, 7.5 for trimers of typeand 7.6 for trimers of typ®. There is also an
inversion of stability for trimers from typ® to type A when thed band filling is larger than 7.95. All these
results are in very good agreement with experiments on Ir for whichdtheand filling is =7.5——7.6:
monomers and dimers prefer to stick at fault sites while trimers settle at both sites. Furthermore, triangles of
type B are energetically more favored than triangles of typeThe case of other transition metals is also
discussed[S0163-182806)03135-9

I. INTRODUCTION fcc(111). However, experimen"“tsand calculatiorfsshow that
for a single Ir adatom on (t11), the hcp, or fault, site is
The study and characterization of crystal growtias, preferred. One may thus expect that for this element a tran-
apart from its basic surface science interest, important implisition from fault to normal site adsorption will occur when
cations in technology. The process of fabrication of very thinthe adatom island size increases. Furthermore, adatom is-
metal films is commonly used in electronics, optoelectronicslands are expected to be limited by close-packed atomic rows
and the recording media industry. The more the growth isorresponding to two different types of microfacet801)
understood, the more controlled the fabrication processes cagr type A and (11 for type B. These edges correspond, in
be made and, consequently, a better quality of the devicgtner words, to the type of steps with dense edges existing on
performances can be obtained. the fcq111) surface®
A possible scenario of layer-by-layer growth is the fol-  \yang and Ehrlich have observed Ir clusters of various

lowing: an atom adsorbs at the surface; it starts diffusing;,eq o 1¢111). They find that there is indeed a transition
until it definitely sticks to a defect, e.g., a step or a vacancy;

. from preferred fault site adsorption to normal site adsorption
the step will “flow” and construct the new layer, or there P P P

. . ) . when the adclusters consist of at least four atoms and that
will be adatom island formations if many adatoms cluster

together before reaching a step site. A “flow” of steps is thetr?angles Wij[h typeB borders are energetically favorgd over
desired, ideal two-dimensional growth, while a growth viat”"’m,gles with type.A t?orders- Furthermore, experimental
adatom islands may result in a so called three-dimensionaitudies of the equilibrium shape of Pt clusters ofl PD
growth which gives rise to rougher surfaces. Moreover, it i12ve been performed by Michebt al.” They observed ir-
desired that the growth also is epitaxial—the new layer€gular hexagons, which have bothand B borders, and
should match the substrate and not introduce defects dpund thatB edges are predominant. In view of the large size
stacking faults. of the considered clusters, the equilibrium shape is domi-
For growth on fc€111l) metal surfaces, there are two nated by the free energies of the steps limiting them. The
threefold adsorption sites: the norm@tc) site which con-  calculation of the corresponding step energies has been pre-
tinues the stacking order of the fdd1) and the faultthcp  sented elsewhergbut it is not sure that the results still apply
site which, if occupied by the adatoms during a growth pro-for small clusters where corner effects may be important. It
cess, will introduce the hcp stacking order instead and, thugs thus of interest to make a systematic investigation of the
a stacking fault. Previous calculatidrisave shown that epi- energy difference of monomers, dimers, and adatom tri-
taxial monolayers always are energetically favorable orangles with different edges at the two possible adsorption
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sites on fc€111) surfaces of the same chemical species as ave calle} (¢,) the atomic level of adatora in the adsorbed

function of thed band filling. (free) state, AEZS, can be expressed as a sum of contribu-
In the following, we proceed with such an investigation tions of each adatom as

within a tight-binding model. The paper is organized as fol-

lows. In Sec. I, we present the tight-binding model fibr

electrons that is used for calculating the binding energies o

Er
¢ AERRF > 1of En,(E)dE—Ng(sX —e,) — Ngea|,

transition metal adatom islands. The model is made explicit 3
for application on adatom island adsorption on(1dd) sur- h is th s of ad lized
faces in Sec. Ill. In Sec. IV, our numerical results are pre\VN€ré na(E) is the LDOS's of adatoma (normalized to

nity) and Ny is the number of valencd electrons of the
datom and substrate atoms since they are assumed to be of
the same chemical species. The second term ifE@rises
from the double counting of electron-electron interactions
Il. TIGHT-BINDING MODEL responsible for the shifts§ — ¢,), and Eq.(3) simplifies into

sented and compared with experiments. Finally, a summarg
and our conclusions are given in Sec. V.

In a tight-binding semiempirical calculation, the binding Er
energyEg of adatoms is usually expressed as the sum of an AERS = [10j Ena(E)dE—Nges |. (4
attractive and a repulsive contributiorfas a

For an atom at a substrate sitethe LDOS’sn/(E) is
Eg=AEpandt AErep, 1) perturbed by the presence of the adsortsateas
) ) _ n/(E)=n;(E)+An;(E), where n;(E) is the LDOS’s of
}/vhelre Ebtand 'deuz to ;‘é‘e broa;jgmn?hof.valgnce ele|c§r0n|catomi in the clean substrate anh;(E) is the perturbation
evels into a band ané,, contains the ion-ion repulsion. sub - .
The A indicates that we galculate the variation of band an(ﬂgrelstcf)rglr? ::(?rt\osr?ﬁslfr?{g |;tz/)vr:Ften as a sum of contribu
repulsive energies relative to a reference system. For ada- '
toms at a surface, the reference system is a surface and the “ub Er
free adatoms infinitely apart from each other and from the AEbgnd:i s%strate[ 10f EAN(E)dE—NgyAV;(. (5)
surface. ©
The repulsive energy is described by a Born-Mayer pairHere again the second term avoids the double counting of the
wise potential. Since we limit ourselves to the case where thehange in electron-electron interactions responsible for the
adatoms and the substrate are transition metals of the sarshbift AV, of the atomic level of substrate atoindue to the
chemical species, it can be written as presence of the adatoms.
The matrix elements of the Hamiltonidh g are the hop-
ping integrals which have a finite range and are limited here
Erep= > Ae PLRj/Ro)—1], (2)  to nearest neighbors, and the effective atomic levels. The
R hopping integrals are completely determined by three hop-
. . ping parametersido, ddw, dds (Ref. 10 and the direc-
where A and p are parameters characteristic of a giveniiqn cosines of the vectdR;; connecting site$ and j. The

metal,R;; is the distance between atomsindj, andRo is  yariation of these parameters with distance is taken to be
the equilibrium interatomic distance in the bulk. exponential § = o, , 6):

Since we are interested in computing band energies for

transition metals, we use a tight-binding Hamiltoniéhyg, ddh =ddx e 9(Rij /Ro~— 1], (6)
where only thed electrons are explicitly taken into account. _ _ _
To its justification, it has been showthat, at least for tran- The local density of states of a given atom is calculated

sition metals not too close to the extremes of the transitionusing the Green operator:
metal series, the cohesive properties at equilibrium are by far
dominated by the broadening and the occupancy of the va- G(2)
lenced levels.

When we deal with impurities, surfaces, etc., the effective
atomic levels and local densities of state®OS’s) are site
dependent. Both quantities are interrelated since perturba- 1 1
tions in LDOS'’s cause a change of the potential and, thus, of ni(E)= gg — - lim Im(iN[G(E+ig)[iN),

1
- Z—Hgg'’

)

the atomic level at each site. Consequently, they should be e—0"

calculated self-consistently. However, in metals, screening of 1 1

charge takes pl_ace within an interatomic dlstanc_e_ and the ni(E)=—2 T ImGﬁ*(E+ie),
change of atomic levels may be obtained by requiring local 5% +

. —0
charge neutrality. °

The band contributionAE, .4 to the binding energy of 1
adsorbates can be split into two contributions: one which is ni(E):§2 (i V)?S(E-Ey), 8
coming from the broadening of the atomic levels of the ada- A
toms (AEZ®), and one which arises from the perturbation of where®;, is the atomic orbital of symmetry, centered at
the substrate due to the presence of the adatdis). If  sitei, and¥, is the eigenfunction of energy,,.
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TABLE I. Tight-binding parameters used in the calculations are
tabulated. The hopping integratido,, ddm,, and dds, are ex- to
pressed in units of the bulk bandwidth. The parameterg and
g are dimensionless.

Parameter Value
p 11.40

ddoo/W -0.1300

ddmo /W 0.0586

ddéy /W -0.0073
q 3.80

The quantity G:* can be expanded as a continued
fraction® When the corresponding coefficients are exact up
to the leveln, the LDOS’s has 8 exact moments. The more
accurate a calculation is required to be, the more exact mo
mentsu,, ,

. +oo
Kp= f EPni(E)dE, ©)
need to be included.

In this work, the LDOS’s of an atom in a system is evalu-
ated by calculating exactly, first levels in a recursion
scheme and replacing the remaining part of the continued ' 7 Y./

fraction by the usual square root terminator which corre- (‘Q...
sponds to using the asymptotic values for the remaining >3 <® *‘
coefficients® The parametersd\ are fitted to band struc- (Q “@‘
ture calculations at high symmetry points of the Brillouin ’ ."

zone. These parameters are given in Table I, in units of the <‘ > -
bandwidth. They are derived for Ir, however, we have kept (‘ “'
them constant as a function of theband filling since we do " ‘~
not expect that the ratiadd=/ddo, andddé/ddo vary sub-
stantially in other fcc transition metals. The valuespoénd

g (Table ) have been derived from Ref. 11. The repulsive

interaction energy of a pair of atoms is drawn from the bulk
equilibrium condition, i.e.:

S
A=~ @Eﬁalimd), (10

whereELY%(Ny) is the bulk band energy at equilibriutper
atom).

FIG. 1. Possible atomic configurations for monomers, dimers
and triangular trimers on f¢t11) surfaces at normalN) and fault
(F) sites. Trimers of typ@ with (001), (010), and(100 microfac-
ets have their center above an atom in the surface layer. Trimers of
We calculate the binding energies of monomers, dimersiype B with (111), (111), and (11) microfacets have their center
and trimers on thé111) surface of fcc transition metals. In @Pove an adsorption site. Four different configurations
both cases, we determine the effective atomic levels anfn:Bn.Ar Br) are thus possible for triangular trimers.
LDOS’s on a cluster containing the adatoms, the surface at- __
oms which are directly bound to them, and the nearest neigh111) microfacet$. We will not study the linear trimers
bors of the latter. The contributions to the binding energy ofsince, in our model, correlation effects, which tend to stabi-
the adatoms from more distant neighbors are small and caize atomic configurations with reduced coordinatidhsye
be neglected. Monomers and dimers can adsorb with onlgxcluded. These effects would probably be important for cal-
two configurations: normalfcc) or fault (hcp (Fig. 1). For  culating the energy difference between a linear and a trian-
the trimers, there are six possible configurations of the adegular trimer since, in the latter case, all adatoms have five
toms: two linear and four triangular. The adatoms can benearest neighbors while, for the linear trimer, the adatoms at
adsorbed either at both types of sites, and the triangles camth ends have only four nearest neighbors. Consequently,
have edges of typé [with (001) microfacet$ or B [with  correlation effects will act to favor the linear trimer and thus

ll. APPLICATIONS TO ADATOM ISLANDS
AT fcc(111) SURFACES
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compete with the increase of band energy resulting from the
loss of one bond. We consider thus, in the following, only
the triangular configurations which are shown in Fig. 1. 0.04 |
Two types of atomic relaxation have been considered:
first the adatoms are allowed to relax perpendicularly to the
surface, each bond inside the adatom island remaining par-
allel to the surface. Second, atomic displacements of surface
atoms parallel to the surface are allowed in the following
way: each adatom is assumed to give rise to an isotropic
dilatation (or contraction of the equilateral triangle formed
by its three first neighbors in the surface and the displace-
ments produced by two different adatoms on the same sur-
face atom are supposed to be additive. Under these condi- 0.04 . . .
tions the symmetry of the unrelaxed system is preserved: 6.0 7.0 8.0 9.0 10.0
threefold for monomers and trimers, twofold for dimers. N,
Even though these conditions may seem rather restrictive, we
do think tha_t the main effects of atomic relaxation isac- i oo Difference AE=Eq(F)— E5(N) (in units of the sub-
counted for in these schemes. Ind_eed, Iateral_rgl_axatlons %trate bandwidtiw), of the binding energy of a monomer between
adatoms are not detected in experimentsd ab initio cal- e fault and the normal adsorption site on(itd) transition-metal
culations on Al001) (Ref. 13 have shown that the displace- gyrfaces as a function of treeband filling N
ments of the neighbors of the adatoms into the bulk are neg-

ligible. The assumption of additive displacements is . , ) )
obviously not rigorous but should be valid as a first approxi-2and filling at which the inversion occurs may be dependent

mation. The energy minimization has been carried out witfP" the considered clustefsize and geometjy The same
respect to both displacements. In the following, the perpenbehavior is also expected when comparfgndB triangles.
dicular relaxation will be given in the percentage of the bulkWe will see in the following that the above qualitative trends
(111) interplanar distancd (10°Ad/d), while the lateral re- remain valid when the model is improved by taking into
laxation of the neighbors will be referred to the heighof  account the renormalization of the atomic levels of the ada-
the equilateral triangle formed by three nearest neighbors itoms, its neighbors, and of the first layers of the substrate and
the bulk (16Ah/h). when atomic relaxation is allowed.

In order to reach sufficient accuracy in the calculated en-
ergies and energy differences of various adatom islands, we
usen,=10 exact levels in the continued fractions — which IV. RESULTS AND DISCUSSION
amounts to 20 exact moments. In the following calculation
we have varied thed band filling from Ny=6.8 to
Ny=9.2 e /atom. This range of band fillings includes all fcc  In a previous work using exactly the same madtiete
transition metals. have been able to explain the inversion of stability between

It is well known that in bulk crystals there are inversions fault and normal sites on(t11) when thed valence shell of
of relative stability between the hcp and the fcc stucture as ¢he adatom fills. In particular, it was found that an Ir adatom
function of thed band filling. It has been shown that these was more stable at a fault site with an increased stability
inversions follow from the equality of the first three mo- when the neighboring surface atoms were allowed to relax.
ments (uq,um,,u3) Of the total density of states in both However, no full minimization with respect to both this re-
structures? Then it can be easily proved that the differencelaxation and the vertical relaxation of the adsorbate was car-
in energy between the two phases cancels at least twice nied out.
the intervalNg4e[ 0,10]. In particular, in the range af band In the present work we limit ourselves to the case of ho-
fillings considered here, we find, using the tight-binding pa-moepitaxy, but a systematic study is performed as a function
rameters given in Table |, that there is an inversion of staof the d band filling. Furthermore the total energy is fully
bility from the hcp phase to the fcc one whély is larger  minimized as a function of the two allowed displacements.
than =7.5 e /atom, in agreement with what is indeed ob- The difference of adsorption energy between the fault and
served. In the case of the same cluster of adatoms adsorb#te normal site is shown in Fig. 2. It is seen that an inversion
either at fcc or hcp sites on @11fcc surface at the same of stability from the hcp to the fcc site occurs at
distance from the surface, and when the renormalization oy=8.2 e /atom. This value is significantly larger than the
atomic levels is neglected, a similar behavior is also exwvalue found when the substrate relaxation is neglected. Thus
pected since the total densities of states have again the sartie substrate relaxation acts in favor of the hcp site when
W1, Mo, Mg in both geometries. Indeed, it is well knoWwn N is smaller than about 8.2 /atom. This is clearly related
that u, and us are, respectively determined by the numberto the different behavior of the atomic relaxations found as a
of bonds and of triangular paths on the lattice involving thregfunction of thed band filling for the two types of sited=ig.
jumps between nearest neighbors. It has been shown that f8). As expected the normal displacemat/d of the adatom
a whole layer the inversion of stability occurs at roughly theis directed towards the surface, while the neighbors are lat-
same band filling as in the bulk, so that a stacking fault iserally displaced away from the adatom.
never stable at the surfaéélowever, the particular value of Let us emphasize that the second-moment potetftial:

0.02

N stable

AE/W

0.00

-0.02 } F stable

A. Single adatoms
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0.04
25.00 r

0.02 1
N stable

AE/W

15.00

Adld (%)

0.00
-/

-0.02

F stable

5.00 : . . -0.04 . . .
6.0 7.0 8.0 9.0 10.0 6.0 7.0 8.0 9.0 10.0

N Ny

15.00 T T T FIG. 4. Difference, AE=Eg(F)—Eg(N) (in units of the sub-
strate bandwidthwV), of the binding energy per atom of a dimer
(b} between the fault and the normal adsorption site on(1ftd
transition-metal surfaces as a function of théand filling N .

10.00 1 only, since this relaxation is then almost independent of the

type of adsorption site and roughly equal to that obtained
with the second-moment potential. However, in the case of
the lateral relaxation, such as the substrate relaxation studied
here, some distances are expanded whereas some others are
compressed and the net effect on the second-moment may
nearly cancel. This explains qualitatively why the second
0.00 ) ) ) moment calculation gives aIm_o_st no lateral re_laxa'_[ion of the
6.0 7.0 8.0 9.0 10.0 surface atoms. In these conditions angular distortions which
N are taken into account in the third and higher moments play
the dominant role. These distortions are obviously dependent
FIG. 3. Atomic relaxations for a monomer at a normal &giid on the adsorption sitg which explains the d'iﬁerent behavior
line) and at a fault sitddashed ling as a function of thal band of the lateral rela)_(atlon of th.e. adato.m nelghbors_, betwe.en
filling Ng: (8 normal displacement of the adatom towards the sur-faUIt and nqrmal sites. In addition, it is clear that if the tri-
face in percentage of the buld11) interplanar distancel, (b) angle of neighbors expands, the adatom moves towards the
lateral displacement of the neighbors away from the adatom in perSurface to compensate for the increased bond length, so that

centage of the height of the equilateral triangle formed by three finally both relaxations vary in the same way.
nearest neighbors in the bulk.

AWh (%)

5.00

B. Dimers

Eiot= 2

>, Ae PURij/Ro)~1] dimers at fault and normal sites is shown as a function of the

( The difference of adsorption energy per atom between the
i<i

d band filling in Fig. 4. The same type of behavior as for the
) monomer is found. However, on the one hand, this differ-

-B E e 24l(Rij /Rg)—1]
j#i

(1)) ence is smaller than for the monomer. On the other hand, the
range ofd band fillings for which the dimer at fault sites is
when limited to first nearest neighbors, would lead to atomignore stable than at normal sites is narrower than in the case
displacements independent of theband filling. Indeed, in of the monomer since the inversion of stability occurs now at
this approximationE'gg',fc(Nd)=B\/1—2 and consequentlgis  Na=7.85 e‘/atom. Th_e rglaxatior_]s corresponding to b(_)th
proportional to.A [see Eq.10)]. Nevertheless, for the pur- 9€ometries are given in Fig. 5. It is seen that the relaxations
pose of comparison, we have also performed calculation§™® larger at fault sites than at normal sites until
using this scheme. Contrary to the above complete calculdda=8.2 & /atom. Consequently, as for the adsorption of a
tion, the results are very similar for both sites. This can beSingle adatom, relaxations act in favor of the fault site in the
qualitatively explained as follows. The second-moment aplower part of the range ofi band fillings considered here.
proximation only takes into account the variation of nearesf\ctually, when the relaxation of the neighbors of the adatom
neighbor distances. Consequently, it gives usually the righ neglected, the inversion of stability is found for
sign and order of magnitude of the atomic displacement&la=6.8 € /atom.
when all nearest distances are increa@dlecreasegias in
the case of normal relaxation of flat surfaces. This is cor-
roborated by a calculation with the present mo@siing 20 The four possible types of triangular trimers at an
moment$ but allowing vertical displacements of the adatomfcc(111) surface which are depicted in Fig. 1 are denoted in

C. Adatom triangles
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0.04
25.00 1
0.02 | -
£ z
S Y 000
'2 15.00
-0.02
F stable
500 20 80 90 100 00%0 70 80 90 100
N, Ny
FIG. 6. Difference, AE=Eg(F)—Eg(N) (in units of the sub-
15.00 j ! ) strate bandwidthV), of the binding energy per atom of a trimer
between the fault and the normal adsorption site on(1fcd
(b) transition-metal surfaces as a function of ttheband filling Ny .
Solid line: A triangles; dashed lineB triangles.
. 10.00 |
2 above NP, where the fault and normal triangles have
< algout the same energy. On the co-ntrary, wheg<8
5 e~ /atom, the relaxations aroudandB triangles are almost
5.00 the same provided that the adatoms occupy the same type of
sites. Consequently, one can infer that the relaxations have
little influence on the relative stability of trianglésandB.
0.00 : . . T T T
6.0 7.0 8.0 9.0 10.0
Nd
25.00 f
FIG. 5. Same caption as Fig. 3 but for the dimer. Q
o
the following; Ay for the typeA triangle at normal sites, ke
A for the typeA triangle at fault sitesBy, for the typeB g 1500
triangle at normal sites3¢ for the typeB triangle at fault
sites.
We have calculated the ener@yer atom of adatom tri-
angles in the previously mentioned configurations as a func- 5.00 ) ) ,
tion of thed band filling. The adsorption energy difference 6.0 7.0 8.0 9.0 100
(per atom between fault and normal adsorption sites for N,
andB triangles is shown in Fig. 6. It exhibits the same quali-
tative behavior as for monomers and dimers, but its magni-
tude is again decreased. As expected, there is a change of 15.00 ' '
sign of this difference aroundly=7.5 e /atom for A tri-
angles andNy= 7.6 e /atom forB triangles, the normal sites
being preferred beyond these values of the band filling. Thus
. / . > . 10.00 |
there is always an inversion of stability between hcp and fcc Q
sites whenNy crosses a critical valudlg. However, when <
the size of adatom islands increases from 1 to 3 atofs, §
decreases and, for triangles, it is very close to the critical < 500}
value of Ny for which the transition hcp-fcc occurs in the
bulk, i.e.,N§*"*=7.5 e /atom.
The relaxations obtained for the 4 types of triangles are

shown in Figs. 7 and 8. As in monomers and dimers, the 0.00 . . .
relaxations are larger at fault sites than at normal sites when 60 70 80 90 100
Ng=<8 e /atom. Thus, in this range &, they act in favor
of the fault site by displacing\§ to larger band fillings but
just enough to obtain a very narrow range of band fillings FIG. 7. Same caption as Fig. 3 but for a trimer of tyhe
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in nearest neighbors sites. Furthermore, triangular trimers are
found to be slightly more stable that the linear ones although
this difference is at the limit of the capability of the experi-
mental method. By mapping all the sites occupied by an
adatom after repeated diffusions, they have been able to
show that the fault sites are preferred for the monomers and
dimers while normal sites are much favored over fault ones
for tetramers and larger clusters. For triangular trimers both
types of sites are roughly equally stable. In addition, tri-
anglesB are significantly more stable than trianglks
From our calculations, it can be deduced that there exist a
domain ofd band fillingsNgye[ 7.5,8.2 for which the hcp site
is more stable than the fcc site for one adatom on éLfch
5-006 0 7'0 8.0 9'0 10.0 surface of the same chemical species. This domain narrows
) ' X ' ’ very rapidly when the cluster size increases. Consequently,
d outside this domain and in the range of stability of bulk fcc,
i.e., Ng>8.2 e /atom, we predict that cluster adatoms sit
15.00 : ; ; always at normal sites irrespective of the size of the cluster.
On the contrary folN4e[7.5,8.9 a transition from fault to
(b) normal site is expected for clusters containing 2 or 3 atoms.
TakingNy=7.5—7.6 e /atom for Ir* we find, in accordance
with experiments, that Ir monomers and dimers occupy fault
sites, whereas fault and normal triangular trimers have al-
most the same adsorption energy, Butriangles are signifi-
cantly more stable thaA triangles. If we note that Rh has
the fcc structure and that its band filling must be close to that
of Ir since they belong to the same column in the Periodic
Table, we predict the same kind of behavior for this element.
0.00 . . . It would be interesting to have experiments performed on
60 70 80 90 100 this metal.
N Let us now discuss the case of Pt. At larger cluster sizes
(several hundreds A wideMichely et al’ have found that
the cluster exhibits an irregular hexagonal shape witmd
FIG. 8. Same caption as Fig. 3 but for a trimer of type B borders, theB borders being predominant. At these sizes,
the shape of the cluster is completely determined by the step
In Fig. 9, the energy difference@er atom of adatom  energies of the borders. The energies of ste@sidB have
triangles of typeA and B at normal and fault sites on peen studied in a previous wortkpeglecting relaxation ef-
fce(111) surfaces are shown. There is a change of sign of thigects. It was shown that in the range abband fillings cor-
energy difference at a band f|”|ng around 7.85/atom. For responding to PtA borders were S||ght|y energetica”y fa-
metals with ad band filling less than 7.9% /atom, the type
B adatom triangle is more stable than the typeadatom
triangle irrespective of the site. The reverse is truedftband
fillings larger than 7.95% /atom except for the fault tri-
angles where a second inversion of stability frémto B
triangles occurs aNy=8.85 e /atom. Let us note that, as
expected from the above discussion on relaxations, the criti-
cal value corresponding to the first inversion of stability is
not very sensitive to relaxation. Indeed, when relaxation is w  0.000 \/
completely neglected, the critical value is found at <
N4=8.2 e /atom for both types of sites. Thus it increases N
slightly the range of stability oA triangles. Finally, the en- -0.004 o
ergy difference betweeA andB triangles is larger at fault B stable
than at normal sites for low band fillings, the reverse being
obtained at high band fillings. —0.0086

25.00 |

Ad/d (%)

15.00

Ty

10.00 f

Ahh (%)

5.00

0.008

0.004 |

.0 7.0 8.0 9.0 10.0
N

D. Comparison with experiments d
Let us now compare our results with the findings of Wang  r|G. 9. Difference AE=Eg(B)—Eg(A) (in units of the sub-
and Ehr'lCl’? on Ir clusters. These authors, using field ion strate bandwidtiW), of the binding energy per atom between type
microscopy, have been able to examine Ir clusters containing and typeA trimers on fc¢111) transition-metal surfaces as a
from 1 to 13 atoms held on the close-packed 1d) plane.  function of thed band fillingN, . Solid line, trimers at normal sites;
They have found that in all the clusters examined, atoms sitashed line, trimers at fault sites.
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vored but the corresponding energy difference was so smadiccount. We have shown that, contrary to the predictions of
that it might be overcome by relaxation effects and/or thethe second-moment potential, these relaxations are quite dif-
influence ofs electrons. In the present calculation, the dif- ferent between the hcp and the fcc sites, and given the reason
ference in energy betweeky and By triangles is larger by for this discrepancy. This has an important consequence
one order of magnitude even when the relaxations are nesince the width of the domain af band fillings for which the
glected so that it is not clear that the equilibrium geometry othcp adsorption site on th@11fcc surface is preferred in-
very small Pt adatoms islands will be the same as in experiereases.

ments of Michelyet al. on large adatoms islands. Conse- Our results give a coherent interpretation of the field ion
guently, it would be also highly interesting to study the verymicroscopy observation of Ir clusters on(1t1) by Wang

first stages of growth of Pt on @tL1). Experiments on Pd, and Ehrlich® We predict the same trends for the early stages
which is also fcc and in the same column as Pt, would bef the growth of Rh on Rf111). It would also be very inter-

also welcome. esting to carry out similar experiments on Pt and Pd to see if
there is really an inversion of relative stability #f and B
V. SUMMARY AND CONCLUSIONS triangular trimers when going from the Rh and Ir column to

. . ) ) that of Pd and Pt.
The binding energies of monomers, dimers, and trimers at

normal and fault sites on f€tll) surfaces of the same

chemical species havg been calc_ulatec_i within a tight-binding ACKNOWLEDGMENTS
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