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Using the Voter and Chen version of the embedded-atom model, we performed molecular-dynamics simu-
lations to determine the ground-state atomic configurations pf D, clusters(n=13, 19, and 5bfor all
concentration. The lowest-energy structures of both the bimetallic and the pur® andn) clusters are
icosahedral. In general, there is a tendency for Al atoms to be segregated at the surfaces of the bimetallic
clusters, although this effect can coexist with ordering. However, in the larg@INiluster the Al impurity is
located at the 12-coordinate central site, i.e., ordering predominates over segregation.
[S0163-18296)11327-9

I. INTRODUCTION the properties of one-component clusters of fcc transition
metals can be provided, within the context of the EAM, by
Provided that the model interaction potentials used areising the version proposed by Voter and CHewhich dif-
accurate enough, computer simulation methods can allow &rs from that of Foiles, Baskes, and Daw in two main ways:
reliable description of the structural and dynamic propertiedd its core-core pair interaction has a medium-range attrac-
of small clusters. The systems that have been studied in thiive contribution(rather than being entirely repulsiveand
way include Lennard-Jones, ionic, covalent and metallidP) Properties of the diatomic molecule were used in fitting
clusters(see, e.g., Ref. 1 and references cited theréiow- the embedding fu_nct|on_ and pair interaction. In view of those
ever, work in this area has primarily focused on systemd®Sults, the question arises whether the Voter and Chen ver-
containing only one species of atom, although a small num='oN of the EAM, iin the form in which this model is applied

ber of simulation studies of Lennard-Jofidsor metallic-?  © binary alloyst® also allows a reliable description of the

. . characteristic features of bimetallic clusters.
binary clusters have also been carried out, and have throwh __". : : .
This paper describes an extensive molecular-dynamics

light on the ordering and segregation tendencies in this kin(i{/lD study of the ground-state structures and ordering tenden-
of system. The study of bimetallic clusters, in which many- e of Nj,_Al, clusters(n=13, 19, and 55: &x=<n) at
—X X 1 ’ ) =

body effects are significant, is particularly interesting for,,, yemperature. The choice of this kind of heterocluster was
both theoretical and technological reasons: bimetallic Clusqot arpitrary: the considerable amount of experimental data
ters gresugsed as catalysts in the automobile industry and in ofJ, Nj-Al alloys allows the construction of an optimized in-
refining,”” and since the reactions catalyzed occur at thgeratomic potential for this system. In particular, Voter and
cluster surface it is of prime importance to know which com-chert® have derived an EAM potential that is capable of
ponent will tend to occupy the surface sites. describing pure Ni(fcc), pure Al (fcc), diatomic Ni, di-
Recently, Montejano-Carrizales;ignez, and Alonst’  atomic Al, NiAl (L1,), and NiAl (B2), and it is reasonable
have used the Foiles, Baskes, and Bla@BD) version of  to hope that this potential may also give a satisfactory de-
the embedded-atom modéEAM) to investigate ordering scription of the properties of Ni-Al clusters. There have also
and segregation in 55- and 147-atom Cu-Ni and Cu-Pd clusseen theoretical studies of this kind of bimetallic cluster, the
ters. However, in spite of the usefulness of this approach foresults of which may be compared with those of our work:
interpreting the surface and bulk properties of transitionGong and Kumar have used density-functional theory, with
metalst! its reliability for a description of the peculiar fea- the local-spin-density approximation, to calculate the relative
tures of small metal clusters can be questioned. As wastabilities of icosahedral AM clusters in which the
shown in Ref. 1, both the FBD EAM and the tight-binding transition-metaM atom lies at the center of the icosahedron.
method(TBM) (Refs. 12 and 1Boften fail to reproduce the Gong and Kumar's results predict that such clusters will be
enhanced stability of icosahedral 13- and 19-atom transitionkighly stable whem is from the middle of a series, which
metal clusters, predicting binding energies which deviatgrovides insight into the formation of A4 quasicrystals for
from the values obtained bgb initio calculations in the certainM. For the particular case of ANi, Gong and Ku-
cases in which such values are availdfleMoreover, mar found significantly stronger binding than in the pure
Montejano-Carrizales, lguez, and Alonso only considered Al,; cluster, a result which, as will be seen, agrees with our
ideal icosahedral and cuboctahedral clusters with fixed intereAM-based MD findings.
atomic distances, a restriction which must be eliminated in a This paper is organized as follows. In Sec. Il we briefly
more general investigation of the structural behavior of bi-describe the Voter and Chen EAM potential for the binary
metallic clusters. Ni-Al system, and specify certain technical details of the MD
In Ref. 15 we showed that a more accurate description o$imulations used in this work to determine ground-state clus-
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ter structures. In Sec. Il we present and discuss our results,

and in Sec. IV we summarize our main conclusions. pi=j(§) P (Tij)- (6)
[l. MODEL POTENTIAL AND COMPUTATIONAL Of the functions required by Ed5) for the binary system
METHOD Ni-Al, énini» Paiar s Pnis Pars Fnis @ndF 5 are known from

previous work on the pure metals, leaving oy, to be
determined. As in the case of the pure component, a Morse
potential is used for this function. Equati¢s) then involves
seven adjustable parameteBsy,, Ry, avs Meutr Snis Ini s
E=> Fi(p)+i> &3 (rij), (1)  andgy, Where the “extra” parameters;, gy;, andg, can
i i be introduced because E@) is not, like Eqg.(1), invariant
when p(r) is scaled or a linear term is added Fgp) (see
whereF,(p;) is the energy required to embed atoimto the  Ref. 16 for details These seven parameters were optimized
background electron density at sité€p;), rij is the distance by Voter and Chen for a prediction of the experimental val-
between atoms and j, and ¢;;(rj;) is the core-core pair ues of the NjAl lattice constant, cohesive energy, elastic
interaction between these atoms. The host electron degsity constants, vacancy formation energy, antiphase boundary en-
is approximated by superimposing contributions by all theergies, and superlattice intrinsic stacking fault energy, and of
atoms surrounding atofin the lattice constant and cohesive energy of B phase
NiAl; it is Voter and Chen'’s values that were used in E5).
— to calculate, during our MD simulations, the forces experi-
Pi:jg«i) Pi(Tij), @ enced by the atoms in the clusters.
In the MD computations performed in this paper we used
wherep;(r;;) is the electron density of atojnat the position  the velocity Verlet algoritht? with a time step of 10° ps,
of the nucleus of ator. If the atomic density functiop(r)  which guarantees conservation of the total cluster energy to
and the pair interactiogh(r) are both known, the embedding within 0.01%. To obtain the lowest-energy structure of every
energy can be uniquely defined by requiring that the energyluster studied, an icosahedral configuration with zero total
given by Eq.(1) match the “universal” equation of state linear and angular momenta was heated to a high-
proposed by Roset al,'® which gives the cohesive energy temperature state close to evaporation. The system was then
of the metal as a function of the lattice constant. allowed to propagate over2l(° steps, the atomic positions
There are several EAM versions, which differ in the formand velocities being recorded every316teps to obtain
of the functions involved and in the method used for their2x10® uncorrelated configurations, to every one of which the
parametrization. In the version of Voter and CHérthe  steepest-descent metf8avas applied to obtain the corre-

In the EAM ! the energy of a metallic system contain-
ing one species of atom is written as

(i#])

atomic electron density is sponding local minimum of the potential-energy surface. The
high energy of the 1(P-step trajectory ensures a thorough
p(r)=rb(e P +2% 2F"), (3)  sampling of the configuration space. For each cluster studied,

, ) L . some 100-200 different local minima were located by this

B being an adjustable parameter, and the pairwise interactiopethod.
is described by the Morse potential For both the pure clusters Ni Nijg, Nisg, Al;z, Aljg,

) and Aks and the binary clusters Ni,Al, (n=13, 19, and

d(r)=Dy{l—exd —an(r—Ry)]1}*—Dw, (4 55 1=x=n—1), the lowest of the minima found by the

above thermal quenching method is in all cases icosahedral.
Qowever, due to the large number of possible locations of
unlike atoms at the particle positiofespecially with 55 at-

whereDy,, Ry, and ey, , respectively, are the depth of the
potential, the distance to the minimum, and a measure of th

curvature at the minimum. The values bf,, Ry, . B . U .
> Rw, aw, B oms, reliable determination of the ground-state atomic con-

and the cutoff distance,, at which the functionss(r) and fiqurations of the heteroclusters requires further exoloration
p(r) and their derivatives are forced to go smoothly to zero gurations of the NEleroclusters requires Turther exploratio

were determined by Voter and Chen for pure Ni and Al byof the pote_ntial-energy surface. This was carried out as fol-
minimizing the root-mean-square deviation between the caII-QWS‘ Starting from the lowest-energy icosahedral configura-
culated and experimental values of the three cubic elastigjon of the Nj, cluster(n=13, 19, and 5 we constructed all

constants and the vacancy formation energy of each met € nonequivalent _icosahedral NiAl clusters obtainable
and of the bond length and bond energy of the diatomi Y replacing one Ni atom by one Al atom. To every one of

molecule[while requiring thatE (fcc)<E(hcp), E(bcd]. In- hese clusters, the steepest-descent method was applied to

cluding diatomic data in the parametrization procedureﬂnoI icosahedral local minima for fi,Al. A similar proce-

makes the potential more appropriate for describing théjure was applied to every one of these local min{neplac-

properties of small clusters, as we showed in Refs. 1 and 14019 one Ni atom by one A! ato)T.to locate |cosaheQraI local
The extension of Eq(1) to a binary system % minima of the clusters Ni,Al,; and soon for Nj_3Alj,

Ni,_4Al4, ..., NiAl,,_;. For each Nj_,Al,, the ground-
state configuration was taken to be that of the minimum with
E= 2 Fi(pi)+3 2 br (1ij), (5 lowest energy. To check for consistency, the same procedure

Pt A was then applied starting from A(n=13, 19, and 55 and
successively replacing Al atoms by Ni atoms until finally
where the subscripts andt; indicate atom types and arriving at Nj,_;Al.

(i#§)
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FIG. 1. Calculated binding energies of i, Al, clusters as a FIG. 3. Calculated binding energies ofgj\li,Al, clusters as a
function of Al concentration. Lines joining points are merely visual function of Al concentration. Lines joining points are merely visual
aids. aids.

IIl. RESULTS AND DISCUSSION Ni;3 and the dou.ble icosahedrgn i 3.1742 and 3.3252
eV/atom, respectively, do not differ widely from the values
Figures 1-3 show, for each of the clusters studied in thi£.9100 and 3.0732 eV/atom obtained by Stave and de Pristo.
paper, the calculated binding energy of the ground-state corMore recently, Lathiotakist al?® carried out TBM-based
figuration(i.e., the total minimum energy per atom, with the MD simulations to compare the structural stabilities of some
opposite sigh It should be noted that the binding energies offcc and icosahedral Ni clusters in the range<li®<55, and
Ni,_;Al and NiAl,_, are greater than those of Nand Al,,  found that although the two geometries are energetically
respectively, for all three values of. As indicated above, competitive with each other, the icosahedral form is slightly
our EAM MD computations predict that the ground-statethe more stable on average. The binding energies obtained
structures of all Nj_,Al, clusters(n=13, 19, and 55; &x by Lathiotakis et al. for icosahedral Ni; and the double
=<n) are icosahedral. Thus the mixing process does noicosahedron Ni, 3.16 and 3.33 eV/atom, respectively, are
modify the geometry of the pure Ni and Al clusters. virtually the same as those afforded by our EAM MD calcu-
The prediction of icosahedral configurations for the onedations; however, our value of 3.6959 eV/atom for icosahe-
component clusters N, Ni;g, and Nis agrees with the theo- dral Nigg differs widely from that of Lathiotaki®t al, 4.27
retical or simulational conclusions of a number of authorseV/atom, which is much closer to the cohesive energy of the
Icosahedral geometry for Ni clusters containing up<te300  bulk fcc metal(4.45 eV/atom; Ref. 24 Experimental evi-
atoms has been deduced by Cleveland and Lan8inoarthe  dence of icosahedral geometry for Ni clusters has been in-
basis of an EAM with a different parametrization from that ferred from adsorbate binding pattefis?®
used in the present pap@ricosahedral packing for Ni clus- With regard to the prediction of icosahedral geometry for
ters in the size range=4-23 has also been inferred by Al,5, Al;g, and ALs, our results agree qualitatively with
Stave and de Pristd using a corrected effective-medium those arrived at by Yeét al?® using the original EAM version
model. Our calculated binding energies for the icosahedrabf Daw and BaskeZ although our calculated binding ener-
gies for these clusters, 2.4715, 2.5738, and 2.8367 eV/atom,
respectively, are lower than the values 3.1231, 3.1684, and
36 T T T TT T T T T T T T T T T 3.2982 eV/atom obtained by ¥t al. These differences are
not surprising: as we showed in Ref. 1, use of the properties

g 3.4 7 of the diatomic molecule in parametrizing the embedding
N 39l E function and pair interaction, which is a main ingredient in
2 < r i the Voter and Chen EAM approach used in this paper, leads
B 3 A 1 to lower binding energies than those obtained with other
8 ; ] EAM versions.
§ o8 | E As well as their EAM results, Yiet al?® also reported
? T i ground-state structures calculated for 13-, 19-, and 55-atom
"g 96 [ N Al clusters by the Car-Parrinel€P) method®! These struc-
& i ] tures exhibit significant qualitative differences with respect
- L S O R O S to both their own EAM results and ours: according to the CP
O 2 4 6 8 10 12 14 16 18 calculations, the icosahedron is more stable than the cuboc-
Al atoms tahedron for AJ; but is 1.9 eV less stable than the cubocta-

hedron for Als, while for Al;g the two structures have al-
FIG. 2. Calculated binding energies of ji,Al, clusters as a Mmost the same binding energy. These results, which are in
function of Al concentration. Lines joining points are merely visual keeping with density-functional calculations carried out by
aids. Cheng, Berry, and Whett¥hand Pedersofr, suggest that
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TABLE I. Calculated binding energiels; and E; of “closed-
shell” cuboctahedral and icosahedral,Allusters, in eV/atom.

n E. E;
13 2.4057 2.4715 Nijo Al Nij; Aly Nijg Alg Nig Aly
55 2.8172 2.8367
147 2.9839 2.9897 3 3
309 3.0725 3.0730
561 3.1274 3.1254 8

Nig Alg Ni; Alg Nig Al, Nig Alg
the transition from an icosahedral structure to the fcc struc-
ture of bulk Al may occur at very lowa, a striking phenom-
enon which is not reproduced by the EAM.

To determine the approximate cluster size at which the
icosahedral-cuboctahedral transition does take place for Al
according to the Voter and Chen EAM, we calculated the Nig Al Nig Al Nig Al NiAl,
binding energies of “closed-shell” cuboctahedral and icosa-
hedral A, clusters up to the firsi for which the cuboctahe- FIG. 4. Ground-state atomic configurations of bimetallic
dral binding energy exceeds that of the icosahedral structurgyj,. Al clusters. Light gray and dark gray spheres represent Al
The resultgTable ) show that crossover from one structure ang Ni atoms, respectively.
to the other occurs at=561. By contrast, the same EAM
approach gave the binding energies of the icosahedral arttie icosahedron. In principle, the strong tendency of the bulk
cuboctahedral N, clusters as 4.1125 and 4.0946 eV/atom,alloy to form ordered compounds might suggest that the Al
respectively, which is consistent with previous calculationsatom would prefer the cluster center, which would increase
showing that, for Ni clusters, very large sizes are required fothe number of Al-Ni bonds. However, if the larger Al atom
the appearance of a cuboctahedral structtité. were placed at the center of the icosahedron, the cluster

The cluster size at which the icosahedral-cuboctahedrakould undergo a slight expansion, leading to energetically
transition occurs is determined by the balance between thiess favorable Ni-Ni bonds. Thus the atomic size mismatch
surface cluster energy, which favors icosahedral symmetryprevents greater heterocoordination inJdi. The same phe-
and the energy of the atoms inside the cluster, which favorasomenon appears to occur at concentration®-5, for all
the cuboctahedral arrangement. The difference in surface enf which configurations with a larger number of Al-Ni bonds
ergy between these two geometries decreases as cluster sihan those of the lowest-energy structures shown in Fig. 4
increases, and at some critical size becomes too small twould be possible if the central atom were Al. It should be
outweigh the cuboctahedral preference of the internal atomsoted, however, that the lowest-energy structures of these
The reason why the crossover between icosahedral and cublusters do maximize the number of Al-Ni surface bonds, so
octahedral structures occurs at a smaller size for Al than fothat segregation of Al at the cluster surface is accompanied
Ni is a consequence of the fact that the energy contributiotoy a kind of surface ordering. In the rest of the 13-atom
of distant atoms, relative to that of nearest neighbors, iglusters(x=6-12 the Al atoms are also located at the sur-
larger for Al clusters(see Ref. 16 for details of Al-Al and face, but in these cases the ground-state atomic configura-
Ni-Ni interactiong. In fact, a reduction of about 9% in the tions maximize the total number of Al-Ni bonds, i.e., the Al
cutoff distance of the Al-Al interaction makes the icosahe-segregation and ordering processes tend to produce the same
dral Alsg, cluster more stable than the corresponding cuboceffect. The predicted binding energy of icosahedral NjAI
tahedral cluster. The influence of interactions with distant2.6976 eV/atory in which a central Ni atom is surrounded
atoms on the critical size for structural transition in Cu, Ni, by 12 Al atoms, is not too different from the estimate made
Pd, and Ag clusters has recently been studied by Montejandy Gong and Kumar using density-functional theory with
Carrizales, Tiguez, and Alons¥ using FBD’s version of the  the local-spin-density approximatid@.9699 eV/atom Fig-
EAM.1! ure 1 shows that among all the i, Al, clusters, binding

Before discussing in detail our predicted ground-stateenergy peaks at=3, the largest value ot for which the
atomic configurations for Ni,Al, (n=13, 19, and 55; corresponding cluster lacks any Al-Al boiske Fig. 4 note
1=sx=<n-1), it is worth mentioning that a feature of bulk that the attraction of Al for Al is weaker than that of Ni for
Ni-Al is the large number of intermetallic compounds Ni or Ni for Al, as is shown by the energies of the diatomic
present in its phase diagraihThis suggests that ordering bonds!®
effects may also occur in small Ni-Al clusters. On the other The bimetallic Nig_,Al, clusters have double icosahedral
hand, since Al has a lower surface energy tharidék, e.g., structures, which can be thought of either as two interpen-
Ref. 36, it is equally to be expected that Al atoms may tendetrating 13-atom icosahedra, or as two pentagonal bipyra-
to occupy the cluster surface®?’ mids laid end to end with five atoms forming a central belt

Figure 4 shows the icosahedral ground-state atomic coraround the resulting “waist.” The calculated ground-state
figurations of Nj;_,Al, (1=x=<12). The icosahedra are atomic configurations of these clusters are shown in Fig. 5.
slightly distorted due to the size difference between Ni andThe Al atoms are always located at the cluster surface
Al atoms. In NiAl, the Al atom is located at the surface of cept, of course, in the case of Nigl in which one Al atom

<
<
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FIG. 5. Ground-state atomic configurations of bimetallic FIG. 6. Ground-state atomic configurations of some bimetallic

Nilg*X,Alx clusters. Light gray and dark gray spheres represent ANSS,XAIX clusters. Light gray and dark gray spheres represent Al
and Ni atoms, respectively. and Ni atoms, respectively.

must occupy one of the two central siteBorx=1 the num-
ber of Al-Ni bonds would be maximum if the Al atom were face. For x=2-10, however, all the Al atoms of the
located in the core of the cluster, but, as in the case oNigs_,Al, clusters are at edge sites on the surface. In these
Ni,Al, this is prevented by size mismatch effects. Note,clusters, Al surface segregation is accompanied by surface
however, that the position of the Al atom, in the central belt,ordering, since the number of surface Al-Ni bonds is maxi-
maximizes the number of Al-Ni surface bonds. This maxi-mized by placing the Al atoms at edge siteich are eight-
mization of surface heterocoordination recurs throughout theoordinate, whereas vertex sites are only six-coordjnate
rangex=2-10. For large Al concentratioi®=16, 17, and NisAl,o (Fig. 6 has the largest binding energy of all
18), the ground-state atomic configurations maximize the toNiss_,Al, clusters(see Fig. 3, and the highest Al concen-
tal number of Al-Ni bonds, so that in these cases there is ntration of all bimetallic Nis_,Al, clusters with no central Al
conflict between ordering and surface Al segregationand no Al-Al bond. If a Ni atom at the surface of i\ 4
Among all the Niq_,Al, clusters, binding energy peaks for were replaced by an Al atom to form YAl,;, at least one
x=4 (Fig. 2), the largest value ok for which the corre- Al-Al bond would be formed. To avoid this, the ground-state
sponding cluster lacks any Al-Al bon@ee Fig. 5. atomic configuration of NuAl,; is the same as that of
The ground-state structures of the bimetalliGNjAl,  NiyAl,o, save that the cluster center is now occupied by an
clusters consist of one central atom and two concentridl atom (see Fig. . Except in Nj,Al 3, in which all the Al
shells, one with 12 atoms and the other with 42. Of the 42atoms are at the surface, this central Al is retained through-
atoms in the surface shell, 12 are at vertex positions and theut the rangex=11-43, the remaining Al atoms all lying at
rest at edge sites. Figure 6 shows an illustrative sample. Ithe surface; and the exceptional configuration of,Mli; 5 is
Nis,Al the Al atom lies at the 12-coordinate central site, almost equienergetic with a configuration in which there is
maximizing the number of Al-Ni bond&@lthough this distri- an Al atom at the cluster center. In Ml 45 the inner shell is
bution is almost equienergetic with a configuration in whichcomposed entirely of the 12 Ni atoms, each of which has
the Al atom occupies an edge site at the cluster suyfaceseven Al neighborgthe central atom and six surface atgms
Thus unlike Nj,Al and Ni;gAl, the larger Ni Al cluster is  while the surface shell is composed entirely of Al atoms
not dominated, as regards the position of the Al atom, by(Fig. 6). Thus surface segregation of Al atoms coincides with
atomic size mismatch effectthe presence of the central Al ordering in this cluster. The lowest-energy atomic configura-
hardly modifies the positions of the surface-shell Ni atomdions of Ni;;Al 4 and Nij oAl 45 are similar to that of NbAl 43,
with respect to those they occupy ingdJi and ordering pre- the extra Al atoms replacing Ni atoms in the inner shell. For
dominates over the tendency for Al to segregate at the sux=46-54, however, although the surface is composed of Al
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atoms, there is now a Ni atom at the cluster ceffég. 6, bimetallic Cy,_,Au, clusters prefer the icosahedral packing
NigAl 46 and NiAls,). In NiAls,, the Ni atom occupies the of Cuy, for all x. This means that replacement of just one Au
12-coordinate central site and is surrounded by Al atomstom by a Cu atom in the nonicosahedral;Aaluster suf-
filling the inner and surface shells, so that Al surface segrefices to make its lowest-energy structure icosahedral.

gation and ordering effects coincide. The computed ground-state atomic configurations of the
bimetallic Ni,_,Al, clusters(n=13, 19, and 5bshow that
IV. SUMMARY AND CONCLUSIONS there is a general tendency for Al to segregate at the cluster

) ) ) surfaces. This result is in consonance with the common find-
In this work we performed MD simulations to study the jhg of recent studies that bimetallic clusters exhibit surface
ground-state atomic configurations of i Al,, Nijg ,Aly,  segregation of the atom with smaller surface enérgy’’
and Nis_,Aly clusters for all concentrations. The model oy results therefore support the reliability of the Voter and
used to describe the interactions between the atoms in thenen EAM for describing the properties of this kind of het-
clusters was the EAM as parametrized by Voter and Cfien, grocluster.

which incorporates the necessary many-body character of There are also ordering effects in the bimetallig, Nl
metallic cohesion. The main difference between this mOde!:Iusters, as is to be expected given the strong compound-
and other EAM versions is that it includes diatomic data informing tendency of bulk Ni-Al. These two effects, ordering
optimizing the embedding functions and pair interactionsgng surface Al segregation, can coexist. When the two ef-
thus providing a more appropriate framework for studyingsects conflict, surface Al segregation generally prevails, but
the properties of small metal clusters. even then it coexists with a kind of surface ordering. In this

Our EAM MD calculations predict that the lowest-energy respect the behavior of the bimetallic Ni-Al clusters is simi-
structures of pure Njiand A}, clusters and bimetallic |ar to that of Cu-Pd clusters, which have been studied by
Ni,_,Aly clusters ((kx=<n—1) are icosahedral fon=13,  \ontejano-Carrizales, “lguez, and Alonst for several
19, and 55. Thus mixing Ni and Al does not modify the sjzes and concentrations using the EAM version of Foiles,
geometry of the 13-, 19-, and 55-atom clusters, which ar@3askes, and Dawt and assuming ideal structures with fixed
icosahedral for all concentrations. The predicted icosahedrghteratomic distances.

structures of Nis, Nig, Niss, Aly3, and Alg are in keeping The behavior of the large cluster JyAl differs from that

with both the experimental and theoretical findings of otheryf the smaller clusters with single Al “impurities,” NjAl
authorsl.4'21'23’25‘29*32'3?-|owever, the computed icosahedral gng Nj Al Whereas in the latter the Al atom is at the cluster
geometry for pure A is at variance with the CP results of g rface, showing predomination of surface Al segregation
Yi etal™ and with the density-functional calculations of oyer ordering, in Nj,Al the Al atom is located at the 12-
Cheng, Berry, and Whettéhand Pederso, which predict  coordinate central site, showing ordering to be the dominant
that the cuboctahedral configuration is slightly more stablefect, in closer resemblance with the bulk behavior. These
than the icosahedral configuration forsAl In spite of these gifferences can be attributed to size mismatch effects, which
authors’ results, which suggest that the transition from theyre |ess pronounced for large cluster sizes. Experiments con-

icosahedral to the bulk structure may occur very early in thgjyming these predictions would be of interest.
growth of Al clusters, there are reasons to believe that

Niss_ Al heteroclusters, like Ni_,Al, and Nig_,Al,, are
probably icosahedral, as predicted in the present paper. Re-
cent MD simulations carried out by 'pez, Marcos, and This work was supported by the DGICYT, SpdRroject
Alonso’ on Cu,_,Au, clusters using a tight-binding poten- No. PB92-0645-C03-03 and the Xunta de GaliciéProject
tial show that although Ay has a nonicosahedral structure, No. XUGA20602B92.
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