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Magnetic strueture of small Fe-Ni c1usters: ealculations in the Ni rich region
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Small c1ustcrs present many novel properties absent in bulk matcrials. Qne of ¡he most relevant fcaturcs of small transition metal systems is
thcir magnctic behavior. Monoatomic c1usLers show a magncLic moment pcr atom largcr Lhan the in the bulk. However, Fe-Ni c1usters have
experimentally a lower magnetization than the corresponding hulk alloy values. In this contrihution we calculate electronic ano magn~tic
structure 01'Fel_:¡:;Nix c1usters, for l' > 0.5. Wc find ferro- ano anLiferromagnetic self-consistcnt soluLiollS, in the antifcrro solutions the Fe
atoms are antiferromagnetically aUgned among themselves, while the Ni atoms have a lower local magnetizalion than in lhe bulk.

KeywordJ: ~1ixed clustcrs: magnelism

Agregados de pocos átomos presenlan propiedades distintas a las de volumen. Una de las características relevantes de los agregados de
metales de transición es su comportamiento magnético. Los agregado"s de un sólo tipo de átomo lienen un momento magnético por átomo
mayor que en el volumen. Sin embargo agregados de Fe-Ni presentan experimentalmente un momento menor que la aleación. En esta con.
Lr¡bución calculamos la estructura electrónica y magnética de agregados FeJ_:¡:;Nix, para x < 0.5. Encontramos soluciones aUloconsistcntes
ferro y anliferromagnéticas. En las antiferromagnéticas los átomos de Fe se polarizan antiferro, mientras que los átomos de Ni presentan una
magnetización local menor que la de volumen.

iJt'Jcripwres: Cúmulos mezclados: magnetismo

PACS: 36AO.Cg: 71.24.+q: 75.50.Kj

1. Introduetion

UlIrafine partides (UFP) have magnelic and eleclmnic prop-
erties different from those of hulk malerials. Thcir mag-
nctism is considered to be of singular importance fm mag-
nctic recording applications. From the technological point 01'
view it is convenient to have very small particle sizes, sincc
magnelic recording density. recording speed, noise suppres-
sion and ¡¡fetime are enhanced in this way. The mosl widely
uscd magnetic materials are Fe-Ni alloys which are known to
prcsent anomalies in their physical properties, such as Invar
and Permalloy (in the Fc-rich region).

Recently Li el al. [1) havc expcrimentally investigalcd
Fe-Ni UFP over a wide rangc of composition. When the Fe
conlent is less than 60 al. % the structure of the samples is
¡CC, and fm increasing amounl of re the bcc phase appears.
The authors have [ound thal the saturation magnetization 01"
lhese UFP decreases significantly as compared wilh lhe cor-
responding Fe-Ni bulk alloys.

In previous works we have shown that Fe c1usters in Ihe
¡cc structure have many magnetic self-consistent solutions [21
must of them antiferromagnelic (AF). In this contribution we
Lry to cxplain the experimental dccreasc in the UFP magne-
tization by Joing calculations in lhe Ni rich regio n 01' Fe-Ni
par!iclcs.

2. Method for cluster ealculations

A lighl-binding Hamiltonian with 8, p. and d mhitals and pa-
ramcters taken fram the corresponding bulk malerials is used
for the cluster calculalions. Magnelism is ohlained from a
Huhbard-like lerOl sol ved in Ihe unrestricled Hartree-Fock
approxirnation and only ncarest neighbor two cenler pararn-
eters are considercd. AH many-body con tribu tion s appear in
the diagonallerm, timu. and are given by

timu = t?m + LUimlll'~11im'
m'

(1)

where ~11ím' is the electronic occupation difference pcr or-
bital in the i-th atom of (he cluster wilh respect to the bulk
paramagnelic values, J1im' is the rnagnetization per orbilal
and D.t':tiAD is Ihe Madelung termo The single-sitc energies
(?m and the hopping elernenls of Ihe Harniltonian are taken lo
he equal to the bulk values ohlaincd from Andcrscn's canon.
ical LMTO-ASA paramagneIic bands [3J. The hopping pa-
rarneters are assurned lo he always spin ¡ndependen! and lhe
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the summation is done up to the Fcrmi encrgy. Uf' is the COf-
reclion introduccd to avoid double counling of electron rc-
pulsion.

where Vi, contains the interatomic clcctrostatic interactions
bctwecn atOffiS on sites Ri and Rl. ror a bulk parametriza-
tion an cxpression cornmonly uscd in alloys and multilayers
as in ReL 6 is appropriale.

We show here lhe resulls ohlained for a cluster of 225 aloms
(N = 225). lhal is, 47 Fe atoms and 178 Ni alOfns. This
system is in the Ni-rich region, near lo the Fe25Nir5 com-
position. We obtain many different sclf-eonsistent magnetic
solutions. The cluster has 12 atomie shells, the Fe atoms build
all lhe odd numbered shells (being lhe first one lhe central
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FIGURE l. Energy diffcrence pcr alom with respece lOthe mosl sta-
ble solution. D.E, ror differenl magnetic configuralions versus av-
erage magnetic moment. The dala correspond lOa cluster of 47 Fe
and 178 Ni atoros. Energies in eV and magnetic moments in 1'8.

atom) and the rest ofthe shells are Ni only ones, The most sta.
ble solution, within our approximation, is the ferrornagnetic
one, with an average magnclic moment per atom of 1.25 J'R.
This value is slighJly larger Ihan lhal eorresponding lo lhe
hulk alloy. The Ni local magnelie momenls are c10se lo the
bulk value, but.Fe atoms show a c1ear surface erfect with an
inereascd magnetization in the outer shells. Nearcst in en-
ergy to lhis F solulion ¡ies one with 0.87 I'B per alomo In lhis
solution ¡he first ano the sevcnth shells are AF with respcet
to the rest, and the Ni atoms have a lower magnctic mamen!
than in the bulk. Thc absolute values of the local magnt:ti<:
morncnts of the Fe atoms are similar in bOlh the ro and AF
configurations.

In Fig. 1 we plot the energy differencc per atom wilh
lospeel lo lhe mosl slahle solulion (1'), ilE. for many pos-
sible sclf-consistent magnetic structures versus lhe average
rnagnctic moment pcr atom. The vcry low experimental val.
ues ohlained by Li et al. [IJ for lhe magneJization of [he Fe-
Ni particles could be attributeJ. according to our results, to
the existence of AF configuratioos \'cry near in energy to the
F ooc.
In Figures 2 anel J we show the local magnetic moment

per atom for Ihe tW()most stable magnetic eonfigurations ver-
sus shell nllmher (see Fig. 1). It is seen lhal the ouJer Fe
atoms show a magnetic enhanecmcnt due lo surfaee cfrcets.
Ni atollls do nOIhavc a largcr magnetization lhan in the hulk.
as it is seen in hOlllonuclear Ni c1usters, [2} lhis is due to lhe
existence of chargc transfer from Fe to Ni. In the AF conlig-
uration ¡he last shell. which is a Ni one, is magnetically dead.
The cxistenec uf many AF magnetic solutions, very near in
energy, is a clear outcome of this stuJy and can cxplain the
reponed experimental rcsults, Qur calculations are not total
cnergy ones and one has to be cautious about encrgy dít"-
ferences. Anyway. it would be hard with the computational
facilities available nowadays to treat elusters of more than
50 atoms, Ihat show so Illany magnetie sclf-consistent solu.
tians, lIsing ab ¡Ilitio rncthods. For the cluster considercd io
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heteronuclcar ones al the Fe-Ni interfaces are averaged as in
Ref. 4. Uimm, are the screcned ¡ntfasile Coulomb integrals
in the solid. Thc valucs Uidd are obtained using OUT bulk oc-
cupations following Rcf. 5 and the U1ss/Uidd rclations are
taken from alomic tahlcs. Jimm, are the intrasitc cxchangc
integrals and are assurncd lo be lCro except for d orbilals.
Jidd is fittcd to obtain experimental bulk magnctizations.
The Madclung tcrm, ÓfrAD, musl be added bccause of

the presence of large charge transfcrs among shclls within
the clusters. It consists uf the sum of electrostatic potentials
ayer aH cluster siles

where ~TJl is the total.electronic occupation difference \I,'ith
respeel lo the paramagnelie bulk values on lhe I-lh atom of
the cluster. Taking into account that in late transition metals
there are more d than sp elcctrons. we have lakcn for U the
average of Ihe Fe and Ni values for d orbitals.
Extra orbitals s' outsidc the c1ustcrs are added to account

for electron spill over at the surface ano we parametrize thelll
in arder to get adequate d orbital occupations. The selection
of the s' -orbital sitc cnergy is relatcd to the average coordina-
tia n of the surface atoms. The number ol' Si orbitals added is
such that each cluster atom keeps its bulk coordination, The
s' -orbital site energies for Ni and Fe are the same so thal in
this case we have only one more parameter introduced by the
$'-orbitals. as when dealing with hornonuclear clusters. [2]
In arder to compare among different magnctic configu-

rations lhe following express ion for the cluster band energy
contribution is used.

3. Results and disclIssion
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FIGURE 2. Local magnetic momenl per awm (in IlB) versus shell
number for (he cluster of 225 atoros in the F configuration. (o) cor.
responds lo Fe atoms and (+) to Ni.

this contribution no kind oC segregation was takcn ioto ac-
eount. This effeel eould lead to Fe aeeumulation infee strue-
lure, and therefore lO an even larger decrcase oC the total
magnetization of the system. Both effects then, the exislence
of AF solutions and disorder, eould explain the experimental
low magnetizations.
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