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We study the dependence of the magnetic properties of NiPd and CoPd segregated nanoclusters and slabs as a funatioraghétie 3
component concentratior), the chemical order, and size. In the case of clusters we corkidmres coated by Pd aton&(Pd) and also
onion-like (Pd8d/Pd) configurations. For the slabs we consider different possible segregated structurekiafrtied atoms and study the
evolution of the magnetic properties on these different configurations. We show that Pd coating gives rise to an enhancement of the ave
magnetic moment of the Ni or Co core atoms and of the Pd atoms as well. Larger values of the average magnetic moments are obtained
onion-like structures (P&8#/Pd) than in the core/shel8{/Pd) configuration. We compare with theoretical and experimental results available
in the literature.
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Se estudia la dependencia de las propiedadesétiaga de nandonulos segregados y jielilas de NiPd y CoPd como furdei de la concen-
tracion de la componente magtica 3d {), del orden gimico y del taméo. En el caso de losumulos, se consideraricleos 3d cubiertos
por atomos Pd (3d/Pd) y tan@n configuraciones por capas tipo cebolla (Pd/3d/Pd). Para lasilpsl se consideran diferentes posibles
estructuras segregadas de &dsmos 3d y 4d y se estudia la evolucide las propiedades magitas de las diferentes configuraciones. Se
muestra que la cubierta de Pd da lugar a un incremento del momentéticagiromedio de loatomos del ficleo de Ni o Co dscomo de

los atomos de Pd tambi. Se obtienen valoresas grandes de los momentos méiigps promedio en las estrucuras por capas (Pd/3d/Pd)
que en las configuracioneficieo/cubierta (3d/Pt). Se compara con resultados experimentales disponibles en la literatura.

Descriptores:Ciimulos bimedlicos; propiedades magticas; nanoestructuras; futnide trabajo.

PACS: 75.75.+a; 36.40.Cg; 75.50.-y

Since the bronze age, alloying two or more elements haand frequently appears in its low dimensional manifestations
been the traditional way to modify mechanical and electronidclusters, small particles, wires, deposited films, etc). In or-
properties of materials with the aim of getting novel ones noter to lower costs, different possibilities have been proposed
present in pure bulk systems. Nowadays, in the light of newwhere the active Pd component constitutes only a small frac-
technologies, a way to modify the properties of pure systemsion of the particles used for catalytic purposes. The sug-
is by going down in dimensionality. However, the procedureggyested systems are mainly core/coated arrangements which
that combine both alloying and finite size effects have notan be used instead of pure Pd particles. A system like Ni
been yet widely explored by the scientific community. There(core) coated by Pd has already been synthesized; it pre-
are few works in the literature that explore the competitionserves the original surface properties, and shows additional
between alloying and finite size effects, among them we caones, such as core induced magnetism. The magnetic prop-
cite the recently reported experimental results on CoRh loverties of these core/coated particles can also be modified by
dimensional systems [1] and the theoretical calculations fochanging core atoms for a harder magnetic material such as
very small CoRh [2—4], CoAg and CoCu aggregates [5—7]. Fe or Co [8,9].

From both the technological as well as the economical The driving forces that yield to the final chemical or-
point of view, “nano-alloying”can be very useful in reducing der depend on several parameters such as relative atom size:
costs in the production of active surface nanoparticles madand surface energies, and also on the tendency of the con-
of very expensive metals and for those applications wherstituting elements to form compounds at different concentra-
inner core atoms do not interact with the environment, suctions [10, 11]. It obviously depends on fabrication processes
interactions being limited to the surface. For instance, Pd isind a posteriorithermal or chemical treatments. Another
an expensive and widely used element in catalytic processesgay of reducing dimensionality is by growing thin films. In
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this case confinement is only in one direction and it is worthnetic properties, total energies, and work function on the dif-
comparing differences between alloying effects and dimenferent arrangements by doing slab calculations. We compare
sionality. our results with severalb-initio results [16] for clusters and

Ab initio calculations are limited up to now to small parti- with experiments [8, 9].
cle sizes, even for highly symmetric structures. In this contri-
bution we use a tight-binding Hamiltonian solved within the 1
unrestricted Hartree-Fock approximation. By taking advan-

tage of symmetry properties, we are able to handle clustersor the study of NiPd and CoPd nanoclusters and slabs, we
of up to 561 atoms, a size which is already within the realyse a tight-binding Hamiltonian witkpd orbitals and pa-
nanoscale of the experimentally produced clusters [1,8,9,12}ameters from the corresponding bulk materials is used. Only
In the particular case of Ni and Pd, both are fcc in bulk; theynearest neighbor two center parameters are considered. Mag-
have the same number of valence electrons, but do not forfetism is obtained from a Hubbard-like term solved in the un-
compounds, Niis much smaller than Pd, and has a larger sufestricted Hartree-Fock approximation. All many-body con-
face energy [13]. This allows us to assume that NiPd clustergibutions appear in the diagonal term [17]. The single-site
should mainly show a core/coated cluster-like structure, withenergiese®, and the hopping elements of the Hamiltonian
Niin the core and Pd at the surface. A similar situation is ex-are taken from Andersen’s canonical LMTO-ASA paramag-
pected for CoPd clusters. But it has been shown that clustefetic bands [18].U,,,,, are the screened intrasite Coulomb

properties depend on structure, and cluster structures depefiflegrals in the solid, the valueE,; are obtained using
on the number of atoms and on the element under considergulk occupations following Ref. 19 and thé,, /Uyq rela-

tion. In the case of icosahedral clusters, core/shell structurgfons are taken from atomic tableg,,,, are the intrasite
have been established as the most stable ones. In the caseethange integrals and are assumed to be zero except for
fcc clusters, onion-shell structures show up competing in engrhitals. J,, is fitted, in the case of Ni and Co, to obtain ex-
ergy with core/shell ones [14]. These onion-like structuresperimental bulk magnetization, without orbital contribution,
have in the intermediate shell one kind of element (Ni or Co(;,\;=0.6.5 anduco=1.535). For Pd, the exchange inter-
in our case) and in the core and coating shell the other ongction.J,;, = 0.68 eV is taken from Ref. 20. The Madelung

Method of calculation and structures

(A/B/A structures). term, AeMAP | is necessary due to the presence of charge
We do not consider spin-orbit coupling in our calculationstransfers among shells within the clusters [17].
as it has been shown by Villaser-Gonalezet al. [15] that Transition metal surfaces show two characteristic fea-

the contribution of the orbital magnetic moment to the totaltures: electron spillover and-orbital occupations almost
one can be considered negligible or constant (quenched) famchanged with respect to the bulk values. It has been pre-
cluster sizes larger than 100 atoms. viously shown [17] that both effects can be taken properly
We study then the electronic properties of NiPd and CoPdnto account by adding extra orbitals withsymmetry ¢’
clusters (in the core/coating shell and A/B/A onion-like struc-orbitals) outside the surface. These exifteorbitals local-
tures) and finite slabs with different atomic distributions. Weized in pseudo-atomic sites outside the cluster have been
assume that the clusters have cubo-octahedral structure angrametrized in order to obtain adequdterbital occupa-
in particular, we study the dependence of the average madions. The number of orbitals added is such that the coordi-
netic momenty, as a function of Ni- or Co-concentration. In nation of each surface atom resembles the bulk coordination.
the case of thin films, we study the dependence of the magAll parameters used are listed in Table I.

TABLE |. Tight-binding parameters used in this work taken from Refs. 18 and 19. All the parameters are in eV. The two site integrals are
listed from the second to the fourth columdl, is the site energy of the: orbital, U,,,,,,» the intrasite Coulomb integrals between orbitals
andm’, and.JJ44 the exchange integral amodgrbitals.

Ni Co Pd Ni Co Pd
580 —1.064 —1.065 —0.883 €2 1.663 2.143 0.390
ppo 1.878 1.869 1.394 e 6.646 6.938 4.275
ppm —0.235 —0.234 —0.174 €9 —3.065 —2.592 —4.465
ddo —0.555 —0.630 —0.769 €, 3.012 4.080 0.390
ddr 0.237 0.270 0.329

dds —0.022 —0.025 —0.030 Uss 1.20 1.16 1.56
spo 1.408 1.405 1.105 Usa 1.44 1.40 1.87
sdo —0.739 —0.788 —0.793 Udd 3.29 3.06 2.54
pdo —0.998 —1.061 —1.012 Jad 1.00 1.20 0.68
pdm 0.238 0.253 0.241
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The Hamiltonian is solved self-consistently diagonaliz-Pd nanoparticles by Baletto and coworkers [14]. For these
ing at each step the spin-up and spin-down matrices, and ttanion-like arrangements, we restrict ourselves to a 561 atom
electronic occupation for each atom, orbital and spin is ob<€luster with fcc cubo-octahedral structure and fixed num-
tained. In order to define the Fermi level and the occupationdyer of Pd atoms at the surface (252 atoms). This structure
states are considered degenerate if their energies lie withishows a core of 309 atoms and a surface region of 252
0.01 eV or less, independently of their spin. These degeneatoms. The onion-like Pdé3Pd structures can be depicted by
ate states are assumed to be equally filled, leading sometim@sksy9_ /3d /P52 With N going from 60 to 309. The par-
to a fractional occupation of the highest occupied states.  ticular case ofN = 309 corresponds to the 3d-core/coated

In the case of clusters, we assume fcc structures with tweonfiguration d3g9Pdh52 described above. We only show the
symmetries: results for Pgyg_ n/Nin/Pdhso and Pdgg_ ny/Con/Phss.

) We select this size to compare with experimental results
i) the cubo-octahedral symmetry fof = 147, 309, and  gyailable in the literature 8,9].

561, whose cores have 55, 147, and 309, respectively,
and The slab calculations are done by using the all-electron

full potential ab initio Wien2k code [21]. We calculate the
i) the truncated octahedral symmetry f§r= 405 with  electronic and magnetic structure of 7 layer slabs whose lat-
cores of 201 atoms, with different concentrations of thetice parameters depend linearly on concentration, and we use
3d magnetic component. theab initio Ni (Pd) bulk equilibrium lattice constant for the
ure Ni (Pd) slab (being 6.45 a.u. for Ni and 7.30 a.u. for
d). We consider an APW basis and 30 K-points in the irre-
ucible Brillouin zone (400 K-point in the whole zone) and
he LDA to DFT for the exchange-correlation potential. The
utoff parameter that gives the number of plane waves in the

Each shell of the clusters has one type of atom (Ni, Co, o
Pd) in order to take advantage of symmetry properties and t8
reduce the number of unequivalent atoms within the cluster
In Fig. 1 we show schematically the structure of 405 and 56

atom clusters. Figure 1a corresponds to the 405 atom CIUSttherstitiaI region is taken aB,u, Ky = 7, Kmax being the

H H H mtfimax — max
which is a truncated octahedron having 6 squarqd (100) f""C%aximum value of the reciprocal lattice vector used in the ex-
and 8 hexagonal (111) ones. It has 201 atoms with bulk OO ansion of plane waves in that zone. All the slabs are grown

dination 12 and 204 ;urface atoms. Figure 1d corresppnds 8 the (111), (110), and (100) directions, each layer having
a 561 atom cluster with cubo-octahedral symmetry which ha nly one type of atom and preserving the reflexion symmetry

i S &ith respect to thery-plane. The slab Work Function (WF)
309 atoms with bulk coordination 12 and 252 surface atomsis calculated as the difference between the Fermi energy level

We are aware that the core-shell and the onion-like struc; ' y,0 \ajye of the electrostatic potential in the middle of

tures may not be the lowest energy structures for these bina%e vacuum region. In all cases the charge is converged up to
alloys; our calculations study the magnetic behavior wherh

746.
such structures are present in the system, and we considere8
these cases due to the fact that we also present results for
binary superlattices.
We consider bulk-like parameters for the homo-atomic ST
interatomic distances and hopping integrals, whereas the av: 1
erage values for the interatomic distances and hopping inte-§o

Y

values for the hetero-atomic parameters allow us to partially <
consider the effects coming from the different concentrations
in our binary clusters. We consider only two different kinds
of configurations in the cluster calculations, the core/coated ¢
structures (Ni- or Co-core coated by Pd) and the onion-like S
A/B/A ones having an intermediate shell & (Ni or Co)
with the core and coating made of Pd (that is 3dPd).
These arrays are illustrated in Fig. 1 for the truncated octa-
hedron [cubo-octahedron] the core/shell in Fig. 1b [1e] and
the onion-like in Fig. 1c [1f]. In the case of the core/coated

Eﬁg;%ursa:ﬁg’hg:s d Ifeogeir?rorxstmsstzss (;f ﬁiorglple;erﬁ%r:t_Fl(;URE 1. Structures of the clusters and the two arrays used
. L P _g y . ghly sy here. a) The 405 atom truncated octahedron cluster and d) the
ric structure while increasing the concentration of the mag+«g; aiom cubo-octahedron one. b) and e) correspond to the

netic component. For the onion-like arrangement, we coNgore(gray)/shell(black) array and c) and f) to the onion-like one
sider an A/B/A array (Pd core/ Ni or Co close shell subsur-(inner core in gray, intermediate shell in black, and surface atoms

faces/ Pd external surface). These onion-like configuration gray) for the cubo-octahedron and the truncated octahedron, re-
have been suggested to be present in some fcc bimetalligpectively.
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2. Results and discussions follows. When the number of Ni atoms in the core cluster
is less than half the total number of atoms (none of the Ni
Before discussing the trends obtained in the cluster calculaatoms sits at surface shells), the enhancement is due to hy-
tions, we compare our results with those corresponding t@ridization with Pd. For small clusters [Fig. 2a], Pd atoms
the ab-initio ones performed by Wanet al. [16] for some  are polarized, due to both the small cluster size and to the
selected core(Ni)/coated(Pd) clusters with a fixed size ofiybridization with Ni. This feedback gives rise to large Ni
N = 43, bulk distances for both components, and cubo-magnetic moment values. With a growing Ni core (keeping
octahedral growth structure. In the casePol3, our calcu-  cluster size fixed), only surface effects become important and
lated average magnetic momen0ig46.: 5 whereas Wang's , tends to the corresponding free-standing Ni cluster value.
is half ours. In both calculations the surface atoms are th@t a given concentration, the larger the cluster the smaller
ones that show magnetic behavior, whereas the core sites afge relative number of Ni-Pd bonds over the total number of
mainly non-magnetic. FoNiPdy, our local Ni moment is  bonds. This fact limits hybridization effects leading to a van-
1.14p5, in good agreement with Wang's calculations, andishing enhancement of the average magnetic moment.
the experimental values a6edyp + 0245 as measured by The results of our cluster calculations are in good qual-
Aldred, [22] and1.0pp and0.92up as obtained by Loram jtative agreement with the experimental results by Nuno-
and Oswald [23, 24], respectively. Fdii;3Pdzo our calcu-  mura [9] for NiPd particles of around 562 atoms. The de-
lations and Wang's are very similar, whereas NifgPd2s  pendence of the magnetic moment on Ni concentration, as
we obtain0.51u5 for the average magnetic moment which in Fig. 2, describes similar tendencies for both curves. Our
is smaller than Wang's (0.7); finally, for Nis3 our cal-  cluster calculations are performed for completely segregated

culation gives).65u 5 While Wang's is twice as large as our cubo-octahedral systems, while in Ref. 9 no experimental
value. In general our values for the Ni magnetic moments

are smaller than those obtained by Wang. However both cal-
culations show similar tendencies, that is, a monotonous in- 0.8
creasing dependence of the average magnetic moment as
function of Ni concentration. From the previous comparison

we have confidence that our calculations are able to describe
the general trends.

W (Up/atom)

0.4
2.1. Core/shell Clusters’ calculations

0.2
We calculate the magnetic properties of NiPd and CoPd clus- ;
ters in the core/shell configurations for different sizes and 0 s s s s s : . .
variable Ni and Co concentration starting in the dilute limit 0 50 1000 150 200 250 300 350 400

and ending in the pure Ni and Co regimes.

In Fig. 2, we show the results obtained for the average
magnetic moment per atom as a function of Ni conté¥t;{
for clusters of 405 and 561 atoms. For a fixed total number ~
of atoms, we increase the size of the Ni core (decreasing theE 06 m
number of Pd atoms). Similar behaviors are obtained for the <
two different cluster sizes and, as expected, the dependenc™x (4
of the magnetic moments on the number of atoms becomesg
smoother as the cluster size increases. In each case the upp
nearly-constant curve gives the average magnetic moment pe
Ni atom as a function of Ni content, the lower curve gives the
corresponding values for Pd, while the one in between (open
squares) gives the total average magnetic moment per atom @
the system. The enhancement of the magnetic moment of the NN'
Ni atoms, as compared to the bulk value, is due to finite size
effects and also to hybridization with Pd. The average magF!'GURE 2. Magnetic moment per atom as a function of the number
netic moment per Ni atom tends towards the free standin le_atoms for different cluster sizes Wlth cgbo-octahedral struc-
cluster value as a function of increasing Ni concentration foﬁ?UIre in the full segregated configuration .(N' cores coated by Pd
the cluster sizes considered, with,., — 0.63/1z, in agree- atoms), a) corresponds /8 = 405 atoms in the truncated cubo-

8 . octahedron structure, and b) 6 = 561 in the octahedron struc-
ment with the experimental reports §2 +0.05) .3 [26] and ture. O corresponds to average cluster magnetic momdiits)

(0.71 & 0.02)/1.13 [27]. ' average Ni magnetic moments, antb average Pd magnetic mo-
The evolution of the average magnetic moment of the Niments. We also show the experimental results (crosses) by Nuno-
atoms in the two cases shown in Fig. 2 can be explained asura [9] for 562 atom NiPd clusters.

0 100 200 300 400 500
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561), the obtained value @f2u 5 for Co agrees with previ-
ous theoretical ones &.28u5 [24] and with experimental

. R — —— results 2.1 + 0.3up [25]). The average magnetic moment
~ 06 | per Co atom tends towards the free standing cluster value as
= a function of Co concentration (without taking into account
; 04 | Alloy Average the orbital contribution), with:c, = 1.66up for the three

Pd

different sizes considered in agreement with the experimen-

tal reports ofuco,, = (2.00 & 0.03)up, (1.84 £ 0.05)up,
and (.74 + 0.05)up for N = 147, 309, and 561, respec-
tively [26].

0 0.25 0.5 0.75 1
XNi

FIGURE 3. Ab initio magnetic moment per atom as a function of
Ni concentration for fcc NiPd, —, ordered bulk alloys.

information on cluster structure or on chemical order is given,
although the icosahedral structure has been suggested in th
experimental report.

It is worth comparing the magnetic moments calculated
for the clusters with those obtained for bulk alloys, theoreti-
cal and experimentally [28]. With this aim, we perform addi-
tional ab initio calculations [21] for different ordered NiPd
fcc-bulk alloys. In these calculations we consider &y
structure forr = 1/2, an L1, for z = 1/4 and3/4, and
for z = 1/8 (1/32) we take into account a double (octuple)
L1, structure with 8 (32) atoms in the unit cell and in which
a single Ni atom is placed at the origin. In Fig. 3, it can be
clearly seen that bulk alloys show a behavior similar to the
clusters as a function of Ni concentration and agree well with
the experimental results. In this case no low-dimensional ef-
fects are present.

Now, let us consider a case in which the hardness of the
magnetic moment of thed3component is greater than that 04
of Ni, that is we replace Ni atoms by Co ones. In Fig. 4, we
show the results obtained for the average magnetic momen g - o -
per atom as a function of Co contenvV¢,) for core/shell
clusters with the same configurations as those of Fig. 2b but
consideringV = 147, 309, and 561. In both cases, NiPd and I
CoPd clusters, the average magnetic moment of the Pd atom ) 1
as a function of the @core size is similar. A large enhance- ‘... R oS-
ment of the magnetic moment of Co is mainly observed in the g 16 | -Co- -
low concentration region as depicted in Fig. 2. In this figure, 2
the upper nearly-constant curve gives the average Co mag<<_ 12 |
netic moment as a function of Co content, the lower curve =5
gives the corresponding values for Pd, while the one in be- ™~
tween (open squares) gives the total average magnetic mo=-
ment per atom in the system. As in the previous case, the
enhancement in the magnetic moment of Co, as compared tc
the bulk value, is due to finite size effects and to hybridization 0
with the Pd atoms as well. Although in general the results are NC
similar, it is worth noticing that in the very dilute limit the Co
atoms show a larger enhancement of the magnetic moments

FIGURE 4. Magnetic moment per atom as a function of the number

than in the case of Ni. When we have only one Co atom Inof Co atoms for the segregated configurations (Co cores coated by

the que’ we are in the presence of a. magnetic 'mp‘%”tyf thI%’d). The total number of atoms in the cluster is a) 147, b) 309, and
explains the large local moment obtained as shown in Fig. 4c) 561 in a cubo-octahedral structure.
For the three different cluster sizes (fdr = 147, 309, and

L (Ug/atom)

12

08 |

L (ug/atom)

B/4

08 r

100 200 300 400 500
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2.2. Onion-like Cluster calculations case as quoted above. In the neighborhood of the equi-atomic
region, the magnetic moment values of the thin films for

With the aim of finding the dependence of the magnetic3/7 < zTm < 4/7 are congruent with previous theoretical
properties on chemical order, we perform additional calcu-
lations considering A/B/A onion-like arrangements [14] (Pd
core/ Ni or Co subsurface/ Pd surface) for 561 atom clus- 08
ters with cubo-octahedral structure and a fixed number of Pd

atoms at the surface (252 atoms). This structure presents a@ 06
core of 309 atoms and a surface region of 252 atoms. TheS
onion-like structure is given b¥dsgg_n/Nin/Pdase with S

N going from 60 to 309. Thé&v = 309 case corresponds to :f_o 04

Nyj = 309 in Fig. 2b. In Fig. 5a and 5b we show the results ~

for Pdyg9_ n/Nin/Pdyso and Pdgg_ n/Con/Pdyso, respec- 302t

tively. Both graphs show similar tendencies, although at low

concentrations the CoPd clusters show a larger enhancemer 0 , , ,
of the Co magnetic moments while in NiPd clusters the mag- 0 100 200 300
netic moment of Ni is almost constant. It is worth noticing N

that larger values of the average magnetic moments are ob Ni

served in the onion-like structures than in the core/shell ones, L -

due to the fact that a larger number of NiPd and CoPd bonds 2y R . b)
are present in this case. In Fig. 5a we also include experi-~ Co g
mental results (crosses) [9]. It can be seen that a better agree g 167

ment with the experiments is obtained than in Fig. 2b. This %

suggests that experimentally the systems probably present a™a
onion-like configuration. This A/B/A order is theoretically 3. 0.8
suggested for binary cubo-octahedral structures even if for

highly segregated systems it is more likely to be observed for 04 L Pd
icosahedral than for cubo-octahedral structures [14]. ""“"k’._—“\/_".
O 1 1 1
0 100 200 300
2.3. Thin film Calculations N
Co

We compare the results of NiPd and CoPd clusters withFicure 5. Magnetic moment per atom as a function of the num-
nanostructures of higher dimensionality. We calculate theber of a) Ni atoms and b) Co atoms, for onion-like structures (Pd-
electronic properties of 7-layer slabs. In Fig. 6 we schematicore/Ni-shell/Pd-252). The total number of atoms in the clusters is
cally show three different arrangements for CoPd slabs wittp61 in a cubo-octahedral structure. We also show the experimental
zco = 2/7. We consider in this case not only Pd-coated Ni or'esults (crosses) by Nunomura [9] for 562 atom NiPd clusters.

Co thin films but also arrangements in which Pd lies in central

layers (onion-like). In Fig. 7 we show the results for the mag- A B C
netic moments as a function of Ni or Co concentratiog, — — L
or x¢, respectively. For each concentration different arrange- — [ —
ments are considered and the full line goes through those olrT—] [ — —
minimum energy. It can be clearly seen that the slab results  Pd — — —
show a behavior similar to the cluster ones. kgg; = 1/7, [ ] —/ —/
and = 6/7 we have just one configuration (3Pd/TM/3Pd ? — [ ] —3
and 3TM/Pd/3TM respectively), farry = 2/7, 3/7, 417, — — .
and 5/7 three different Iayereq arrangements are studied. The Hey=1.93 =200 Heo=195
xTMm = 2/7 ones are schematically shown in Fig. 6. Hpg=0.27 Hp=0.30 p=0.15
The pure Pd 7-layer slab shows no magnetization in
agreement with previous semi-empirical theoretical calcula- E,=+10 Bp=t Ec=+83
tions performed by Bouarab [29]. The pure Niand Co 7-layer WE,=5.78 WFg=5.30 WEF=5.32

S'a'PS present a slightly higher average magnetic moment thqﬂGURE 6. Three different arrangements for fcc slabs grown in the
their bulk values fin; = 0.59up anduco = 1.53up). O (111) direction and for:c, = 2/7 are shown schematically. The
the other hand, at low Ni and Co concentration regions We:orresponding average magnetic moments for Co and Pd atoms are
can clearly see that Ni and Co reach magnetic values closgiven in units ofus. Total energy differences with respect to the

to 0.87up and 1.98 in agreement with the impurity limit  minimum (E) and Work Function (WF) are in eV.
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W (ug/atom)

0 17 2/7 3/7 417 5/7 6/7 1 0 177 217 3/7 477 517 6/7 1

W (Ug/atom)

0 177 217 3/7 4/7 517 6/7 1 "0 1/7 217 3/7 4/7 517 6/7 1

FIGURE 8. Work function as a function of a) Ni and b) Co concen-
tration for the 7 layer NiPd and CoPd fcc-slabs, respectively, grown
‘in the (111) direction obtained Bb-initio calculations. Bullets in-
dicate the corresponding experimental bulk values. The solid line
corresponds to the minimum energy arrangements.

FIGURE 7. Magnetic moments per atom as a function of a) Ni and
b) Co concentration, for 7 layer NiPd and CoPd fcc-slabs, respec
tively, grown in the (111) direction obtained lap-initio calcula-
tions. The solid line corresponds to the minimum energy arrange-
ments.

total energy. These results show the importance of the local

and experimental results fatl, bulk alloy systems [30]. environment (surface effects and hybridization) on the mag-
It is worth noticing that in the case QfTM = 2/7, 417, netic properties of @4d slab systems.
and 6/7, the central layer is always made of Pd. Except for A relevant electronic property in catalysis is the Work
zrm = 6/7, whose unique configuration presents the Pdrynction (WF). This is a size-dependent property that in-
layer in the middle of the slab, all the others have at leasteases as the system size decreases. In bulk the energy re
one arrangement with the Pd atoms at the surface. These &fired to add or remove an electron is the WF. In Fig. 8 we
the minimum energy configurations; we find that Ni and Cogpow the WF, calculated as a function of TM concentration
layers prefer to sit at the sub-surface positions. for the slabs of Fig. 7. In Fig. 8a we present the NiPd slab val-

In the case of the CoPd slabs, fer, = 2/7 we con-  ues. The two bullets correspond to experimental values taken
sider three different layer arrangements (see Fig. 6). Foen the (111) surfaces [31]. We can point out that the differ-
2Pd/Co/Pd/Co/2Pd ("A” in Fig. 6) we obtain the lowest value ences among the slabs’ and bulks’ WF are mainly due to size
for the magnetic moment of Co, namely,, = 1.93up,  effects and that the slab values are, as expected, higher than
while zpq = 0.27up. In the case of the slab Co/5Pd/Co, the bulk ones. The solid line corresponds to the minimum
the Co atoms are at the surface ("C” in Fig. 6), and we ob-€nergy arrangements. It can be seen that there is a smooth
tain poo = 1.95u5 andupq = 0.15u3. We have a similar  dependence of the WF any;.
magnetization for Co as in the previous case but, on the other In Fig. 8b we show the corresponding CoPd slab WF val-
hand, a lower Pd magnetization (Pd is not at the surfaceles and the two bullets correspond to bulk experimental val-
The most interesting case is the one with the Co atoms in thees. It is evident that for this system the WF presents a strong
sub-surface layer, Pd/Co/3Pd/Co/Pd, ("B” in Fig. 6). In thisdecrease atc, = 2/7, even lower than for the 7-layer Co
caseuco, = 2.00up andupq = 0.30up; both hybridiza-  slab. The necessary energy to take off an electron from the
tion and surface effects, contribute to the enhancement of th€oPd slabs witl2/7 < zc, < 5/7 is lower than for the
magnetic moment of Co and Pd atoms. Among the three apure Pd and Co slabs. These systems show large fluctuations
rangements considered here, this is the one with the lowe#t the WF values as a function of the different arrangements
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considered for a fixed concentration. The WF is then a venatoms to the system, these average values begin to decrease
sensitive property, depending strongly on chemical order. because the polarization of the Pd atoms is not high. How-
We also calculate the magnetic moment and Work Funcever, on the contrary, the Ni and Co magnetic moments begin
tion as functions of concentration of NiPd and CoPd slabgo enhance, particularly in the case of Co-Pd systems. We at-
grown in the (100) and (110) direction. They present similartribute this enhancement to the Co- and Ni-Pd hybridization.
tendencies as shown in Figs. 7 and 8. In all cases the afFhis enhancement due to hybridization is even more clearly
rangements with Pd at surface sites are those with minimumreflected in the values obtained for onion-like clusters.
energy. There is no tendency of segregation of the Ni atoms The thin films studied show that the magnetic moments

to the (111) surface at any concentration [32]. as a function of concentration have similar tendencies as for
the clusters. Ni and Co atoms have higher magnetic moments
3. Conclusions in sub-surface sites than in surface ones. The Work Function

of CoPd thin films shows a stronger dependence on Co con-

In summary, we study the magnetic behavior of segregatedentration than the NiPd ones on the corresponding Ni con-
NiPd and CoPd nanoclusters as a function of tHea®m  centration, reaching even lower values than those of pure Pd
concentration and show that hybridization is the main reaand Co slabs.
son for the enhancement of the average magnetic moment of
3d and Pd atoms within the clusters, although surface effects
also play an important role. We find that the values of theAcknowledgments
magnetic moments at the different concentrations are very
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