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We report on density-functional calculations of the surface resistpgipduced by isolated @ adatoms on
metal substrates. In the present work, we concentrate on the case of nhonmagnetic adatoms on semi-infinite
Al-like jellium, and the effects of magnetism and atomic relaxations are left as a subject for future work. For
a fixed adatom-substrate distarge the calculategh follows a characteristic bell-shaped curve as a function
of the 3d valence as in the case of bulk impurities. For all the elements up tpsFe found to become even
larger than the residual resistivity for the corresponding impurities in bulk jellium when the adatoms are
located by~1 bohr outside jellium. Also, for these elements, the calculateds a function ofz, attains a
maximum before decaying exponentially at larger Detailed analyses of the induced density of std¥39)
indicate that such a maximum is explained in terms of the behavior qf toenponent of the adatom-induced
DOS at the Fermi level, which is found to be significantly enhanced due to charge redistributions when the
atom is very close to the surface.
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I. INTRODUCTION curve for 4 impurities in Cu was computed by solving the
linearized Boltzmann equation. It exhibits a maximum at Nb
The study of dilute alloys is one of the oldest subjects inwith a nearly half-filled 41 shell, as explained abo¥e.
solid state-physics. Among other topics, resistivity due to The resistivity of a thin metal film is very sensitive to
impurity atoms has been studied for a long time. By thesurface conditions when the temperature is as low as 10 K.
1930s, it was known that magnetic impurities such as Fe anDefects such as steps and adsorbates scatter conduction elec-
Mn give rise to a minimum in the resistivity of a host metal trons impinging on the surface diffusively, leading to an in-
as a function of temperature; the origin of this was not clari-crease in resistivity. Although the theory of the surface re-
fied until the pioneering work of Kondb.The theoretical ~sistivity dates back to the semiclassical model of Fu€hs,
study of the electronic structure of impurity atoms within the (also see Ref. )1 it was only recently that a microscopic
one-electron approximation was initiated by Frietl€lor a  expression of the surface resistivity at the same level as Eq.
single-impurity atom in a uniform electron ggsllium), the (1) was derived for the case of semi-infinite met&lés will
carrier scattering by the impurity potential is characterizedbe discussed in Sec. Il, the only input for this formula is the
by &,(€), the phase shift of a partial wave with angular mo-wave function(or Green’s functiopof electrons akg appro-
mentuml at energye. The residual resistivity, i.e., the resis- priate for the semi-infinite geometry. So far only a few
tivity at zero temperature via impurity scattering, is given by quantum-mechanical calculations of the surface resistivity
were reported®~1°
4mh The aim of the present paper is to investigate the residual
= 5 E (I+1)sir’[ 8,4 1(er)— 6,(ep)], (1) resistivity induced by @ atoms adsorbed on simple metal
Vngeke 0 surfaces. In particular we will focus on elucidating features
that are absent in the case of bulk impurities. From a theo-
retical viewpoint, the impurity atom on the surface has an
additional degree of freedom: The induced resistiyifycan
i be plotted on a two-dimensional plane as a function of the
sp host metal, and thgt_these atoms have no magnetic MQg ;e numbe¥, andz,, the adatom position relative to the
ments, and also combinin@) and tr~1e Friedel sum rule, one substrate surface. We explore the dependenge, oh both
obtainsp, = (4#/Vnee’ke)5 sirf(7Z/10). This implies that  quantities by performing an extensive density-functional cal-
pp may follow a bell-shaped curve as a function of the 3 cylation. We adopt semi-infinite jelliutfito simulate an Al-
valence occupanc¥, with a maximum located at around Cr like substrate, and the semi-infinite problem is handled with
and Mn. This behavior was experimentally confirmed forthe use of the embedding method of Inglesfi€ldlthough
dilute Al alloys® On the theory side, the resistivity due to some of the 8 adatoms may have magnetic moments on Al
substitutional & atoms in jellium with an electron density we will concentrate on the case of nonmagnetic impurity
corresponding to Al was calculated by Mrosan and LeHmanatoms in the present paper, and the effects of the magnetic
and Niemenen and Pusk#&ollowing more realistic ground- moment on the residual resistivity will be left as a subject for
state electronic calculations of impurities in transition metalsuture developments. Also, it should be noted that the sub-
with a lattice structure, performed by using a Korringa-strate relaxations, observed and calculated in the ultrathin
Kohn-Rostoker Green-function methbd, the resistivity film growth of transition-metal atom$® cannot be taken

Pb

whereV is the volume per impurity atongg is Fermi level,
ke=%"1J2meg, andn, denotes the electron density. As-
suming thatd,_,(eg) dominates for 8 impurity atoms in an
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into account by the jellium substrate. For example, in thiswhere L=(I,m). Inside the muffin-tin sphere with radius
area, it was recently suggested that relaxation may modifiR,1, the radial basis functiogh,,(r) is a linearized muffin-
electronic properties such as magnetic momentsco&®m  tin orbital, while ¢,(r)=j,(k,r) for Ryr<r<Rg, where
overlayers? Instead, in the present work, we will shed light k,=mn/a (n=1 anda=R,).? More details of the ground-

on general features of the induced resistivity that are insenstate calculation are described in Refs. 21 and 22.

sitive to the detailed substrate atomic and local electronic \ye calculate the surface resistivity induced by a single
structures, aiming at studying the effects of a single adatomtom adsorbed on semi-infinite jellium. First it should be
on a semi-infinite solid. This may be justified, since, to ournoted that the clean jellium substrate has no resistivity, since
knowledge, there has been no theoretical work on the resigonduction electrons impinging onto a perfectly flat surface
tivity induced by transition-metal adatoms. We also observeyre specularly reflected. On the other hand, in the presence of
that a more realistic calcula_tion taking i_nto account the subthe adatom, the electrons are partly scattered in off-specular
strate lattice structure remains very difficult. directions. The surface resistivity associated with a current

At first glance, it may appear thals preserves its bell-  density in thex direction is given bi?*3
shaped dependence along theaxis, and decreases mono-

tonically with increasing,, as does the overlap between the 20k o

metal and 8 wave functions. However, &g, increases, the Ps= 55 E o(€i—€p)o(€j— e,:)< lﬂi‘ —_ ¢j>

3d resonance becomes sharper and its center shifts gradually Vnee” 1] X

toward the Fermi energy. Consequently the adatom local ;

density of statesDOS) at ¢ is enhanced. Furthermore, be- ><< Ui 7 7eif ¢i>, (4)
cause of chemical interactions with substrate states, charge 2

redistributions take place among the d?'ocﬁ“z‘fd”d P where Ve denotes the one-electron effective potential in
states and thedshell. From our calculations it has turned density-functional theory, ang; is an electron wave func-

. . . .. 1 |
out that these competing effects give rise to a nOI"tr'\/'altion appropriate for the semi-infinite geometry. By using the

variation of ps as a function otz, . Green function, Eq(4) can be read as
The plan of the present paper is as follows. In Sec. Il, we

describe the method for computing the ground-state elec- o
tronic structure and the induced resistivity of a single adatom pe=——
on a semi-infinite jellium surface using the embedding Vrn2e?
Green-function approach for the isolated adsorBaféSec-

tion 1l constitutes the main part of the present paper, and
contains results and discussion of the numerical calculations.

Section IV is devoted to conclusions. Unless otherwise . .
stated, we use Hartree atomic units throughout this paper, AS @lréady mentioned, we consider a model substrate repre-
sented by jellium, for which we can explicitly calculate the

induced resistivity using the Green function in the embed-
Il. THEORY ding region alone. In fact thg derivative of the potential,
Vi, IS identically zero far from the adsorbatutside the
mbedding region(i) due to the assumption that metal elec-

AV gt

A

fdrdr’ImG(r,r’,eF)

AV
ox

XImG(r',r,ep)

©)

. . . J
We calculate the electronic structure of a single isolateq,

adatom on a semi-infinite jellium surfaCawithin the local- trons screen the impurity potential perfectly afiid due to

density apz)g)roximation in density-functional  theory he |5ck of lattice periodicity in the potential along any di-
(LDA-DFT).“* We choose the axis as the surface normal rection parallel to the surfadée., Vo(r) =V(2)].

pointing toward the vacuum. The position of the adatom is 14 pe more concrete, we make use of the cylindrical sym-

(0,0Z,) and the positive background charge of jellium ocCu-peqry of the system about thmeaxis. The effective potential
pies the half-space<0. As the potential perturbation due to i, the embedding sphere is expandett%

the adatom is spatially localized, we treat only a spherical

region with radiusR surrounding the adatom and containing

a portion of jellium explicitly in the self-consistent proce- Ver(1) =2, V(I,1)Y,0(Q). (6)
dure, whereas the effects of the rest of the jellium surface are !

taken into consideration via a complex embedding potentiahiso, G(L,n;L’,n’;€) in Eq. (3) is diagonal with respect to
acting on the sphere surface. The Green function in the empgicesm andm’. Substituting Eqs(2) and (6) into Eq. (5)

bedding sphere can be expanded as yields
! 1ot * ! Zﬁ
G(r,r',e)=2>, G(L,r;L',r;e)Y ()Y (Q), (2 Ps=——5
L anee m li~lz ng~ny

X1m G(llrmynl;|21myn2)vx(|2!m1n2;|3!mi1!n3)
G(L,r,L’,r',e):E G(L,n;L",n";€) i (r)dyrne(r'), XImG(l3,mx1ns;l,,m=1n,)
n,n’

(3 Xvy(lg,m=1ng;l,mny). (7
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FIG. 1. Resistivity induced by a Si or Al adatom on Al-like
jellium as a function of the adatom-surface distangésolid lines.
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FIG. 2. Charge-density maps of a single Cr atom on Al-like
jellium on a vertical cut plane containing the adatom zt
=1 a.u.(a) Total charge densityb) Local density of states at the
Fermi level,o(r,eg). (c) The dipolar part ofo(r,ef). Solid and

dashed lines correspond to positive and negative values of the
charge, respectively.

for an “interstitial” atomic impurity in bulk jellium?® That
is, the impurity nucleus is simply put into the bulk without
removing the positive background charge of jellium sur-

The results from Ref. 13 are also shown as diamonds and Cirde?ounding it. Because the jellium substrate is unrelaxed, such

The arrows on the left refer to the resistivity for an interstitial
atomic impurity in Al-bulk jellium.

In the above, we omitted the energy suffix of the Gree
function, and the matrix element 6fV is defined by

vy(lg,m,ny;l,,m=1n,)

[ (I1+1)(1+2)

(214+1)(21+3)
Xg(ly,m;l+1,71;1,,m=1)v, (I1ny,1,n,)

/ [(1-1)

(21-1)(21+1)
Xg(ly,mI=1,%1;l,,m=1)v, (I{ng,lon,),

(8)

where g(Ll;L2;L3)=fdQY’|_‘1Y,_2Y,_3 is the Gaunt coeffi-
cient, and

1

==

=0

1
152

=2

RS
U|+(|1n11|2n2):f0 r2dr ¢y n, (1) by n, (1)

d |
X E_F)V(I'r)’ €)
Rs
Uf('lnl,lznz):fo r2dr o, (1) bin, (1)
d I1+1
(EJFT)V(I’”' (10

Ill. RESULTS

First we consider Al and Si adatoms on an Al-like jellium
surface, by varying the atom-jellium edge distarme(z,
>0 is toward vacuum In Fig. 1 we show the induced resis-

n

a bulk result has just to be read as the asymptotic value of
our resistivity calculation inside the metal. For comparison,
we also present the calculated for the same systems in
Ref. 13(circles and diamondswhere the surface resistivity
was obtained by using the same equafigq. (5)]. However,

in Ref. 13 the Green function was computed with a very
different numerical method based on the Dyson equation,
norm-conserving pseudopotentials, and a plane-wave-like
basis set. In spite of this, the agreement between the two sets
of results is very good, which may add credibility to both
approaches. The interested reader is referred to Ref. 13 for a
more detailed discussion about these results. Here we only
recall that the induced resistivity for such atoms is less than
1.5 uQ cm/at. %, and it decreases smoothly by increasing
the atom-surface distance.

Now we consider @ adatoms on the same Al-like jellium
surface. Useful information on bonding may be obtained
from the charge contoufd.Thus in Fig. Za) we plot the
total charge density on a vertical cut plane containing the
adatom for Cr az,=1. This suggests that Cr may form a
covalent metallic bond. Because the surface resistivity is de-
termined by the one-electron states at the Fermi level, in Fig.
2(b) we show the contour map of the induced local density of
states(DOS) at e, o(r,er), which is defined by

(r(r,e)=%Im[G(r,r,e+i6)—Go(r,r,e+i5)], (11)

whereG, denotes the Green function of the clean substrate,
andid is a small imaginary energy. The appearance of a
charge depletion area in the interface region in this map in-
dicates that the charge density deviates strongly from a
spherical distribution due to the adatom-substrate interaction.
To demonstrate this, in Fig(® we also plot the dipole part
(thel=1 componentof o(r,eg). The main contribution to
such a dipolar charge density can be attributed to the mixing
of the p and d orbital components in the wave functions at
€r . This point will be reconsidered below.

In Fig. 3 we present the induced resistivity a adatoms

tivity ps, where the arrows on the left refer to the resistivity at z,=1 and 2 a.u. together with that od3nterstitial im-
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N FIG. 4. Resistivity induced by a Cr or Mn adatom on Al as a
0 e ey function of the adatom-surface distange The arrows on the left
Sc Ti V Cr Mn Fe Co Ni Cu refer to the resistivity for an interstitial atomic impurity in the Al

bulk. LDA-DFT results are shown by solid lines, and EM results by
FIG. 3. Resistivity induced by @ atoms on Al at adatom- dot-dashed lines.
surface distanceg,=1 a.u.(dashed ling and z,=2 a.u. (dot—

dashed ling and by interstitia(solid line) impurities in the Al bulk. | ) )
impurity values, reaches a maximum a{~0.8 a.u., and

. h Ik | | then it decreases up p~2.5 a.u., and finally it starts ris-
purities. As stated above, such a bulk result only serves a\ﬁg again, tending to a divergent behavior. In the following,

. . . 28 . L.
the asymptotic value of our calculat|on@t—_ .~ First ,Of. .. we shall discuss the origin of these unexpected featurpg of
all we note that the bell shape of the induced-resistivity;, detail.

curve is also reproduced for the adatoms. But, as compared

with the results for interstitial impurities in bulk jellium . o For this purpose, the analysis of the DOS may be
(solid line), the maxima of the two curves are displaced t0- seful. Figure 5 displays the total induced DOS in the em-
ward the right. This can be explained using the simple equaﬁedding sphere atz,=1 au. defined by o(e)

. . . L = = a .u.

tion discussed in the Sec. pocsi(wZ/10), whereZ is the =[rdr a(r,e). In Fig. 5 we observe that theddesonances

calculatedd orbital occupancy. In fac is influenced by the  are more sharply peaked than those of the same impurities in
Pauli repulsion between theelectrons of the metal and of Al pulk (see Ref. 5 A detailed analysis of such a DOS
the adatom, which determines a Charge transfer between t%OWS that the degeneracy in ummuantum number, related
atomic 4 and 3 levels. In particular, closer to the jellium to the z component of the angular momentum, is lifted. For
edge is the atom, larger is the Pauli repulsion because of th&ample eacln componentdashed linesis plotted for the

large overlap of thes components of the metal and adatom cy adatom. Owing to this degeneracy resolution tHeso-
wave functions, which then leads to a higher occupancy of

the 3d level. Of course this effect attains its maximum for an
interstitial impurity. That is, the & occupation for Cr and
Mn increases by more than one electrorzgghanges from
z,= +o (vacuum to —oo (interstitial).

In Fig. 3, a feature which is absent in the induced resis-
tivity for Si and Al manifests itself. For all the elements up to
Fe,ps for z,=1 a.u. is larger than that of the corresponding
impurities in the bullé® This contrasts with what one may
expect, i.e., that the perturbation induced by an atom on the
surface would be smaller than that induced by a bulk impu-
rity. Moreover, this remarkable behavior is not found for Co,
Ni, and Cu. Atz,=2 a.u., the decay of the atom-surface
perturbation dominates the above effect, and a progressive
reduction ofpg is observed. Thus these results indicate the 0
presence of a maximum in the induced resistivity as a func-
tion of the adatom-surface distance, except for these three
elements. To confirm this behavior, in Fig. 4 we pigtas a FIG. 5. Induced DOS of 8 atoms at an atom-surface distance
function ofz, for Cr and Mn, and observe a different behav-z,=1 a.u. on Al. The reference energy level is at the Fermi level.

ior from that of Si and Al. In fact, the calculatesl (dia-  The 3d resonance of Cu is decomposed intorit£omponentsm
monds and trianglgsstarts from the asymptotic interstitial =0, |m|=1, and|m|=2.

First we clarify why a maximum appears in the resistivity

25

[\*)
= ry S

Induced DOS (states/eV)

W

Energy (eV)
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nance is honsymmetric around its maximum. The following
simple expression, derived by PersSbfiom a Anderson-
Grimley-Newns-type model Hamiltonian, helps one to un-
derstand the relationship between induced resistivity and the

local DOS: 2z
5
2m6|: E’ F
= SIPOT o ,(er). 12 =
Ps thgez< > al€r) (12 _g

In Eq. (12), I is the width of the adsorbate resonaneg( )

is the DOS projected onto the adatom orbital, and the aver-
age(sirtg) defined in Ref. 29 is a weak function f. The
above equation indicates that is determined by the energy
position and width of the adatom resonance. Thus when the
3d resonance is strong and centered at about the Fermi en z, (an.)
ergy, the induced resistivity may be enhanced. And this ex-

plains why the calculategs at z,=1 a.u. for several 8 of Cr at the Fermi level as a function of for the p (solid line) and

feleme_nts exceeds the resisti_vity for the corresponding bu_IE (dashed ling components. Also plotted are their product
impurity. On the other hand, it has turned out that the maX|-]Up(EF).Ud(€F)| (circles and the calculated resistivity of Cr

mum in the induced resistivity does not necessarily occur afsquares The latter two curves are scaled so that they fit in the
that position ofz, where the induced DOS at is largest.  same graph.

To illustrate this point, we examine the resistivity equa-
tion (5) more carefully. First we note that the higher potential  Here it may be worth commenting on the effects of mag-
components witH=1 in Eq. (6) have nonvanishing values netism to the resistivity. As stated in Sec. I, some elements in
only when the adatom is near the jellium surface. Hencehe middle of the 8 series may have a magnetic moment on
these potential components may give a maximum in the reAl. For a magnetic adatony, at zero temperature is ob-
sistivity curve. But we have found that they contribute totained simply by evaluating Ed5) for both the majority-
only 10-20% of the total resistivity, and that tagdepen-  and minority-spin populations, and taking their averpuse
dence ofpg in Fig. 4 can be well reproduced if just the that Eq.(5) includes a factor 2 for spin In this case the
spherical part of the potential(1=0y)Yq is considered. induced DOS displays two peaks due to the majority- and
The above statement also holds even whignin Eq. (5) is  minority-spin populations. Consequently the total induced
fixed at its asymptotic value at= — for all thez, values. DOS, summed over the spin, at the Fermi level is expected to
So the maximum in th@g curve originates from the imagi- show a double-peaked structure as a function of the atomic
nary part of the Green function in E¢), and not from the numberz, differently from the nonmagnetic case where there
potential derivative, and this property can be easily recast iis only one maximum(see Fig. 5. This may lead to a de-
terms of the properties of the induced DO&e). Recall crease in surface resistivity for the atoms in the middle of the
that thex derivative of the spherical potential changes angu-3d series, as observed in the case of bulk magnetic
lar momentum only by+1. Our calculation shows that the impurities®° If so, the maximum in the resistivity curve that
main contribution to the matrix elements in E@) arises we found for Cr and Mn may be modified in a significant
from the cross terms of theandd states. In Fig. 6, we plot way. Because of these magnetic effects and also, since the
the contribution of thgg component of the wave functions at equilibrium position of the adatom may not be in the range
Fermi level to the induced DO%;,(€g), and that for thed  of z, wherepg is enhanced, at present it is not clear whether
orbitals,o4(eg), as functions ok, . It is seen that the former the maximum in the resistivity can be observed experimen-
displays a maximum atz,~0. This, in turn, leads to an tally. A realistic spin-dependent total-energy calculation that
enhancement of the-d cross terms in the matrix elements in takes account of the substrate atomic structure is necessary in
Eq. (7) determining a maximum in the calculatpd. In Fig.  this respect.
6 we also show the produet,(eg) o4(er), whose curve as a Now we discuss the apparent divergent behaviop ot
function of z, remarkably well reproduces the characteristiclargerz, (z,>2 a.u.). This behavior is certainly unphysical,
features of the resistivity curve in Fig. 4. As stated abovegsince in this range of weaker atom-metal coupling one would
thesep and d components are also strongly hybridiZeste expectps to decay exponentially as does the overlap of the
Fig. 2c)]. Because the enhancement of fheomponent of adatom and substrate electron wave functions. In Fig. 7 we
the induced DOS near the surface may be a general featushow the induced DOS for the Cr adatom at three different
for any 3d atom bonded to a metallic surface, a maximum inpositions:z,=—1, 1, and 3 a.u. When the atomic nucleus is
ps, as a function oz, , may appear for many combinations close to the surface, but still inside the positive charge back-
of adatoms and real metal substrates. For example, for thground of jellium, we observe that thed3esonance is lo-
present Al-like jellium substrate, the maximum appears forcated at lower energies, essentially following the electrostatic
all 3d elements up to Fe, and we have verified that zpe potential of the clean surfadé.On the other hand, thed3
coordinate corresponding to the maximum shifts toward theesonance becomes sharply peaked around the Fermi energy
vacuum with increasing atomic number. for atom-surface distances=3 a.u. To elaborate on this

FIG. 6. Angular-momentum decomposition of the induced DOS
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40 r T T T r T r HQ
- . pEM=pp(ne)—. (14)
—~ ~ Cr Ne
U T EM =213 -
2 & At very largez,, p; = decays asi,”~. In Fig. 4 we show the
g BrE surface resistivity calculated with Eql14) by dot-dashed
2 20| z,=3au. ] lines. Its values are of little significance in cases such as an
8 adatom close to the jellium edge, where there is a strong
s 15t inhomogeneity of the Fermi gas. But far from this, where the
é b jellium electronic charge tail is slowly varying, they could
= provide an estimate gf;. So the physically meaningful ada-
5t tom induced resistivity is represented in Fig. 4 by the solid
o line, determined by the LDA-DFT calculation up to,

25 20 -15 -10 05 00 05 10 15 =2 a.u., and then by the effective-medium result at larger
atom-metal distances.

Finally we remark that, to our knowledge, there has been

FIG. 7. Induced DOS of a Cr atom on Al at distances no experimental work on the resistivity oHl3mpurities on
z,=—1, 1, and 3 a.u. Inset: widtishaded argaand position  metal surfaces, although thin atomic layers of tliespecies
(circles of the 3d resonance of Cr as a function pf. were extensively studied in the past both theoretically and

experimentally because of their importance for technological

point further, we plot the width and the position of the @ 3 applications®2%3233we observe from our results that the
resonance by increasirg in the inset of Fig. 7. Here one resistivity induced by a single adatom in the middle ofda 3
can clearly see that the LDA pins the alm@sfunction-like  series is much larger than that observed for Cu adatoms on
atomic valence level at-, and consequently the resistivity Cu (0.6+0.2 uQ cm/at. %,° and for Au adatoms on A(L.1
calculated with Eq(5) tends to diverge, as does the imagi- =0.1 u{) cm/at. %.34 Hence we expect that the resistivity
nary part of the Green function. Such a behavior of the in<hange due to thed3adatoms may easily be measured even
duced DOS occurs in any LDA-DFT approach like ours,at less than 0.1-ML coverages. By conducting an indepen-
where jellium and an atom with a partially occupied valencedent measurement for determining the coverage, for ex-
shell are described as if they kept interacting at any distanc@&mple, using scanning tunneling microscopy, it may be pos-
Physically, at large, , the adatom should instead be consid-sible to estimate an absolute value of the surface resistivity
ered as an isolated system. This failure of the LDA at largenduced by a single @ adatom.
enough atom-surface distances is much more evident for
adatom-induced resistivities than for charge contours or total IV. CONCLUSIONS
energies, since it involves the DOS exactlyeatrather than
its integral up to the Fermi level.

In order to obtain a physical, i.e., exponentially decaying
ps at largez, , we propose an extraplolation scheme based o
wg ?;fsgé\ée t?;?&ggﬁsmzeifzrsggi ii;ig)énégﬁssi?;fsvﬁfﬁ avalence charge .but o_f the qtom-surface distance_ too. This

property determines interesting features. In particular, we

simpler uniform charge density, obtained by averaging the {5 ,nd thatps, for an adatom very close to the jellium edge,
surface charge de_nsity ina ;p_h_ere_of radius 3 a.u. around ﬂ?ﬁay exceed that of the same bulk impurity. Such a result
adatom. We rewrite the resistivity in E(p) as contrasts with intuition, since we are dealing with a system
where the effective jellium density is indeed smaller. For Cr
.\ 2 ok oV and _Mn we examined the _erendencepgfqn Z, in great
(:e) s:_f drdr’ ImG(r,r’,ep) eff detail, and located the position of the maximumpgf also
Ne Vwﬁgez ! discussing the physics leading to this. As a subject for future
investigations, a theoretical calculation of thd adatoms
xImG(r’,r,eF)(Neﬁ. (13) within a spin-dependent LDA-DFT formalism could be im-
portant, because we foresee that such adatoms should display
magnetic behavior, owing to the low density of the electronic
Since the right-hand side of Eq13) contains only in- jellium tail. We finally stress that our calculation refers to a

formation on the local electronic structure in the vicinity Single adatom. Though this model cannot deal with lateral
of the adatom, it may be approximated em)(F) effects which may affect the induced resistivity af atom
) [S)

— = i . § thin films, it can instead explore the elementary mechanism
=(4mh/Vnee kF)5S'”2(jTZ/1O) in the spirit of the effective- |eading to resistivity, providing predictions for measure-
medium approach, wit given by the calculated filling of ments performed at very low coverages. This is also the re-
thed orbital. Thus, for an adatom far enough from the metal gime where electron-hole pairs effeéts®closely related to

its induced resistivity is essentially given by the following the adatom-induced resistivity, are examined for atom-
effective medium expressiqaf"", namely, surface scattering and diffusion phenomena.

Energy (eV)

In this paper we have presentedam initio investigation
of the surface-induced resistivipg of 3d nonmagnetic ada-
toms on a simple Al-like jellium surface. Differently from
the same impurities in bulkyg is not only a function of the
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