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By means ofab initio electronic structure calculations we have investigated the magnetic properties of the
(100 surface in the body-centered-cultiirc) V-Mo system. Calculations have been carried out for pure V, for
uniformly random MgsV;5, MosgVsg, and MgsV 55 binary alloys, as well as for alloys with a self-consistent
segregation profile, and for V overlayers deposited on Mo substrate. While the MoV alloy is nonmagnetic in
the bulk for the whole interval of concentrations, we predict a noticeable magnetization to occur in the top
layer at the(100 surface. The surface segregations essentially enhance the surface magnetization of V for
Mo-rich alloys. The largest and most stable magnetic moment is predicted for the case of a single V monolayer
deposited on a M¢100) surface. The origin of the surface magnetization is explained in terms of the electronic
structure of the surface alloy.
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. INTRODUCTION Recently, Tureket al?® have suggested another way to
search for V magnetism; i.e., they suggested to consider sur-
Due to the importance of magnetic devices for moderrfaces of transition-metal alloys. Turek al. have carried out
technology, there is a constant need for new magnetic matedist-principles electronic structure calculations for €0
rials. This led to discoveries of new phenomena such as thsurface of the disordered bcc RuV, RhV, and PdV alloys in a
oscillatory magnetic interlayer coupling in superlattices andwide range of concentrations. While the alloys are still non-
multilayers!? which show the giant magneto resistancemagnetic in the bulk and thel00) surfaces of pure V, Ru,
(GMR) effect? New classes of materials are synthesized Rh, and Pd were also found to be nonmagnetic, (390
like, for example, magnetic semiconduct8i®ne avenue for alloy surfaces are predicted to become magnetic and the cal-
the search for artificial magnetic materials is the possibilityculated average magnetic moments reach (0.6xQ.8pr
of making nonmagnetic transition metals to become magvanadium-rich alloys. As has been correctly pointed out by
netic via reducing the dimensionality of the system. Indeedthe authors themselves, a number of crucial simplifications
it is well established theoretically that by reducing the num-have been employed in their calculations. In particular, pos-
ber of the nearest neighbors for a given atom one may insible deviations of the surface composition from the bulk
crease the magnetic moment in the systefherefore, low- concentration due to surface segregations have not been
dimensional systems like nanoclusters, thin films, andaken into account self-consistently, and the influence of
surfaces represent an attractive class of objects for the searatomic ordering at the surface on the surface magnetism has
for new magnetic materials. been neglected. Moreover, the RuV, RhV, and PdV alloys
In particular, one may expect that some metals like Pd, Vform stable disordered bcc solid solutions only for V-rich
and Rh, which are “almost ferromagnetic” in the bulk could compositions, and the temperatures of order-disorder phase
become magnetic at the surface. Though the surfaces of Reansitions, which occur in all three systems, are quite figh.
and Rh appeared to be nonmagné&titthe magnetic prop- Therefore, it is going to be difficult to obtain experimental
erties of the V(100 surface or its interfaces with other ma- confirmation of the results reported in Ref. 29. For example,
terials attracted the attention of researchers during the last 2ZBeoretical calculations for thel00) surface of bcc PdV al-
years. Contradictory results have been reported so far bipy with a self-consistent segregation profile predict that it is
both experimentali$?~** and theoretician¥~2° Unfortu-  nonmagnetic!
nately, the sensitivity of the magnetic measurements to ex- Apparently, the origin of the problem mentioned above is
ternal conditions, for example, contamination of thethatV has higher surface energy than*®&As a matter of
surface’® as well as theoretical calculations of their fact, the stability of V films on the noble-metal substrates
detail$’?°does not allow one to reach a conclusion regard-should be poor due to the same problem. Therefore, one may
ing the possibility to magnetize surface V atoms. At the saméry to search for an alloying element with the surface energy
time, thin films of nonmagnetic transition metals can alsothat is closer to or even higher than that of\In the present
become magnetic. In some systems a noticeable magnetizpaper we propose to alloy V with Mo, which indeed has a
tion has been predicted for monolayer films deposited ornigher surface energ{:>® The nonmagnetic-in-bulk alloy,
nonmagnetic, e.g., noble, metdfs:~>*though those results according to our calculations, should then have the0)
are difficult to check experimentalf}=2° Magnetism is pre-  surface enriched with VV and it should be magnetic. The bcc
dicted for free and supported V clust&rand at vicinal sur- MoV disordered solid solution is stable in the whole interval
faces of vanadiur® Still, to the best of our knowledge, no of concentrations, and no ordering takes place in the system.
definite confirmation of V to become magnetic is obtained. We have carried out aab initio investigation of the mag-
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netic properties of the(100) surface for the MgV, ", and so of? The multisite potentialy/\$'?), -+ have been
MosoVsg, and MgV, disordered bee alloys using the co- calculated using the SGPM methétdand on-site interac-
herent potential approximatiofCPA) and interface Green's tions V{*) have been obtained by differentiation Bf:, " of
function (GF) linear muffin-tin orbital method within the an equviatomic alloy surface with respect to the layer con-
atomic-sphere approximation with multipole correctionscentration:

(LMTO-ASA+M).>=3"We have studied the magnetization

of both uniformly random and segregated surfaces. In order . dEfg‘t’f dEfg‘t”
to find the equilibrium segregation profile for tf&00 sur- § )= (o) - m ) 2
face we have employed a recently developed techrfque May)=0 "o, )=0

which uses the Ising-like Hamiltonian with effective inter-
atomic interactions derived from first principles by means ofwhere A, designates a layer in bulk or, in practice, a layer
the screened generalized perturbation meth@®GPM and  located far enough from the surface so the surface influence
the direct exchange Monte CalBEMC) method® for sta-  on it is negligible. Expressiof®) is similar to the definition
tistical mechanics simulations of the surface structure. of the segregation energy, but on-site potem‘ieﬂ]é are cal-
The present paper is organized as follows. In Sec. Il deculated at 50% alloy concentration in order to single out
tails of our calculations are presented. In Sec. Ill we presengontributions to the on-site potential from pair and higher-
our results, including the calculations for pure V, the calcu-order interactions. At the same time the volume in &y.is
lated magnetic moments at thi@00) surface of uniformly  chosen equal to the equilibrium volume for a given alloy
random MoV alloys, the calculated equilibrium segregationconcentration. It is important to notice that the formalism
profiles, magnetization of the segregatd@0 surface, and presented in Ref. 43 is developed for concentration-

the magnetization of V monolayer deposited on Mo. independent interactions, while SGPM effective potentials
are concentration dependent. However, one can easily trans-
Il. DETAILS OF THE CALCULATIONS form concentration-independent interactions into

) .. concentration-dependent ones using a simple relationship de-
_ The bce(100) Mo-V surface was treated in the semiinfi- e in Ref. 45. The SGPM effective potentials have been
nite geometry within the GF technique and the LMTO- cqicyjated using a 16-layer tetragonal super¢llayers of
ASA+M method. Bulk and supercell ca_lculatlons were alsoa”Oy and 5 layers of vacuumand the Brillouin zone inte-
carried out by means of the same technique. The method Wagaion in this case has been performed using KB6ints in
described in details in Refs. 35-37, and here we only outlingne jrreducible part of the Brillouin zone. Due to a moderate
the relevant parameters for our calculations. The basis f””‘b‘harge transfer between components in MoV alldgs3
tions have been truncated laf,,=3 and the multipole mo-  gectrons/atonys the electrostatic contribution to the effec-
ments expansion was carried out up tg,2+1. The Vosko-  {jye potentials is small, and we have neglected it in our simu-
Wilk-Nusair approximatioft has been employed for the lations.
exchange-correlation energy and potential. The Brillouin  qyilibrium surface segregation profiles at finite tempera-
zone(BZ) integration has been carried out using $q%ints  {,res were calculated by means of the DEMC metidfin
distributed over the irreducible part of the bcc Brillouin zoneine DEMC method a sequence of atom exchanges is per
in bulk and 136k points distributed over the irreducible part formed between a surface Monte CafMC) sample and a
of the two-dimensional Brillouin zone for thd00) surface.  previously equilibrated bulk MC reservoir. It can be shéfvn
Energy integration has been carried out in the complex plang,at the method is equivalent to the grand canonical en-
on a sem|C|rcuIa_r contour comprising 24 energy pomts. Besemble MC method, but generally DEMC is more computa-
cause energy differences between ferromagnetic and NoRynally efficient. As the bulk reservoir we have used a
magnetic solutions were often quite small, we used the fixe&» 7638-atom bec rigid lattice box (3232x32) with peri-
spin moment method, described in details in Ref. 42. odic boundary conditions. We started with randomly distrib-
In order to calculate equilibrium segregation profiles theieq Mo and V atoms at a temperature 2000 K; then the

f . .
surface energyEs;" was mapped onto the effective ISing- emperature was subsequently lowered by 50 K. In order to

like Hamiltonian: reach an equilibrium distribution of atoms in the reservoir
3000 exchange attempts per atom have been made at each
EtS(;Jtrf:V(O)+E V§1)<Ux>+ 2 V(Az{%)(tfx-i(fw-j)d' -, temperature, and the total energy, pair correlators, and struc-
) s ’ ’ ture factors were averaged over the last 750 steps per atom.

(1) The (100 surface has been simulated by a cell with a surface

) ) area 3X 32 and a thickness of 28 layers; the number of
where the spin variables; take on valuestl or —1 de-  exchange attempts and initial temperature are the same as in
pending on the type of atom occupying sitéThe average the pulk case.
products of the spin variablegrio;- - - ), are the multisite Because of the small difference in atomic sizes between
correlation functions which form a complete basis for\jp and Vv atoms, local relaxations are not expected to give
th% total energy expansidf, the effective interactions an essential contribution to the alloy total energy, so we have
V{93, -+ depend on the cluster ordeiand its types, and on neglected the local relaxations. The effect of surface relax-
the relative position of the clustar\’- - -, which designates ations was investigated for the case of a V monolayer depos-
those atoms of the cluster that are located in layera.’, ited on a(100 Mo substrate. Note that for the determination
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of relaxed geometries one needs to go beyond the ASA and
to use full-potential techniques. Therefore, we carried out sol-
these calculations using the supercell technique and all-
electron projector-augmented-wavéPAW) potential as -
implemented in the/asp code?®~*8 The surface was simu-
lated by means of a slab containing 13 atomic and 4 vacuum ‘:
layers. Integration over the BZ was done using 384 tetrahe-
dra with Blachl's correctiond® The convergence criterion
for the electronic subsystem was chosen to be equal to
10" eV for two subsequent iterations, and the ionic relax-
ation loop within the conjugated gradient method was
stopped when forces became of the order of316V/A.

n(E) (states/Ry atom)

IIl. RESULTS AND DISCUSSION
A. (100 surface of pure bcc V

First, we have calculated electronic structure and mag-
netic moments for th€100) surface of pure bcc V. In agree-
ment with earlier all-electron calculatiof;*2%2%we find
that V is nonmagnetic at the surface, as well as in the bulk.
The calculated local densities of state®0S) for the bulk FIG. 1. Calculated density of state6E) as a function of energy
V, as well as for the top layer at the 00 surface, are ¢ (relative to the Fermi energfg) of pure bcc V in the bulk
displayed in Fig. 1. In agreem'ent with earlier calculatiths, (dotted ling and for the top layer at theL00) surface(solid line).
we see that the surface DOS is narrowed as compared to th§e dot-dashed horizontal line indicates the value of the inverse
bulk due to the reduced coordination number of an atom agioner parameter for vanadium.
the surface, and the center of gravity of the band is shifted

towards the lower energies, as expected for elements with . . .
less than half-filedd band®® The most remarkable feature duantity, which depends weakly on the crystal environment

seen in Fig. 1 is the appearance of surface states inside tf% an atom, and it can be. easily evaluated ”OT“ the results of
bulk pseugogap just at?(gve the Fermi enekgy, bulk LMTO-ASA calculations’! In our calculations the ob-

In order to relate the magnetic properties and the elec‘galned Stoner parameter for V was found to be equal to 0.031

tronic structure of transition metals one may use the Stoner”:

model, which predicts a metal to become magnetic when the In Fig. 1 the dot-dashed horizontal line indicates the value
foIIowi,ng condition is fulfilled: of the inverse Stoner parametér | for vanadium. Thus, if

n(Eg)>|1"%, the surface should become magnetic. One
may see that for the surface atom(a00) surface of pure V

the Fermi level appears just below the high peak, which cor-
where|l| is the so-called Stoner parameter ar{&) is the  responds to 8 surface states. Therefore, if more electrons
density of states at the Fermi level for the metal in the nonare added to the vanadiuchband, the Fermi energy should
magnetic state. The Stoner parameter is an intra-atomigse, followed by a sharp increase of the density of states at

E-E, (Ry)

[lIn(Ep)>1, 3)

TABLE I. Layer-resolved local magnetic moments on V and Mo atoms, as well as net magnetic moments
per layer(in ug) for ferromagnetic samples, disordered local moments on V atdfgsy( in ug), and
energy differences between the ferromagnetic and the nonmagnetic soldfighs ny and between the
ferromagnetic solution and the solution with a local moment disodd€gy, _p u (in MRy) for uniformly
random Mo-V alloys at thg100) surface. Layers are numbered starting with the surface layer S, and
decreasing numbers correspond to deeper subsurface layers.

Alloy Layer \% Voim Mo Net moment  AEgy_nwm AE:y-bim
Mo0,5V 75 S 0.91 +0.7 0.19 0.73
S-1 -0.12 +0.01 —0.09 —-0.10 —0.66 —0.63
S-2 —0.06 0.00 —0.007 —0.01
MoV S 1.33 +0.9 0.21 0.77
S-1 -0.12 +0.01 —0.09 —0.10 —0.87 -0.78
S-2 —0.03 0.00 —0.01 —0.01
Mo75V 55 S 151 +1.23 0.23 0.55
S-1 —0.09 +0.04 —0.06 -0.07 -0.74 —0.68
S-2 0.01 +0.01 0.01 0.01
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the Fermi level. The increase of thelk band filling can be
achieved by alloying vanadium with a transition metal witha 3%~ Mo,V [ Moy, b)
higher d-band filling. We suggest to alloy V with Mo. Mo

has bcc crystal structure and forms a solid solution with V in & 40
a complete interval of concentrations. Moreover, Mo and V £
belong to neighboring groups in the periodic table of ele-
ments. Therefore, we expect that the deformation ofdhe
band of the alloy is going to be minimal, as comparedito
bands of pure elements in the bcc structure. Thus, the mairzg A
effect of adding Mo to V should be the increased filling of R
the common bulld band, which should bring the Fermi en- By
ergy to the peak of the surface DOS, associated with the Lot
surface states mentioned above.

W
[=]
I

Y
=1
I
—

E) (states/Ry

_.
=
I

=]

=N
=)
I
15
o
by
<
[ 3
“w
o
<
I

V/Mo(100) d)

B. (100 surface of uniformly random bcc V-Mo alloys

%3
=}
I
I

We have calculated magnetic moments for the0 sur-
face of uniformly random MgV 5, MosqVs5, and MgV o5
disordered alloys. By uniformly random alloys we mean al-
loys where the concentration at the surface and in the nearg
surface region is exactly the same as in the bulk. That is,® - R
there are no surface segregations in the systems. Calculatior 4| . :
were performed at the theoretical equilibrium bulk lattice R4 ;
parameters for the correspondmg _aIons. All three MoV al-. 0 '-0,4 . _0"2 — 0:2 . 0:4 o4 _0'2 5
loys appeared to be nonmagnetic in the bulk at the theoreti EE._(Ry) E-E_ (Ry)
cal equilibrium volume. The obtained magnetic moments for ; ’

V and Mo, as well as the average moments, are displayed in FIG. 2. Vanadium local densities of stateiE) for the top layer
Table |. Results are given for the three top surface layersat(100 surface of the nonmagnetic b Mo,5V 45, (b) MooV s,

One may see that the top layers for all three alloys are magand(c) Mo-sV 55 alloys, as well agd) for the V overlayer deposited
netic, and the magnetization is mainly due to V atoms. The \on the pure Mo. The LDOS is plotted as a function of enegy
magnetic moment increases with decreasing V concentratiofrelative to the Fermi energ§g). The LDOS for the uniformly
while the average magnetic moment per atom reduces froﬁ@ndom aIons is shown with solid lines; the LDOS for aIons with
the Mo,V alloy to the Ma.V 5 alloy due to lower vana- self_-copsistent segregation p_rof[@uenched from temperature 500
dium content. Also the magnetization drops by an order of<) is given by long dashed lines. The total bulk DOS for alloys at
magnitude in the second layer near the surface and it almo&prresponding f:oncent_ratlc_)ns_ are indicated with dot_ted lines. The
completely disappears in the third layer. So one may suppo t-dashed horizontal line indicates the value of the inverse Stoner
that the magnetic moments in the subsurface layers are if2rameter for V.

duced by magnetization in the top surface layer. Note that the

magnetic moments in these layers are coupled antiparallel imcreasingh(Eg) for surface V atoms. In Fig. 2 one sees that
the moments in the surface layer due to the tendency towardsr all uniformly random alloys considered in this study the
antiferromagnetism for elements with a nearly half-filled Stoner criterion is fulfilled.

band. The planar antiferromagnetic structure was obtained The stability of the magnetic solution can be estimated
for uniformly random RuV, PhV, and PdV alloys in Ref. 29. from total energy calculations. In particular, the energy dif-
It was also expected for the surface of pure V, if it wasferences between the ferromagnetieM) (in the surface
magnetict®-20 plane solution and the nonmagnetic solutiom\Egy,

The electronic structure calculations confirm our original—Eyy,, characterize the stability of local magnetic mo-
suggestion regarding the evolution of the alloy DOS uponments, while the one between the FM solution and the solu-
alloying of V with Mo. The calculated LDOS for honmag- tion with a local moments disordéDLM), AE-\,—Epiu ,
netic vanadium atoms at th#00 surface and the total bulk may be used as a characteristic of the stability of the FM
DOS of the nonmagnetic alloys MgV,5, MosoVgg, and  order in the surface plane. The DLM energies and magnetic
MosV 5 are displayed in Fig. 2. Note that the contribution of moments can be calculated within the CPA assuming that
Mo to the density of states &g is much smaller than the V half of all atoms have spin-up moments and the other half
contribution. Thus, we do not discuss the Mo LDOS. Onehave spin-down moments. In Table | we present our results
may see that with increasing Mo concentration the occupafor AEgy—Eny . From the table it is seen that this energy
tion of thed band increases, which is reflected by the down-difference is in fact rather small for all concentrations, indi-
wards shift of the bulk DOS relative to the Fermi energy. Thecating that the FM is not very stable at surfaces of uniformly
surface-state peak is pinned in the bulk pseudogap, angndom alloys. If the FM order is destroyed and the local
therefore it shifts more and more towards the Fermi levelmoments are completely disordered, their magnitude de-
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TABLE Il. Segregation energieSqq4, (in mRy) of the V atom TABLE llI. The effective on-site potentialg} — Vi (in K) for
towards the(100) surface of uniformly random M/, _, alloys (100 surface of Mo-V alloys.
with concentrations 25, 50, and 75 at. % of Mo, assuming three

different magnetic states of the alloys: the nonmagn@tid), fer- Layers

romagnetic(FM), and disorder local momen{®LM). Composition 1 2 3 @bulk)

Composition E's\le’\gr Egéwgr EsDei_ger Mo,5V 75 —1438 —515 —941 0
MosgV 50 —2275 -371 —813 0

MO25V 75 —315 —315 —309 MOV 25 —-3049  —-332  —809 0

MosV's5o —-321 —-324 —29.9

MO75V25 _545 _615 _584

tials are negligible, so only the pair potential at the first co-
ordinational sphere has been included in the MC simulations.
creases somewhgee Table)l Note thatAE-y—Ep v is  The positive value of the potential favors ordering, but be-
very close toAEgy —Enm ., and therefore the DLM solution cause of its moderate magnitude, no ordering has been ob-
is almost degenerate with the nonmagnetic solution. In sumserved in our bulk MC simulations down to temperatures of
mary, one cannot expect that the Curie temperature would b200 K. This result is in agreement with the experimental bulk
high. This can be understood as follows. Though the V denphase diagrarn Due to weak interatomic interactions in the
sity of states at the Fermi level increases with decreasing WioV system, one-site potentials are by far the most impor-
concentration, Fig. 2, the dilution effect leads to an increas¢ant and they determine the shape of the concentration pro-
of nonmagnetic surrounding for each surface V atom, reducfiles. The on-site potentials in the near-surface regi’(ﬁjr?
ing the stability of the FM solution. for the MoV 75, MosgVs59, and MasV o5 alloys are given in
Thus, according to our calculations, V atoms at the surTable Ill. We assume that the potentials in the first three
face of uniformly random MoV alloys should be magnetic, layers are perturbed by the surface, while the potentials in
but the Curie temperature is probably quite low. However, itdeeper layers are equal to the bulk valyg,,. Note that the
is unlikely that such a surface can be prepared in practicesalues in Table Il are given relative td,,. In the effec-
because the segregation energies, shown in Table I, ati/e Hamiltonian(1) we suppose that;=1 corresponds to a
rather big. In the following we study the effect of surface v atom ando;= —1 corresponds to a Mo atom. One can see
segregation on the magnetic properties of MoV alloys.  that the one-site potentials favor V segregation to the first
three layers of thé100) surface. This can be attributed to the
C. Surface-concentration profiles at(100) surface !Ower(ls)urface energy of Vin comparison with I\?I%Analyz-
of MoV alloys ing V), one can also see that the tendency for V segrega-
o . ) tion increases with decreasing V concentration in the bulk.
Equilibrium concentration profiles at temperatures 5OOSome tendency of V to segregate in the second and third
and 1500 K were calculated by means of DEMC simulationgayers of the(100) surface can be explained by the quite
with first-principles effective interatomic interactions ob- gnen character of this surface in bce crystals. Therefore, the
tained by means of the SGPM method and one-site potentialg,cond-third subsurface layers can still “feel” the presence
(or segregation energiesbtained by a direct differentiation ¢ the surface.
of the surface energy with respect to surface The calculated segregation profiles are displayed in Fig. 3
concentratiorf®~*° Here we would like to point out that the o, temperatures 500 and 1500 K. There are strong V segre-
interplay between the magnetism and phase stability mayations towards the surface layers. In fact, the surfaces are
lead to substantial difficulties. Indeed, the particular structurgymost completely covered by V for all three alloys consid-
of an alloy coming out as a result ab initio calculations  greq in the present study. As expected, the oscillations of the
may be completely different in the paramagnetionmag-  seqgregation profiles increase with decreasing temperature.
netic) and ferromagnetic cas&At the same time, we do ot The oscillations are caused by oscillating values of the one-
know what magnetic structure would be present in our sysgiie potentiasee Table II).
tem at a particular temperature. Therefore, we calculated seg-
regation energies in three uniformly random alloys with con-
centrations of 25, 50, and 75 at.% of Mo, assuming three
different magnetic states of the alloys, the NM, FM, and Using the self-consistent segregation profiles discussed
DLM. Results are shown in Table Il. One can see that in ouabove we have calculated the surface magnetization for the
case the calculated segregation energies depend only slighthegregated100 surface. We assume that the samples are
on the magnetic state. Therefore, all interatomic interactionsijuenched from high temperatures. Thus, our zero-
used for the calculations of the segregation profiles were deemperature electronic structure calculations have been car-
termined for the nonmagnetic alloys. ried out for the surface segregation profiles obtained at tem-
The effective interatomic SGPM pair potentials have beerperature 500 K. The calculated local and average magnetic
calculated up to the 13 coordinational shell. The obtainednoments are presented in Table IV. One may see that the net
interatomic potentials are quite small in magnitude. By farsurface magnetization is reduced by the segregations in the
the biggest one is a pair potential at the first coordinatiorcase of the MgV,5 alloy, while the net magnetization is
shell, and it is equal to 290 K. The multisite effective poten-somewhat enhanced in the case of the;Mg,. Moreover, it

D. Magnetization of the segregated100) surface
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QO T=500K
AA T=1500K

Concentration of V (at.%)

Layers

FIG. 3. The surface segregation profiles for (260 surface of
bcc MoysV45 (top panel, MosgVs, (middle panel, and MgsV s
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is strongly (more than twicg enhanced for the MgV, al-

loy. Note that local moments on V atoms decrease a little as
compared to the case of the uniformly random allégy@m-
pare Tables | and I/ But the strongly increased V concen-
tration at the surface leads to a substantial increase of the
total surface magnetization for Mo-rich alloys. Therefore, the
behavior of the surface magnetization can be attributed to the
V segregation towards the top layer.

The examination of the local DOS on V atoms at the
segregated surface indicates that the surface states, which
give rise to the high peaks of the DOS inside the bulk
pseudogap, are still present; see Fig. 2. Note that the figure
shows the local DOS on V atoms rather than the total DOS.
Because of this, the dilution effect that takes place in uni-
formly random alloys cannot be seen in Fig. 2. With this in
mind, we would like to point out that surface segregations
have little effect on the shape and height of the peaks, and
the DOS at the Fermi level is again above the inverse Stoner
parameter at all bulk concentrations considered by us, though
it is somewhat lower compared to that of the corresponding
uniformly random alloys. This agrees with the small lower-
ing of the local moments on V atoms mentioned above. At
the same time, the surface V concentration is high at all bulk
compositions, and the dilution effect, which reduces the sta-
bility of the FM solutions for the uniformly random alloys,
does not play any role for the segregated samples. This al-
lows one to expect that the surface segregation may, in fact,
increase the stability of the ferromagnetic solution. Indeed,
our total energy calculations confirm this suggestion. For al-
loys with bulk Mo concentration larger than 50 at.% the
energy differences between the ferromagnetic and the non-
magnetic solutionsAEgy —Enwv, presented in Table IV are
substantially more negative than the corresponding values
presented in Table | for the surfaces of uniformly random
alloys. Segregations also stabilize the FM solution with re-

(bottom panelalloys. The circles and triangles indicate the profiles SPECt to the DLM solution, as one can see from Table 1V,
for temperatures 500 K and 1500 K, respectively. The surface layewhere we _ShOW the energy differences between the FM and
is denoted as layer 1, and increasing numbers correspond to deegékM solutions, AEgy —Ep, v . As a matter of fact, for al-

layers in the near-surface region.

loys with high Mo concentration these energy differences are

TABLE IV. Layer-resolved local magnetic moments on V and Mo atoms, as well as net magnetic mo-
ments per layefin wg) for ferromagnetic samples, disordered local moments on V atdtysf in ug), and
energy differences between the ferromagnetic and the nonmagnetic solfighs ny and between the
ferromagnetic solution and the solution with a local moments disotd&ry, _p, v (in MRy) for random
Mo-V alloys at (100 surface with segregation profiles quenched from temperdtar800 K. Layers are
numbered starting with the surface layer S, and decreasing numbers correspond to deeper subsurface layers.

Layer \% Voim Mo Total moment  AEgy_nwm AEcm-pLm
Mo,5V 75 S 0.42 +0.40 - 0.42
S-1 -0.12 +0.01 —0.06 -0.11 -0.44 —0.24
S-2 —0.05 0.00 —0.002 —0.05
MosV'sg S 0.92 +0.64 - 0.92
S-1 -0.19 *0.01 -0.13 -0.17 -1.6 -15
S-2 —0.07 0.00 —0.004 —0.06
Mo75V 55 S 1.20 +0.84 - 1.20
S-1 -0.36 *=0.03 -0.23 -0.25 -4.0 —-3.8
S-2 —0.05 0.00 0.01 —0.04
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TABLE V. Layer-resolved local magnetic moments on V and Mo atginsug) for ferromagnetic
samples, disordered local moments on V atols, (4 in ug), energy differences between the ferromagnetic
and the nonmagnetic solutiomsEgy, _yy @and between the ferromagnetic solution and the solution with a
local moments disordekEgy, _p. m (in mMRy), and deviations of interlayer distances from ideal values of the
truncated bcc lattice, i.e., surface relaxatian%) for the V monolayer deposited at tli£00) surface of bcc
Mo. Layers are numbered starting with the surface layer S, and decreasing numbers correspond to deeper
subsurface layers.

Layer \% Voim Mo AEsy-nv  AEgw-_pLwm  Surface relaxation
V/Mo(100) S 1.61 +1.33 - 0
(LMTO-ASA+M, S-1 - - -0.28 -10.2 -84 0
unrelaxed S-2 - - —-0.07 0
V/Mo(100) S 1.68 - - 0
(VASP, S-1 - - —-0.29 —11.65 - 0
unrelaxedl S-2 - - —-0.02 0
V/Mo(100) S 1.41 =+0.85 - -7
(LMTO-ASA+M, S-1 - - -0.27 -5.32 -5.30 0
relaxed S-2 - - 0.07 0
V/Mo (100 S 1.12 - - -6.70
(VASP, S-1 - - —-0.21 —-3.16 - —-1.43
relaxed S-2 - - —-0.04 -0.35

quite large, and we expect therefore that the Curie tempera V monolayer on a M@100) surface. This is confirmed by
ture may also be higher for the alloys with quenched segrethe high calculated absolute value of the energy difference

gation profiles. between the FM and NM solutions for the monolayer case,
which is about 3 times higher than that for bulk fcc RiA
E. Magnetization of a \V monolayer deposited very high absolute value is also calculated fAEgy
at a (100) Mo substrate —EpLm - Thus, we predict that experimental verification of

_ our theoretical results should be most straightforward for this
Extrapolating our results for segregated surfaces of ranyarticular case. Note that the V monolayer should be rela-

dom V-Mo alloys towards zero concentration of V in the tyely stable at the surface, as the surface segregations push
bulk, we expect that the highest value of the magnetic moy, g the top of Mo even for Mo-rich alloys. Also, it is
ment, as well as the most stable ferromagnetic solution, may

be achieved for a V monolayer deposited on (he0 sur-
face of pure bcc Mo. Therefore, we have carried out calcu- 40
lations for a V monolayer on a Mo substrate, and the results
confirm our expectations. In Table V we show local magnetic L majority spin V/Mo(100)
moments on V atoms in the monolayer, as well as induced
moments on Mo atoms in the near-surface region of Mo 20
matrix. Quite clearly, the surface moment reaches the maxi-
mal value among the all systems considered in our study, and g
the stability of the FM solution is also the highest in com-
parison with the nonmagnetic solution, as well as with the
DLM solution. These results are in agreement with electronic
structure calculations. According to them, the Fermi energy
is located almost exactly at the peak of the surface DOS of a
V monolayer. Remember that we calculate nonmagnetic 20  minority spin
DOS in order to explain our results in terms of the Stoner
model. -
In order to investigate the effect of magnetic splitting on
the surface DOS we have calculated the electronic structure 40
of the ferromagnetic V monolayer on tH&00) surface of ' . ' . . . . L
) AN -0,4 -0,2 0 0,2 04
bcc Mo. The result is shown in Fig. 4. One can see that the EE, Ry
peak of the DOS associated with the surface states in the
pseudogap is spin split, and the Fermi energy located in the F|G. 4. Vanadium local densities of state¢E) for the ferro-
DOS valleys for the both majority- and minority-spin chan- magneticv overlayer deposited at tH&00) surface of pure bce Mo.
nels. Comparison between the nonmagnetic DOS and FMhe LDOS is plotted as a function of eneryrelative to the Fermi
DOS indicates the instability of the nonmagnetic solution forenergyEg).

n(E), states/Ry*atom
=
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known that high-quality V-Mo multilayers can be preparedand MoV 55 alloys, and for a V monolayer deposited on a
experimentally:*** Of course, one must take care of the Mo substrate. Calculations were carried out for uniformly
samples to prevent a contamination of the surface—e.g., Yandom alloys, as well as for alloys with self-consistent seg-

oxidation. regation profiles quenched from high temperatures. The main
At the same time, there are other competing mechanismsesults are the following.
except magnetism, that could reduce the DOEat For (i) While the MoV alloy is nonmagnetic in bulk in the

example, one can expect that the surface relaxations willhole range of concentrations it$00) surface is magnetic.
favor the nonmagnetic solution. In order to check if the fer-Noticeable magnetization occurs only at the top surface
romagnetism is still stable in the presence of surface relaxayer, and in the case of uniformly random alloys the total
ations, we carried out calculations for a V. monolayer on Mosurface magnetization slightly decreases with increasing Mo
where the interlayer distances were relaxed. For the determgoncentration.
nation of relaxed geometries we carried out calculations us- (ji) Vanadium segregates strongly towards (h80) sur-
ing the supercell technique and thesp package as de- face. Even in the case of the M5 alloy the surface is
scribed in Sec. Il almost completely covered by V.

In Table V we show the results of our supercell calcula-  (jii) The vanadium segregation towards the surface leads
tions for unrelaxed and relaxed supercells. The results calcyp a little drop in magnetization for the Mé/s alloy, but it

lated without lattice reIaxation; compare favorably with ourenhances strongly the surface magnetization, as well as the
LMTO-ASA+M results. We find that the surface V layer stability of the ferromagnetic solution for Mo-rich alloys.

exhibits 6.7% inwards relaxation, which is the same value as (iv) We predict that the most stable magnetic moments
the inwards relaxation found experimentally at th80) sur-  can be found in the case of a V monolayer deposited on a
face of pure bce V! We have calculated the magnetic mo- (100) surface of pure Mo. The ferromagnetic solution in this
ments and energy differences between different magnetic s@ystem is stable both with respect to local moment disorder
lutions for a V monolayer at a Mo substrate with relaxedand surface relaxations.

geometries using both VASP-PAW and LMTO-ASM (v) The onset of magnetization on thE00) surface in the
methods. In the latter case we did not determine the relaxvio-V system is explained by a successive shift of V surface
ations self-consistently. Rather, on the basis of the fullstates pinned in an alloy pseudogap towards the Fermi level

potential calculations we simply have decreased the distangsy a filling of the bulkd band by electrons due to alloying of
between the surface and first subsurface layer by 7%. The with Mo.

results obtained by means of the two different techniques

agree well with each other. One can see from Table V that ACKNOWLEDGMENTS
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