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We present results based on local-spin-density calculations of a computational search for half-Hédallic
antiferromagnetid AFM) materials within the class of double-perovskite-structure oxided M"”O; that
incorporate open-shellB(or 4d) transition-metal iond1’,M”. The pairsM’M"”=MnCo, CrFe, CrRu, CrNi,

MnV, and VCu are studied. Three HM AFM results are found for(fheed) cubic double perovskite structure.

This work provides the first viable candidates for this unusual magnetic phaséVih®g is the most prom-

ising candidate, with the HM AFM phase more stable by 0.17 eV/cell than the ferromagnetic pha&euOg

is another promising possibility but, becaus&"Vand Cf* are spin-half ions, quantum fluctuations may play

an important role in determining the ground state magnetic and electronic structure. This study indicates that
HM AFM materials should not be prohibitively difficult to finfiS0163-1828)07517-]

. INTRODUCTION AMO;, due to its simple crystal structure, potentially very
large number of members, and strong coupling between

A nonmagnetic metal whose electrical conduction ismagnetic ordering and electronic properties, appears to be an
100% spin polarized seems like an oxymoron. However, thisdeal system for a search for HM AFM members. We report
is only one of the peculiar propertfes of the unusual phase here results of a computational search for candidate HM
yclept half-metallic(HM) antiferromagnet(AFM) by van  AFM'’s, based on a linearized augmented plane wave imple-
Leuken and de GroGtA HM AFM is also a metal with zero mentation of spin-density-functional thedhjn the double-
spin susceptibility, a property normally associated with insu-perovskite crystal structure L&l’'M”Og. More than 300
lators, whereas conventional metals hayeN(Eg), the  compounds in this structure, shown in Fig. 1, have been
Fermi level density of states. Due to mixing of atomic orbit- reportec® however, very few of those reported contain two
als with neighboring nonmagnetic ions such as oxygen, magnagnetic ionsA=La was chosen for this study because of
netic ions commonly take on nonintegral values of the magexperience with this catidnand also due to the fact that
netic moment. Yet in a HM AFM distinct ions have LaMO; compounds in the perovskite structure are known to
antialigned moments that cancel exaétifhe prospect of exist for all ionsM in the 3d series.
getting a fully magnetized current from a metal that has no
magnetic field provides not only fertile ground for research Il. BASIC CONSIDERATIONS OF THE SEARCH
but conceivable new “spin electronics” devices that rely on
the spin polarization of the carriers. Recently the likelihood ~Magnetic 3l ions are characterized by a nomim#l con-
of a novel form of superconductivity in HM AFM’s has been figuration where :n<9. Since each such configuration can
proposed, which further intensifies theoretical interest in
these unique systems. To date, there is no confirmed example
of a HM AFM. Is there a real likelihood of discovering, or
even predicting, new HM AFM'’s, or are they destined to
remain a theoretical curiosity?

Characterization of a material as “half-metallic” specifies
that one spin channel is metallic while the other channel is
insulating® For a stoichiometric compound this results in a
spin magnetization that is an integer nuntbdrl of Bohr ‘ﬂ
magnetons g&g) per cell. The present objective is to predict /TN
compounds wher@1=0, and therefore will have the special / I N\
properties mentioned above. For an initial study one should O 8=
consider only the simplest case of two magnetic ions whose
spins ) are antiparallel. In this case the moments will be
distinct in shape and extefdifferent spin densitigsbut will
cancel precisely in each cell due to the half-metallic nature of

the system. . _ . FIG. 1. The double-perovskite crystal structure. The black and

The only suggestion at present for a HM AFM material is\hite spheres are transition metall(, M") ions, the gray oxygen
the Heusler-like quintinary ordered 51”0)’7'\/"1FE’BszAS-2 ions form an octahedron around each metal ion, and the ciation
Due to the complexity and intricacy of the unit cell, and to La, but not showhlies between eighM O octahedra. The figure
the intermetallic nature of the constituents, it is unlikely to beillustrates that the octahedra around differishtons are allowed by
made in stoichiometric form. The perovskite crystal structuresymmetry to be different sizes.
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be realized by more than one i¢im different charge statgs wheres==1 denotes the spin direction,, s is the occupa-
and there are several uni-, di-, and trivalent catidngo  tion number of the @ crystal field levela=gg or t,, with
choose from, there are thousands of magnetic doublespins, andng is the totals occupation. The energy of an ion
perovskite compounds that might be considered. Althougtin the perovskite octahedral field is

attributes of a material that make it a better candidate com-

prise a substantial ligtthere is one overriding requirement: E _2
the moments must bequalin magnitude so that they may fon™
cancel to giveM=0. This requirement of equal spins nar-
rows the number of choices considerably.

g
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A. Combinatorics of A’A"M’'M”"O
® whereA ¢ is the crystal field splitting between tieg andt,,

To illustrate the combinatorics in the class of compoundgeyels, |, is a Stoner-like parameter giving the exchange
A;M’M"Qg, we consider the number of double-perovskite- magnetig energy+ 1A, ,

structure compounds that might be relevant for our search.

There are nine possible opel! configurations, giving (9 Ag=lgm, (5)
X 8)/2 distinct pairs of 8 ions. However, 4 ions are also
likely to be magnetic in these compounds, and includin
them the number of possibilities becomes X11)/2 pairs.
Since an ion can be in a few different charge states, edéh 3 _ 1
or 4d" configuration can be attained by more than one ion; Ei0n=ACFE Ngvs— EIS‘mZ’ (6)
we take as an average two charge states per ion, giving an- S

other factor of Z. The cationA can be chosen from di- and

tripositive cationg(including the rare earthsand even some V=, Ny oVa / > n,s. 7
univalent ions, amounting to some 25 ions. The number of a ' a '

compounds then is of the order of

roportional to the momenth on the ion, anch=n,+n_.
his energy can be expressed as

Herev is £, — £ for ey, t,y, respectively, and this formula for

the energy illustrates the balance between the crystal field

18x17 i L

25x% 22% ~15 000. (1) energy and magnetic energy that must be minimized to ob-
2 tain the stable configuration of the ion.

The ratioy=1g,/Acr determines whether the ion takes on

Considering also the possibility of splitting the catioAs X - F ; ) 5 )
. A’A" leads to an addition factor o or a total of the & high-spin or low-spin configuratiors=3 is attained only
order of 2<1C° possibilities, by ad® ion (viz., Mn?", Fe3*, or Co**). S=2 occurs only

This vast number reduces drastically if one considers th&" 9'4 andd® ions, ar;dszg (S)nl_y for d_3 ?‘”dd? lons.S=11s
requirements imposed by the HM AFM state. Most crucially, 2tained ngt_only 2yd alndd high-spin ions, bft also by the
the magnetic moments of the ions must be equal in magni@W-spind™ ion (54 .ty ) if y is small. S=3 occurs for
tude; so they have the possibility of canceling. To do this/ow-spind® andd” ions as well as for the single-electra
one separates the ions into the five classeg, 12,25 and  and single-holed® ions.
only pairs with equal spins need be considered. Supposing These guidelines hold in the strong crystal field limit.
the ions separate evenly into these classes really the Within a crystal there are additional effects. The kinetic en-
case with about four per class, the factor (£87)/2 in Eq.  €rgy, which results from electron hopping from ion to ion
(1) drops to 5x (4% 2/3). The cation charge further restricts (via the intervening oxygen ion in the perovskite structure
the pairs of ions. Let us consider only the caselLa3*,  drives the moment away from integer values and has very
which is all we consider in this paper anywggmoving the ~Substantial effects in perovskite materials. One may also
factor of 25 in Eq.(1)]. Specification of this trivalent cation have to consider structural distortions that lower symmetry
implies that the charge states of the td/@ations must sum and alter hopping amplitudes. There is in addition the possi-
to 6, effectively limiting the choice t¢3+,3+) or (2+,4+)  Dility of ions changing their charge statgetermined by dif-
pairs[(1+,5+) is much more rafk Due to complexities in ferences in site energies and by intra-atomic repujsion
trying to predict the spins of each igwhich may be envi- However, these single-ion energies, with and A given
ronment dependent; see belowve will not attempt to enu- from density-functional calculations or from experiment,

merate the possibilities, but the number of possible La-based@ve been used to guide our initial choice of ion pairs that
double perovskites is perhaps no more than 25. we have examined more closely using self-consistent calcu-

lations.
Figure 2 indicates the behavior of the ion energy in the
strong crystal field limit for two values of, for each integer
To use the constraint of equal moments it is necessary tgccupationn as the momenm varies over allowed values
be able to make a realistic prediction of the spin moment ofm=n for n<5, m<10-n for 5<n=<10). All occupations
a given ion in the crystal. For a magnetic ion with an open . were varied within the limits of their constraints until
3d shell, the momenin (in ug) is the energy was minimized for fixadandm (for the isolated
ion, and neglecting spin-orbit couplinm=2S). The energy
) reflects the downward parabolic energy gain from polariza-
tion, together with a linear increase in energy when one crys-

B. Estimation of stable moments

m=>, sn,¢=n,—n_,
«,S
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T for additional flexibility’ in treating the Mrd states, the L4
_‘dh’ n= states(unoccupied, and the semicore orbital®© 2s, La 5
QN: 1 and 9, and 2 states of some of the lighted3ransition-
. =9 metal iong. The LAPW sphere radii were taken to be 2.0 a.u.
45 ‘1‘_“‘ 3‘;\.\ for La, 1.90 a.u. for the transition-metal ions, and 1.55 a.u.
g ~. 2 for O. Self-consistency was carried out on evenly spaced
? o, 4 :}'X‘“Z meshes of 6k points in the irreducible Brillouin zone for
& S e ,.>~/>'?;:+?~T’<1§, the ferromagnetic state done with the basic perovskite struc-
= 5o \*\"Q\\p ture. Larger meshes used in selected cases verified that the
-~ 6 N energy was not changed appreciably. Equivalent samplings
¥ = Iy/B,=02 were used for the antiferromagnetic state calculations, which
_3 @ . . . . were done using a rocksalt ordering of transition-metal ions
0 1 2 3 4 5 (hence an fcc Bravais lattiteAn LAPW cutoff K, corre-
@ Magnetic Moment (z,) sponding toRoK a=6.8 was usedRy, is the oxygen sphere
0 radiug corresponding to 575 basis functions for the five-
N N e atom cell.
Ty The von Barth—Hedin exchange-correlafibfunctional
I TN 5 . was used. Energies might be improved somewhat by using
~ WA spin only . . .
~ S N the generalized gradient corrections perfected by Perdew and
g 23 S8 coworkers'? as was the case for irdi:** However, nearly
~ SRR 7 ; ;
2 6 \:&\\\ 6 all of the energy differences reportgd in Sec. I_V are larger
& 5] ain-= ’\\j\\\ than expected changes due to gradient corrections.
S | \\3& Except for one selected te@ Jahn-Teller type of distor-
AN, tion involving movement of O ions along the crystal axes;
7 7 = 14/A,=04 ;\ see Sec. Y, we have performed calculations only in the ideal
) N cubic-perovskite structure with a lattice constant of 3.89 A.
-5 T T T T Structural distortions of both the rotational type common in
) 0 leignetirzz Mon:ent (;B) 8 ferroelectrics and of the Jahn-Teller type centered on non-

symmetric magnetic ions may become important for some of
FIG. 2. Energy of a magnetic ion in a crystal fieldr, vs the co.mpoqnds.stgd.igd here. We have not includeq comp.lex
magnetic moment, for various ionic configuratiodfs (a) y=0.1  distortions in this initial study, for three reasons. First, this
and(b) y=0.2. The “spin-only” dotted curve indicates the asymp- Set of calculations was done with the objective of learning
tote as the crystal field term vanishes. Each curve is the sum of whether any(at least metastableHM AFM states can be
piecewise linear increasing crystal field term and a negative quafound. Structural distortions may change things, but they
dratic magnetic term. may just as well change a “near miss” into a HM AFM as
they are to change a HM AFM into a “near miss.” Second,
tal field level is filled and a higher one begins to becomea really thorough investigation of relaxation should include
occupied. There is a strong tendency toward the “high-spin”at least the structure of LaMngQ an orthorhombic®nma
(largest possiblen, Hund's rulg configuration; however, for  structure with six variable internal coordinates and the three
large A ¢ relative tol g; a low-spin configuration can become |attice constants, as well as a quadrupled cell. This is a task
stabilized: note then=6 curves in both plots, where a non- that probably will never be done directly, but camith sub-
magneticm=0 result is stable or metastable. Low-spin con-stantial computational woykbe done with the approach of
figurations may also occur far=4, 5, or 7, as noted above. Rabe and co-worker$:*® Finally, for the (half-)metallic
The curves of Fig. 2 are only guidelines; fully self-consistentphases being pursued here, distortions are likely to be less
local-spin-density calculations reported below vary both drastic than if the systems were simply magnetic insulators.
and m for a given spin alignment until the energy is mini-
mized. For the perovskite structure, valuesAofe are 2—3

ev. IV. RESULTS FOR THE CHOSEN COMPOUNDS

The double-perovskite compounds that have been studied
are listed in Table I. We discuss them in turn. Note that,

The present calculations were performed using the genwhile we denote global spin directions by () and down
eral potential linearized augmented plane walt&APW) (=), the terms “majority” and “minority” refer to each
method~® as applied in several previous studies oM@,  specific ion(more occupied or less occupjednd do not
perovskites''° Calculations were performed for the ten-atom specify a direction of the spin. Also, due to strong hybridiza-
double-perovskite unit cell using a good convergence criteridion with the oxygen B states, it is not possible even to
(below). Our LAPW method uses no shape approximationdefine an ionic moment precisely. Values given in Table |
for the charge density or the potential, and retains high variaand below provide the nominal charge and an estimate of the
tional freedom in all regions of the cell. The set of normal effective ionic moment, which often is not very near any
LAPW basis functions is supplemented with local orbitalsintegral value.

IIl. METHOD OF CALCULATION



10616 WARREN E. PICKETT 57

TABLE I. Local-spin-density-functional results for magnetic double perovskite$'81"”Og. Approxi-
mate calculated occupations are given asl". Approximate spin-only momenta(M'), m(M”) (in ug)
are not always near an integer value, due to strong hybridization with oxygen. Half-metallic character is
denoted by an integer value o¥,,, and HM AFM'’s are denoted by AFW Relative energies are per
transition-metal ion, with the first quoted magnetic alignment taken as the references Févtimagnetic.

M’ M” Order m(M") m(M") Mg E,e (€V/M ion)
Mn3*d* Co®*d® AFM T 2.8 -28 0 0.00

FM 3.3 1.3 4.60 —-0.46
cr3td® Fed3*dd FiM1 2.6 -0.6 2 0.00

FiM2 2.0 -4.0 -2 -0.12

FM 3.0 4.0 7.15 -0.03
Cré3td® Ru*d® FiM 2.5 -0.5 2 0.00

PM 0 0 0 +0.67
Cré3td® Ni3*d® FiM 2.0 -1.4 0.60 0.00

FM 2.4 1.6 4 -0.15
Mn3+d* Vv3+d? AFM T 1.6 -16 0 0.0

FM 1.9 1.1 3.00 +0.17
v4tdl Cu?*d® AFM T 0.7 -0.7 0 0.00)

FM 0.7 0.7 1.38 0.00)

PM 0 0 0 +0.06

A. Mn 3% ,Co%*: d4,d°® C. Cr3* Rudt: d3,d°
These ions were chosen as a lik8y 2 pair. In the ionic The 4d Ru ion is isoelectronic with Fe, and so this pair

picture, the M#* ion is expected to be high spiug), provides another possibility for =2 or S=1 pair with
while Co3* may be high spin4ug) or nonmagnetic; see unequal chargeéCr?* ,Ru**). The unexpected behavior in
Fig. 2. In fact, nominally trivalent Co ions are known some-Ru-based perovskite compounfferromagnetism(FM) in
times to occur in a low- but nonzero-sifl—2)ug] state as STRUQ (Refs. 17 and 18 superconductivity a1 K in
well. When the Mn and Co moments are antialigned, indee®?2RUO; (Ref. 19] also prompted us to check the pair Cr-
a HM AFM state is obtained, although the moments are onlyRU- However, like Cr-Fe, the Cr-Ru pair are predicted to be

~2.8ug. The densities of statg®09), shown in Fig. 2a) isovalent, and Ru is found to be magnetic with a low spin.
indicate that the ionic picture is followed closely With antialigned moments, the compound is a HM FiM with

(Aee=1.5-2 eV,A_~2 eV). The conducting channel has a net moment of 2. Using fixed spin moment methods it

75% Cod, 25% Mnd character at the Fermi level. When the is possible to force the net moment to vanish slowly during

spins are aligned, a high-spin Fe and low-spin Co result wagontinued self-consistency. Sometimes this results in the dis-
obtained, reflecting the strong difference in hybridizationCOVe'Y Of another phase, usually one that is metastable. In

that arises due to the type of magnetic alignment. The Spirlt_h|s case, however, forcing the net moment to vanish resulted

aligned phase is 0.46 eV pbf ion lower in energy than the in the destruction of the moment on both ions, at the energy

HM AFM phase, and so the sought-after HM AFM phase iscost of 0.67 eV/ion, rather than resulting ir@ossibly HM
at best metastable AFM state. As in all of these compounds, this pair may have

magnetic states that we have not located in these calcula-
tions.
B. Cr3* Fe?*: d3,d°
This pair was chosen in the anticipation that differing D. Cr¥*,Ni**: d%,d’
charge statefCr?* ,Fe**:d* d*] might result, leading to ei-  This pair was chosen as a like§=3 case. For a small
ther anS=2 pair or anS=1 pair. However, charge differ- crystal field, thed’ ion may be high spin3ug), thereby
entiation did not occur. Two distinct solutions for antialigned balancing thed® moment. For these pairs the antialigned
moments have been obtained; one has high-spiti4fi@)  configuration resulted in a FiM net moment of .69, near
parallel to the net moment, and the other has low-spin Feut not at the HM AFM result. The FM alignment is lower in
("1 ug") antialigned with the net moment. Both are HM; energy by 0.15 eV per ion. This is a case where relaxation of
however, they are ferrimagneti&iM) rather than AFM. A the structurévolume and/or distortionmight result in a HM
FM, high-spin solution also was found. Of these three spilAFM phase.
configurations, the high-Fe-spin FiM state is lowest in en-
ergy. All three states can be characterized as*re®* 34 Bh. a4 a2
3745 ; . E. Mn°",v°*: d%,d
(d*,d>) whose moments will not cancel. Thus current evi-
dence is that this system is not a prospect for HM AFM. This choice, if M?* assumes low spin, is a possibility
However, a HM FiM state is likely, and is itself worthy of for an S=1 pair. A low spin indeed resulted, for both anti-
study. aligned and aligned moments. The DOS are shown in Fig.
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further, complex problem This amount of success is re-
markable considering there was previously no viable candi-
date. One of these is clearly only metastalilee Mn-Co
pair) while Mn-V and V-Cu in the LM’'M”0O5; compound
are not unstable towards ferromagnetic alignment of the mo-
ments.

The calculated DOS of these three HM AFM states,
shown in Fig. 3, reveal that qualitatively different type of
gaps can occur in the insulating channel. Correlated insulat-
ing oxide compounds are identified as Mott insulators, if the
gap lies betweerd states on the metal ion or as charge-
transfer insulators if the gap lies between occupieg €lates
and metal iord states® Without experimental input we can-
not judge the strength of correlation effects in these com-
pounds. However, adapting this terminology to the present
materials, the Mn-V compoungFig. 3b)], with a gap be-
tween Mnt,4 ande, states, is the analog of a Mott insulator.
The Mn-Co and V-Cu compounds, on the other hand, are
inter-transition-metal charge-transfer insulators, with the gap
lying between occupied states on one metal ion and unoc-

cupiedd states on the other metal ion.

V. DISCUSSION

1(©) 2% Ep | * _ spin
Jg N Although the Ioca!—spin—density—functiong_l calculgtions
Energy (&V used here generally give good charge densities and in a ma-
jority of systems(including many perovskitéspredict mag-

FIG. 3. Atom-projected densities of states for the three HMNEtiC properties as well, several questions remain. Whether
AFM states found in the double perovskitéa) Mn-Co, (b) Mn-V, the proposed compounds can be made can be answered only
and () V-Cu. Note that in(a) and (c) the t,, and e, states are by experiment{competing phases are too numerous to calcu-
distinguishable for each ion and each spin, whereas this is not thi&te). Magnetic moments, type of spin ordering, and ionic
case for the strongly mixed metallic channel(b). charges can be sensitive to volume and calculations reported

here were carried out only at the representative cubic-
3(b); we discuss the unusual structure of the metallic channgberovskite lattice constant of 3.89 A. However, variations of
below. The antialigned ordering results in a HM AFM state;the volume for the Mn-V and V-Cu compounds confirmed
moreover, this state is 0.17 eV/ion lower in energy than thehat this volume is realistiénear the minimum of energy
FM alignment. Thus this pair provides a strong candidate foand that the HM AFM phases persisted at nearby volumes.
the HM AFM that this search hoped to locate. This com-Relaxation of the positions of the O ions as allowed by sym-
pound is discussed further in the next section. metry (see Fig. 1 was carried out for the Mn-V compound.
The oxygen octahedron relaxed inward around the smaller
Mn ion®! by only 0.02 A, and the frequency of O vibration
about this minimun{an observable Raman-activg eigen-
mode is calculated to be 465 ci. This relaxation actually
¥tabilizes the HM AFM state; conversely, displacing the oxy-

F. V4, Cu?*: d?,d8

This was the choice for aB= 3 pair. This pair is unique
in our studies to date, in that differing charge states actuall

are obtained. The differing ionic radii as well as the differing . .
charge states of this pair of ions should give a strong prefergen octahedron toward the V iofby 0.08 '.&) drives the
; .compound from the HM AFM phase to a FiM phase.
ence for well-ordered structures. Both aligned and anti- Possible correlation effects deserve more comment. A
aligned moment solutions were obtained, witlentical en- Lo ; . . : '
limitation of local-spin-density-functional calculations used

ergies. Moreover, the antialigned phase is a HM AFM, : L . . i
whose DOS is compared in Fig(c3 with the other HM here is the inability to predict whether transition-metal com

AFM states. Due to the identical energies of the differenq[_)agunds such as these are correlated electron systems. In the
alignments and their small spins, this system appears to be O?I\élcj:(ljt%sn C[;);BngnSHefcgh/? )fgll\/[l) Igfaizeisbsgldwlldtt:\]/ ?/{/iége
strong candidate for a three-dimensional quantum magnetﬁ d st it IsioffHubbard U") ]}/ lect '
system asT— 0 (viz., quantum spin liquids, heavy fermion and strong on-site repusiotrriubbar of electrons

metals, Kondo insulatoysrather than a simple HM AFM or \(I:vtlllrlstei??nf drr“o/\e;i(;r(]aearr?i;aelxlg (I:g?)rfmilt Igﬁg:ﬁg??{el/fvth;;ggﬁ
an exotic superconductor. , yp p y p

enon in these systems: a case in which one spin channel is a
Mott insulator while the other is better described as a band
insulator or possibly a generalized charge-transfer insulator.
Of these six pairs of transition-metal ions giving the An extension of the local-spin-density approximation
double-perovskite structure, three have led to at least an elet-SDA), referred to as the LSDA U method?” often pro-
tronically metastable HM AFM phasg@attice stability is a  vides an improved mean-field description of correlated insu-

G. Synopsis
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lators. However, at present it is inapplicable to metals, and so
its use is restricted to materials that are known to be insula-
tors.

In La,MnVOg, on the other hand, the bandwidth of the
metallic channel is more than 3 eV wide, and correlation
effects should be much less important. The distinctions in
Fig. 3(b) are easy to understand. The Mn majotigy states
lie lower than any V states, and also hybridize less weakly
with O 2p states than de, states. Hopping within this band
therefore must go Mn-O-O-Mn; hence the band is quite nar-
row (1 eV). The minority Mnt,4 states lie in the same range
as the majority Vt,y states; however, since the ionic mo-
ments are antiparallel, these states have the same spin direc-
tion [+ in Fig. 3(b)] and can form a mutual, relatively broad,
band based on Mn-O-V-O-Mn.. hopping. Occupation of
this comparitively broad band results in cancellation of part
of the Mn moment, which by Eq.(3) results (self-
consistently in reduced exchange splitting and leads to the

Iow-_spin Mn ion. Hencg it is reasonal?le to expec':t the con- FIG. 4. Isosurfacesat =0.003 a.u. of the spin density in the
ducting character of this band to survive correlation correcyy, AEm state of LaVCuO,, illustrating the very different spin

tions. _ _ _ densities on the two magnetic ions. Two double-perovskite cells are
An example of a spin density for a HM AFM phase is shown; the complete structure is cubic. Upper: the largkgit
shown in Fig. 4 for the V-Cu compound. The spin-densityshadey surface surrounds the V ion. The O ions, which appear as

isosurfaces illustrate very graphically the difference betweegumbbellstruncated by the cell edges in some casas polarized

the up- and down-spin densities. In fact, unlike conventionaln the same direction as the smallelark Cu ion.

perovskite antiferromagnets where the oxygen is polarized _

only in a dipole form with no net moment, here the O ion hasShow strong tendencies to form ordered structlaesl may

a net moment that lies in the same direction as the Cu spir2/S0 Provide good candidates. This work should not be inter-
This unusual form of spin density for an AFM should be preted as suggesting that perovskites provide the most likely

more readily apparent in the magnetic form factor measureBoss?bi”ty;_ certainly o';her crys_tal structures deserve strong
in polarized neutron scattering experiments than in the typiconsideration. The point here is that it should not be a for-
b 9 exp P idable problem to fabricate HM AFM compounds, and so

cal case in which there is no net moment on the O ion. Thé" . . :
O moment in this case is only of the order of QuGL how- the study of their myriad unusual properties may commence.
ever.

This computational search indicates that the double-
perovskite class of compounds provides a fertile environ- | acknowledge helpful discussions with G. Cao, J. Crow,
ment for half-metallic antiferromagnets, a new type of mag-J. N. Eckstein, G. E. Engel, J. Z. Liu, I. I. Mazin, R. E. Rudd,
netic material for which there were previously no viableand D. J. Singh. Computations were carried out at the Arctic
possibilities. Although this search was confined to the LaRegion Supercomputing Center and the DOD Shared Re-
cation (which may be considered representative of trivalentsearch Center at NAVO. This work was supported by the
cationg, mixed-cation compounds suchA$'B3*M'M"0;  Office of Naval Research.
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