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Electronic structures of the Heusler compounds, NiMnSb and PtMnSb, are investigated by using
the linearized-muon-tin-orbital band method. Equilibrium properties such as lattice constants and
bulk moduli are obtained from total energy calculations and efFects of the spin-orbit interaction
on electronic structures and Fermi surfaces are explored. In the semirelativistic band calculations,
NiMnSb is half-metallic, i.e. , metallic for majority spin while semiconducting for minority spin
bands, but PtMnSb is normal metallic at the experimental lattice constant. PtMnSb becomes a half
metal if we take into account the spin-orbit interaction explicitly in the calculation. Equilibrium
lattice constants obtained in the ferromagnetic band calculations agree very well with experimental
values. The magnitudes of the energy gap in the minority spin bands are found to be sensitive
to the variation of the lattice constants for NiMnSb and PtMnSb. The efFect of the spin-orbit
interaction is substantial in PtMnSb, in contrast to NiMnSb in which it is negligible. A large
spin-orbit splitting at I in PtMnSb is due to Pt 6p states near E&, which may be involved in
optical transitions to generate a large magneto-optical Kerr efFect. Further, the itinerant electrons
that mediate the Ruderman-Kittel-Kasuya-Yosida interaction between Mn magnetic moments in
NiMnSb and PtMnSb are identified as those on the nearly spherical hole Fermi surfaces of the 12th
majority spin bands centered at I'.

I. INTRODUCTION

Heusler compounds of XMnY type have recently at-
tracted attention since de Groot et at. predicted that
NiMnSb and PtMnSb are half-metallic ferromagnets, i.e. ,
the majority spin bands are metallic, while the minority
spin bands are semiconducting. The conduction electrons
at the Fermi level E~ are 100'%%uo spin-polarized, which sug-
gests that these materials can be used as spin-polarized
electron sources. Furthermore, PtMnSb exhibits a very
large magneto-optical Kerr efFect (MOKE), which will
be very useful for the application as an erasable optical
memory device.

There exist several electronic structure studies for
these materials. Using the concept of the spin-orbit split-
ting of energy bands near E~, de Groot et ol. have
provided a qualitative explanation for the large MOKE
observed in PtMnSb. The spin-orbit interaction, how-
ever, was not included in their augmented spherical wave
band calculations. By employing the non-self-consistent
Korringa-Kohn-Rostoker (KKR) band method, Hanssen
and Mijnarends obtained a half-metallic band for
NiMnSb at the experimental lattice constant. They pre-
sented the Fermi surface and the momentum density of
annihilation photon pairs. Kulatov and Mazin also ob-
tained a half-metallic band for NiMnSb at the experi-
mental lattice constant by using the linearized-muKn-
tin-orbital (LMTO) band method, and showed that the
position of E~ with respect to the band gap is quite sen-
sitive to exchange-correlation potentials employed in cal-
culations. In previous calculations, however, no attempts
have been mad-' to explore the total energy equilibrium

properties or the efI'ect of the spin-orbit interaction.
The motivation of this work is to study the eKect

of spin-orbit interaction on the electronic structures of
NiMnSb and PtMnSb. We have performed total energy
local spin density functional LMTO band structure cal-
culations on NiMnSb and PtMnSb, and investigated the
equilibrium properties such as lattice constant and bulk
modulus. In order to examine the spin-orbit effect on the
band structures and Fermi surfaces, we have carried out
band calculations taking into account explicitly the spin-
orbit interaction and compared them with conventional
semirelativistic spin-polarized band calculations.

Our paper is organized as follows. In Sec. II, computa-
tional methods and the crystal structure of the Heusler
compounds are described. Results for NiMnSb and
PtMnSb are presented in Sec. III and Sec. IV, respec-
tively. The final conclusion follows in Sec. VI.

II. COMPUTATIONAL DETAILS

Band structures are obtained by using the self-
consistent LMTO band method with an atomic sphere
approximation. Electronic wave functions of all atoms
in the unit cell were expanded by utilizing basis func-
tions up to d orbitals. We have assumed that all atoms
have the same Wigner-Seitz radii. The von Barth-Hedin
form of exchange-correlation potential is utilized and
the density of state (DOS) is calculated using the linear
tetrahedron method. A convergence test of the total
energy with respect to the number of A: points indicates
that a sampling of 90 A: points in an irreducible Bril-
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louin zone is sufficient to get the energy precision of 1
m Ry, and thus we have used 90 A: points for the A;-space
integrals in all the calculations. The computational im-
plementations of the spin-orbit interaction Hamiltonian
in our band calculation are described in Refs. 7 and 11.

A general formula unit of the Heusler compounds is
Mn Y with n = 1 or 2, where A denotes a transi-

tion metal and Y denotes an 8-p element such as Al, Sb,
and Sn. The original material reported by Heusler was
Cu2MnAl. The unit cell of X2MnY type is a face cen-
tered cubic with four basis atoms. Coordinates of the
basis atoms are Xq(0, 0, 0), Mn(4, 4, 4), X2(2, 2, 2), and

Y(4, 4, 4), respectively. Both NiMnSb and PtMnSb cor-
respond to the X'MnY type (Cqg structure or MgAgAs
structure with the space group T& ), where the Xq (2, 2, 2)
sites in the unit cell of X2MnY are empty. Hence the
X2(z, 2, 2) sites are treated as an empty sphere in our
calculation.

III. ELECTRONIC STRUCTURES OF NiMnSb

We have performed total energy calculations for both
paramagnetic and ferromagnetic phases of NiMnSb. Re-
sults of equilibrium lattice constants and bulk moduli are
summarized in Table I. As is well known, the equilibrium
lattice constant obtained from the paramagnetic calcu-
lation is much smaller than the experimental one, while
the ferromagnetic calculation yields an expanded equilib-
rium lattice constant. The calculated equilibrium lattice
constants of NiMnSb (5.77 A. and 5.90 A. for the para-
magnetic and ferromagnetic phase, respectively) follow
this tendency. The equilibrium lattice constant obtained
from the ferromagnetic calculation agrees very well with
the experimental lattice constant ( 0.3% error). We
found from total energy calculations that the inclusion
of the Sb-d orbital is crucial in the LMTO calculation for
NiMnSb. Without the Sb-d orbital, we obtained an equi-
librium lattice constant (6.07 A), which is larger than the
experimental one by 2.7'Fo.

The Stoner factor, defined as N(EJ. )I„,where N(E~)
is the paramagnetic density of states at E~ and I, is
the intra-atomic exchange correlation integral, is 4 x 10
(( 1.0). It implies that there is no ferromagnetic instabil-
ity in the framework of the Stoner theory of magnetism.
In reality, the ferromagnetic phase of NiMnSb is more
stable than the paramagnetic one, which indicates that
the conventional Stoner theory is not applicable to
NiMnSb. As pointed out by Kulatov and Mazin, the

small Stoner factor is due to the very small value of
DOS at E~ (nearly zero) in the paramagnetic phase of
NiMnSb. By using the extended version of the Stoner
theory, they accounted for the ferromagnetic instability
of NiMnSb correctly.

Spin-polarized band structures of NiMnSb, calculated
at the experimental lattice constant, are presented in
Fig. 1. The band structure in Fig. 1(a) is obtained
semirelativistically including all the relativistic effects
but the spin-orbit interaction, while the band structure
in Fig. 1(b) is obtained with the spin-orbit interaction in-
corporated. In Fig. 1(a), solid lines and dotted lines rep-
resent majority spin-up and minority spin-down bands,
respectively. The lowest band located at about 12 eV
below EI; with mainly Sb-58 character is not shown in
Fig. 1. The present band structure in Fig. 1(a) is essen-
tially identical to that of de Groot et al. , and it reveals
the half-metallic character of NiMnSb very well. The
Fermi level cuts the majority spin-up bands, which is
characteristic of a metallic band, whereas it lies in the
gap of minority spin-down bands, refIecting a semicon-
ducting behavior. The energy gap in minority spin-down
bands is between the 9th band at I' and the 10th band at
X, which is indirect with a size of 0.55 eV. The observed
onset energy of interband optical transition in NiMnSb
is thought to correspond to this indirect energy gap.
Meanwhile, the direct energy gap at I' is 1.89 eV.

Once the spin-orbit interaction is included, the indirect
gap becomes wider by 0.06 eV (see Table II). However,
the band structure of Fig. 1(b), with the spin-orbit inter-
action included, is nearly the same as the semirelativistic
band structure of Fig. 1(a), suggesting that the effect of
the spin-orbit interaction on the overall band structure of
NiMnSb is small. The magnitude of spin-orbit splitting
is only 0.02 eV for the triply degenerate spin-down
bands at I (7, 8, and 9th bands), which are composed of
Mn 3d and Ni 4p states.

Total and projected local densities of state (PLDOS's)
of ferromagnetic NiMnSb obtained with the spin-orbit
interaction included are shown in Fig. 2. The gap in
the minority spin-down band is clearly seen in Fig. 2(a),
where E~ is located near the conduction band edge. The
Mn-3d PLDOS consists of three main peaks at —2.9 eV,
—1.3 eV, and 1.2 eV. The peak at 1.2 eV results from the
exchange interaction between 3d electrons, which gives
rise to a large magnetic moment at Mn sites. The energy
range of the Ni-3d PLDOS is nearly the same as that of
the Mn-3d PLDOS, while the Sb-5p PLDOS is located at
lower energies than the Ni or Mn PLDOS's. Calculated

TABLE I. Equilibrium properties of NiMnSb and PtMnSb. Calculated. equilibrium lattice con-
stants (a, ~), experimental lattice constants (a „p), and calculated bulk moduli (B, ~) from param-
agnetic (P) and ferromagnetic (F) calculations.

a, ((A)
+exp

B. ) (Mbar)

NiMnSb
Paramagnetic Ferromagnetic

5.77 5.90
5.92
0.32

PtMnSb
Paramagnetic Ferromagnetic

6.15 6.24
6.21
0.33

Reference 2.
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FIG. 1. Band structures of NiMnSb calculated at the ex-
perimental lattice constant. The Fermi energy is set to zero.
(a) Semirelativistic bands. The first lowest bands in both spin
directions are not shown. Solid lines represent spin-up bands
and dotted lines represent spin-down bands. The top of the
minority spin valence band corresponds to the 9th band, and
the bottom of conduction band corresponds to the 10th band.
(b) Bands with the spin-orbit interaction included.

PLDOS's are qualitatively consistent with experimen-
tal results of the photoemission spectroscopy. However,
discrepancies exist in the location and the width of the
peaks between theory and experiment, which may be due
to the matrix element and relaxation eÃects in the pho-
toionization process, and large correlation efI'ects among
3d electrons of Mn and Ni atoms. The exchange splitting
of Mn-3d band yields a large magnetic moment, 3.76@~
per Mn atom (see Table III). In contrast, Ni-3d bands are
evenly Riled with electrons from both spins, and so the

FIG. 2. The total DOS (states/eV spin cell) and PLDOS's
(states/eV spin atom) of NiMnSb calculated at the experi-
mental lattice constant. (a) Total DOS, (b) PLDOS of Mn-3d,

(c) PLDOS of Ni-3d, and (d) PLDOS of Sb-5p.

magnetic moment at Ni is as small as 0.26p~. Consider-
ing that the total magnetic moment of NiMnSb is 4.0p~
per formula unit, the magnetic moment is carried mainly
by Mn atoms. The calculated total moment is in agree-
ment with previous calculations and experiments
Note that, in the case of half-metallic NiMnSb 9 out of
total 22 electrons are occupied in spin-down bands, and
so the total spin magnetic moment of NiMnSb becomes
exactly 4.0p&.

Figures 3(a) and 3(b) present calculated Fermi surfaces
of NiMnSb without and with the efFect of the spin-orbit
interaction included, respectively. The shape of Fermi
surfaces obtained with the efFect of spin-orbit interaction
included are very similar to that of the semirelativistic

AR(I' —X) (eV)
AR(I' —I') (eV)

R(onset) (eV)

NiMnSb
S.R S.R+S.O
0.55 0.61
1.89 1.63

0.70

PtMnSb
S.R S.R+S.O
1.11 0.91
1.39 1.38

0.90

Reference 15.

TABLE II. Calculated energy gaps in minority spin bands.
S.R represents the semirelativistic calculation and S.R+S.O.
represents a calculation with the spin-orbit interaction in-
cluded. The onset of observed interband transitions are also
provided for comparison.

Mn

Sb

Empty

Q
0.36
0.38
0.29
0.24
0.71
0.70
0.22
0.21

Qr
0.47
0.53
0.29
0.26
0.99
1.08
0.29
0.26

Q~
4.58
4.25
4.58
0.90
0.10
0.10
0.12
0.10

Qtot
5.41
5.16
5.16
1.40
1.81
1.88
0.62
0.57

0.25

3.76

—0.07

0.05

TABLE III. Occupied charges, Q~, and magnetic moments,
M, of ferromagnetic NiMnSb at the experimental lattice con-
stant. The spin-orbit interaction is taken into account.
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FIG. 3. Fermi surface cross sections of NiMnSb at the ex-
perimental lattice constant. (a) Semirelativistic calculation.
(b) Fermi surfaces with the spin-orbit interaction included. UW L

Fermi surfaces, as expected from negligible changes ob-
served in the band structure. The overall shapes of Fermi
surfaces are in agreement with those of the previous cal-
culation, which used the non-self-consistent KKR band
method, and did not include the spin-orbit interaction.
Fermi surfaces consist of only spin-up bands because of
the half-metallic character. Band indices of Fermi sur-
faces are 12, 13, and 14, respectively, in order of distance
&om I'. The 12th band constitutes a nearly spherical hole
pocket around I'. There are arms along the I'-I direction,
which are attributed to the 13th and 14th bands. These
arms may provide open orbits, which can be checked by
the magnetoresistance measurement.

IV. ELECTRONIC STRUCTURES OF PtMnSb

Equilibrium lat tice constants of P tMnSb obtained
from paramagnetic and ferromagnetic calculations, are
6.15 A and 6.24 A. , respectively. As in NiMnSb, the
calculated lattice constant of ferromagnetic PtMnSb is
nearly the same as the experimental one with an error
less than 0.5%%uo (see Table I). Unlike the case of NiMnSb,
the Stoner factor is N(E~)I„, = 5.98 () 1.0), which pre-
dicts well a ferromagnetic instability in PtMnSb.

Figure 4(a) and Fig 4(b) pre. sent band structures
of PtMnSb calculated at the experimental lattice con-
stant without and with the spin-orbit interaction in-
cluded, respectively. The semirelativistic band structure
in Fig. 4(a) is normal metallic, since both majority and
minority spin bands cross E~. This result is different
from that of de Groot et g/. who reported that PtMnSb

FIG. 4. Band structures of PtMnSb calculated at the
experimental lattice constant. (a) Semirelativistic bands.
The first lowest bands in both spin directions are omitted.
Solid lines represent spin-up bands and dotted lines repre-
sent spin-down bands. (b) Bands with spin-orbit interaction
included. The 6rst tvro lowest bands are omitted.

is half-metallic at the experimental lattice constant. The
disagreement may be ascribed to the differences in the
calculational methods and the types of the exchange-
correlation interaction employed. In fact, PtMnSb be-
comes a half-metal if the spin-orbit interaction is taken
into account, as will be discussed below.

Figure 4(b) shows the modified band structure due to
the spin-orbit interaction. It is natural to expect that the
effect of the spin-orbit interaction is large in PtMnSb, as
compared to the case of NiMnSb, due to a large atomic
number of Pt. Three degenerate spin-down bands at I',
which were all above E~ in the semirelativistic calcula-
tion, are split into three bands when the spin-orbit inter-
action is taken into account. Furthermore, all the three
split bands are now below E~ so as to make PtMnSb a
half metal. The gap in the minority spin band is indi-
rect between I' and X with a size of 0.91 eV, while the
direct energy gap at I is 1.38 eV (see Table II). The
spin-orbit energy splitting amounts to 0.14 eV, which
is 7 times larger than that of NiMnSb, suggesting that
the large spin-orbit splitting in PtMnSb originates from
Pt atoms. The minority spin bands of PtMnSb at I' near
E~ are composed of 70%%uo Mn-3d, 14%%uo Pt 6p, and 3-%%uo Sb-
5p states. Note that the Pt-6p character predominates
over Sb-5p character in PtMnSb, and so the large spin-
orbit splitting of the bands near E~ is ascribed to Pt-6p



S. J. YOUN AND B. I. MIN

I

5 4 I I I I5.6 5.8 6 6.2
Lattice Constant(A)

6 4

FIG. 5. Energy gap (solid line) in PtMnSb between the 9th
and the 10th band vs lattice constant. The Fermi energy is
set to zero. The maximum of the 9th band and the minimum
of the 10th band are represented by dotted and dot-dashed
lines, respectively. The cusp in the variation of the 10th band
is due to the change of the minimum energy point, from X to
r.

bands. This finding is contrary to the report by de Croot
et al. , in which the states at the top of the valence band
have been ascribed to primarily Sb-5p states.

It is pointed out that the enhanced MOKE in PtMnSb
is related to an exotic spin-orbit splitting of the minority
spin bands at I' near E~. In this case, the topmost
band (9th band) out of three is located above E~, while
the rest two (7th and 8th bands) are below EJ; Then.
the transition from the empty 9th band to higher 10th
or 11th spin-down band at I' is not possible, and so an
incomplete cancellation between transitions of left and
right polarized light occurs so as to yield an enhanced
optical absorption. Our results do not exhibit such an
exotic spin-orbit splitting, since all the three spin-orbit
split bands at I are below E~. Nevertheless it is inter-
esting to note that this kind of situation can be realized
by shifting down the Fermi level by only 0.1 eV. The
9th band is located only 0.09 eV below E~. Since the po-
sition of E~ is quite sensitive to the employed exchange-
correlation potentials, the above condition can be met.
This is in contrast to the case in NiMnSb, where the 9th
band is located far below E~ ( 1.0 eV). This unique fea-
ture in PtMnSb gives evidence that the spin-orbit split
Pt-6p states near E~, which have minority spin charac-
ters, are involved in optical transitions to generate a large
MOKE.

The size of the energy gap of the minority spin band
depends on the lattice constant very much. Figure 5
shows energy variations of the 9th band maximum and
the 10th band minimum of the minority spin band as a
function of lattice constant. These values are obtained
from the semirelativistic calculations. Dotted and dot-
dashed lines represent the 9th band maximum and the
10th minimum, respectively. The solid line represents the
difference between these two values, which corresponds to
the energy gap. The 9th band maximum is located at I',
while the location of the 10th band minimum changes
from X to I' with increasing the lattice constant. The
half-metallic behavior will be seen in the region, where
the 9th band maximum is below E~, and the 10th band
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FIG. 6. The total DOS (states/eV spin cell) and PLDOS's

(states/eV spin atom) of PtMnSb calculated at the experi-
mental lattice constant. (a) Total DOS, (b) PLDOS of Mn-3d,
(c) PLDOS of Pt-5d, and (d) PLDOS of Sb-5p.

minimum remains above E~. This figure shows that, as
the lattice constant of PtMnSb increases from a = 5.40
A. , the energy gap opens in the minority spin band be-
tween the 9th and the 10th band, and it becomes a half-
metal at a = 5.46 A. . As the lattice constant increases
further, the 9th band becomes higher in energy crossing
E~ at I', and PtMnSb becomes a normal metal again.
Thus the range of the lattice constant, in which PtMnSb
is half-metallic, is between 5.46 A. and 6.18 A. . In this
half-metallic region, the total magnetic moment per for-
rnula unit has a fixed value, 4.0p~, and does not change.
Since both experimental and calculated lattice constants
of PtMnSb are oK the half-metallic range, PtMnSb is not
half-metallic in the semi-relativistic calculation.

Figure 6 shows the total DOS and PLDOS's of
P tMnSb, calculated at the experimental lat tice con-
stant with the spin-orbit interaction included. The ex-
change splitting of Mn-3d bands is again prominent in the
PLDOS of Fig. 6(c). Since the atomic number of Pt is
larger than Mn, main peaks in PLDOS of Pt-5d bands ap-
pear at deeper energies than those of Mn-3d bands. Com-
parison between theory and experiment yields that calcu-
lated Pt-5d band widths agree well with those obtained
from the PES experiment. The total magnetic moment
per formula unit is 4.00@~, which is again in good agree-
ment with previous calculations and experiments. The
calculated magnetic moment at a Mn site is 3.97@~, and
so the magnetic moment in PtMnSb is carried mainly
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TABLE IV. Occupied charges, Q~, and magnetic moments,
M, of ferromagnetic PtMnSb at the experimental lattice con-
stant. The spin-orbit interaction is taken into account.

Pt

Mn

Sb

Empty

Q
0.42
0.42
0.31
0.26
0.75
0.74
0.19
0.18

Q~
0.42
0.49
0.35
0.30
1.05
1.15
0.27
0.25

Q~
4.25
4.10
4.72
0.85
0.15
0.15
0.12
0.11

Qtot
5.09
5.01
5.38
1.41
1.95
2.04
0.58
0.54

0.08

3.97

—0.09

0.04

U

(b)

FIG. 7. Fermi surface cross sections of PtMnSb at the ex-
perimental lattice constant. (a) Semirelativistic calculation.
Solid lines for spin-up and dotted lines for spin-down com-
ponents. (b) Fermi surfaces with the spin-orbit interaction
included.

by Mn atoms, similarly as in NiMnSb (see Table IV).
Pt atoms contribute little to the magnetic moment be-
cause the PLDOS of Pt-5d are nearly ulled with electrons
of both spin directions. In consequence, orbital polar-
izations originating from Pt atoms are canceled between
majority and minority spin electrons, and thus total or-
bital contribution to the magnetic moment is as small as
0.08@~ in PtMnSb.

The spin-orbit effect on Fermi surfaces of PtMnSb is
large. Figures 7(a) and 7(b) present Fermi surfaces
of PtMnSb at the experimental lattice constant with-
out and with the spin-orbit interaction included, respec-
tively. The shape of the Fermi surface is similar to that of
NiMnSb, except for the spin down components (dashed
lines) near I'. If the spin-orbit interaction is included,
all the spin-down components disappear due to the half-

metallic character, and the folded Fermi surfaces along
the I'-X direction are resolved.

V. FERROMAGNETIC COUPLING
OF MAGNETIC MOMENTS

It has been suggested ' that the couping of magnetic
moments in Heusler compounds originates from the indi-
rect Ruderman-Kittel-Kasuya-Yosida (RKKY) type in-
teraction mediated by itinerant electrons. Based on this
idea, one can identify the itinerant carriers responsible
for the magnetic coupling as those on the nearly spheri-
cal hole Fermi surfaces of the 12th majority spin bands
centered at I' in NiMnSb and PtMnSb (see Figs. 3 and
7). In the RKKY interaction, the exchange coupling pa-
rameter oscillates as a function of 2k~A, where k~ and
B denote the Fermi wave vector and the distance be-
tween atoms, respectively. The mean radii (k~'s) of the
Fermi surfaces of the 12th bands in NiMnSb and PtMnSb
are small enough to couple magnetic moments of Mn
atoms ferromagnetically. This is because 2k~BM M's
for NiMnSb and PtMnSb, 3.59 and 3.30, are smaller
than the first node of the RKKY oscillatory function
(2k~R = 4.49). Here RM M is the nearest neighbor
distance between Mn atoms. Hence, the exchange cou-
pling parameters between Mn magnetic moments become
positive (ferromagnetic) for both NiMnSb and PtMnSb.

Our band results indicate that the itinerant electrons
that mediate RKKY interaction consist of not only wide
Sb-p band electrons, but also Ni- d or Pt- d band electrons.
Sb-p holes exist mostly at the center of the Fermi sea of
the 12th band, but decrease as going toward the Fermi
surface. Near the Fermi surface, the percentile fraction of
electrons in NiMnSb is 43, 21, 10, 9'%%uo for Ni-3d, Mn-3d,
Sb-5p, and Sb-58, respectively. Since the RKKY interac-
tion is mediated by electrons near the Fermi surface, ¹id
electrons are expected to play an important role in con-
structing ferromagnetic couplings between magnetic mo-
ments at Mn sites. Pt-d electrons in PtMnSb will play a
similar role, since the percentile fraction of electrons near
the Fermi surface of PtMnSb is 27, 24, 17, 8% for Pt-5d,
Mn-3d, Sb-5s, and Sb-5p, respectively. In PtMnSb, there
are more Sb-58 electrons than Sb-5p near the Fermi sur-
face, which is different from the case of NiMnSb. Note
that, in both cases, there are some of itinerant Mn- d elec-
trons near the Fermi surface, which may take part in the
RKKY interaction.

Otto et al. have speculated that the low T~ in
AuMnSb results from the fact that one more electron
than in PtMnSb fills up the itinerant holes of Sb-5p band
and so there are not enough carriers to mediate an in-
teraction. To test this, we have performed the band
calculation on AuMnSb. Our calculation yields that
the I'-centered hole Fermi surface of the 12th majority
spin band disappears completely, but there appear new
hole Fermi surfaces of the 13th and 14th spin-up bands
centered at I' and an electron Fermi surface of the 15th
spin-up band centered at X. The existence of new Fermi
surfaces indicates that the number of itinerant carriers
in AuMnSb is not so small, as compared to the case in
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NiMnSb or PtMnSb. Therefore, we think that the low
T~ of AuMnSb is caused by a weaker hybridization inter-
action between Mn-d and Au-d electrons than that be-
tween Mn-d and Pt-d electrons, because the Au-d band,
which is located deeper in energy, does not overlap much
with the Mn-d band. Weaker hybridization gives rise to a
smaller RKKY interaction, and concomitantly a low T~.
This seems to be consistent with the above finding that
the mediating electrons are not only Sb-5p electrons but
also ¹id or P t- d electrons.

VI. CONCLUSION

We have performed total energy LMTO band calcula-
tions for both NiMnSb and PtMnSb. Equilibrium lat-
tice constants obtained in the ferromagnetic calculations
agree very well with experimental values within errors of
0.3% for NiMnSb and 0.5% for PtMnSb. Semirelativistic
band structure calculations yield half-metallic NiMnSb at
the experimental lattice constant. Meanwhile, PtMnSb
is a normal-metal in the semirelativistic calculation but
becomes a half-metal if the spin-orbit interaction is ex-

plicitly taken into account. The magnitudes of the energy
gap in the minority spin bands are found to be sensitive
to the variation of the lattice constant for both NiMnSb
and PtMnSb.

Effects of the spin-orbit interaction on band struc-
tures and Fermi surfaces are found to be substantial in
PtMnSb, but negligible in NiMnSb. In PtMnSb, the
large spin-orbit splitting of the bands at I near E~ is
mainly attributed to Pt-6p bands with minority spin-
down characters, which play an important role in the
optical transition to give rise to an enhanced MOKE.
It is also found that the itinerant electrons, that medi-
ate RKKY interaction between Mn magnetic moments in
NiMnSb and PtMnSb, are those on the nearly spherical
hole Fermi surfaces of the 12th majority spin bands cen-
tered at I', and they consist of not only wide Sb-p band
electrons but also Ni-d or Pt-d band electrons.
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