
First-principles study of magnetic properties of L10-ordered MnPt and FePt alloys

Zhihong Lu, Roman V. Chepulskii,* and W. H. Butler†

Center for Materials for Information Technology, University of Alabama, Tuscaloosa, Alabama 35487, USA
�Received 18 January 2010; revised manuscript received 9 March 2010; published 30 March 2010�

Using first-principles methods, we study the magnetic and electronic properties of three different spin
configurations of the L10 phase of FePt and MnPt alloys. It is found that MnPt and FePt may be approximately
considered as magnetic antipodes with opposite ferromagnetic �FM�—antiferromagnetic �AFM� and in-plane/
out-of-plane magnetocrystalline anisotropy �MCA� relationships. In MnPt, the most stable phase is the AFM
configuration with AFM chessboard spin coupling in the �001� plane, FM spin coupling between �001� planes,
and all spin directions aligned in the �001� plane. Whereas in FePt, the most stable is the FM configuration with
all spin directions aligned perpendicular to �001� plane. The out-of-plane MCA of MnPt is more than an order
of magnitude less ��0.1 meV� than that of FePt ��2.9 meV� in their corresponding magnetic ground states.
Our calculations indicate that an AFM state can be achieved in FePt by a small variation in tetragonality ratio
�from 0.98 to 0.94�. A pseudogap is observed at the Fermi energy for MnPt and just below the Fermi energy
for FePt for the chessboard AFM model. This pseudogap may explain the ground-state magnetic configuration
of MnPt.
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I. INTRODUCTION

In recent years, MnPt and FePt alloys have been inten-
sively studied. The antiferromagnet �AFM�, MnPt, is an im-
portant material for magnetic recording and other spintronic
applications such as magnetic random-access memory be-
cause it can be used as a pinning layer in giant magnetore-
sistive and tunneling magnetoresistive devices.1–3 The ferro-
magnet �FM�, FePt, is a promising medium material for
high-density magnetic recording4–6 because its high magne-
tocrystalline anisotropy suppresses superparamagnetism in
nanoscale particles and elements.

At low temperatures, both MnPt and FePt are observed7 to
have the layered L10 �CuAu� atomic structure �see Fig. 1�
with small tetragonal distortions. At room temperature, MnPt
is found experimentally8–11 to have antiferromagnetic order
with aniferromagnetic coupling between adjacent Mn atoms
in the �001� plane at distance a /�2 and ferromagnetic cou-
pling between two adjacent Mn atoms in the �001� direction

at distance c �see Model 1 in Fig. 1�. However, the general
direction of atom magnetic moments with respect to the lat-
tice is reported to be both composition8,9 and temperature9,11

dependent with some controversial results. Moreover, a fer-
romagnetic phase is found in quenched MnPt samples with
partially ordered and disordered Mn and Pt atoms8,12 and in
sputtered disordered samples.13 Most previous studies of
MnPt have been experimental and have mainly focused on
the phenomenon of exchange bias in which a MnPt layer is
used to shift the hysteresis curve of an adjacent ferromag-
netic layer.14,15 To our knowledge, a theoretical study of the
magnetic properties of MnPt and of possible phase competi-
tion in MnPt is still lacking.

Experimentally, FePt is well known to be ferromagnetic at
room temperature16 with a very large anisotropy energy �1.2
meV/f.u. for bulk� perpendicular to the atomic planes of Fe
and Pt.17,18 However, the calculations of Brown et al.19 claim
that there is a competition between ferromagnetism and an-
tiferromagnetism in FePt: FM becomes energetically favor-
able compared to AFM as tetragonality and/or L10 order de-
creases �so, effectively, as the system becomes more cubic�.

Since FePt and MnPt both have L10 structures, the only
difference between them is that the Fe atom has one more
electron than the Mn atom. However, they have different
equilibrium magnetic states. In this paper, we report a sys-
tematic study and comparison of the magnetic and electronic
properties of MnPt and FePt L10-ordered alloys with differ-
ent magnetic configurations. Such a study may help us to
understand the reasons behind their very different magnetic
properties.

II. COMPUTATION DETAILS

We consider two collinear antiferromagnetic configura-
tions and one collinear ferromagnetic configuration of fully
L10-ordered equiatomic MnPt and FePt alloys �see Fig. 1�.
All energies are calculated from first principles within the
generalized gradient approximation �GGA� to density-

FIG. 1. �Color online� Two antiferromagnetic �Model 1,2� and
one ferromagnetic �Model 3� configurations of fully L10-ordered
equiatomic MnPt and FePt alloys considered in the present study.
The arrows indicate the relative directions of Mn or Fe magnetic
moments with respect to each other �rather than to crystallographic
directions�. The Pt magnetic moments are not indicated because
they are found to be considerably smaller than those of Fe and Mn.
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functional theory �DFT� with the use of projector augmented
waves pseudopotentials and exchange-correlation functionals
as parameterized by Perdew and Wang20 and implemented
within the VASP �Ref. 21� program package. All structures are
fully relaxed including shape �if tetragonality is not fixed�
and volume of the cell. All calculated energy values are pre-
sented per L10 formula unit �f.u.� cell, which consists of one
Fe or Mn and one Pt atoms.

In evaluating small energy differences between atomic
configurations and typically even smaller differences be-

tween magnetic configurations, it is important to use enough
k-points to sample the reciprocal space with sufficient accu-
racy. Analyzing the k-point convergence �see Fig. 2�, we find
that 2000 k-points in the first Brillouin zone are sufficient for
accurate estimation of energy differences between the three
considered models for MnPt and FePt. We use an energy
cutoff of 270 eV. We also find that 5000 and 3000 k-points
are sufficient for accurate estimation of magnetocrystalline
anisotropy �MCA� energy of MnPt and FePt, respectively, in
all three considered models. Note that, in all considered
cases, we find that the spin-orbit coupling has a tiny effect on
the energy differences �less than 3 meV/f.u.� and magnetic
moments. Thus, the spin-orbit coupling is taken into account
only for calculations of MCA. Atomic-site-projected �spin�
magnetic moments are determined by integrating the magne-
tization within Wigner-Seitz atomic spheres. There is some
ambiguity in the calculated atomic moments per atom arising
from the ambiguity of dividing space among the atoms. We
have attempted to reduce that ambiguity by choosing
Wigner-Seitz sphere radii such that the total volume of the
spheres is the same as the cell volume.

III. GROUND STATES

The results of our first-principles calculations for all three
models in MnPt and FePt alloys are shown in Table I and
Fig. 3. We conclude that, under a complete relaxation, Model
1 �AFM� and Model 3 �FM� are the ground states in MnPt
and FePt, respectively. Such results are in agreement with
experimental observations.8–11,16–18 The small ��7 meV�
energetic preference of FM over AFM in FePt at T=0 is in

TABLE I. Calculated and experimental �Exp.� lattice constants �a ,c�, spin magnetic moments ���, and
relative energies �E� of three considered magnetic structures of MnPt and FePt shown in Fig. 1. Each energy
is given with respect to that of the corresponding most stable model. As �Mn ��Fe� and �Pt atomic magnetic
moments are determined within Wigner-Seitz atomic spheres, their sum may differ slightly from the total
magnetic moment per formula unit cell �f.u..

a
�Å�

c
�Å� c /a

�f.u.

��B / f.u.�
�Mn,Fe

��B /at.�
�Pt

��B /at.�
E

�meV/f.u.�

MnPt

Model 1 3.99 3.70 0.93 0.00 3.80 0.00 0.0

Model 2 4.10 3.58 0.87 0.00 3.89 0.00 267.5

Model 3 4.17 3.48 0.84 4.37 3.94 0.39 293.0

Exp.a 4.00 3.67 0.92 4.0�0.4 0.4�0.4

FePt

Model 1 3.96 3.60 0.91 0.00 2.84 0.00 276.2

Model 2 3.90 3.66 0.94 0.00 2.94 0.00 7.2

Model 3 3.85 3.77 0.98 3.23 2.92 0.33 0.0

Exp.b 3.86 3.79 0.98

Exp.c 3.86 3.71 0.96 3.24 2.90 0.34

Exp.d 2.92�0.29 0.47�0.02

aReferences 9 and 10.
bReference 22.
cReference 23.
dReference 24.

FIG. 2. Convergence of energy differences with respect to num-
ber of k-points in the first Brillouin zone. Ei is the energy of ith
model �neglecting spin-obit coupling�. E�lmn� is the energy of the
corresponding model with all magnetic moments being parallel to
�lmn� direction �including spin-obit coupling�.
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accordance with results of Refs. 19 and 25. Note that, in Ref.
25, it is shown that the correct FM ground state of FePt is
predicted only when the generalized gradient approximation
is used due to the more accurate estimation of lattice con-
stants. The obtained values of lattice parameters and mag-
netic moments of MnPt Model 1�AFM� and FePt Model
3�FM� are in good agreement with the corresponding
experimental data8–11,22–24 and previous first-principles
calculations.25–36 Pt atoms are found to have either small or
negligible magnetic moments. Considering the magnetic
properties of the two alloys and observing the approximate
“mirror reflection” between the upper �MnPt� and lower
�FePt� parts of Fig. 3, MnPt and FePt may be approximately
considered as magnetic antipodes with opposite FM-AFM
and in-plane/out-of-plane MCA relationships.

IV. MCA

In order to study the magnetocrystalline anisotropy, we
include spin-obit coupling and consider three possible direc-
tions ��001�, �100�, and �110�� of collinear atomic magnetic
moments for each of three considered models shown in Fig.
1. The corresponding results for MnPt and FePt are presented
in Table II and Fig. 3.

For MnPt, our calculations predict that, for all three mod-
els, the magnetic moments energetically prefer to be in the
�001� plane with nonvanishing energies �0.11, 0.25, and 2.35
meV� required to orient the moments out of plane. This re-
sult, for the most stable Model 1, is in agreement with ex-

TABLE II. MnPt and FePt relative energies �E� and atom magnetic moments � corresponding to three
possible directions ��001�, �100�, and �110�� of collinear atomic magnetic moments for each of three consid-
ered models shown in Fig. 1. Each energy is given with respect to that of the most stable magnetic moment
direction for a given model.

Direction
E

�meV/f.u.�
�Mn,Fe

��B /at.�
�Pt

��B /at.�

MnPt Model 1 �001� 0.114 3.78 0

�100� 0 3.78 0

�110� 0.001 3.78 0

Model 2 �001� 0.250 3.89 0

�100� 0 3.89 0

�110� 0.019 3.89 0

Model 3 �001� 2.350 3.94 0.39

�100� 0 3.94 0.39

�110� 0.005 3.94 0.39

FePt Model 1 �001� 0 2.82 0

�100� 2.460 2.82 0

�110� 1.805 2.81 0

Model 2 �001� 0.280 2.94 0

�100� 0 2.94 0

�110� 0.003 2.93 0

Model 3 �001� 0 2.91 0.34

�100� 2.900 2.92 0.34

�110� 2.990 2.91 0.34

FIG. 3. �Color online� Graphical representation of relative ener-
gies from Tables I and II. The inset scales allow to distinguish the
energies of different magnetic moment directions for corresponding
models. The energies within the insets are calculated using spin-obit
coupling. They are given with respect to that of the most stable
magnetic-moment direction for corresponding model.
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perimental data of Ref. 10 but contrary to those of Refs. 8, 9,
and 11. However, in Refs. 8, 9, and 11, transitions from
out-of-plane to in-plane magnetic orientation are observed on
increase of either temperature or Pt composition �immedi-
ately above equiatomic L10 stoichiometry�. Such experimen-
tal sensitivity of MCA to the change in composition is con-
sistent with our comparatively small ��0.1 meV / f.u.�
theoretical MCA value. Moreover, the small calculated en-
ergy difference is sensitive to the details of first-principles
calculations. For example, a calculation within linear muffin-
tin orbital- �LMTO-� atomic sphere approximation �ASA�
�neglecting the Pt magnetic moment� gives 0.51 meV/f.u. for
the same MCA.26

In Ref. 32, the MCA of MnPt Model 3 �FM� is calculated
within FP-LMTO. But in contrast to our complete atomic
relaxation, they consider fixed lattice parameters taken from
experimental data for AFM MnPt. Correspondingly, the
MCA values which they obtain have opposite sign and
higher absolute value compared to ours. This may demon-
strate that how important is the choice of lattice parameters
for MCA calculation.

MnPt in-plane MCA energies ��100� vs �110�� are found
to be very small ��0.01 meV / f.u.� for Models 1 and 3. Our
calculations probably do not have sufficient accuracy to re-
solve such small differences. Thus it is difficult to determine
the energetically preferred direction in the magnetic mo-
ments. For Model 2, the in-plane MCA energy is about 0.02
meV/f.u. and the preferred direction is �100�. Such an energy
difference is also small and near the limits of our accuracy.

For FePt, the in-plane ��100� vs �110�� MCA is nonvan-
ishing for Model 1 with �110� the preferred magnetic mo-
ment direction. For Models 2 and 3, the calculated in-plane
MCA is too small to provide a reliable value. The out-of-
plane MCAs are the largest �2–3 meV/f.u.� for Models 1 and
3 with �001� the preferred magnetic-moment direction. For
Model 2, the out-of-plane MCA energy is significantly
higher so in-plane orientation of the magnetic moments is
preferred. The obtained out-of-plane MCA energy of the fer-
romagnetic phase �Model 3� is in good agreement with pre-
vious first-principles calculations27–33,35–39 �for a comparison,
see Table I in Ref. 35�. The factor 2–3 difference between
first principles and experimental MCA may be attributed to
imperfect chemical order in experimental samples35,38 or to
limitations of DFT-GGA.

V. DENSITY OF STATES

The spin-polarized total and angular momentum projected
densities of states �TDOS and PDOS, respectively� for the
three considered models of MnPt and FePt are shown in Fig.
4 �top two panels�. The TDOS topologies are similar for
MnPt and FePt, so that the rigid-band model is roughly valid.
Correspondingly, the one electron difference between Mn
and Fe is approximately reflected in a small increase in the
Fermi energy between MnPt and FePt. The obtained DOS for
Model 3 of FePt is in good agreement with corresponding
results of Refs. 25, 28, and 32.

For both FePt and MnPt, an obvious characteristic of
Model 1 �AFM� is that it has an extremely deep TDOS mini-

mum or “pseudogap” near the Fermi energy. For MnPt, the
minimum is right at Fermi energy, while, for FePt, it is just
below the Fermi energy. This can be understood by referring
to Table I.

On average, the Pt d states are substantially lower in en-
ergy than the Mn d states because Pt has three more valence
electrons per atom than Mn. The Pt d states are also some-
what lower in energy �on average� than the d states of Fe
where the difference is two electrons per atom �see also
PDOS in Fig. 4�.40 For the antiferromagnetic models, Pt has
no moment so there are five electrons per Pt atom per spin
channel. On the other hand, the Mn atoms have a moment of
approximately 4 and the Fe atoms have a moment of ap-
proximately 3. This means that both the Mn and Fe atoms
have approximately 5.5 electrons in the spin channel that is
locally majority while they have 1.5 and 2.5 electrons, re-
spectively, in the channel that is locally minority. For sim-
plicity, we ignore interatomic charge transfer which we be-
lieve to be small in these alloys, and in any event, difficult to
define unambiguously.

The implication of these electron counts is that the d
states for the locally majority Mn or Fe atoms are approxi-
mately degenerate with �or even slightly lower than� the d
states of Pt while the locally minority d states on the Mn and

FIG. 4. �Color online� Density of states projected by spin �top
panel� and by spin, angular momentum, and site �bottom three pan-
els� for the three models of MnPt and FePt depicted in Fig. 1. Ef is
the Fermi energy.
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Fe are substantially higher in energy. Thus, we can see that
for Model 1, the Mn and Fe d states corresponding to the
local minority spin channel form very narrow bands �mostly
near and above EF� because such d states have no neighbors
of similar energy for the same channel with which to hybrid-
ize. Mn and Fe minority d states are broader for Models 2
and 3 because they can hybridize with the same states of four
neighbors in �001� plane.

One feature that needs additional explanation is the strik-
ing pseudogap for model 1 which has also been seen in pre-
vious electronic-structure calculations41 for MnPt. Support-
ing experimental evidence has also been reported.42 A similar
pseudogap is predicted in NiMn.43 It is likely that the deep
pseudogap contributes to the relative stability of Model 1 for
MnPt since for this material �and for NiMn� it occurs at the
Fermi energy.

We expect to explain the pseudogap in a substantially
wider context elsewhere.44 Its existence can be understood in
this instance by realizing that for the Mn d states that are
locally minority all nearest neighbors have d states that are
substantially lower in energy. The energy shifts due to inter-
actions between the Mn-locally minority d states and these
neighbors take the form �=w2 / �EMn↓−Ed� where w repre-
sents the interaction between these d states, EMn↓ is the on-
site energy of a Mn d state that is locally minority, and Ed
represents one of the other d states. This interaction is always
positive and so only pushes the EMn↓ d states higher in en-
ergy. Thus five d states per four atom cell must lie higher in
energy than EMn↓. In MnPt and in FePt, this is sufficiently
high that there is very little overlap with the bands derived
from the d states originating on the other sites.

VI. EFFECT OF TETRAGONALITY

In order to study the effect of tetragonality on the relative
energy of the models for MnPt and FePt and on their mag-
netic and electronic properties, we varied the tetragonality
ratio c /a from 0.5 to 1. For each fixed c /a, we minimized
the first-principles energy over all of the other degrees of
freedom for each of the considered models. The results are
presented in Figs. 5 and 6 for MnPt and FePt, respectively.

For MnPt �Fig. 5�, the most stable phase changes from
Model 1 to Model 2 �both AFM� at c /a�0.72 as c /a de-
creases. This is approximately the value of c /a for which the
structure would be B2 �CsCl� rather than L10. The MCA of
Model 1 increases and changes sign from negative �in-plane�
to positive �out-of-plane� as c /a increases from its equilib-
rium �0.928� value. On the other hand, decreasing its c /a
from its equilibrium value yields a stronger in-plane MCA
with a minimum in E100−E001 at c /a�0.70.

The MCA of Model 2 slowly oscillates around zero as c /a
changes �including the region of Model 2 stability at c /a
�0.7�. As c /a decreases, the magnetic moments of Mn �in
all three models� and of Pt �in Model 3� increase until reach-
ing some maximum values. There is no magnetic moment on
Pt atoms in Model 1 and 2. The transition from Model 1 to
Model 2 at c /a�0.7 results in large drop in the MCA but in
only a slight change in the atomic magnetic moments. We
may say that by a transition from Model 1 to Model 2, the

system maintains the low magnetic moment on Mn atoms
and low MCA. Our results confirm that the tetragonality has
a nonmonotonic, comparatively minor effect on MCA �in
contrast to long-range order effect, see Fig. 2 in Ref. 38�.

In MnPt, the FM state is not competitive with the AFM
state at T=0 K. As tetragonality increases �c /a decreases�,
we may expect a change in AFM type rather than the appear-
ance of FM order �see Fig. 5�. If we assume that, in MnPt,
the FM phase becomes energetically favored compared to
AFM as the system becomes more cubic �similar to FePt
�Ref. 19��, then this may explain the experimentally
observed12,13 ferromagnetic phase in quenched MnPt
samples.

For FePt �see Fig. 6�, the most stable phase changes from
Model 3 �FM� to Model 2 �AFM� at c /a�0.948. This tran-
sition occurs very close to the global equilibrium c /a value
of 0.98. The MCA changes sign with this transition �out-of-
plane to in-plane�. Model 2 and Model 3 are nearly degen-
erate. We estimate that an uniaxial pressure of 4.3 GPa is
necessary to shift the system from its FM ground state
�c /a=0.98� to a metastable AFM state �c /a=0.94�. With fur-
ther decrease in c /a, the MCA changes back to out-of-plane
and reaches a maximum �within the same stable Model 2�.
The obtained variation of the FePt MCA of Model 3 is in
good agreement with the corresponding results of Refs. 28,
35, and 39 calculated within the LMTO-ASA, FP-LMTO,
and full potential local orbital methods, respectively.

Our result that, the AFM state in FePt can be achieved by
a small variation in the tetragonality ratio c /a at T=0 K,
confirms the corresponding result of Brown et al.19 Note,
however, that we predict that the FM state is the one that is
stable at T=0 K and low pressure. Brown et al.19 also have
shown that ferromagnetism becomes energetically stronger
than AFM at the decrease of tetragonality �i.e., at c /a→1�
and/or L10 order �so, effectively, as the system becomes
more cubic�. This may help to explain why the AFM state in
FePt is not experimentally observed at ambient temperature
and pressure.

The magnetic configuration is determined by the relative
direction of magnetic moments on adjacent 3d transition
metal atoms. As the tetragonality ratio, c /a, changes, the
interatomic distances and interactions also change. In Table
III, we show the lattice constants and nearest-neighbor dis-
tances for three considered c /a values in both MnPt and
FePt. Table III demonstrates that, with decrease in c /a, the
Mn-Mn and Fe-Fe distances in the �001� plane increase con-
siderably, while the Mn-Pt and Fe-Pt distances do not change
as much. Note that, for c /a� �0.52–1�, the unit-cell volume
remains relatively constant for all considered models.

We also study the c /a change in PDOS corresponding to
Fe and Mn atoms. We find that, for all three models of MnPt
and FePt, the PDOS of the transition-metal atoms change
similarly. Thus, in Fig. 7 we present the PDOS data only for
the Mn atom in Model 1 of MnPt as an example. Note that
our results are comparable to those obtained by the tight-
binding �TB�-LMTO method in Ref. 41 �see Fig. 7 there�.

These results can be understood using the simple model
presented in Sec. V in which the d states of the Pt atoms and
the Mn d states that are locally majority are approximately
degenerate and considerably lower than the Mn d states on
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the locally minority Mn atoms. Let us first consider the width
of the �unoccupied� minority Mn d bands. These can be seen
to broaden significantly as we decrease c /a. The reason for
this is that the minority Mn d states can hybridize effectively
only with other minority Mn d states. In Model 1, the closest
of these can be found at distance c in the �001� direction. As
c is reduced these states broaden significantly. For the Mn

majority d states, on the other hand the nearest Mn states
with which to hybridize are in the plane a distance a away in
Model 1. These states get further away as c /a decreases. The
Mn majority d states can also hybridize with the Pt d states,
however their distance does not change greatly as c /a de-
creases �see Table III�. The net effect is that these states
narrow as c /a decreases.

Because the Fermi energy of MnPt falls in the pseudogap,
we speculate that it is important for understanding its phase
stability. The energy of Model 1 increases with decreasing
c /a because the broadening seen in Fig. 7 eliminates the

TABLE III. Lattice constants �a ,c� and nearest atomic distances �d� at three different values of c /a in
Model 1 of MnPt �T=Mn� and Model 3 of FePt �T=Fe�. Such models are presented as they are the magnetic
ground states of corresponding compounds.

MnPt FePt

c /a 1 0.8 0.5 1 0.8 0.5

a�Å� 3.89 4.31 5.06 3.82 4.13 4.94

c�Å� 3.89 3.37 2.53 3.82 3.31 2.47

dT-T
in-plane�Å� 2.75 3.05 3.58 2.70 2.92 3.49

dT-Pt�Å� 2.75 2.72 2.83 2.70 2.65 2.76

FIG. 5. �Color online� In case of MnPt, the dependencies on the
tetragonality ratio c /a of �a� energies �with reference to the ground
state, which is Model 1 at c /a=0.928�; �b� out-of-plane MCAs; and
�c� atom magnetic moments. The curve designations are the same
for all three graph panels. Two vertical grid lines designate c /a
=0.72 corresponding to the change in energetic preference between
Model 1 and Model 2 and the globally equilibrium c /a=0.928.

FIG. 6. �Color online� The same as in Fig. 5 but for FePt. Two
vertical grid lines designate c /a=0.948 corresponding to the change
in energetic preference between Model 3 and Model 2 and the glo-
bally equilibrium c /a=0.98.
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Fermi energy pseudogap and its stabilizing effect. On the
other hand, the energies of Models 2 and 3 are relatively
insensitive to c /a.

VII. CONCLUSIONS

In this paper, we study the magnetic and electronic prop-
erties of three different spin configurations of the L10 phase
�see Fig. 1� of FePt and MnPt alloys. It is found that MnPt
and FePt may be approximately considered as magnetic an-
tipodes with opposite FM-AFM and in-plane/out-of-plane
MCA relationships. This is most clearly shown by almost
mirror reflection between the upper �MnPt� and lower �FePt�
parts of Fig. 3. Namely, Model 1 �AFM� with in-plane spins
is the most stable magnetic configuration whereas Model 3
�FM� with out-of-plane spins is the most unstable one in
MnPt. In FePt, the situation is exactly opposite.

The out-of-plane MCA of MnPt is more than an order of
magnitude less ��0.1 meV� than that of FePt ��2.9 meV�
in the corresponding magnetic ground states. Such a small
value for MnPt explains the experimentally observed contro-
versy and sensitivity of the MCA to changes in composition
and temperature.8–11 Besides, being small, the out-of-plane
MCA of MnPt is sensitive to the details of first-principles
calculations.26 The out-of-plane MCA of FePt is in
good agreement with previous first-principles
calculations.27–33,35–39 The factor 2–3 difference between first
principles and experimental FePt MCA may be attributed
either to imperfect chemical order in experimental
samples,35,38 deficiencies in density functional theory or
both. In all considered cases, the in-plane MCA is found to
be very small �near the limits of our accuracy�.

The obtained values of lattice parameters and magnetic
moments of MnPt and FePt magnetic ground states are in

good agreement with the corresponding experimental
data8–11,22–24 and previous first-principles calculations.25–36 Pt
atoms are found to have either small �0.39 for MnPt, 0.34 for
FePt for Model 3� or negligible magnetic moments �Models
1 and 2�.

Our calculations predict that the AFM state in FePt can be
achieved by a small variation of the tetragonality ratio c /a
�from 0.98 to 0.94, see Table I and Fig. 5�, confirming the
corresponding result of Brown et al.19 Brown et al.19 also
have shown that ferromagnetism becomes energetically
stronger than AFM at the decrease in tetragonality �i.e., at
c /a→1� and/or L10 order �so, effectively, as the system be-
comes more cubic�. This may help to explain why the AFM
state in FePt is not experimentally observed at ambient tem-
perature and pressure.

In MnPt, the FM state is not competitive with the AFM
state at T=0 K. On increasing of tetragonality ratio c /a, we
may expect a change in AFM type rather than appearance of
FM order �see Fig. 5�. If we assume that, in MnPt, the FM
phase becomes energetically favored compared to AFM
when the L10 order is decreased �similar to FePt �Ref. 19��
then this may explain the experimentally observed12,13 ferro-
magnetic phase in quenched MnPt samples.

Our results confirm that the tetragonality has a nonmono-
tonic, comparatively minor effect on MCA �in contrast to the
effect of long-range order38�. The magnetic moment as a
function of tetragonality usually has one maximum. Gener-
ally, we observe that by transitions between different mag-
netic configurations, the systems maintain the low magnetic
moments and MCA.

The DOS topologies are quite similar for MnPt and FePt
so that the rigid-band model is roughly valid. Correspond-
ingly, the electron difference between Mn and Fe is approxi-
mately reflected in the relative location of the Fermi energy.
We find that, in MnPt, the pseudogap is observed near the
Fermi energy in all three considered models. Such effect is
observed experimentally42 and theoretically �TB-LMTO�.41

In FePt, the narrow pseudogap is calculated only in Model 1
�AFM�.

We find that the valence band consists mainly of d elec-
trons. The d states for the locally majority Mn or Fe atoms
are approximately degenerate with �or even slightly lower
than� the d states of Pt while the locally minority d states on
the Mn and Fe are substantially higher in energy.
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