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First-principles study of the magnetic structures of ordered and disordered Mn-Ir alloys
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Electronic and magnetic structures ofg-phase disordered Mn1002xIrx alloys includingL12-type ordered
Mn3Ir alloy have been investigated by the first-principles approach using the tight-binding~TB! linear muffin
tin orbital ~LMTO! method. For theL12-type ordered Mn3Ir alloy, a triangular (T1) magnetic structure is
considered to be stable, reflecting in a dip structure around the Fermi level in the density of states. For the
g-phase disordered Mn3Ir alloy, on the other hand, the most stable structure is suggested to be the 3Q structure
among the multiple-Q spin density wave~MSDW! structures. The Ne´el temperature is estimated to be about
735 K from the effective exchange constantJ0 , in good agreement with the experimental value of about 730
K. With decreasing Ir concentration in theg-phase disordered Mn1002xIrx alloys, the transition from the 3Q to
the 2Q structure takes place in the vicinity ofx513 under the constant lattice parameters with the axial ratio
of c/a51. This critical concentrationx is close to the observed concentration at which the axial ratio changes
from c/a51 to c/a.1. However, it should be stressed that these two critical concentrations do not necessarily
coincide with each other, that is, the critical concentration of the magnetic structure transition is lower than that
of the lattice distortion. This theoretical expectation has been verified by the experimental structural and
magnetic data.

DOI: 10.1103/PhysRevB.67.024420 PACS number~s!: 75.25.1z, 75.50.Ee, 71.20.Be
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I. INTRODUCTION

Magnetic structures ofg-phase Mn-based alloys have st
been far from understanding and studied for a few decade
connection with the lattice distortion which varies with th
concentration of additional elements such as Cu,1 Ni,2,3 Pd,4

Ir,5 Rh,6 and Fe.7 Experimentally, for example, it has bee
reported that the axial ratioc/a in g-phase Mn1002xMx (M
[Ni and Rh! alloys changes in the sequence ofc/a,1, a
.b.c, c/a.1 and c/a51 with increasing concentratio
x.3,6 The concentration dependence of the Ne´el temperature
TN is different, depending on the additional element. That
TN increases in Mn-Ir~Refs. 5 and 8!, Mn-Rh ~Refs. 6, 9,
and 10!, and Mn-Ru~Refs. 11 and 12! systems, whileTN
decreases with increasingx in Mn-Cu ~Ref. 1!, Mn-Ni ~Refs.
2 and 3!, Mn-Pd ~Ref. 4!, Mn-Fe ~Ref. 7!, Mn-Au ~Ref. 13!,
and Mn-Pt ~Ref. 14! systems. These concentration depe
dences have been explained by the number of 3d electrons in
the Mn site, which is calculated by the linear muffin-tin o
bital atomic sphere approximation.10 For the magnetic struc
tures, however, no systematic detailed investigations h
been made because of some experimental and theoretica
ficulties.

Practically, on the other hand, several kinds of antifer
magnetic Mn-based alloy systems have been investigate
tensively as an exchange biasing film in the giant magnet
sistance ~GMR! and tunnel magnetoresistance~TMR!
devices. Especially,g-phase disordered Mn-Ir alloys exhib
the Néel temperature enough high for these devices with
postannealing.15–18 Therefore,g-phase disordered Mn-Ir al
loys are considered as one of the most promising candid
for the exchange coupling film of spin valves15,16 and mag-
netic tunnel junctions.17–19 It is important to note that the
0163-1829/2003/67~2!/024420~7!/$20.00 67 0244
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exchange biasing and the blocking temperature charact
tics are intimately related to the magnetic structures.20–22Ac-
cordingly, fundamental studies of antiferromagnetic M
based alloys are strongly desired to develop excel
properties for GMR and TMR devices.

The lattice constants and the Ne´el temperatures of
g-phase disordered Mn1002xIrx alloys were first investigated
by Yamaoka.5 He demonstrated that the Ne´el temperature of
the disordered alloy aroundx525 is very high, of about 730
K among several kinds of Mn-based alloy systems. A rec
study by Tomenoet al.23 showed thatL12-type ordered
Mn3Ir alloy also has a high Ne´el temperature of about 950 K
On the other hand, no systematic theoretical investigati
have been performed yet for Mn-based alloys, except
L12-type ordered Mn3Pt and Mn3Rh alloys.24 The magnetic
structure of the latter two ordered alloys was suggested to
the so-called triangular (T1) structure from both
experimental14,25 and theoretical24 works.

In the previous studies based on the first-principles ca
lations, we have suggested within the frame of the cohe
potential approximation~CPA! that disordered FeMn and
MnPt alloys have a 3Q spin density wave structure,26 though
the 3Q structure is most unstable in the multiple-Q spin den-
sity wave~MQSDW! structures in pureg-Mn metal.27 From
theoretical point of view, therefore, the magnetic structure
Mn-based alloys such asg-phase disordered Mn-Ir alloy
would attract much attention in the sense how the comp
tion ratio influences the magnetic structure.

In the present work, the electronic and the magnetic str
tures of disordered Mn1002xIrx (0<x<30) and ordered
Mn3Ir alloys are calculated by the tight-binding~TB! linear
muffin tin orbital ~LMTO! method based on the local sp
density~LSD! functional approximation. A brief explanatio
©2003 The American Physical Society20-1



ol
ad
ts
a

is

e
-
i

fo
e
ge

d
-

e
io
c

t
.

lo
-
n

o

n:

ange
o-

c-

ein

c
the
an-
ice

ex-

ly
e
en-
-

le

es

lar

the

SAKUMA et al. PHYSICAL REVIEW B 67, 024420 ~2003!
of the theoretical methodology will be presented in the f
lowing section and its more detailed description was alre
given in Ref. 26. In order to shed light on the intrinsic effec
of the addition of Ir atoms, first we fix the lattice constants
the observed value forx525 with the axial ratio ofc/a
51, and then the effects of the lattice distortion will be d
cussed. Next, the effective exchange constant26,28 acting on
each Mn moment is also calculated to examine the magn
stability and to estimate the Ne´el temperature. Finally, struc
tural and magnetic properties have experimentally been
vestigated in order to verify the theoretical expectation
the discordance between the compositions of the magn
structure change and the crystallographic structure chan

II. CALCULATION METHOD

Since detailed procedures for calculations have been
scribed elsewhere,26 we give a brief explanation in this sec
tion. In the TB-LMTO method,29 the Green function~GF! is
given by the following equation:

Ḡ~v!5D21/2gg~v!D21/2 ~1!

where gg(v)5@pg(v)2Sg#21 is the so-called auxil-
iary GF composed of the potential functionpg(v) and
the screened structure constantsSg given by pg(v)5$(v
2C)/D%dL8,Lds8,s and Sg5S̄(12gS̄)21, respectively.
Here we defineL5( i ,l ,m) ~i denotes the site,l and m are
orbital indices! ands as the spin state. The quantitiesC, D,
and g are the potential parameters in each atomic sph
determined by using the LSD. The local spin quantizat
axis pointing to (u i ,w i), namely, the direction of magneti
moment on thei th site, is introduced inS̄ throughS̄L8s8,Ls

5„U(u i 8 ,w i 8)SL8,LU1(u i ,w i)…s8,s with the spin rotation
matrix U. The site-diagonal part~i,i component! of the GF in
Eq. ~1! is diagonal with respect to the spin space, because
GF in Eq.~1! is defined in the local frame of the spin axis

Applying the CPA to the disordered alloys, the most
calized~b! representation30,31 is used for the potential func
tion and the structure constants through the transformatio
pb5pg@12(b2g)pg#21, Sb5Sg@12(b2g)Sg#215S̄(1
2bS̄)21 with b l 5050.3485,b l 5150.0530,b l 5250.0107.
From these quantities, the CPA condition for the system c
stituted of plural sublattices is given as

^Ti&5(
a

cia@pia
b ~v!2 p̃i~v!#

3$11@pia
b ~v!2 p̃i~v!#F i~v!%2150, ~2!

with F i(v)5(1/N)(k@( p̃(v)2S̄k
b)21# i i , where p̃i(v) is

the coherent potential function,cia denotes the density~prob-
ability! of a atom occupying the sublatticei. After the self-
consistent calculation for thea atom at thei th sublattice, the
auxiliary GF in theb representation is given by

gia
b ~v!5F i~v!$11@pia

b ~v!2 p̃i~v!#F i~v!%21. ~3!
02442
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We can obtain the auxiliary GFgg(v) in the local frame of
the spin axis by transforming from theb representation to
theg representation by using the following identity equatio

gg5~pg!212~pg!21pb~pg!211~pg!21pbgbpb~pg!21.
~4!

Being obtained the auxiliary GFgg(v), the effective ex-
change constant regarded as the amplitude of the exch
field acting on an atom denoted by 0 by surrounding m
ments,J05(( iÞ0Ji0ei)•e0 , is expressed by

J052
1

4p
Im EEF

dv Trlm$V0~v!@gg
00
↑↑~v!2gg

00
↓↓~v!#

1V0~v!gg
00
↑↑~v!V0~v!gg

00
↓↓~v!% ~5!

with V i(v)[@pi
↑(v)2pi

↓(v)#. It should be noted that this
equation is also valid for the noncollinear magnetic stru
tures in both ordered and disordered alloys.26 Furthermore,
the Néel temperatureTN is given by the following expression
from a generalized molecular field theory by Liechtenst
et al.:28

TN5
2J0

3kB
. ~6!

III. EXPERIMENT

Several kinds of Mn1002xIrx alloys were prepared by ar
melting in Ar gas atmosphere. For homogenization,
specimens were sealed with Ar gas in quartz tubes and
nealed at 1273 K for 3 days, subsequently quenched into
water.

The crystal structures and the lattice constants were
amined by x-ray powder diffraction using Cu-Ka radiation.
The alloy compositions were confirmed by an inductive
coupled plasma~ICP! analysis and also decided from th
density with the lattice constants. The temperature dep
dence of magnetic susceptibilityx was measured with a su
perconducting quantum interference device~SQUID! magne-
tometer from 10 to 400 K and with a vibrating samp
magnetometer~VSM! from 300 to 1000 K in a magnetic
field of 10 kOe.

IV. RESULTS AND DISCUSSION

A. Electronic and magnetic structures of theL12-type ordered
and the g-phase disordered Mn3Ir alloys

There are two kinds of crystal structures for Mn3Ir alloys:
L12-type ~g:-phase! ordered ~O! and g-phase disordered
~DO! alloys. Let us first show the local density of stat
~DOS! of the L12-type ordered~O! Mn3Ir alloy in Fig. 1,
together with the magnetic structure called the triangu
(T1) structure proposed by Kouvel and Kasper25 and Krén
et al.14 for ordered Mn3Rh and Mn3Pt alloys. The Mn mo-
ments are parallel to the~111! plane and aligned in thê112&
direction. The magnetic structure of theL12-type ordered
Mn3Ir has been identified as the same.23 In the present cal-
culations, the lattice constant is settled at 3.785 Å from
0-2
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FIRST-PRINCIPLES STUDY OF THE MAGNETIC . . . PHYSICAL REVIEW B 67, 024420 ~2003!
experimental data.5 The moment of the Mn atom is 2.62mB
and that of Ir is zero. For comparison, shown in Fig. 2 is
local DOS in a disordered local moment~DLM ! state as the
paramagnetic~PM! state, in which the Mn moments pointin
upward @Mn~↑!# and downward@Mn~↓!# are randomly dis-
tributed in each Mn sublattice. The Mn moment is reduced
2.20mB whereas the behavior of the local DOS below20.1

FIG. 1. Triangular (T1) magnetic structure~a! and the local
density of states~b! of the L12-type ordered~O! Mn3Ir alloy. The
crossed and open circles stand for Mn and Ir atoms, respecti
The upper and lower curves refer to the majority and minority s
states, respectively, for the Mn and Ir sites.

FIG. 2. Local density of states of theL12-type ordered~O!
Mn3Ir alloy in the disordered local moment~DLM ! state in the
paramagnetic~PM! state.
02442
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Ry is retained in both theT1 and the PM states, and the d
around the Fermi energyEF found in theT1 state is swept
out in the PM state. This situation is similar to that
L10-type equiatomic MnPt alloy26 in which the pseudogap
realized in the antiferromagnetic state completely vanishe
the PM state, which means that the gap is closely conne
with the antiferromagnetic long-range order. The energy
this PM state is higher than that of theT1 state as much as
mRy/atom.

To bear out the magnetic stability in theT1 state, the
effective exchange constantJ0 in Eq. ~5! is calculated for the
L12-type ordered~O! Mn3Ir alloy. The value ofJ0 is about
160 meV, and hence Eq.~6! gives the Ne´el temperature of
1250 K, higher by about 30% than the experimental dat23

Such a higher value would be adequate within the molec
field approximation for three-dimensional systems. Simi
discrepancies have been observed in Mn alloys
compounds.27,32

Figure 3 shows the magnetic structure of theg-phase dis-
ordered alloys, indicating a magnetic primitive cell cons
tuted of four atoms in the fcc structure. Note that the ang
u and f are defined individually for each site. Whenf is
settled at 45°,u50°, u5cos21(1/))554.7°, andu590°
correspond to the so-called 1Q, 3Q, and 2Q spin density
wave ~SDW! structures, respectively, which are genera
called the multiple-Q SDW ~MQSDW! structures.24,33–36The
magnetic structure in the disordered alloys considered he
restricted within MQSDW structures; 1Q, 2Q, and 3Q in
the fcc lattice. Given in Fig. 4 are the DOS’s of each ma
netic structure in~a!, ~b!, and~c!, and the inset in each figur
refers to the corresponding magnetic structure for the dis
dered~DO! Mn3Ir alloy. The lattice parameter is settled
a53.785 Å. Contrary to the results of theL10-type MnPt
alloy considered in our previous work,26 the local DOS of
Mn and Ir sites well maintains the characteristic features
DOS of theT1 structure in the ordered alloy. Especially,
should be marked that DOS of the 3Q structure is most close
to theT1 structure and exhibits a large dip aroundEF , which
is comparable to the ordered alloy. Therefore, it is conside
that the 3Q structure in the disordered alloy has a low
energy, compared with the DLM state as the PM state for
L12-type ordered alloy. The relative difference between
total energy of the magnetic structures is presented in Ta

ly.
n

FIG. 3. Multiple-Q spin density wave~MQSDW! structures in
the magnetic primitive cell of an fcc lattice.
0-3
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SAKUMA et al. PHYSICAL REVIEW B 67, 024420 ~2003!
I. Coming up to our expectation, the 3Q state in theg-phase
disordered~DO! alloy is more stable by about 0.1 mRy/ato
than that in the PM state in theL12-type ordered~O! alloy.

In Table I, we also show the effective exchange const
J0 of each MQSDW structure for the disordered~DO! Mn3Ir
alloy. The order of magnitude ofJ0 in these magnetic struc
tures is consistent with the relative difference in the ene

FIG. 4. Density of states of theg-phase disordered~DO! Mn3Ir
alloy for each magnetic structure. Note that the slight differen
between the majority and minority spin states for the Ir sites give
small magnetic moment~see Table I!. The inset in each figure refer
to the corresponding magnetic structure.~a! 1Q structure,~b! 2Q
structure,~c! 3Q structure.
02442
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Therefore, the present results imply that the 3Q structure is
most stable in theg-phase disordered alloy. Indeed, as sho
in Table I, the 3Q state in the disordered~DO! alloys is more
stable than the PM state in the ordered~O! alloy. This is in
contrast to theL10-type MnPt alloy where the MQSDW
structures in the disordered alloy have a higher energy t
in the PM state of the ordered alloy.26 In the table, the energy
of the PM state in the disordered~DO! state is also shown by
using the CPA for the random alloy of the compositio
Mn(↑)0.375Mn(↓)0.375Ir(↑)0.125Ir(↓)0.125. The energy in the
PM state is higher by about 8 mRy/atom than that in
MQSDW states, which means that the MQSDW states in
disordered~DO! alloy are stable in analogy with theT1 state
in the ordered~O! alloy. The Néel temperature estimate
from J0 is about 735 K, in accord with the experiment
value of about 730 K,5 though the present result for th
stable 3Q magnetic structure is different from the 1Q struc-
ture suggested by Yamaoka, Mekata, and Takaki.37 For the
discrepancy between the spin structures, one may notice
powder neutron diffractions are unable to distinguish b
tween the 1Q and the 3Q structure. In addition, the sligh
difference between the DOS in the majority and minor
spin states results in a small magnetic moment for Ir atom
given in the table.

B. Concentration dependence of the magnetic structure of the
g-phase disordered Mn100ÀxIr x alloy system

In the previous work,27 one of the present authors pointe
out that the 3Q structure is most unstable and the 2Q struc-
ture seems to be preferable among the MQSDW structure
pure g-Mn metal with c/a51, whereas theg-phase disor-
dered Mn3Ir alloy turns out to prefer the 3Q structure as
predicted in the preceding subsection. Furthermore, it
been shown that neither the lattice expansion nor the lat
distortion in pureg-Mn metal can lead to the 3Q structure,27

which convinces ourselves that the addition of Ir atoms
responsible for the 3Q structure. The questions arise as
how and where the composition the 2Q structure in the pure
g-Mn metal changes to the 3Q structure in theg-phase dis-
ordered alloy.

e
a

TABLE I. The magnetic structure, calculated total energy (DE
in mRy/atom!, magnetic moment~M in mB), effective exchange
constant (J0 in meV!, and Néel temperature (TN

calc in K! estimated
from 2J0/3kB for the L12-type ordered~O! and theg-phase disor-
dered~DO! Mn3Ir alloys. The experimental values of the Ne´el tem-
peratureTN

expt are also given for comparison.

Phase
Magnetic
structure DE MMn M Ir J0 TN

calc TN
expt

L12 type T1 0 2.62 0.00 162 1253 96023

~O! PM 5.7 2.20 0.00
g phase 1Q 6.9 2.46 0.09 41 317 7305

~DO! 2Q 6.0 2.47 0.11 85 66
3Q 5.6 2.51 0.12 95 0
PM 14.8 2.27 0.00 735
0-4
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To investigate systematically the variation of energy w
the change of the magnetic structure, the electronic total
ergy for several compositions ofx in the g-phase disordered
Mn1002xIrx alloys are plotted in Fig. 5 as a function of ang
u defined in Fig. 3. Note thatu50°, 54.7°, and 90° corre
spond to the 1Q, the 3Q and the 2Q structures, respectively
as explained in connection with Fig. 3. The lattice constan
fixed at a53.785 Å and the axial ratioc/a is also fixed at
unity. The curve ofx50 indicates that the 2Q structure (u
590°) is most stable and the 3Q structure (u554.7°) has a
maximum energy in analogy with the previous results
pureg-Mn metal.27 Noteworthy is that only 5% addition of I
atoms makes the energy of the 3Q structure lower than tha
of the 1Q structure. The energies of both the 2Q and the 3Q
structures are lowered relative to that of the 1Q structure
with increasingx. Figure 6 shows the concentration depe
dence of the total energy of the 2Q and the 3Q structures
relative to that of the 1Q structure. The total energies both
the 2Q and the 3Q structures exhibit a monotonic decrea
with x. The slope is steeper in the 3Q structure than that in
the 2Q structure, intersecting at the concentrationx between
10 and 15. Thus, the 2Q structure is stable untilx of about
13 and the 3Q structure is found to be realized inx.13.
Returning to Fig. 5, we can confirm that there is no interm
diate state between the 2Q and the 3Q structure as the
ground state, that is, the curves exhibit no minimum in
range 54.7°,u,90°, and hence the transition is of the fir
order.

Emphasis to be placed on the results in Fig. 6 is that th
concentration where the magnetic transition from the 2Q to
the 3Q structure takes place is quite close to the concen
tion at which the axial ratio changes fromc/a.1 to c/a
51, which was observed by Yamaoka.5 It was predicted that
even in the pureg-Mn metal, the lattice distortion ofc/a
.1 further lowers the total energy of the 2Q structure.27

Actually, we have confirmed from the calculations that t

FIG. 5. Theu dependence of the electronic total energy forx
50, 5, 15, and 25 in theg-phase disordered~DO! Mn1002xIrx al-
loys. The lattice constant is fixed ata53.785 Å.
02442
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total energy of the 2Q structure in theg-phase disordered
Mn85Ir15 alloy becomes lower than that of the 3Q structure
when the lattice is distorted toc/a51.05, whereas the 3Q
structure in theg-phase disordered Mn80Ir20 alloy is still
stable under the same condition ofc/a51.05. Thus, it can be
inferred that the critical concentration defined byxm for the
magnetic transition is put forward to a higher concentrat
by a few percent if the constraint for the lattice distortion
free. It should be marked, however, that the concentrationxm
does not necessarily coincide with the concentration defi
by xt for the lattice distortion. This can be understood
noting a situation that theg-phase disordered Mn80Ir20 alloy
with the 3Q structure is found to preferc/a.1 energetically
rather than c/a51, while for the g-phase disordered
Mn75Ir25([Mn3Ir) alloy the lattice keepsc/a51 with the
3Q structure. From these relations, one can expect thatxt is
higher thanxm . This is because the lattice distortion ofc/a
.1 lowers not only the total energy of the 2Q structure but
also that of the 3Q structure. When the total energy of th
3Q structure is low enough inc/a51, any degree of the
lattice distortion cannot always cause a reversal from theQ
to the 2Q magnetic structure. It should be noted that Fis
man et al. have confirmed the difference between the ma
netic and structural transition temperatures for Mn-Ni all
system.38 They further predicted by a phenomenologic
model that there should exist, betweenxt and xm for c/a
.1, another magnetic structure denoted by T-SDW ph
where the moments tilt from the 3Q structure towards the
2Q structure. We stress that this is possibly true because
observe in our calculation that the angle corresponding to
3Q structure~54.7°! slightly shifts toward 90° (2Q struc-
ture! when the lattice is distorted toc/a.1. However, we do
not make further insight into the magnetic structure inclu
ing the lattice distortion in the quantitative stage, because
limitation of the accuracy of the present methods; the T
LMTO method together with the local spin density~LSD!
functional approximation.

FIG. 6. Concentration dependence of the electronic total ene
of the g-phase disordered~DO! Mn1002xIrx alloys for the 2Q and
the 3Q structures. The total energy is given relative to that of t
1Q structure.
0-5
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We have experimentally reinvestigated the Mn-Ir all
system in order to establish the structural and magnetic p
diagram and to verify the discussion in connection with F
6. Figure 7 shows the representative x-ray diffraction p
terns at 80, 200, and 300 K for the disordered Mn85Ir15 alloy.
The face-centered tetragonal~fct! structure withc/a.1 is
observed at 80 and 200 K, whereas the face-centered c
~fcc! structure is observed at 300 K. Temperature depende
of the magnetic susceptibility measured in a field of 10 k
for the same specimen of the disordered Mn85Ir15 alloy is
given in Fig. 8. No anomaly is observed in the magne
susceptibility at the structural phase transition tempera
from the fct to the fcc,Tfct/fcc , which was confirmed by x-ray
diffraction measurement. Fishman and Liu have calcula
the magnetic susceptibility ofg-Mn alloys and pointed ou
that the average susceptibilities are different depending
the magnetic structures.36 Thus the transition from the high
temperature 3Q phase to the low-temperature 2Q phase, the
magnetic susceptibility is clearly reduced by a few perc
below the transition temperatureT2Q/3Q . Therefore, the ap-
parent decrease in the magnetic susceptibility at low te
peratures in the present result is identified as the magn
structure change as discussed by Fishman and Liu.36

Figure 9 shows our new Mn-Ir phase diagram, toget
with the results reported by Yamaoka.5 The Néel temperature
at x50 given by the open triangle is an extrapolated va
for Mn-Fe-Cu alloy system.7 The point to observe is that th
lattice distortion fromc/a51 to c/a.1 for the present re-
sult given by the solid line takes places at higher concen
tion by a few percent, compared with that data given by
dash-dotted lines from Yamaoka,5 supporting more strongly
the theoretical discussion given above. In addition, the d
of the Néel temperature obtained by Yamaoka practica

FIG. 7. X-ray diffraction patterns for theg-phase disordered
~DO! Mn85Ir15 alloy at 80, 200, and 300 K. Note that the fct stru
ture is observed at 80 and 200 K, whereas the fcc structur
observed at 300 K.
02442
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overlap with the present data by shifting about a few perce
In chemical analyses, strong insolubility of Ir seems to be
reason for the discrepancies given in Fig. 9. Furthermor
new distorted phase witha.b.c has been confirmed by
x-ray diffraction as shown by the dotted line in the sam
figure. What has to be noticed is that the phase diagram
Mn-Ir alloy system is similar to that of Mn-Rh,6 though the
tetragonal phase withc/a,1 is not confirmed below abou
7% Ir because of an easy appearance of ab phase.

V. CONCLUSION

The electronic and the magnetic structures of
L12-type ordered Mn3Ir and the g-phase disordered
Mn1002xIrx alloys have been investigated by the tigh

is

FIG. 8. Temperature dependence of the magnetic susceptib
for theg-phase disordered~DO! Mn85Ir15 alloy. The magnetic tran-
sition temperature from 2Q to 3Q, T2Q/3Q , the structural phase
transition temperature from fct to fccTfct/tcc , and the Ne´el tempera-
ture TN are given by the arrows.

FIG. 9. The phase diagram of the Ne´el temperatureTN and the
crystal structure for Mn-Ir system, together with that reported
Yamaoka~Ref. 5!. The present data are given by the solid and
dotted lines together with the closed circles. The dash-dotted l
and the open circles are from Yamaoka~Ref. 5!.
0-6
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binding ~TB! linear muffin tin orbital~LMTO! method. The
magnetic stability in both systems is also examined with
effective exchange constants acting on the Mn moments.
long-range order with theT1 structure in the ordered Mn3Ir
alloy is reflected in a dip structure around the Fermi level
the density of states~DOS!. This characteristic feature can b
retained in the multiple-Q spin density wave~MQSDW!
structures in theg-phase disordered~DO! Mn3Ir alloy, im-
plying that an antiferromagnetic long-range order also
mains in the disordered alloy. The most stable structure
the g-phase disordered Mn75Ir25 ([Mn3Ir) alloy is sug-
gested to be the 3Q structure. The Ne´el temperature con
verted from the effective exchange constantJ0 is about 735
K, in good agreement with the experimental value of ab
730 K. On the other hand, the Ne´el temperature of the
L12-type ordered Mn3Ir alloy is considerably higher by
about 30% than the experimental value of about 950 K.

With decreasingx in the g-phase disordered Mn1002xIrx

alloy system, the transition from the 3Q to the 2Q structure
R

s

J

J
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na
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y

02442
e
he

f
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in

t

takes place in the vicinity ofx513 under the constant lattic
parameters with the axial ratio ofc/a51. This critical con-
centrationx is close to the observed concentration at wh
the axial ratio changes fromc/a51 to c/a.1 with decreas-
ing x. However, it should be emphasized that these two c
cal compositions do not always coincide with each other.
other words, the concentration of the magnetic structure tr
sition is lower than that of the lattice distortion; becau
there is a concentration region where the 3Q structure is still
stable even thoughc/a.1. This situation has been verifie
experimentally. The concentration dependence of the N´el
temperature obtained by Yamaoka practically overlap w
the present data by shifting about a few percent.
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