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First-principles study of the magnetic structures of ordered and disordered Mn-Ir alloys

A. Sakuma
Advanced Electronics Research Laboratory, Hitachi Metals, Ltd., 5200 Mikajiri, Kumagaya, Saitama, 360-0843 Japan

K. Fukamichi, K. Sasao, and R. Y. Umetsu
Department of Materials Science, Graduate School of Engineering, Tohoku University, Aoba-yama 02, Sendai, 980-8579 Japan
(Received 26 June 2002; published 23 January 003

Electronic and magnetic structures gfphase disordered Mgy ,Iry alloys includingL1,-type ordered
Mnglr alloy have been investigated by the first-principles approach using the tight-bitiddinear muffin
tin orbital (LMTO) method. For the_1,-type ordered Mgir 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
y-phase disordered Mir alloy, on the other hand, the most stable structure is suggested to b@ thelture
among the multiple® spin density wavéMSDW) structures. The Na temperature is estimated to be about
735 K from the effective exchange constdgt in good agreement with the experimental value of about 730
K. With decreasing Ir concentration in thephase disordered Mg, _,Ir, alloys, the transition from the@ to
the 2Q structure takes place in the vicinity &&= 13 under the constant lattice parameters with the axial ratio
of c/a= 1. This critical concentratior is close to the observed concentration at which the axial ratio changes
from c/a=1 toc/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.
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I. INTRODUCTION exchange biasing and the blocking temperature characteris-
tics are intimately related to the magnetic structdfed’Ac-
Magnetic structures of-phase Mn-based alloys have still cordingly, fundamental studies of antiferromagnetic Mn-
been far from understanding and studied for a few decades ipased alloys are strongly desired to develop excellent
connection with the lattice distortion which varies with the properties for GMR and TMR devices.
concentration of additional elements such as'®li,>® Pd? The lattice constants and the ®&letemperatures of
Ir,> Rh® and Fe’ Experimentally, for example, it has been y-phase disordered Mg,_,Ir, alloys were first investigated
reported that the axial ratio/a in y-phase Mrgyq M, (M by Yamaoka. He demonstrated that the’ dlelemperature of
=Ni and RhH alloys changes in the sequencemf<1,a the disordered alloy around=25 is very high, of about 730
>ph>¢, c/a>1 andc/a=1 with increasing concentration K among several kinds of Mn-based alloy systems. A recent
x.38 The concentration dependence of theeNemperature study by Tomenoet al?® showed thatL1,-type ordered
Ty is different, depending on the additional element. That isMnslr alloy also has a high Net temperature of about 950 K.
Ty increases in Mn-I(Refs. 5 and 8 Mn-Rh (Refs. 6, 9, On the other hand, no systematic theoretical investigations
and 10, and Mn-Ru(Refs. 11 and 1Psystems, whileT,  have been performed yet for Mn-based alloys, except for
decreases with increasimgn Mn-Cu (Ref. 1), Mn-Ni (Refs.  L1,-type ordered MgPt and MRh alloys?* The magnetic
2 and 3, Mn-Pd(Ref. 4, Mn-Fe (Ref. 7), Mn-Au (Ref. 13, structure of the latter two ordered alloys was suggested to be
and Mn-Pt(Ref. 14 systems. These concentration depen-the so-called triangular T(l) structure from both
dences have been explained by the numberoélgctrons in ~ experimentaf+? and theoreticaf works.
the Mn site, which is calculated by the linear muffin-tin or-  In the previous studies based on the first-principles calcu-
bital atomic sphere approximatidfFor the magnetic struc- lations, we have suggested within the frame of the coherent
tures, however, no systematic detailed investigations havpotential approximationCPA) that disordered FeMn and
been made because of some experimental and theoretical d¥nPt alloys have a @ spin density wave structuf8though
ficulties. the 3Q structure is most unstable in the multiglespin den-
Practically, on the other hand, several kinds of antiferro-sity wave(MQSDW) structures in pure~Mn metal?’ From
magnetic Mn-based alloy systems have been investigated itheoretical point of view, therefore, the magnetic structure of
tensively as an exchange biasing film in the giant magnetorévin-based alloys such ag-phase disordered Mn-Ir alloys
sistance (GMR) and tunnel magnetoresistancefMR)  would attract much attention in the sense how the composi-
devices. Especiallyy-phase disordered Mn-Ir alloys exhibit tion ratio influences the magnetic structure.
the Neel temperature enough high for these devices without In the present work, the electronic and the magnetic struc-
postannealing®> 8 Therefore,y-phase disordered Mn-Ir al- tures of disordered Mgy_,Iry (0=x<30) and ordered
loys are considered as one of the most promising candidatednlr alloys are calculated by the tight-bindi@B) linear
for the exchange coupling film of spin valVés®and mag- muffin tin orbital (LMTO) method based on the local spin
netic tunnel junctiond’~° It is important to note that the density(LSD) functional approximation. A brief explanation
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of the theoretical methodology will be presented in the fol-We can obtain the auxiliary G§”(w) in the local frame of
lowing section and its more detailed description was alreadyhe spin axis by transforming from th@ representation to
given in Ref. 26. In order to shed light on the intrinsic effectsthe y representation by using the following identity equation:

of the addition of Ir atoms, first we fix the lattice constants at

the observed value fox=25 with the axial ratio ofc/a  9”=(p”) " '—(p") ~*pP(p?) '+ (p") ' g’p’(p”) ~*.

=1, and then the effects of the lattice distortion will be dis- (4)
cussed. Next, the effective exchange con§f§ﬁtacting ON  Being obtained the auxiliary GE”(w), the effective ex-
each Mn moment is also calculated to examine the mag”et'Ehange constant regarded as the amplitude of the exchange

stability and to estimate the Wetemperature. Finally, struc- field acting on an atom denoted by 0 by surrounding mo-
tural and magnetic properties have experimentally been ingants Jo=(Zi20i08) - €, is expressed by

vestigated in order to verify the theoretical expectation for
the discordance between the compositions of the magnetic 1 Er
structure change and the crystallographic structure change. Jo=— 7—Im f do Thn{Qo(@)[976(@) —975(w)]

Il. CALCULATION METHOD +Qo(0)975(@)Qo(@)g755(w)} (5)

Since detailed procedures for calculations have been déith i(@)=[p](w)—p}(w)]. It should be noted that this
scribed elsewher® we give a brief explanation in this sec- equation is also valid for the noncollinear magnetic struc-
tion. In the TB-LMTO method? the Green functiorfGF) is  tures in both ordered and disordered alléy$urthermore,

given by the following equation: the Neel temperaturd  is given by the following expression
from ?8 generalized molecular field theory by Liechtenstein
Glw)=A"g(w)A 1" o ek
_ 2J
where g”(w)=[p"(w)—S"]"! is the so-called auxil- N:3_ko' (6)
iary GF composed of the potential functign’(w) and B
the screened structure constals given by p”(w)={(w
—C)IA}8,: 8y, and SY=S(1—vyS)"%, respectively. lll. EXPERIMENT
Here we defineL=(i,l,m) (i denotes the sitd, and m are Several kinds of Miy,_,Ir, alloys were prepared by arc

orbital indiceg and o as the spin state. The quantiti€sA,  melting in Ar gas atmosphere. For homogenization, the
and y are the potential parameters in each atomic sphergpecimens were sealed with Ar gas in quartz tubes and an-
determined by using the LSD. The local spin quantizatiomealed at 1273 K for 3 days, subsequently quenched into ice
axis pointing to @;,¢;), namely, the direction of magnetic \yater.
moment on théth site, is introduced irs throughS, ., |, The crystal structures and the lattice constants were ex-
=(U(6;,¢i)SL LU (6,¢i), - With the spin rotation amined by x-ray powder diffraction using CK-« radiation.
matrix U. The site-diagonal paft,i componentof the GFin  The alloy compositions were confirmed by an inductively
Eqg. (1) is diagonal with respect to the spin space, because theoupled plasmgICP) analysis and also decided from the
GF in Eq.(2) is defined in the local frame of the spin axis. density with the lattice constants. The temperature depen-
Applying the CPA to the disordered alloys, the most lo-dence of magnetic susceptibilifywas measured with a su-
calized(B) representatiofi>!is used for the potential func- perconducting quantum interference de\i8®UID) magne-
tion and the structure constants through the transformation asmeter from 10 to 400 K and with a vibrating sample
pP=p[1-(B—y)p?] L, SP=S[1-(B—y)S] 1=S(1  magnetomete(VSM) from 300 to 1000 K in a magnetic

— 8S)~1 with B,_,=0.3485,8,_,=0.0530,8,_,=0.0107.  feld of 10 kOe.
From these quantities, the CPA condition for the system con-

stituted of plural sublattices is given as IV. RESULTS AND DISCUSSION
A. Electronic and magnetic structures of theL 1,-type ordered
~ and the y-phase disordered MnyIr alloys
(T =2 cialpfa(@)=Pi(w)] P i alloy

There are two kinds of crystal structures for fralloys:

B = , -1_ L1,-type (y:-phase ordered (O) and y-phase disordered
*{1H[pia(@) ~Pil@)]Pi(@)} =0, () (DO) alloys. Let us first show the local density of states
(DOY) of the L1,-type orderedO) Mnglr alloy in Fig. 1,
together with the magnetic structure called the triangular
(T1) structure proposed by Kouvel and Kaspeand Kren
et al'* for ordered MgRh and MnPt alloys. The Mn mo-
ments are parallel to th@.11) plane and aligned in thel12)
direction. The magnetic structure of thel,-type ordered
g s _ . Mnslr has been identified as the safidn the present cal-
Oia(@)=Pi(0){1+[pja(@) —Pi(0)]Pi(0)} " (3  culations, the lattice constant is settled at 3.785 A from the

with ®;(w)=(1N)Z, [ (B(w)— ()~ ']i, where Bi(w) is
the coherent potential function,, denotes the densifprob-
ability) of a atom occupying the sublattidge After the self-
consistent calculation for theatom at theth sublattice, the
auxiliary GF in theB representation is given by
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FIG. 3. Multiple-Q spin density wavéMQSDW) structures in
the magnetic primitive cell of an fcc lattice.

Ry is retained in both th&1 and the PM states, and the dip
around the Fermi energlye found in theT1 state is swept

I
Er

’\\/J\f out in the PM state. This situation is similar to that of
0 0

L1,-type equiatomic MnPt ally in which the pseudogap
realized in the antiferromagnetic state completely vanishes in
the PM state, which means that the gap is closely connected
with the antiferromagnetic long-range order. The energy in
this PM state is higher than that of thd state as much as 6
2 mRy/atom.

To bear out the magnetic stability in thEl state, the
effective exchange constaiy in Eq. (5) is calculated for the

FIG. 1. Triangular T1) magnetic structuréa) and the local L1>-type orderedO) Mnslr alloy. The V§‘|Ue ofJ is about
density of stateb) of the L1,-type orderedO) Mn,Ir alloy. The ~ 160 meV, and hence Eg6) gives the Nel temperature of
crossed and open circles stand for Mn and Ir atoms, respectivelyl250 K, higher by about 30% than the experimental data.
The upper and lower curves refer to the majority and minority spinSuch a higher value would be adequate within the molecular
states, respectively, for the Mn and Ir sites. field approximation for three-dimensional systems. Similar

discrepancies have been observed in Mn alloys and

experimental datd.The moment of the Mn atom is 2.63 com_pound§.7'32 _ _

and that of Ir is zero. For comparison, shown in Fig. 2 is the Figure 3 shows the magnetic structure of thphase dis-
local DOS in a disordered local momei@LM) state as the ordered alloys, indicating a magnetic primitive cell consti-
paramagneti¢PM) state, in which the Mn moments pointing tuted of four atoms in thg fcc structure. Note that the :_:mgles
upward [Mn(’D] and downwarc[Mn(l)] are random'y dis- 6 and ¢ are defined |nd|V|dua”y for each site. Wh@h IS
tributed in each Mn sublattice. The Mn moment is reduced tcettled at 45°6=0°, 6=cos {(1¥3)=54.7°, and6=90°

2.20ug Whereas the behavior of the local DOS belevp.1  correspond to the so-calledQl 3Q, and 2 spin density
wave (SDW) structures, respectively, which are generally

I called the multiple® SDW (MQSDW) structures*33-*The
E: magnetic structure in the disordered alloys considered here is
restricted within MQSDW structures;@, 2Q, and X in
- the fcc lattice. Given in Fig. 4 are the DOS'’s of each mag-
netic structure ir(a), (b), and(c), and the inset in each figure
>\ refers to the corresponding magnetic structure for the disor-
I dered(DO) Mnslr alloy. The lattice parameter is settled at
\/ a=3.785 A. Contrary to the results of tHel,-type MnPt
/
0 0

<0 (b) Ir/

DOS (states/Ry spin atom)

40 . :
-08 -06 -04 -02

Energy(Ry)

-
o

Mnglr (O-PM)

N
o

alloy considered in our previous wofR the local DOS of

DOS (states/Ry spin atom)
o

20 Mn and Ir sites well maintains the characteristic features of
DOS of theT1 structure in the ordered alloy. Especially, it
40 L ! ' should be marked that DOS of th€3structure is most close
08 -06 -04 -02 2 to theT1 structure and exhibits a large dip aroufg, which
Energy (Ry) is comparable to the ordered alloy. Therefore, it is considered

that the ) structure in the disordered alloy has a lower
FIG. 2. Local density of states of thiel,-type ordered(O) energy, compared with the DLM state as the PM state for the

Mnslr alloy in the disordered local momerfDLM) state in the L1,-type ordered alloy. The relative difference between the

paramagneti¢PM) state. total energy of the magnetic structures is presented in Table
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TABLE |. The magnetic structure, calculated total energyE(
E in mRy/atom, magnetic momentM in ug), effective exchange
F constant §, in meV), and Nel temperature T53 in K) estimated
from 2J4/3kg for the L1,-type orderedO) and they-phase disor-

E-S
o

(a) Mnglr (DO-1Q)

e
<]
e
©
-g_ 20 - i dered(DO) Mn;lr alloys. The experimental values of the dléem-
: peratureT$™ are also given for comparison.
% 0 : ' § Magnetic
ﬁ Phase structure AE My, M, J, T&C Tt
2 0k f / L1, type  T1 0 262 000 162 1253 98d
%) { Ir Y (0) PM 5.7 220 0.00
Q Mn y phase D 6.9 246 009 41 317 730
40 ] I ] (DO) 2Q 6.0 247 011 85 66
30 56 251 012 95 0
— 40 T PM 148 2.27 0.00 735
E (b) Mnzlr (DO-2Q) Er
]
©
.g 20 i Therefore, the present results imply that th@ 8tructure is
@ most stable in the~phase disordered alloy. Indeed, as shown
& . A S in Table I, the ) state in the disordereO) alloys i_s more
S 0 1 stable than the PM state in the orde&) alloy. This is in
3 contrast to theL1,-type MnPt alloy where the MQSDW
g f structures in the disordered alloy have a higher energy than
~ 20 | » in the PM state of the ordered alléYIn the table, the energy
8 Ir of the PM state in the disorderéDO) state is also shown by
o Mn using the CPA for the random alloy of the composition
40 L I L MN(T)0.37MN( 1) 0.3791(1)0.1297( 1) 0.125. The energy in the
PM state is higher by about 8 mRy/atom than that in the
40 ! MQSDW states, which means that the MQSDW states in the
(¢) Mn;lr (DO-3Q) Er disorderedDO) alloy are stable in analogy with tHEL state

20 -

DOS (states/Ry spin atom)
o

[

in the ordered(O) alloy. The Nel temperature estimated
from Jg is about 735 K, in accord with the experimental
value of about 730 R, though the present result for the
stable ) magnetic structure is different from the1struc-

ture suggested by Yamaoka, Mekata, and TakaKior the
discrepancy between the spin structures, one may notice that
powder neutron diffractions are unable to distinguish be-

20 |- / tween the © and the &) structure. In addition, the slight
. Ir / difference between the DOS in the majority and minority
e Mn spin states results in a small magnetic moment for Ir atom as
40 ! L L given in the table.
-0.8 -0.6 -0.4 -0.2 0 0.2
Energy(Ry) B. Concentration dependence of the magnetic structure of the

FIG. 4. Density of states of the-phase disordere(DO) Mnglr
alloy for each magnetic structure. Note that the slight difference

y-phase disordered Mngg_Ir  alloy system

In the previous work! one of the present authors pointed

between the majority and minority spin states for the Ir sites gives ®ut that the 8 structure is most unstable and th@ &truc-
small magnetic momerfsee Table)l The inset in each figure refers ture seems to be preferable among the MQSDW structures in

to the corresponding magnetic structufa. 1Q structure,(b) 2Q

structure,(c) 3Q structure.

I. Coming up to our expectation, th&Xstate in they-phase

pure y»-Mn metal with c/a=1, whereas they-phase disor-
dered Mnlr alloy turns out to prefer the @ structure as
predicted in the preceding subsection. Furthermore, it has
been shown that neither the lattice expansion nor the lattice

disordered DO) alloy is more stable by about 0.1 mRy/atom distortion in purey-Mn metal can lead to the@ structure?’

than that in the PM state in tHel,-type orderedO) alloy.

which convinces ourselves that the addition of Ir atoms is

In Table I, we also show the effective exchange constantesponsible for the @ structure. The questions arise as to

Jo of each MQSDW structure for the disorder@O) Mnglr
alloy. The order of magnitude af, in these magnetic struc-

how and where the composition th€Ztructure in the pure
v-Mn metal changes to the@@ structure in they-phase dis-

tures is consistent with the relative difference in the energyordered alloy.
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FIG. 6. Concentration dependence of the electronic total energy
of the y-phase disordere®O) Mn,qq ,Ir, alloys for the 2) and
the 3Q structures. The total energy is given relative to that of the
1Q structure.

FIG. 5. The6 dependence of the electronic total energy or
=0, 5, 15, and 25 in the~phase disordere(DO) Mn;qq_,Iry al-
loys. The lattice constant is fixed at=3.785 A.

total energy of the @ structure in they-phase disordered

To investigate systematically the variation of energy withMnglr, - alloy becomes lower than that of thé&Q3structure
the change of the magnetic structure, the electronic total erwhen the lattice is distorted to/a=1.05, whereas the @
ergy for several compositions afin the y-phase disordered structure in they-phase disordered Mgr,o alloy is still
Mn;g0-«Irk alloys are plotted in Fig. 5 as a function of angle stable under the same conditionadf= 1.05. Thus, it can be
6 defined in Fig. 3. Note tha#=0°, 54.7°, and 90° corre- inferred that the critical concentration defined Xy for the
spond to the @, the 3Q and the Z) structures, respectively, magnetic transition is put forward to a higher concentration
as explained in connection with Fig. 3. The lattice constant idy a few percent if the constraint for the lattice distortion is
fixed ata=3.785 A and the axial ratic/a is also fixed at free. It should be marked, however, that the concentragipn
unity. The curve ofx=0 indicates that the Q structure @ does not necessarily coincide with the concentration defined
=90°) is most stable and th&Bstructure §=54.7°) has a by x; for the lattice distortion. This can be understood by
maximum energy in analogy with the previous results fornoting a situation that the-phase disordered Mgir,, alloy
purey-Mn metal?’ Noteworthy is that only 5% addition of Ir  with the 3Q structure is found to prefer/a>1 energetically
atoms makes the energy of th@3tructure lower than that rather thanc/a=1, while for the y-phase disordered
of the 1Q structure. The energies of both thQand the Mnlr,5(=Mnslr) alloy the lattice keeps/a=1 with the
structures are lowered relative to that of th® btructure  3Q structure. From these relations, one can expectxhist
with increasingx. Figure 6 shows the concentration depen-higher thanx,,. This is because the lattice distortion @fa
dence of the total energy of theQ2and the X structures >1 lowers not only the total energy of th&2structure but
relative to that of the @ structure. The total energies both of also that of the ® structure. When the total energy of the
the 2Q and the & structures exhibit a monotonic decrease3Q structure is low enough it/a=1, any degree of the
with x. The slope is steeper in the&structure than that in |attice distortion cannot always cause a reversal from tQe 3
the 2Q structure, intersecting at the concentratiobetween  to the 2 magnetic structure. It should be noted that Fish-
10 and 15. Thus, the@ structure is stable untit of about manet al. have confirmed the difference between the mag-
13 and the & structure is found to be realized ki>13.  netic and structural transition temperatures for Mn-Ni alloy
Returning to Fig. 5, we can confirm that there is no interme-systent® They further predicted by a phenomenological
diate state between theQand the X structure as the model that there should exist, betweenand x,,, for c/a
ground state, that is, the curves exhibit no minimum in the>1, another magnetic structure denoted by T-SDW phase
range 54.7€ 9<90°, and hence the transition is of the first where the moments tilt from the@ structure towards the
order. 2Q structure. We stress that this is possibly true because we

Emphasis to be placed on the results in Fig. 6 is that the lbbserve in our calculation that the angle corresponding to the
concentration where the magnetic transition from ti@t®  3Q structure(54.79 slightly shifts toward 90° (8 struc-
the 3Q structure takes place is quite close to the concentrature) when the lattice is distorted ©wa> 1. However, we do
tion at which the axial ratio changes frooda>1 to c/a  not make further insight into the magnetic structure includ-
=1, which was observed by Yamaokét. was predicted that ing the lattice distortion in the quantitative stage, because of
even in the purey-Mn metal, the lattice distortion of/a limitation of the accuracy of the present methods; the TB-
>1 further lowers the total energy of theQ2structuré’’”  LMTO method together with the local spin densitySD)
Actually, we have confirmed from the calculations that thefunctional approximation.
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47 FIG. 8. Temperature dependence of the magnetic susceptibility
for the y-phase disordere@®O) Mngslr;5 alloy. The magnetic tran-
sition temperature from Q to 3Q, T,q/30. the structural phase
transition temperature from fct to f@ycc, and the Nel tempera-

ture Ty are given by the arrows.

2 6 (degree)

FIG. 7. X-ray diffraction patterns for the-phase disordered
(DO) Mngslry5 alloy at 80, 200, and 300 K. Note that the fct struc-

ture is observed at 80 and 200 K, whereas the fcc structure is . .
observed at 300 K. overlap with the present data by shifting about a few percent.

In chemical analyses, strong insolubility of Ir seems to be the
reason for the discrepancies given in Fig. 9. Furthermore, a

We h_ave experlment_ally reinvestigated the Mn-Ir alloy new distorted phase wita>b>c has been confirmed by
system in order to establish the structural and magnetic phase

diagram and to verify the discussion in connection with Fig xray diffraction as shown_ by t_he dotted line in the same
6. Figure 7 shows the representative x-ray diffraction pa figure. What has to be_n(_)tlced is that the phase diagram of
térns at 80, 200, and 300 K for the disorderedghin; alloy. Mn-Ir alloy system 1S S|m|Iar'to that of Mn-R?wthough the
The face-centered tetragondtt) structure witﬁc/a5>1 i tetragonal phase with/a<1 is not confirmed below about
observed at 80 and 200 K, whereas the face-centered cub?c(:)/0 I because of an easy appearance gfjzase.
(fce) structure is observed at 300 K. Temperature dependence

of the magnetic susceptibility measured in a field of 10 kOe
for the same specimen of the disorderedghfns alloy is  The electronic and the magnetic structures of the
given In Flg 8. No anomaly is observed in the magne“Cle_type ordered Mgir and the —y_phase disordered

susceptibility at the structural phase transition temperaturgin, ., .Ir, alloys have been investigated by the tight-
from the fct to the fcCTyiec, Which was confirmed by x-ray

diffraction measurement. Fishman and Liu have calculated 800
the magnetic susceptibility of-Mn alloys and pointed out

that the average susceptibilities are different depending on

the magnetic structuré$.Thus the transition from the high- 600
temperature @ phase to the low-temperatur&2phase, the

magnetic susceptibility is clearly reduced by a few percent

V. CONCLUSION

Ll Para c/a=1

—= present results 1

below the transition temperatufeo/q. Therefore, the ap- < 400 \ — Yamaoka (1974)
parent decrease in the magnetic susceptibility at low tem- ~ L ®) ' i
peratures in the present result is identified as the magnetic c/a>1 \ c/a=1
structure change as discussed by Fishman and®Liu. 200 - ' .
Figure 9 shows our new Mn-Ir phase diagram, together | a>b>c i
. : Mngo-xdrx
with the results reported by Yamaok@he Neel temperature .
— ; ; ; 0 1 L ! 1
at x=0 given by the open triangle is an extrapolated value 0 5 10 15 20 25 30

for Mn-Fe-Cu alloy system.The point to observe is that the
lattice distortion fromc/a=1 to c/a>1 for the present re-

sult given by the solid line takes places at higher concentra- giG. 9. The phase diagram of the &léemperaturéy and the

tion by a few percent, compared with that data given by theyrystal structure for Mn-Ir system, together with that reported by

dash-dotted lines from YamaoRasupporting more strongly vamaoka(Ref. 5. The present data are given by the solid and the

the theoretical discussion given above. In addition, the datdotted lines together with the closed circles. The dash-dotted lines
of the Neel temperature obtained by Yamaoka practicallyand the open circles are from YamaolRef. 5.
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binding (TB) linear muffin tin orbital(LMTO) method. The takes place in the vicinity af=13 under the constant lattice
magnetic stability in both systems is also examined with theparameters with the axial ratio afa=1. This critical con-
effective exchange constants acting on the Mn moments. Theentrationx is close to the observed concentration at which
long-range order with th&1 structure in the ordered M the axial ratio changes from/a=1 toc/a>1 with decreas-
alloy is reflected in a dip structure around the Fermi level ofi"d x- However, it should be emphasized that these two criti-

the density of statedOS). This characteristic feature can be cal compositions do not a'V.VaVS coincide W'th each other. In
retained in the multipl® spin density wave(MQSDW) other words, the concentration of the magnetic structure tran-

in th h disord O) Mn.Ir allov. i sition is lower than that of the lattice distortion; because
structures in they-phase disorderetDO) Mnglr alloy, im- yhere js 3 concentration region where th@ Structure is still

plying that an antiferromagnetic long-range order also rexaple even though/a>1. This situation has been verified

mains in the disordered a”oy. The most stable structure i@xperimenta”y_ The concentration dependence of tﬁe] Ne
the y-phase disordered Mgr,s (=Mnglr) alloy is sug-  temperature obtained by Yamaoka practically overlap with
gested to be the @ structure. The Nel temperature con- the present data by shifting about a few percent.

verted from the effective exchange constdgtis about 735

K, in good agreement with the experimental value of about ACKNOWLEDGMENTS
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