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Abstract

Concentration dependences of the room temperature lattice constant and the Néel temperature of Mn,,,_,Rh, (19=x=30) ordered
aloys were investigated. The room temperature lattice constant becomes larger with increasing x. The Néel temperature also increases
with the increase of x, and the high Néel temperature is not explained by an exchange interaction as a function of the Mn—Mn distance,
but by the number of 3d electrons in the Mn site. Associated with spin fluctuations, the paramagnetic susceptibility increases with
increasing temperature and shows a tendency to be saturated. [0 1998 Elsevier Science S.A. All rights reserved.
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1. Introduction

Recently, Mn and Cr antiferromagnetic alloys have been
investigated intensively from the viewpoint for an applica
tion to a spin-valve layer of GMR heads [1-6], because
they have a high Nédl temperature about a few hundreds
Kelvin. Some Mn-based alloys have been known to exhibit
the lattice distortion associated with a martensitic trans-
formation [7—9]. Furthermore, their structural and mag-
netic transition temperatures are very sensitive to both heat
and mechanical treatments [10]. For practical applications,
it is very important to make systematic investigations of
fundamental magnetic properties for Mn-based antiferro-
magnets.

In the present study, we focus our interest on a AuCu,-
type Mn;Rh ordered aloy system, because the Néel
temperature of a stoichiometric Mn,Rh ordered alloy [11]
is higher than that of other Mn aloy systems such as
Mn,Pt [12,13], Mn,Fe [14,15], Mn,Ni [16] and Mn,Pd
[17]. According to the phase diagram of Mn—Rh system,
the AuCu,-type Mn,Rh ordered-phase exists in the con-
centration range from 11 to 32% Rh [18]. The stoichio-
metric Mn4Rh ordered alloy is obtained below about 1130
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K, and its Néel temperature and the magnetic structure
were investigated by neutron scattering [11]. The data
revealed that Mn;Rh ordered aloy has a non-collinear
triangular antiferromagnetic structure and the second near-
est neighbor Mn atoms align ferromagnetic. However, the
reason why the Mn,Rh ordered aloy shows such a high
Néel temperature has not been clear yet. It is interesting to
investigate the magnetic properties by changing the dis-
tance of the Mn atoms and/or the number of 3d electrons
in the Mn site. Therefore, we have carried out the room
temperature X-ray diffraction analyses and magnetic mea-
surements from room temperature to about 1100 K for
Mn,g0_ RN, (19=x=30) ordered &lloys.

2. Experimental

The specimens were prepared by arc-melting in an argon
gas atmosphere purified with a Ti getter. The ingots were
turned over and remelted four times. In order to homogen-
ize they were annedled for 240 h at 873 K in an evacuated-
guartz tube and subsequently quenched into ice-water. The
room temperature lattice constant was examined by X-ray
powder diffraction method. The magnetic measurements
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Fig. 1. Powder X-ray diffraction pattern of Mn,.Rh,, ordered dloy,
together with the calculated intensities.

were carried out with aVSM from room temperature to
about 1100 K.

3. Results and discussion

X-ray powder diffraction pattern of Mn, Rh,
(=Mn;Rh) ordered aloy and calculated reflection inten-
sities are shown in Fig. 1. The indices of the superlattice
lines below about 20=30 are given in the same figure.
Their integrated reflection intensities nearly correspond to
the calculated ones. Further, the ordered state was con-
firmed by electron diffraction [19]. In Fig. 2 the room
temperature lattice constant of Mn,,,_ Rh, (19=x=30)
ordered alloys as a function of x is shown. The lattice
constant increases with increasing X, and the value of the
stoichiometric Mn;Rh ordered aloy is 3.815 A, in good
agreement with the reported result [11].

T T l T T T T l T T T T I T
382 f
05 :
- I
E 381} .
—
7] r 4
= i |
[=]
@] F J
o 3.80 | -
3 s :
= L J
-]
3 i |
3.79 - _
I T R B
20 25 .30
x (%)

Fig. 2. The room temperature lattice constant of Mn,,,_ Rh, (19=x=30)
ordered aloys as a function of x.

In Fig. 3 the temperature dependence of magnetic
susceptibility from 650 to 1000 K for the Mn,y,_,Rh,
(x=19, 21, 23 and 25) ordered aloys is shown. In the
figure, a clear pesk due to the magnetic transition is
observed at 802, 819, 827 and 841 K for x=19, 21, 23 and
25 aloys, respectively. The paramagnetic susceptibility of
these aloys increases and indicates a tendency to be
saturated, showing that the magnetic susceptibility does
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Fig. 3. Temperature dependence of the magnetic susceptibility of
Mn,o,_Rh, (x=19, 21, 23 and 25) ordered alloys.
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not follow the Curie-Weiss law. The increase of the
paramagnetic susceptibility has been observed in YMn,
[20] and Mn,Pt [21]. For YMn, compound, this behavior
has been explained as a wesk itinerant-electron magnetic
property, that is, the mean-square local amplitude of spin
fluctuation 7 is increased by thermal fluctuations in the
paramagnetic region [22]. The itinerant-electron characters
of Mn,Pt ordered alloy have been discussed by using a
band structure [23] and also a spin-wave dispersion [24].
The increase of the paramagnetic susceptibility of
Mn,,,_,Rh, ordered alloys would also be explained by the
spin fluctuations characterized in itinerant-electron sys-
tems.

Shown in Fig. 4 is the relation between the Néel
temperature and the room temperature lattice constant of
the stoichiometric Mn4Rh, together with that of Mn,Pt and
Mn,(Pt, s Rhy ) [11] and Mnglr [25] ordered dloys. It is
clear that the smaller the lattice constant, the higher the
Néel temperature. The magnitude of the Néel temperature,
namely, the strength of the exchange interaction, appears
to be related with the Mn—Mn distance. Yamada et a. have
calculated the exchange interaction J(r) as a function of the
Mn—Mn distance [26]. According to their calculation, J(r)
takes @ minimum around 2.5 A and changes the sign from
negative to positive around 3.0 A. This means that the
exchange interaction becomes wesker with increasing the
lattice constant for Mn-based aloys.

In Fig. 5 the concentration dependence of the Néel
temperature of Mn,,,_,Rh, (19=x=30) ordered aloys is
shown. The Néd temperature becomes higher with in-
creasing x. The present value of the stoichiometric Mn;Rh
ordered alloy is practically consistent with the vaue
reported before [11], although the heat-treatment is slightly
different. The concentration dependence of the Néel tem-
perature for Mn,,_ Pt [12,13], Mn,,_,Fe, [14,15],
Mn,q,_«Ni, [16] and Mn,,,_ Pd, [17] seems to be ex-
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Fig. 4. Relation between the Néel temperature and the room temperature
lattice constant with that of Mn,Pt and Mn,(Pt, s Rh, ) [11] and Mn,Ir
[25] ordered aloys. The dashed line is a guide to the eye.
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Fig. 5. Concentration dependence of the Néel temperature of Mn,,_,Rh,
(19=x=30) ordered aloys.

plained within the framework of J(r), that is to say, the
larger the lattice constant, the lower the Néel temperature.
From Figs. 2 and 5, however, the larger the lattice
constant, the higher the Néel temperature for the present
Mn,q0_ RN, ordered alloys. Similar behavior has been
reported for Mn,g,_,Ir, disordered alloys [25]. Their
magnetic structure and the Mn concentration dependence
of the Néel temperature were investigated by neutron
scattering and magnetic measurements [27]. The stoichio-
metric Mn,lr disordered aloy has a collinear antiferro-
magnetic structure and (001) ferromagnetic layers stacked
antiferromagnetically. On the other hand, the Mn;Rh
ordered alloy has a non-collinear triangular antiferromag-
netic structure, mentioned before [11]. Therefore, it is
considered that the difference of the magnetic structure
between MnzRh and Mnglr has no relation with the
increase of the Néel temperature.

It has been presumed that a strong perturbation to the
band structure is responsible for the increase in the Néel
temperature of Mn,,_,Ir, disordered aloys, because the
explanation on the basis of the Mn—Mn distance is invalid
[28]. Two points should be noted. One is that the addition-
al elements of Rh and Ir, which show a similar con-
centration dependence of the Néel temperature, have the
same number of the valence electrons. Another is that the
Néel temperature of Mn,,,_, X, (X=Ir, Rh, Pt, Fe, Ni and
Pd) aloys tends to converge to that of y-Mn [12-17,28].
According to our preliminary examination by band calcula-
tions using the LMTO-ASA method, the number of 3d
electrons in the Mn site decreases in the sequence Mn,F,
y-Mn and Mn;Rh. Furthermore, the calculation of the
magnetic excitation energy based on the multiple scattering
theory predicts that the antiferromagnetic exchange inter-
action of y-Mn becomes stronger with decreasing 3d
electron number. Consequently, the difference of the Néel
temperature between Mn,,,_,Pt, and Mn,,,_,Rh,_ is ex-
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plained by taking the number of 3d electrons in the Mn site
into consideration.

4, Conclusion

We have carried out X-ray powder diffractions analyses
at room temperature and the magnetic susceptibility mea-
surements from room temperature to about 1100 K for
Mn,q,_Rh, (19=x=30) ordered alloys to investigate the
concentration dependence of the Néel temperature. The
main results are summarized as follows.

1. The room temperature lattice constant of Mn,,,_ Rh,
ordered aloys becomes larger with increasing X, show-
ing an increase of the Mn—Mn distance.

2. The paramagnetic susceptibility increases with increas-
ing temperature, and indicates a tendency to be satu-
rated. This behavior could be related with spin fluctua-
tions.

3. The Néel temperature of Mn,,,_,Rh, ordered alloys
increases with increasing x in contrast to that of many
Mn-based alloys. Such a high Néel temperature is
explained by taking the number of 3d electrons in the
Mn site into consideration.
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