Journal of Korean Magnetics Society, Volume 5, Number 5, October 1995

PRESSURE DEPENDENCE OF THE CURIE TEMPERATURE IN MnAlGe

S. Eodo®, H. Matsuzaki®, F. OuoB, T. Kanomatal and T. Kaneko?
Research Center for Extreme Materials, Osaka University
1-1 Machikaneyama-chyo, Toyonaka 560, Japan
BDepartment of Physics, Faculty of Science, Okayama University
2-1-1 Tsushima-Naka, Okayama 700, Japan
CFaculty of Engineering, Tohoku Gakuin University
Tagajyo 985, Japan
DInstitute for Materials Research, Tohoku University
Sendai 980, Japan

Abstract-The pressure dependence of the Curie temperature was determined in 2-
dimensional like ferromagnet, MnAlGe up to a maximum pressure of 7.5 GPa

through measurements of electric resistance vs temperature curves.

The pres-

sure coefficient was positive with a considerably high rate of 9 K/GPa in the
low pressure ragion, while it decreased gradually down to one order of magni-

tude smaller value at the maximum pressure.

It was concluded that ther is an

upper limit of about 550 K in the super-exchange type ferromagnetic interac-

tion between Mn layers.

I. INTBODUCTION

The ternaly intermetallic compound,
MnAlGe is a ferromagnet of which the Curie
temperature is 503 K at the ambient pres-
sure [1]. This compound has the CuySb type
crystal structure, in which there are two
sites of Cu atoms, CuI and CuII‘ In MnAlGe
crystal, Mn atoms occupy the Cu; site, and
the Cuyp site is filled with Al atoms. 1In
this structure Mn atoms construct 2-dimen-
sional like layer structure, each Mn layer
being separated by two nonmagnetic layers
of Al and Ge atoms.

This structure is magnetically unique,
and it seems interesting to observe mag-
netic properties as functions of the
distance between Mn-layers. We report a
measurement of the pressure dependence of
the Curie temperature in MnAlGe in a high
pressure range up to 7.5 GPa.

II. EXPERIMENT

To generate a high pressure of the range
of several GPa, a two-stage multi-anvil
apparatus was operated by a 15000 ton
press [2]. The pressure was generated
within a space of pyrophyllite media of
octahaedral shape of the dimension of 10
mm.

The Curie temperature was determined as a
turning point of the electric resistance
vs temperature curve. A four-lead tech-

nique was adopted to observe the resist-
ance.

To obtain a direct relationship between
the Curie temperature and the lattice
parameters, X-ray diffraction measurements
were made at room temperature under high
pressures up to 10 GPa.

Observed diffraction patterns were shown
in Fig.1l, where no structural phase tran-
sition was seen and the CuySb-structure
retains up to the maximum pressure.

The pressure dependences of a- and c-
values are shown in Fig.2. Along c-axis,
the absolute value of the initial slope is
small, while it increases above 5 GPa. No
anomaly was seen in the pressure depend-
ence of a-value up to 10 GPa.

M. RESULTS AND DISCUSSION

Observed electric resistance vs tempera-
ture curves at various pressures were
shown in Fig.3. From these curves the
Curie temperatures were determined and
plotted in Fig.4 as a function of pres-—
sure.

Observed shift of the Curie temperature
was positive and depends upon the range of
pressure. In the low pressure region
between 0.5 and 2 GPa, the increasing rate
was as large as 9 K/GPa, while it de-
creased with increasing the pressure and
reached almost one order of smaller value
at 7.5 GPa.
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Fig.1l X-ray diffraction profiles of MnAlGe
under various pressures at room tem-

perature.
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Fig.2 Pressure dependences of the lattice
constants a and c.
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On the contrary, the pressure dependence
of c-value is quite opposit. The initial
slope is rather gentle, while it becomes
steeper with increasing pressure above 5
GPa. This type of anomaly in the pressure
dependence of c-value was also seen in
MnGaGe [3], which has the same lattice
structure and is also a ferromagnet. The
physical origin of this anomaly is not
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Fig.3 Observed pressure variation of elec-
tric resistivity vs temperature curve.

clear, as yet, but may be caused by the
half-filled 3d-electron band of Mn atoms
in a two-dimensional like structure.

It is also worth emphasizing that the
pressure at which the pressure dependence
of the Curie temperature tends to saturate
coincides with that at which the absolute
value of the slope of the pressure depend-
ence of c-value tends to increase.
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Fig.4 Pressure dependence of the Curie

temperature in MnAlGe.

The ferromagnetic exchange between Mn
layers is considered to be the super-
exchange type, which increases largely
with decreasing the layer-distance in the
case of MnZnSb [4] and also in MnGaGe [3].
But, from the present experiment it can be
considered that there exists an upper
limit of about 550 K for the intensity of
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this type of exchange interaction.

IV. CONCLUSIONS

The pressure dependence of the Curie
temperature observed in MnAlGe was posi-
tive with a considerably high rate of 9
K/GPa in the low pressure range below 2
GPa, while it decreased gradually down to
one order of magnitude smaller at the
maximum pressure of 7.5 GPa.

From this fact it was concluded that the
super-exchange type ferromagnetic interac-
tion between Mn layers has an upper limit
of about 550 K.
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