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Pressure effect on magnetic properties of YbMnyGes was investigated
by magnetization measurements under hydrostatic pressures up to 2.0 GPa
in temperature range from 2 to 400 K using single crystalline sample. The
results indicated that the antiferromagnetism in YbMny,Ges unusually and
strongly depends on pressure. The anomalous pressure dependence may
mainly be originated in the fact that Yb ion is in a mixed valence state
between Yb%T and Yb3*.

PACS numbers: 75.50.Ee, 74.62.Fj, 74.25.Ha, 75.30.Kz

1. Introduction

During the last decade, much attention has been paid to the magnetic
characteristics of intermetallic compounds RMnsGey [1]. This system crys-
tallizes in ThCrsSis type body centered tetragonal structure in which the Mn
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atoms construct a simple tetragonal framework with strong two-dimension-
ality. Among the RMnyGes family, the physical properties of YbMnoGes
have not been clarified in details except a few works by X-ray analysis [2],
Méssbauer spectroscopy [3] and powder neutron diffraction [4] because of
a difficulty of producing single phase sample. Fortunately, we recently suc-
ceeded to grow the single crystal YbMnyGey. From magnetization measure-
ment of the single crystal under magnetic field up to 13 T, we clarified that
this system indicated an antiferromagnetic ordering (AFM I) below T'Nxy ~
400 K and transformed into another antiferromagnetic state (AFM II) at
T'no = 163 K with decreasing temperature. Furthermore, a novel magnetic
behavior appeared below T'ng : After a metamagnetic transition field B¢
from AFM II to a field induced state (Fi) showed a minimum around T =
130 K, the value of B¢ significantly increased just below T'xo with increasing
temperature [5]. This suggests that at least two kinds of magnetic interac-
tions with conflicting characters such as ferromagnetic and antiferromagnetic
ones compete with each other in the antiferromagnetic ground state of this
system. Such a competition of magnetic interactions has not been observed
in other RMnyGey systems in stable R** ionic state [1]. Therefore, it seems
that this competition is attributed to the fact that Yb ion is in a mixed
valence state between Yb?" and Yb3* [2]. Thus, we expect that YbMnyGes
will show further novel magnetic behaviors under high pressure.

2. Experimental procedures

In this work, we generated hydrostatic pressure by a clamping-type high-
pressure micro-cell and Daphne7373 was used as a pressure transmitting
fluid. The magnetization was measured along the c-axis of tetragonal under
various pressures up to 2.0 GPa using a SQUID magnetometer. The single
crystals used in this work are the same as those used in the previous work [5].

3. Results and discussion

Figs. 1 (a) and (b) show the magnetizations along the c-axis at B = 0.5 T
and 0.1 T as a function of temperature below and above 300 K under various
pressures in YbMnyGes, respectively. The over all feature of M(T) curve
below 300 K under ambient pressure well reproduces that in our previous
work [5]. A clear cusp feature appears at T2 = 163 K in ambient pressure
as seen in Fig.1 (a). With increasing pressure, T'xo linearly increases up to
271 K at 1.0 GPa, and shows a maximum at ~ 1.25 GPa. After then, it
markedly decreases down to 112 K at 2.0 GPa. It is to be noted that the
susceptibilities in AFM II state are gradually enhanced above 1.25 GPa. On
the other hand, in the M(T) curve above 300 K under ambient pressure,
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which is not shown in Fig.1 (b), a small anomaly is observed at T'ni just
above 400 K. In an inset of Fig.1 (b), we can see a small but sharp drop
of magnetization just below 400 K at 1.0 GPa as well, indicating that TNy
decreases by applying pressure of 1.0 GPa. In addition, a hump of magne-
tization is observed in M(T) curve above 350 K at 1.0 GPa. This hump
feature is enhanced at 1.25 and 1.31 GPa. Furthermore, when pressure is
increased up to 1.38 GPa, a clear cusp feature suddenly appears at T\
= 386 K. With further increasing pressure, T'nx; increases rapidly and T'Ny
reaches to ~ 420 K at 2.0 GPa.
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Fig.1. (a) and (b) Magnetizations along the c-axis at B = 0.5 and 0.1 T as a
function of temperature below and above 300 K, respectively, in YbMn,Ges.

The resultant P-T phase diagram for magnetic field parallel to the
c-axis in YbMnyGes is given in Fig. 2. One of the notable feature is that
Tn1 and T'xo show a minimum and a maximum, respectively, at the same
pressure region of ~ 1.25 GPa. This suggests that AFM I state competes
with AFM II state and a magnetic structure change occurs at P ~ 1.25 GPa.

We are not sure the details on why this system shows such an anomalous
behavior under high pressures. However, it seems reasonable to conclude
that pressure induced magnetic structural change is caused at critical pres-
sure of ~ 1.25 GPa. Because there exists significant difference between the
magnetization behaviors of the system below and above ~ 1.25 GPa, as is
evident from Figs. 1 (a) and (b). The information about Yb valence and
magnetic structure under high pressure is required to clarify the origin of



1544 T. FUIIWARA ET AL.

500 M T T T T
400W-
L TNl 4
g 300 AFMI . i
|— N2
200 + .
O
100F ApM 11 YbMn_Ge; ]
I B // c-axis ]
O N 1 1 1 1
0.0 05 1.0 15 2.0
P (GPa)

Fig.2. P-T phase diagram of YbMnsGes.

the competition.
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