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We performed measurements of magnetic susceptibility (x) and Ly-
edge X-ray absorption spectroscopy (XAS) in EuCuy(Si,Ge;_;)2. For
0.70 < z < 0.80, with decreasing temperature, the x deviates from Curie—
Weiss (CW) law with a Eu®* state and exhibits almost temperature-indepen-
dent behaviour at lower temperatures. The behaviour, which is roughly
similar to that accompanied by the valence transition in EuNis (Sij—,Ge, )2,
cannot be interpreted only in terms of the valence change. The hybridiza-
tion between 4 f electrons and a conduction band should also be taken into
consideration.

PACS numbers: 71.27.+a, 75.20.Hr, 75.30.Mb

1. Introduction

It is known that some Eu compounds show a valence fluctuation like Ce
and Yb compounds. The valence fluctuation in Eu compounds takes place
between non-magnetic Eu?** and Eu?* with a localized moment of 7ug.
One of great interest in the valence fluctuation in Eu compounds is that
the mean Eu valence strongly depends on temperature, magnetic field and
pressure. For example, EuPdsSis exhibits a sharp but continuous valence
transition from Eu?8* and Eu?2T at around 160 K [1]. Moreover, in such
substituted systems as EuNig(Si;_,Gez )2 [2] and Eu(Pd;_,Pt,)2Sis [3], a
first-order valence transition is observed. In this study, we take notice of
EuCus(SizGey ;)2 system which was reported to exhibit a Kondo-lattice
type state by Levin et al. for the first time [4]. Recently, heavy fermion
behaviour has been reported by Hossain et al. [5]. On the other hand, the
compounds with z = 0 (EuCuzGez) and z = 1 (EuCuySiz) are known to ex-
hibit an antiferromagnetic ordering [6] and a valence variation with temper-
ature from 100 K to 700 K [7], respectively. In order to investigate a relation
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between both of the phenomena and to compare with the behaviour of other
Eu compounds, we performed measurements of magnetic susceptibility ()
and Lyjj-edge X-ray absorption spectroscopy (XAS) in EuCus(SiyGej—z)s.

2. Experimental details

The samples of EuCus(Si;Ge;_5)2 were made by arc-melting, and an-
nealed for 1 week at 900°C in an evacuated quartz tube. Powder X-ray
diffraction patterns show that the samples have a single phase with the
ThCr,Siy type structure. Magnetic susceptibility x = M/H was measured
by means of a superconducting quantum interference device magnetometer
(Quantum Design, MPMS) in fields of 0.5 T and 5 T in the temperature
range from 2 to 300 K and from 2 to 50 K, respectively. The XAS measure-
ment at Eu Lyir edge was performed at the BL-9A of KEK Photon Factory
by using a Si(111) double-crystal monochromator from 10 to 290 K [8].
The spectrum was analyzed by fitting to two subspectra which consist of a
Lorentzian and an arctangent. The mean valence v was estimated from the
relative intensities of the two subspectra [3].

3. Results and discussion

Figure 1(a) shows the temperature dependence of y in the field of 0.5 T.
Except for z = 1, the x—T curves show a Curie-Weiss (CW) law with an
effective moment of 7.0 ~ 7.3up at higher temperatures, corresponding to
the divalent state. For = 0.70, 0.75 and 0.80, with decreasing temperature,
the x deviates from the CW law and transfers to temperature-independent
behaviour at lower temperatures. Here, the temperature where the x begins
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Fig. 1. Temperature dependence of x in applied fields H of 0.5T (a) and 5T (b) in
EUCUQ (Slz Gel_m)g .
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to deviate from the CW law is defined as T. The Ty increases with increasing
Si concentration z. Such behaviour is roughly similar to that associated with
the valence transition from Eu?t to Eu®* in EuNiy(Si;_;Ge,)s. However,
the decrease in the x with decreasing temperature is much smaller than
that observed in EuNiy(Sij_,Gey)s. At lowest temperatures, the y for all
the samples increases with decreasing temperature, which is possibly due
to an extrinsic impurity since x measured in the field of 5 T is suppressed,
as shown in Fig. 1(b). Such an impurity, which is often observed, makes it
difficult to investigate the ground state of valence fluctuating Eu compounds
precisely. For z = 1, the x is independent of temperature. The rise of the x
in the field of 5 T below 80 K (possibly due to an impurity) is also suppressed
by magnetic field of 5 T. On the other hand, for x = 0, 0.50 and 0.65, the
x—T curve has a bend at lowest temperature, as shown in Fig. 1(b), which is
ascribed to the antiferromagnetic ordering. Especially, for £ = 0, the curve
has two bends at 7.0 K and 11 K. Recently, similar two Néel temperatures
have been reported also in EuNiyGes [9].

Figure 2(a) shows the temperature dependence of the mean Eu valence
v estimated from the XAS measurements in EuCus(Si, Ge;—5)2. Except for
z = 0, 0.50, with decreasing temperature, the valence is shifted toward a
trivalent state. Compared with the behaviour observed in EuNig(Si;—,Gey )9
[2] and Eu(Pd;_;Pt;)2Sia [3], the thermal variation of the v is much broader
and smaller. For x = 0.70 ~ 0.80, the Ty estimated from the y—T curve is
indicated as arrows in Fig. 2(a). The valence at the Tj is found to be an al-
most common value of 2.4 ~ 2.45, which appears to be a boundary between
the temperature-independent nonmagnetic behaviour and the CW magnetic
behaviour. For z = 0 and 0.50, the valence is almost independent of tem-
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Fig.2. Temperature dependence of Eu valence estimated from the XAS measure-
ments in EuCuz(Si; Ge;_;)2 (a) and the x estimated from the Eu valence (b).
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perature. No anomaly is observed at Tx in the v-T' curve. For x = 0.65,
the valence at the lowest temperature is found to be close to 2.4, which
suggests the antiferromagnetism is in the vicinity of the valence fluctuating
state. Finally, in order to compare the valence with the y, we estimated
the susceptibility from the Eu valence as x = xa2p2 + x3p3, where ps and
ps are occupation probabilities of the Eu?t and Eu3t state estimated from
the XAS measurements, respectively. The xs is calculated from the CW
law with a theoretical effective moment of Eu?t and a Weiss temperature
of —25 K. The yx3 is the susceptibility of the Van-Vleck paramagnetism
of Eu*. The calculated results are shown in Fig. 2(b). Compared with
Fig. 1(a), it is found that the temperature-independent susceptibility ob-
served for z = 0.70 ~ 0.80 below Tj is not reproduced at all, which sug-
gests that it is necessary to consider not only the valence change but also
hybridizations between 4f electrons and a conduction band in order to in-
terpret the behaviour of EuCus(Si,Gej_z)2. This should be associated with
the Kondo-lattice state [4] and the heavy fermion behaviour [5].

4. Conclusions

We have reported the magnetic property and the Eu valence in
EuCus(SizGei—_z)2. For 0.70 < x < 0.80, it is found that the x deviates
from the CW law, which is associated with the valence change observed by
the XAS measurements. However, it is difficult to explain the temperature-
independent susceptibility, which appears after the deviation, only in terms
of the valence change. We propose that the hybridization between 4f elec-
trons and a conduction band also plays an important role in the behaviour.
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