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We performed measurements of magneti sus eptibility () and LIII edge X-ray absorption spe tros opy (XAS) in EuCu2 (Six Ge1 x )2 . For
0:70  x  0:80, with de reasing temperature, the  deviates from Curie
Weiss (CW) law with a Eu2+ state and exhibits almost temperature-independent behaviour at lower temperatures. The behaviour, whi h is roughly
similar to that a ompanied by the valen e transition in EuNi2 (Si1 x Gex )2 ,
annot be interpreted only in terms of the valen e hange. The hybridization between 4f ele trons and a ondu tion band should also be taken into
onsideration.
PACS numbers: 71.27.+a, 75.20.Hr, 75.30.Mb
1. Introdu tion

It is known that some Eu ompounds show a valen e u tuation like Ce
and Yb ompounds. The valen e u tuation in Eu ompounds takes pla e
between non-magneti Eu3+ and Eu2+ with a lo alized moment of 7B .
One of great interest in the valen e u tuation in Eu ompounds is that
the mean Eu valen e strongly depends on temperature, magneti eld and
pressure. For example, EuPd2 Si2 exhibits a sharp but ontinuous valen e
transition from Eu2:8+ and Eu2:2+ at around 160 K [1℄. Moreover, in su h
substituted systems as EuNi2 (Si1 x Gex )2 [2℄ and Eu(Pd1 x Ptx )2 Si2 [3℄, a
rst-order valen e transition is observed. In this study, we take noti e of
EuCu2 (Six Ge1 x )2 system whi h was reported to exhibit a Kondo-latti e
type state by Levin et al. for the rst time [4℄. Re ently, heavy fermion
behaviour has been reported by Hossain et al. [5℄. On the other hand, the
ompounds with x = 0 (EuCu2 Ge2 ) and x = 1 (EuCu2 Si2 ) are known to exhibit an antiferromagneti ordering [6℄ and a valen e variation with temperature from 100 K to 700 K [7℄, respe tively. In order to investigate a relation
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between both of the phenomena and to ompare with the behaviour of other
Eu ompounds, we performed measurements of magneti sus eptibility ()
and LIII -edge X-ray absorption spe tros opy (XAS) in EuCu2 (Six Ge1 x )2 .
2. Experimental details

The samples of EuCu2 (Six Ge1 x )2 were made by ar -melting, and annealed for 1 week at 900Æ C in an eva uated quartz tube. Powder X-ray
dira tion patterns show that the samples have a single phase with the
ThCr2 Si2 type stru ture. Magneti sus eptibility  = M=H was measured
by means of a super ondu ting quantum interferen e devi e magnetometer
(Quantum Design, MPMS) in elds of 0.5 T and 5 T in the temperature
range from 2 to 300 K and from 2 to 50 K, respe tively. The XAS measurement at Eu LIII edge was performed at the BL-9A of KEK Photon Fa tory
by using a Si(111) double- rystal mono hromator from 10 to 290 K [8℄.
The spe trum was analyzed by tting to two subspe tra whi h onsist of a
Lorentzian and an ar tangent. The mean valen e v was estimated from the
relative intensities of the two subspe tra [3℄.
3. Results and dis ussion

Figure 1(a) shows the temperature dependen e of  in the eld of 0.5 T.
Ex ept for x = 1, the T urves show a CurieWeiss (CW) law with an
ee tive moment of 7:0  7:3B at higher temperatures, orresponding to
the divalent state. For x = 0:70, 0.75 and 0.80, with de reasing temperature,
the  deviates from the CW law and transfers to temperature-independent
behaviour at lower temperatures. Here, the temperature where the  begins
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Fig. 1. Temperature dependen e of
EuCu2 (Six Ge1 x )2 .

300

0

10

20

30

40

50

T(K)

 in applied elds H of 0.5T (a) and 5T (b) in

Magneti

Properties and Eu Valen e in EuCu2 (Six Ge1 x )2

1179

to deviate from the CW law is dened as T0 . The T0 in reases with in reasing
Si on entration x. Su h behaviour is roughly similar to that asso iated with
the valen e transition from Eu2+ to Eu3+ in EuNi2 (Si1 x Gex )2 . However,
the de rease in the  with de reasing temperature is mu h smaller than
that observed in EuNi2 (Si1 x Gex )2 . At lowest temperatures, the  for all
the samples in reases with de reasing temperature, whi h is possibly due
to an extrinsi impurity sin e  measured in the eld of 5 T is suppressed,
as shown in Fig. 1(b). Su h an impurity, whi h is often observed, makes it
di ult to investigate the ground state of valen e u tuating Eu ompounds
pre isely. For x = 1, the  is independent of temperature. The rise of the 
in the eld of 5 T below 80 K (possibly due to an impurity) is also suppressed
by magneti eld of 5 T. On the other hand, for x = 0, 0.50 and 0.65, the
T urve has a bend at lowest temperature, as shown in Fig. 1(b), whi h is
as ribed to the antiferromagneti ordering. Espe ially, for x = 0, the urve
has two bends at 7.0 K and 11 K. Re ently, similar two Néel temperatures
have been reported also in EuNi2 Ge2 [9℄.
Figure 2(a) shows the temperature dependen e of the mean Eu valen e
v estimated from the XAS measurements in EuCu2 (Six Ge1 x )2 . Ex ept for
x = 0, 0.50, with de reasing temperature, the valen e is shifted toward a
trivalent state. Compared with the behaviour observed in EuNi2 (Si1 x Gex )2
[2℄ and Eu(Pd1 x Ptx )2 Si2 [3℄, the thermal variation of the v is mu h broader
and smaller. For x = 0:70  0:80, the T0 estimated from the T urve is
indi ated as arrows in Fig. 2(a). The valen e at the T0 is found to be an almost ommon value of 2:4  2:45, whi h appears to be a boundary between
the temperature-independent nonmagneti behaviour and the CW magneti
behaviour. For x = 0 and 0.50, the valen e is almost independent of tem-
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Fig. 2. Temperature dependen e of Eu valen e estimated from the XAS measurements in EuCu2 (Six Ge1 x )2 (a) and the  estimated from the Eu valen e (b).
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perature. No anomaly is observed at TN in the v T urve. For x = 0:65,
the valen e at the lowest temperature is found to be lose to 2.4, whi h
suggests the antiferromagnetism is in the vi inity of the valen e u tuating
state. Finally, in order to ompare the valen e with the , we estimated
the sus eptibility from the Eu valen e as  = 2 p2 + 3 p3 , where p2 and
p3 are o upation probabilities of the Eu2+ and Eu3+ state estimated from
the XAS measurements, respe tively. The 2 is al ulated from the CW
law with a theoreti al ee tive moment of Eu2+ and a Weiss temperature
of 25 K. The 3 is the sus eptibility of the Van-Vle k paramagnetism
of Eu3+ . The al ulated results are shown in Fig. 2(b). Compared with
Fig. 1(a), it is found that the temperature-independent sus eptibility observed for x = 0:70  0:80 below T0 is not reprodu ed at all, whi h suggests that it is ne essary to onsider not only the valen e hange but also
hybridizations between 4f ele trons and a ondu tion band in order to interpret the behaviour of EuCu2 (Six Ge1 x )2 . This should be asso iated with
the Kondo-latti e state [4℄ and the heavy fermion behaviour [5℄.
4. Con lusions

We have reported the magneti property and the Eu valen e in
EuCu2 (Six Ge1 x )2 . For 0:70  x  0:80, it is found that the  deviates
from the CW law, whi h is asso iated with the valen e hange observed by
the XAS measurements. However, it is di ult to explain the temperatureindependent sus eptibility, whi h appears after the deviation, only in terms
of the valen e hange. We propose that the hybridization between 4f ele trons and a ondu tion band also plays an important role in the behaviour.
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