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4 f electron states in rare-earth filled skut-
terudite compounds have shown various
properties originating from hybridization
effect. PrxFe4Sb12 (x < 1) has been
reported to exhibit magnetic ordering at
around 4 K. It is suggested that both Pr 4 f
and Fe 3d electrons contribute the ordered
moment (N. P. Butch et al.: Phys. Rev. B 71
(2005) 214417). On the other hand, no mag-
netic ordering phase transition was found
for the fully-filled (x = 1) compound. The
effect of Pr filling to the magnetic ordering
was investigated in this study.

Neutron scattering experiments were
carried out using the triple-axis spectrome-
ter TOPAN (6G) to determine the magnetic
ordered structures. We also determined
the crystal structure for a single-crystalline
sample using the four-circle diffractometer
FONDER (T2-2). In the last year, we mea-
sured crystal-field-splitting levels in the
high-pressure synthesis sample (x = 1)
and in the sample by the Sb-self method
(x < 1). The high-pressure synthesis sam-
ple (x = 1) carries the non-magnetic singlet
ground state, while the sample by the Sb-
self method (x < 1) the magnetic triplet.

We determined the crystal structure of
the sample synthesized by the flux method.
The Pr concentration x is evaluated as
0.895. Figure shows neutron diffraction
intensities at the selected scattering vec-
tors measured at 1 K without magnetic
field. These are reproduced by the an-
tiferromagnetic coupling between the Pr
and Fe magnetic moments, as described in
the inset. Because of the different mag-
nitudes of these two magnetic moments,
a net ferromagnetic component appears,

as observed in the magnetization measure-
ment. In addition, the magnetic unit cell
is the same as that of the crystal structure,
that is also consistent with the previous
report that magnetic diffraction peaks ap-
pearing only at the nuclear Bragg-peak po-
sitions. We carried out also polarized neu-
tron flipping-ratio measurement within the
[100]-[010] plane under the magnetic field
applied along the [001] axis. The data mea-
sured at 1.8 K and 1 T can be explained only
by the Pr-site magnetic moments along the
applied magnetic field. The Fe-site mag-
netic moments are expected to be flip to
perpendicular direction against the mag-
netic field, and no diffraction without any
contribution to he diffraction intensities in
the [100]-[010] plane. A similar magnetic
structure with the two magnetic moments
at Pr and Fe was found in PrFe4As12 (P.
Wiśniewski et al.: J. Phys. Soc. Jpn. 80
(2011) Supplement A012).

The magnetically ordered state
PrxFe4Sb12 (x < 1) is due to a cooper-
ative effect by the Pr-ion magnetic moment
originating from the triplet ground state
and the Fe-ion magnetic moment. The fully
filled (x = 1) system also shows the Fe-site
magnetic moment, but it does not undergo
any magnetic phase transition. Therefore,
the two magnetic moments sites are nec-
essary for the ordering in PrxFe4Sb12. The
switch from the singlet ground state to the
triplet one by the vacancy at the Pr site is a
drastic phenomenon. It can be explained
by the hybridization of the Pr electrons to
the carriers, which gives the same order
of magnitude for the crystal-field-splitting
potential as that by the point charge one
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in the filled-skutterudite compounds
PrRu4P12 (K. Iwasa et al.: Phys. Rev. B 72
(2005) 024414) and PrOs4P12 (K. Iwasa et
al.: Phys. Rev. B 79 (2009) 235113). The
lack of 4 f electrons is sufficient to vary
uniformly the crystal-filed potential.

This study was presented in the Interna-
tional Conference on Strongly Correlated
Electron Systems 2011, and was submitted
to the proceeding paper for J. Phys.: Conf.
Series.

Fig. 1. Squared magnetic structure factors of
Pr0.895Fe4Sb12 for the selected scattering vectors
measured at 1 K and zero magnetic field. An in-
set shows the magnetic structure deduced from the
data.


