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Ultrasonic dispersion associated with rattling in clathrate compound PrOs4Sb12

Y. Nemoto1, K. Sakai1, K. Onuki1, T. Yamaguchi1, T. Goto1, H. Sugawara2, H. Sato2

1 - Graduate School of Science and Technology, Niigata University,
Ikarashi 2-8050, Niigata 950-2181, Japan

2 - Department of Physics, Graduate School of Science, Tokyo Metropolitan University,
Minami-Ohsawa, Hachioji, Tokyo 192-0397, Japan

We have measured the elastic constants in single crystals PrOs4Sb12. Elastic softening
of (C11 − C12)/2 proportional to the reciprocal temperature 1/T above the superconducting
transition TC = 1.85 K is well described in terms of the quadrupole susceptibility for a non-
Kramers doublet Γ23. Furthermore, ultrasonic dispersion around 20-30 K has been observed
in all elastic constants of C11, (C11 − C12)/2 and CL = (C11 + C12+2C44)/2 including Γ23

symmetry (as seen in CL in figure), while in the case of C44 with Γ5 symmetry in Oh notation
ultrasonic dispersion is absent. This is contrast to the results of Ce3Pd20Ge6 [1] and La3Pd20Ge6

that reveals ultrasonic dispersion only in C44 with Γ5 symmetry. This thermal activated type
dispersion is attributed to the off-center rattling of Pr ion with Γ23 symmetry along [100] in
cage consisting of Sb icosahedron. Very slow relaxation time τ0 = 8.9 × 10−11 sec and very
small activation energy E = 168 K were determined in PrOs4Sb12.

We propose that the new type of degrees of freedom due to off-center ion in cage may play an
important role in heavy fermion behavior and unconventional superconductivity in PrOs4Sb12.
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Figure 1: Ultrasonic dispersion in CL (left) and schematic view of the Γ23 off-center mode
(right) in PrOs4Sb12.
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