
Neutron Inelastic Scattering of TbPd3S4

E. Matsuoka, K. Ohoyama(A), and H. Onodera
Department of Physics, Tohoku University, (A)Institute for Materials Research, Tohoku

University

The rare-earth (R) palladium bronzes
RPd3S4 crystallizes into a cubic NaPt3O4-
type crystal structure. R atoms form a
body-centered cube and are subjected to a
cubic crystalline electric field (CEF) repre-
sented by the cubic point group of Th [1].
Systematic studies along the R series have
revealed that the CEF ground states of 4f
electrons in RPd3S4 retain an orbital degen-
eracy [1].

In this system, DyPd3S4 with a quar-
tet CEF ground state shows an antiferro-
quadrupolar (AFQ) ordering at 3.4 K [2].
However, the order parameter of the AFQ
phase has not been determined yet. For the
determination of order parameter, we need
to know the CEF scheme of 4f electrons.
The best experimental method for the es-
timation of CEF scheme is a neutron inelas-
tic scattering. Unfortunately, it is difficult to
perform a neutron scattering of DyPd3S4
because of strong neutron absorption by
natural Dy nuclei. In this study, neutron in-
elastic scattering of TbPd3S4 has been per-
formed and CEF scheme of TbPd3S4 has
been estimated. Our final purpose is to es-
timate CEF scheme of DyPd3S4 by analogy
with that of TbPd3S4.

The temperature and Q dependence of
energy spectra for the powder sample of
TbPd3S4 have been measured by the triple-
axis spectrometers HER (C1-1) and TOPAN
(6G) with Ef = 3.6 and 14.7 meV, respec-
tively.

The upper panel of Fig. 1 shows the en-
ergy spectra of TbPd3S4 at 7.2, 50 and 100
K for Q = 0.8 A-1 measured by HER. The
intensity of a shoulder-like anomaly at 0.25
meV decreases with increasing tempera-
ture. From the specific-heat measurement,
it has been expected that the first excited
doublet or quartet is situated near ground
triplet [3]. It is therefore very probable that

the anomaly at 0.25 meV corresponds to
the transition between the ground and the
first excited states. The inset shows the en-
ergy spectra for Q = 0.8 A-1 above 1 meV.
Four peaks were observed at 2, 3.8, 4.7 and
5 meV. The lower panel of Fig. 1 shows
the energy spectra at 11, 104 and 300 K for
Q = 4 A-1 measured by TOPAN. Several
peaks and shoulder-like anomalies whose
intensities show temperature dependence
have been observed at energies indicated
by dashed lines in the figure.

The ground J-manifold of Tb3+ splits
into three triplet, one doublet and two sin-
glets in cubic CEF. From the energy spec-
tra obtained in this study, two possible CEF
schemes have been deduced for TbPd3S4,
i.e., 0 - 0.25 - 5 - 9.5 - 18 - 21 meV or 0 - 0.25
- 3.8 - 11 - 21 - 29 meV.
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Fig. 1. Energy spectra of TbPd3S4 measured by HER
(the upper panel) and TOPAN (the lower panel).
The data above 50 K are drawn with appropriate
offsets.


