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In order to realize a thermoelectric conversion element with high energy conversion
efficiency, it is indispensable to develop a thermoelectric conversion material having a
large figure of merit ZT. For that purpose, a physical mechanism capable of optimizing
three physical quantities (large Seebeck coefficient, small electric resistance, and small
heat conduction) is required. In order to realize low thermal conductivity, it is necessary
to effectively scatter low-energy phonons. Our work is a basic study on the mechanism
for low thermal conductivity.

In order to explain the small heat conduction in Cuz-x (Se, S) which an ionic conductor
and has ZT = 2, Lui et al. proposed a PLEC (Phonon-Liquid, Electron-Crystal)
mechanism in 2012. However, in 2017, Voneshen et al. showed, using quasielastic
neutrons and inelastic scattering techniques, that the energy suppressed by ion hopping
conduction is too low to explain the low heat conductivity. In addition, they speculated
that it was due to the anharmonicity of the potential. Zhang et al. showed, by
theoretical calculation, that low heat conductivity can be explained by introducing
anharmonic potentials up to the fourth order in 2020.

We thought that anharmonicity could be controlled by controlling the copper atom
defects. We synthesized Cuz2xS (x = 0, 0.08, 0.12, 0.16) after examining the synthesis
conditions using X-ray diffraction, and then used high-resolution powder neutron

diffraction to study crystal structures for various compositions at various temperatures.

We confirmed, firstly, as previously reported, that the copper site was split into the Cul
site (8c, the center position of the tetrahedron) and the Cu2 site (32f, the apex position
of the tetrahedron). It is also found that the occupancy at the Cu2 site decreases and the
occupancy at the Cul site increases with the increase of x, and at elevated temperatures,
the occupancy of the Cu2 site increases and the occupancy of the Cul site decreases.
The similar tendency was confirmed by the analysis of the maximum entropy method
(MEM).

We think that the distribution of copper atoms obtained by MEM is the distribution of
one copper atom (Cu2S) or less than one copper atom (Cuz-xS) spreading in the sulfur
cage. So, we calculated the one-particle potential from the distribution of atoms. The x-
dependence and temperature-dependence of the obtained potential are as follows. It was



found that the potential became sharper as x increased, and the higher the temperature,
the sharper the potential.

The obtained one-particle potential was fitted by a three-dimensional potential function
considering the cubic symmetry of the center position of the sulfur cage; the physical
meaning was examined from each coefficient obtained as a result of the fitting.

The coefficient (corresponding to the spring constant) a of the harmonic term of the
three-dimensional potential function was smaller in Cu than in S. This reflects that the
system is a Cu ionic conductor, with sulfur atoms forming the cage and copper atoms
loosely bound within the cage. In addition, the larger x is, the larger a is, indicating that
the harmonicity increases with the increase of defects. Furthermore, the ratio B / a,
where B is the anharmonicity term, indicates that the anharmonicity decreases with the
increase of x. In addition, B / a is smaller as the temperature increases, indicating that
the anharmonicity is reduced.

We conducted a neutron diffraction experiments for various Cu compositions, and,

through the crystal structure analysis, showed a change in anharmonicity of potential.
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