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ABSTRACT

Heavy-lanthanide sesquisulfides Ln,Sz (Ln = Lanthanide) have seven forms of crystal structure.
Among them, the j-phase (cubic, 1-43d), which has ThsPs-type structure, is expected for high-
performance thermoelectric materials or optical materials. However, the y-phase of heavy-lanthanide
sesquisulfides Ln,Ss are difficult to synthesize at ambient pressure. While it has been reported that
Lu,S3 was about 50% converted from the e-phase (rhombohedral, R-3c) to the y-phase under high
pressure and high temperature, a high-quality single j-phase sample of LuzSs (3-Lu.S3) has not been
obtained so far.

In this study, we have tried to synthesize »-Lu,Ss under high pressure using a low-pressure phase
(named ¢{-phase, orthorhombic, Sc,Ss-type structure, Fddd), which was synthesized by CS; sulfidation
methods at ambient pressure, and the elements as starting materials. In order to obtain the optimum
condition for preparing high-quality samples of »<Lu,Ss under high pressure, detailed pressure-
temperature (P-T) phase diagrams of LuzSs and an analogue compound Yb,Sz for comparison have
been investigated by in-situ x-ray diffraction experiments using synchrotron radiation. The
fundamental physical properties of the compounds were studied by electrical resistivity, specific heat,
and magnetic susceptibility measurements between 2 K and 300 K. In-situ x-ray diffraction patterns
were taken by an energy dispersive method using synchrotron radiation and a solid-state detector at
Photon Factory (PF) in High Energy Accelerator Research Organization (KEK) and SPring-8. Large
bulk samples of »~Yb.S3 and j-Lu,Ss were prepared at high temperatures and high pressures using a
Kawai-type multi-anvil high-pressure apparatus.

Using the {-phase as the starting materials, the phase diagrams of Yb,S; and Lu,Ss; were
investigated for the first time. Furthermore, we expanded the temperature and pressure region of the
phase diagrams using elements as the starting materials. The P-T phase diagram of Lu,Ss is basically
similar to that of Yb,Ss;. However, the sequence of each crystal structure shifts to much higher
temperature and pressure region for Lu.Ss. In order to obtain single phases of y-Yb,S3 and -Lu,Ss,
appropriate temperature and pressure conditions are needed (for »-Yb,Ss, pressure above 2.5 GPa and
temperature above 1400°C, for y~Lu;Ss, pressure range between 5 and 7 GPa, above 1600°C). Based
on the P-T phase diagrams, we succeeded in synthesizing single y-phase samples of the compounds
under high pressure. This results contribute development of next-generation thermoelectric and optical

materials.
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