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This doctoral thesis reports the crystal structures and superconducting properties of the Bi-based
compounds, Bi2(Rhi-yPdy)3(Se1-xSx)2, to elucidate the interplay between superconductivity and charge density
wave (CDW) state; the CDW ordered state would either suppress or enhance superconductivity due to the
suppression of lattice fluctuation or strengthening electron-phonon coupling. This doctoral thesis also explores
superconductivity of LaPtGe, which is a noncentrosymmetric superconductor. Such a breaking of spatial inversion
symmetry (parity symmetry lacking) induces magnetic field induced electric polarization or electric filed induced
magnetic polarization and Edelstein effect (electrical current induced magnetization). Furthermore, the
admixture of spin singlet and triplet in superconducting ground state may be expected via the emergence of
antisymmetric spin-orbit coupling (ASOC). Thus, both materials are highlighted from their potentiality to exhibit
exotic physical properties.

In chapter 3, the structural and superconducting properties of the Bi-based compound Bi2Pd3Se: in a wide
pressure range is reported. The sample showed a superconducting transition temperature (7¢) of about 3.0 K,
different from previous report.! Powder X-ray diffraction (XRD) indicated a monoclinic structure (space group
C2/m (No. 12)). No clear CDW transition was found from temperature dependence of magnetic susceptibility,
while the temperature dependence of electrical resistance showed a signature of CDW transition at ~230 K, but
it was unclear in comparison with Bi2Rh3Sez.2 Pressure-dependent XRD patterns showed no structural phase
transitions up to 22.7 GPa, and the value of Tc remained constant up to 13.7 GPa, indicating the clear difference
between Bi:Rh3Se> and Bi2Pds3Sex.

Chapter 4 focuses on the local structure analysis of Bi2Rh3Sez> using Bi La and Ly X-ray fluorescence
holography. BizRh3Se> shows a CDW transition at ~240 K and a monoclinic lattice (space group C2/m) at room
temperature.? However, the crystal structure below 240 K was still unclear. The author attempted to determine
the structures at 300 K and 200 K by comparing the reconstructed atomic images obtained from Bi Ly holograms
with simulated atomic images derived from some model structures. Consequently, it was found that the
structural variation occurred above and below the CDW transition, and the ‘supercell structure’ was indicated
for the low-temperature structure. In chapter 5, the synthesis, crystal structure, and superconducting properties
of Bi2Rh3(Sei1-xSx)2 are systematically described. The CDW transition was found for BizRh3(Se1-xSx)2 (x < 0.5),
and the transition temperature decreased gradually against x (or by a replacement of Se by S). The CDW
transition temperature changed to metal-metal transition in Bi2Rh3S2, and the transition temperature was not
continuously connected between x < 0.5 and x > 0.5. In chapter 6, the structural and superconducting
properties of noncentrosymmetric superconductor LaPtGe3 under pressure is reported, and the breaking of
spatial inversion symmetry was confirmed up to ~7.91 GPa. Above ~7.91 GPa, the LaPtGe was broken to
produce LasGes and Ge. The value of Tc decreased slightly against pressure up to 3.72 GPa.

(1) Phys. Rev. B 2008, 78, 024509; (2) Phys. Rev. B 2007, 75, 060503(R);(3) Phys. Rev. B 2018, 98, 214505.
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