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Structural and electronic properties of novel superconducting materials over a wide pressure range
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Superconductivity of Fe-based, Bi-based and 4d / 5d element-based compounds has been recently investigated owing
to their exciting and exotic properties, different from conventional superconductors. These compounds often showed
the pressure-induced superconductivity and pressure induced structural / electronic transitions producing new
superconducting phases. It is well known that the pressure induced high superconducting phase (called ‘SC-II") which
shows the high superconducting transition temperature, 7¢, as high as ~50 K is found in metal-doped FeSe compounds
[1]. Also various superconducting phases, which may have topological nature, are observed in Bi-based compounds
under pressure [2]. Therefore, the study on the preparation and superconducting properties of the above compounds is
currently one of hot topics in the research community of superconductors. In this doctoral thesis, the divalent metal
doped FeSe ((NH3)yAEFeSe (AE: Ca, Sr and Ba)) and KBi, and ABi, (A: Rb and Cs) were prepared using a liquid
ammonia (NH3) technique which is different from a common technique such as high-temperature annealing method,
and their superconducting properties were fully investigated over a wide pressure range. Moreover, the polycrystalline
powder samples of CaRh, and Calr, were synthesized by a high temperature annealing method, and their crystal
structures and superconducting properties were investigated at ambient and high pressures. The atoms of Rh and Ir
correspond to the 4d and 5d elements, respectively, the superconductivity of which is expected to be influenced from
strong spin orbit coupling (SOC) and electron correlation (U).

In chapter 4 of this doctoral thesis, the preparation of (NH3),AE«FeSe, and their superconducting properties at ambient
and high pressures are reported, demonstrating the emergence of multiple superconducting phases in each sample of
(NH3)yAEFeSe, and a pressure-induced new superconducting phase. However, the maximum 7. of high pressure
superconducting phase in each sample did not show the higher 7. than that at ambient pressure. In chapters 5 and 6, the
preparation, crystal structures and superconducting properties of KBi, and ABi; are reported, demonstrating a successful
synthesis using a liquid NHj; technique and a type-II superconductivity. In chapter 7, the stability, crystal structures and
superconducting properties of KBi, and RbBi, over a wide pressure range are fully described. These samples decompose
to KBi or RbBi and Bi at high pressure. The samples displayed two superconducting phases with different onset
superconducting transition temperatures, 7.°"*’s, in a low pressure range, and the phase with lower 7.°"* disappeared
above ~2.0 GPa. With further increasing pressure, the 7.° slightly increased in KBi,. In chapter 8, the pressure
dependence of structural and superconducting properties of CaRh; and Calr; is reported, indicating that the values of T;
of these samples decreases slowly with pressure but saturates in a high pressure range, which is similar to that of Srlr,
reported previously [3]. Thus, in this doctoral thesis, the preparation, stability, crystal structures, superconducting
properties and mechanism (pairing symmetry) of the recent topical materials over a wide pressure range are explored
based on the detailed discussion.

[1] M. Izumi et al. Sci. Rep. 5, 9477 (2015); [2] T. He et al. Phys. Rev. B 97, 104503 (2018); [3] X. Yang et al. J. Phys.:
Condens. Matter 32, 025704 (2020).
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