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 学位論文の要旨 Abstract of Thesis 

 A quest of new superconductors exhibiting exotic properties is one of the most challenging and exciting 

research subjects. During a past decade, superconducting properties of Fe-based, Bi-based and 4d / 5d element-

based compounds have been extensively investigated owing to their exciting and exotic properties, which have not 

been anticipated in conventional superconductors [1-4]. Element doping of the above compounds and application 

of pressure are also expected to yield new superconducting phases. The former corresponds to ‘chemical pressure 

effect’, while the latter to ‘physical pressure effect’. Admittedly, the superconducting transition temperature (Tc) 

significantly increased by the doping of -FeSe with metal atoms which is recognized ‘chemical pressure effect’, 

i.e., K doped FeSe showed higher Tc than that of -FeSe [5], and new superconducting phases with very high values 

of Tc (= 48 – 55 K) were produced through an application of pressure (physical pressure effect) [6-8]. It is known 

that various Bi-based compounds show unconventional superconductivity [9,10]. Thus, the Bi-based compounds 

provide a good platform to pursue the unconventional superconductivity such as spin-triplet p-wave 

superconductivity. Moreover, the superconductivity of 4d or 5d element-based materials are very attractive because 

the interplay of spin orbit coupling (SOC) and superconductivity can be explored [3,11,12]. In this doctoral thesis, 

the author reports chemistry and physics of Fe-based, Bi-based and 4d / 5d element-based compounds over a wide 

pressure range. 

Throughout this doctoral thesis, the author describes ‘Background’, ‘Motivation and purposes of this study’ and 

‘Outline of instrumentations for experiments under pressure’ through chapters 1 – 3. In chapter 4, the author reports 

the generation of multiple superconducting phases, which are called ‘low-Tc phase (Tc = 37 – 39 K)’ and ‘high-Tc phase (Tc 

= 47 – 48 K)’, in (NH3)yCaxFeSe and (NH3)yBaxFeSe prepared by the liquid NH3 technique. On the other hand, two values 

of Tc (38 – 39 K and 36 K) are found in (NH3)ySrxFeSe. Moreover, it is suggested that the high-Tc phase of (NH3)yCaxFeSe 

and (NH3)yBaxFeSe is metastable, and the low-Tc phase is thermodynamically stable. The crystal structures of 

(NH3)yAExFeSe (AE: Ca, Sr and Ba) are determined from the X-ray diffraction (XRD) patterns by Le Bail and sequential 

approximation analyses, clearly showing that the Tc value is scaled by the lattice constant c (or FeSe plain spacing). In 

addition, the pressure dependence of superconducting properties of (NH3)ySrxFeSe (x = 0.5 and 0.8) and (NH3)yBa0.6FeSe 

is partly investigated over a wide pressure range, showing an emergence of pressure-induced new superconducting phase. 
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However, the values of Tc in the new superconducting phase do not exceed those at ambient pressure, contrary to the results 

in alkali metal doped FeSe [6-8].  

In chapters 5 and 6, the polycrystalline KBi2 and ABi2 (A: Rb and Cs) samples are successfully prepared using the 

liquid NH3 technique. The values of Tc and crystal structures are consistent with those of KBi2 and ABi2 samples prepared 

by the high temperature annealing method [13,14], indicating that the liquid NH3 technique is an effective way for 

synthesizing the Bi-based compounds. The KBi2 and ABi2 samples prepared by the liquid NH3 technique show type-II 

superconducting behavior, which is different from that prepared by the annealing method [13]. The difference is fully 

discussed in this doctoral thesis. Thus, the detailed study on superconductivity and crystal structures of KBi2 and ABi2 is 

reported in this doctoral thesis. 

In chapter 7, the pressure dependence of crystal structures and superconducting properties of KBi2 and RbBi2 prepared 

using the liquid NH3 method is fully explored, demonstrating that KBi2 decomposes to KBi and Bi in a pressure range up 

to ~9 GPa, and that the KBi phase becomes the main phase above ~9 GPa. RbBi2 also decomposes to RbBi and Bi above 

~8 GPa. These results indicate that both samples are not stable under pressure. The KBi2 and RbBi2 samples show the 

presence of two phases with different onset superconducting transition temperatures Tc
onset’s in a low pressure range. Only 

a high Tc
onset phase remains above ~2 GPa. The value of Tc

onset of KBi2 shows a slight increase in a pressure range of 2 – 20 

GPa, and a discontinuous change of Tc
onset is detected at ~9 GPa which may reflect the conversion of KBi2 to KBi. If it is 

the case, this implies that the KBi phase shows superconducting behavior under pressure despite no superconductivity at 

ambient pressure. In the case of RbBi2, the Tc
onset was almost constant up to 8 GPa. The magnetic field (H) dependence of 

Tc for the superconducting phases of KBi2 and RbBi2 at high pressures suggests that the Cooper pair symmetry may not be 

explained by a simple s-wave model. 

In chapter 8, the author reports the pressure dependence of crystal structures and superconducting properties of CaRh2 

and CaIr2, where Rh and Ir are 4d and 5d elements, respectively. The Tc values of CaRh2 and CaIr2 showing 6.09 and 6.04 

K at ambient pressure, respectively, decrease slowly against pressure but saturate in the high pressure range. The 

observation of saturation of Tc is also reported in SrIr2 [15], which may be a unique behavior in the binary elements 

compounds comprising alkali-earth metal and the 4d or 5d transition metal atom. The crystal structures of CaRh2 and CaIr2 

under pressure are determined from the XRD patterns, and no structural phase transitions are found up to ~20 GPa. The H 

dependence of Tc in the superconducting phases of CaRh2 and CaIr2 under pressure indicates that the Cooper pair symmetry 

may not be explained merely by s-wave dirty limit, s-wave clean limit, and p-wave polar models. 

Thus, through this doctoral thesis, the author reports the preparation, crystal structure, superconducting properties of 

some topical materials. The liquid NH3 technique is applied to fabricate the superconducting samples, in particular the 

superconducting Bi-based compounds KBi2 and ABi2 are successfully synthesized by use of the liquid NH3 technique for 

the first time. The crystal structures and superconducting properties of target materials are fully investigated over a wide 

pressure range, and the interesting behavior of superconductivity under pressure is observed in these compounds. Also the 

stability of superconducting samples under pressure is explored. The mechanism of superconductivity is pursued from the 

H dependence of Tc, and the pairing symmetry is discussed. Throughout this study, the author verifies the effectiveness of 

application of chemical and physical pressures for the materials via the observation of new superconducting phases and 

exciting superconducting properties under pressure, as well as the discovery of various superconducting phases through 

element doping by use of liquid NH3 and high temperature annealing methods. The author believes that this doctoral thesis 

would lead to a hint to the effective way to fabricate the exotic and attractive superconductors. 
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