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# X “Exploration of new iron pnictide superconductors utilizing high pressure synthesis” (/£ &A%
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Chapter 1 “General Introduction”
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Chapter 2 “High pressure synthesis of the indirectly electron-doped 122 iron superconductor Sr La.Fe,As, with
maximum 7, =22K”
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Chapter 3 “Hydrogen in layered iron arsenides: Indirect electron doping to induce superconductivity”
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Chapter 4 “Enhancing the three-dimensional electronic structure in 1111-type iron arsenide superconductors by
H-substitution”
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Chapter 5 “La-substituted CaFeAsH superconductor with 7, = 47 K”
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Chapter 6 “General Conclusions”
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In this study, three new iron-based superconductors were successfully synthesized by high pressure
synthesis technique and the effect of the electron-doping mode, the crystal structure and the electronic
structure on superconducting properties was investigated. Indirectly electron doped Sr;La,Fe,As,, which
have not been reported due to difficulty of synthesis under ambient pressure, was successfully fabricated by
high pressure synthesis. In 122—system, 7, for indirectly electron doped case (La) is comparable to that for
directly electron doped case (Co). The reason for this small difference in electron doping mode, either
direct or indirect is probably that even the element substitution to blocking layer provides the perturbation
for conducting layer due to 3-dimensional electronic structure in 122-system. In addition, CaFeAsH in
which block layer are fully occupied by H™ are successfully synthesized as new parent material for
iron-based superconductor and electron doped Ca;,La,FeAsH and CaFe,,Co,AsH were synthesized by
high pressure synthesis. The maximum 7; (47 K) in La-substituted CaFeAsH are two times higher than that
(23 K) of direct electron doped CaFe; Co,AsH. Although CaFeAsH has the same structure as 1111-type
LnFeAsO and CaFeAsF with two-dimensional electronic structures, the calculated Fermi surface of
CaFeAsH is a small three dimensional hole pocket due to weak covalent bonding. Considering the
dimensionality of electronic structure in iron-based superconductor, in the order of AeFe,As,, CaFeAsH,
and LnFeAsO (CaFeAsF), two dimensionality of electronic structure in AeFe,As,, CaFeAsH, and
LnFeAsO (CaFeAsF) is increased. With increasing two-dimensionality, 7. for indirectly electron doped
case to that for directly electron doped case ratio become large. In other words, difference in T, between
indirectly electron doped case and directly electron doped case become larger with increasing
two-dimensionality. In this study, I concluded that the difference in superconducting properties between
indirectly electron doped and directly electron doped case is caused by the dimensionality of the electronic

structure.
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