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Study on preparation of new superconducting materials and their detailed characterization in a
AT EEE  Wide pressure range
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Superconductivity of titanium-based pnictide oxides, BaixAxTi>Sh,O (A: Na, K and Rb) and BaTiz(Sbh1.,Biy).0, has
been discovered during the past decade. Here, the superconductivity emerged through the suppression of the charge
density wave (CDW) / spin density wave (SDW) transition. From the above results, the titanium-based pnictide oxide
superconductors may provide a new platform to study and discuss the correlation between superconductivity and
nonmagnetic / magnetic ordered state. In this doctoral thesis, the titanium-based pnictide oxide superconductors were
prepared, and their superconducting properties were fully investigated in a wide pressure range. On the other hand, the
topological materials such as topological insulators and Wey!l / Dirac semimetals have been extensively studied for the
expectation not only to new physics but also to diverse applications. In this doctoral thesis, the superconducting
properties of possible Dirac semimetals, Pt;xPdsTe, and BaBis, were investigated owing to much interest in
topologically nontrivial nature in superconductivity.

In chapter 3, the preparation of titanium-based pnictide oxide compounds, Bai.xAxTizSh,0 (A: K and Rb), and their
superconducting properties are reported, demonstrating that these materials are type-11 superconductors. The
temperature (T) dependence of electrical resistance (R) was measured at 0 — 3.09 GPa. The superconducting transition
temperature, T, of Ba;xRbxTi>Sh,O decreased with an increase in pressure up to 3.09 GPa. In chapter 4, the preparation
of new superconducting titanium-based pnictide oxide compound, Ba;.xCsxTi,Sh20, is reported, and its superconducting
properties are demonstrated in a wide pressure range. Very interesting T, — pressure (p) behavior was observed. The
value of T. decreased with an increase in pressure up to 4.0 GPa, but it increased above 4.0 GPa, indicating that it may
not be a simple BCS type superconductor. No structural phase transitions were observed at 0 — 23.4 GPa. Therefore, the
above T, — p behavior may be related to the electronic transition such as Lifshitz transition. In chapter 5, the preparation
of superconducting BaTi;Bi,O is reported. The value of T, was 4.33 K. The crystal structure and superconducting
properties of BaTi,Bi,O are demonstrated in a wide pressure range. The R — T plots were recorded at different pressures
to determine the value of T.. The value of T. increased monotonously with an increase in pressure up to 4.0 GPa, and it
saturated above 4.0 GPa. The reduced critical field (h") — normalized temperature (t (= T/ T.)) plot at 7.28 GPa suggested
the deviation from the simple s-wave dirty limit model, suggesting the unconventionality in superconductivity. In chapter
6, the preparation and characterization of a possible type-1l Dirac semimetal, Pt;xPdxTe, (x = 0.25), are demonstrated.
The value of T, was ~3.2 K at ambient pressure. The value of T, was almost constant at 0 — 8.18 GPa. Interestingly, the
high T. value of 7.2 K was recorded above 4 GPa for one sample of Pti.«PdxTe; prepared in this study. The exact
characterization of 7.2 K superconducting phase may be important. In chapter 7, the author reports preparation of
superconducting BaBis, and its superconducting properties are demonstrated in a wide pressure range. The
unconventional superconductivity was suggested from h* -t plot at ambient pressure. The T — p plot of BaBis was fully
investigated up to 10.5 GPa, and the value of T, was almost constant against pressure at 0 — 10.5 GPa. Therefore,
applying more pressure for BaBis may be significant to explore the electronic transitions.

Thus, the author discovered unconventional superconducting properties in titanium-based pnictide oxides and
possible Dirac semimetals. Some interesting T, — p behavior found in the above materials could not be associated with
the structural variation against pressure. Therefore, it may be correlated with the electronic transitions. Also, Cooper
pair symmetry for some superconducting phases may not be ascribable to the simple s-wave dirty limit mode, suggestive
of unconventional superconductivity. The origin of unconventional superconductivity remains to be clarified, but
through this study, the author clearly demonstrated good target materials for studying unconventional superconductivity
as well as the strange T, — p behavior which cannot be explained within the framework of a simple BCS theory.
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