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Syntheses of new superconductors based on two-dimensional layered materials
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In this Doctor thesis, the author reports new superconductors prepared by metal-doping of two-dimensional (2D)
layered materials, in particular metal-doping of MoSe, and FeSe;.,;Te, (0 < z < 1), for the sake of a realization of the
materials with high superconducting transition temperature (T.). The first purpose of this Doctor thesis is to report new
superconductors prepared by metal-doping of MoSe, and FeSe,.,Te, (0 <z < 1) using liquid NH3 and organic solvents.
The author pursued the preparation of superconducting materials with high superconducting volume fraction and
high-T, value, by optimizing the experimental condition for preparation. The second purpose is to systematically
clarify the fundamental features of superconducting materials obtained in this study, i.e., to elucidate the correlation
between intercalated metal atom and T, and that between crystal structure (in particular layer-spacing) and T.. This
study may lead to the elucidation of superconducting pairing mechanism of new superconductors. The third purpose is
to search for the high-T. superconducting phase which may emerge at high pressure. The study would clarify the
superconducting properties in a high-pressure range, and may lead to a pressure-driven high-T. superconducting
phase. The crystal structure was also investigated under pressure to elucidate the correlation between
superconductivity and structure.

The syntheses and characterizations of (NH3);MMoSe, (M: Li, Na and K) are fully reported in chapter 3. The T
values of the prepared samples were ~5 K. The T. did not change against x for (NH3),NaxMoSe,, implying the
formation of a fixed stoichiometric compound showing superconductivity. In chapter 4, The metal-doping of
FeSei_,Te, using ethylenediamine (EDA: C;HsN>) was performed to prepare new superconductors with a large
FeSei..Te, plane spacing. The T, values of (EDA),MFeSe (M: Li and Na) and (EDA),M,FeSeosTeos (M: Li, Na and
K) were 31 — 45 K and 19 — 25 K, respectively. The T, — ¢ phase diagram for MyFeSe and MyFeSeosTeos was newly
plotted, showing that larger ¢ (or layer spacing) leads to higher T, but an extreme expansion of ¢ suppresses the Te. In
chapter 5, the author reported a successful preparation of metal-doped FeSe and FeSejsTes using various organic
solvents. In chapter 6, pressure dependence of T. in (NH3);,Na,MoSe, was investigated, indicating the presence of two
superconducting phases (SC-I and SC-II) in a pressure range of 0 — 25 GPa. The structural phase transition was not
observed in the pressure range of 0 — 20 GPa, indicating that the transition from SC-I to SC-II does not relate to the
structural variation, i.e., the paring mechanism is different between these two phases. Consequently, these studies
substantially achieved the research purposes in this Doctor thesis, and must contribute to physics and chemistry of

superconductors based on 2D layered materials.
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