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Syntheses and characterisations of new metal-doped iron chalcogenide superconductors
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In this Doctor thesis, the author reports on superconductivity of metal doped FeSei-:Te; (0 < z < 1), (NH3)yMxFeSe1.Tez,
synthesised using a liquid NH3 technique. The first purpose of this study is to clarify systematically the chemical and physical properties
of superconducting (NH3z)yMxFeSe materials. For this purpose, various (NHs)yMxFeSe materials were synthesised using the liquid
NH3 technique, and their magnetic and transport properties were investigated in wide pressure and temperature ranges. The
incorporation of NH3 and Cs in FeSe provided the T as high as 31.2 K which is higher by 3.8 K than that, 27.4 K, of non-ammoniated
CsxFeSe [1]. The Tc decreased with increasing pressure up to 3.2 GPa.

The second purpose is to determine the parameters dominating the T¢ in (NH3)yMxFeSe. Throughout this study, it was found that
the T was scaled with the FeSe plane spacing, and that the FeSe plane spacing was closely associated with the location of metal atoms.
This shows the importance of an increase in Fermi nesting caused by the increase in two-dimensionality in (NH3)yMxFeSe.

The third purpose of this study is to determine the exact structure of metal doped FeSe. The exact crystal structure of
(NH3)yCsxFeSe was determined by Rietveld refinement for the X-ray diffraction pattern at low temperature; the space group was
14/mmm. The Cs atom occupied the 2a site, while the N of NH3 occupied the 4c site; this structure is called as ‘on-centre structure’.
This structure is different from that of (NH3)yLixFeSe [2] in which the N atom occupied 2a site and the Li atom occupied 4c and 2b
site, which is called *off-centre-structure’.

Two superconducting phases exhibiting the T of 32 and 45 K were discovered in (NH3)yNaxFeSe, i.e., multiple superconducting
phases were confirmed. To clarify the origin of presence of two superconducting phases, the x dependence of T. was investigated in
(NH3)yNaxFeSe, showing that the low-T¢ and high-T. phases were produced in the low-x and high-x ranges, respectively. The author
concluded from the analogy of the Tc and ¢ of each phase of (NHs)yNaxFeSe with those of (NH3)yCsxFeSe or (NHs)yLixFeSe that
the on-centre structure in the low-T¢ phase changed to the off-centre structure in the high-T. phase with increasing x.

Furthermore, the author investigated the behaviour of T¢ in both phases of (NH3)yNaxFeSe under high pressure and the isotope
effect of Tc using (ND3)yMxFeSe. The isotope effect showed that NHs did not play an important role in superconductivity. The

syntheses and characterisations of (NHs)yMxFeSeosTeos materials were also performed.

[1] A. Krzton-Maziopa et al., J. Phys.: Condens. Matter, 23, 052203 (2011).
[2] M. Burrard-Lucas et al., Nature Mater. 12, 15 (2013).
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