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Fig. 1. Schematic crystal structures of n = 1, 2 and 3 members of Ruddlesden-Popper type A;,4+1B,03,+1. The

denotation of n represents the number of stacked octahedral layers that are separated by rock salt AO layer (4,
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Fig. 3. Surface topography and dI/dV spectrum of SraIrO4 with and without K coverage [22],
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Fig. 4. The electronic phase diagram of 1T-TaSs as a

function of physical pressure [25].
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Fig. 10. (a)-(e) The powder X-ray diffraction pattern and crystal structure of Irg.94—zRhzSe2; (f) variation of
bond length of the Se—Se dimer; (g) Debye temperature ©Op and AC/vT. as a function of Rh; (h) electronic phase
diagram of Irg.g4—RhzSes (43],
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Fig. 11. (a), (b) Crystal structure and Te—Te distance of Irg.95—;RhzTez; (c) the bond length of the anion Te—Te
dimer and the separation of Se—Se dimer depends on the content of Rh; (d) the Debye temperature @p and AC /~T¢

(44]

as a function of Rh; (e) the electronic phase diagram of Irg.g95_Rhy;Tea .
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Fig. 12. (a) Crystal structures of IrAs3 and BagIrgAsi2; (b) the superconducting phase diagram of BagIrgAs;y .
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Fig. 13.
with the space group C2/m; (b) modulated structure

(a) Average structure of calaverite AuTeg

of calaverite AuTea; (c) structure of Aug.e5Pto.35Te2
with the space group P3ml, Te atoms are isolated.
The solid lines indicate the unit cell [47].
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Fig. 14. Left: the upper panel is pressure dependence of p at 290 K; the lower panel are T-P phase diagram for

AuTes. Right: temperature dependence of the real part of xac at several pressures (491,
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Fig. 15. Spherical electron microscope image, electron diffraction image and crystal structure of AuTesSey,3

(53]
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Fig. 16. The strips of front/back face of cubic arrays (53],
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Fig. 17. The low temperature electrical resistivity, angular dependence of the upper critical field poHc2(6) and V-1

[53]

curves plotted in a log-log scale at various temperatures near T of AuTezSey ;3 .
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Abstract

The interplay among spin, orbital and lattice in a strongly-correlated electron system attracts a lot of attention
in the community of condensed matter physics. The competition and collaboration of these effects result in multiple
ground states, such as superconductivity, quantum criticality state, topological phase transition, metallic-insulating
transition, etc. As is well known, the spin-orbital coupling is an interaction between the spin angular moment and
orbit angular moment. In quantum mechanics, the spin-orbital coupling can be described as an additional interaction
in the Hamitonian. For a compound containing heavy elements, the spin-orbital interaction becomes nontrival and can
influence the ground states. For instance, in 4d/5d based superconductors, the superconducting pairing mechanism
might be significantly different from that of conventional Bardeen-Cooper-Schrieffer superconductor. In this paper, we
will summarize the structures and physical properties of several typical 4d/5d transition metal-based superconductors
and discuss the intrinsic relationship between them. Importantly, the strength of anionic covalent bonds can determine

the phase transition and superconductivity, which will be highlighted here.
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