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Abstract:

Today, quantum-mechanics-based first-principles calculations have become a

powerful tool in materials research, thanks to advanced theories, numerical algorithms
and modern computers. In particular, they prove indispensable to understand intricate
phenomena occurring in materials, to search for new materials and to design novel
functional materials. In this talk, | will present our own discoveries in solid state and
materials physics, through development and application of first-principles calculations.
These discoveries include (a) theoretical finding and experimental confirmation of the
sophisticated iron d-orbital ordering in magnetite [1-2], thus solving a seventy year old
classical problem in solid state physics, (b) demonstration of no exact cancellation of
spin and orbital Hall conductivities in hole-doped semiconductors [3], (c) finding of the
largest intrinsic spin Hall effect in platinum metal [4] which is now widely used as
generator and detector of spin current in spintronic research, (d) proposal of multi-orbital
Kondo effect in iron-doped gold whose resonant skew scattering leads to the gigantic
observed spin Hall angles [4-5], and more recently, (e) discovery of exotic quantum
topological Hall phase [an unconventional quantum anomalous Hall (or Chern insulating)
phase] caused by nontrivial topology of the magnetic structure in chiral antiferromagnetic
potassium rhodium dioxide [6], instead of the conventional one by the simultaneous
occurrence of relativistic spin-orbit coupling and ferromagnetism.
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