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Two-dimensional magnetic materials have attracted tremendous attention since their
experimental isolation and measurements in 2017. It becomes clearer that the interlayer
magnetic coupling plays a paramount role in terms of magnetic properties of two-
dimensional layers. In the literature, several spin-exchange mechanisms were proposed to
understand the exchange couplings, e.g. super-exchange and double-exchange. All these
mechanisms were developed in materials bonded with strong chemical interactions, e.g. o sliding
covalent and metallic bonds. It is not clear if these mechanisms work for van der Waals >

(vdW) gaps where relatively weak vdW interactions govern, which was believed to show LT-phase (FM) HT-phase (AFM)
inappreciable change of electronic structures. Here, we employed first-principles density
functional theory calculations to reveal the interlayer magnetic coupling mechanism at the
vdW gaps of Crl;1, CrS,2 and CrSe, 3 bilayers. We found an orbital dependent magnetic
coupling mechanism in Crl; and predict that different interlayer orbital interactions led by
different stacking orders result in interlayer ferro- and anti-ferro-magnetic couplings. In
addition, we found a Bethe-Slater-curve-like relation between the interlayer magnetism and
interlayer distance. A Pauli energy term was introduced to the Hubbard model for
understanding such BSC-like behaviour. In the last part of this talk, I discuss a recently
observed spin-orbit polaron on the surface of Co,Sn,S,, a magnetic Weyl semimetal, which
shows a strong diamagnetic behaviour.
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