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In the Vander Waals antiferromagnet NiPS;, Ni atoms have spin S=1 and realize a
honeycomb lattice. Six sulfur atoms surround the Ni, and in monolayers, the crystal field of
the sulfurs splits their d manifold into three filled and two unfilled sets of bands. Aimed to
determine the effective spin hamiltonian of NiPS3, we study the exchange mechanism of the
minimal two-band half-filled Hubbard model. Hopping between Ni atoms is mediated by
sulfur atoms, and therefore, a superexchange mechanism becomes relevant to determine the
effective exchange couplings in the system. In the limit of strong electronic correlations, we
compute first, second, and third neighbor bilinear exchange couplings and find that the
biquadratic spin interaction is relevant in this system. Using variational approximation, we
study the magnetic ground states phase diagram of the effective XXZ spin model with
biquadratic interactions on the honeycomb lattice and find some of the magnetic states
reported in bulk samples of NiPS3 at low temperatures.
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