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[Abstract] The Slater transition is one of the metal-insulator transition that occurs due to the formation of an
antiferromagnetic order. In this dissertation, We using ab initio package to study the electronic structures of two
Slater insulator materials, NaOsO; and Cd; Os; Q7 , including electron energy bands and density of states by using

the first-principle density functional calculation method. Furthermore, the effects of antiferromagnetic order, spin-
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orbit coupling(SOC) and electron correlation on the electronic structures and transition properties were investigated.
We find that the electronic structures of NaOsQOsin the non-magnetic phase is continuous and showing the behavior
of metal; while the G-type antiferromagnetic structure changes the electronic structures of NaOsQs;, resulting in
Slater transition. We find that the electronic structures of Cd,Os,; in the non-magnetic phase is continuous, and
showing the behavior of metal. The conditions for the occurrence of Slater transition in frustrated Cd, Os, O; is very
severe, Only the noncollinear all-in-all-out antiferromagnetic structure with the spin-order interactions and 1.8 eV
electron correlation can causes the Slater transition. It shows that the noncollinear all-in-all-out antiferromagnetic
structure is the magnetic ground state of Slater transition, and the spin-orbit coupling and the 1.8 eV electron

correlation play a key role in eliminating the magnetic frustration.
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Fig.1. The crystal structure of NaOsO;. Yellow balls repre-
sent Na, gray balls represent Os, red balls represent O.
There are four Na, four Os, twelve O atoms in the unit

cell, and a total of twenty atoms
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Fig.2.(a) The density of states of non-magnetic NaOsO;. (b) The band structure of the non-magnetic NaOsO;
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Fig.3 Three linear antiferromagnetic structures of NaOsO;. (a) G-type antiferromagnetic structure in which the magnetic di-
rections of adjacent Os are opposite; (b) A-type anti-ferromagnetic structure. Along the direction of the a-axis, the magnetic di-
rections on the same surface of Os is the same, and along the b-axis, the magnetic directions of Os on the same plane is opposite;
(¢) C-type antiferromagnetic structure, Along the direction of the b-axis, the magnetic directions on the same surface of Os is the
same, and along the a-axis, the magnetic directions of Os on the same plane is opposite
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(a) The density of states of NaOsO; with the G-type antiferromagnetic structure,

(b) The band structure of NaOsO; with the G-type antiferromagnetic structure
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Fig.5 The crystal structure of Cd,Os,O,.In which purple re-
presents Cd, gray represents Os, red represents O. There are
sixteen Cd, sixteen Os, fifty-six O in the unit cell, and a total

of eighty-eight atoms
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Fig.6 (a) The density of states of non-magnetic Cd,0s;O;. (b) The band structure of the non-magnetic Cd,Os, 0,
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The noncollinear all-in-all-out antiferromagnetic

structure, In the tetrahedron consisting of four Os, the

magnetic moments point to(all-in) or away (all-out) from

the centers of the tetrahedron
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Fig.8 (a) The density of states of Cd,Os; O, with the noncollinear all-in-all-out antiferromagnetic structure,
with SOC and U=1.8 eV. (b) The band structure of the Cd,Os, O,
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