Contents

List of publications
Acknowledgement
Abstract

1 Introduction
1.1  Quantum spin liquid and the Kitaev model . . . . . . . . .. ... ..
1.2 Jackeli-Khaliullin mechanism . . . . . . ... ... ... ... ... ..
1.3 d-electron based Kitaev-type magnets . . . . . . . .. ... ... ...
1.4 Purpose of thisthesis . . . . . . . .. . .. ... ... ... ...
1.5 Organization of this thesis . . . . . . .. .. .. ... ... ... ...

2 Method

2.1 Abinitio calculations . . . . . ..o

2.1.1 Density functional theory . . . . .. ... ... .. ... ...

2.1.2 Maximally-localized Wannier function. . . . . . . . ... ...
2.2 Multiorbital Hamiltonian . . . . . . . . . ... ... ... ...
2.3 Lea-Leask-Wolf parameterization scheme . . . . . . . ... ... ...
2.4 Low-energy effective pseudospin Hamiltonian . . . . . . . . .. .. ..
2.5 Lanczos diagonalization method . . . . . . . . .. .. ... ...

3 Kramers doublets in rare-earth compounds
3.1 Introduction to this chapter . . . . . . .. ... ... .. ... .. ..
3.2 Multiplet splitting . . . . . . .. ...
3.3 Candidate materials . . . . . . ... ...
3.4 Summary of this chapter . . . . . . .. .. ...

4 Quasi-two-dimensional honeycomb magnets A;PrOg
4.1 Introduction to this chapter . . . . . . . . ... ... ... .. .. ..
4.2 Details of ab initio calculations . . . . . .. .. ...
4.3 Lattice structures . . . . . . . ...
4.4 Electronic structures . . . . . . . .. ... L
4.5 Transfer integrals and spin-orbit coupling . . . . . . .. .. ... ...
4.6 Effective exchange couplings . . . . . . . .. ... ... ... ..
4.7 Decomposition into different perturbation processes . . . . . . . . ..

vi

ii

iii

11
11
11
13
15
17
18
19

21
21
21
29
32



[=p)

o aQ W »

Contents Vil

4.8 Possible magnetic ground states . . . . . .. ..o 49
4.9 Summary of this chapter . . . . . . .. ... 51
Three-dimensional hyperhoneycomb [-Na,PrO; 53
5.1 Introduction to this chapter . . . . . . . .. .. ... ... ... 53
5.2 Details of ab initio calculations . . . . . . .. ... ... 53
5.3 Lattice structure . . . . . . . ... L 53
5.4 Electronic structure . . . . . . ... .. Lo 59
5.5 Transfer integrals . . . . . . . . . ... 57
5.6 Effective exchange couplings . . . . . . . . ... ... ... ... .. 58
5.7 Decomposition into different perturbation processes . . . . . . . . .. 58
5.8 Summary of this chapter . . . . . ... ..o 61
Summary 62
Structural comparison for Li;PrO; polymorphs 65

Maximally-localized Wannier functions projected onto 4f orbitals 67
Details of second-order perturbation expansion 69

Other approaches to effective exchange couplings 71



