
V A. Gubanov • A. I. Liechtenstein • A.V Postnikov 

Magnetism and the 
Electronic Structure 
of Crystals 

With 79 Figures 

Springer-Verlag 
Berlin Heidelberg NewYork 
London Paris Tokyo 
HongKong Barcelona Budapest 



1. Introduction 1 

2. Superexchange Interaction in Magnetic Insulators 7 
2.1 Anderson Model of Superexchange 7 
2.2 Many-Electron Superexchange 13 
2.3 Orbital Degeneracy and Magnetism 16 
2.4 Charge-Transfer Magnetic Insulators 18 

3. Localized Magnetic Moments of Impurities in Metals 24 
3.1 Virtual Bound State 24 
3.2 Anderson Model of Localized Magnetic Moments 27 
3.3 Interaction of Impurities 30 
3.4 Orbital Degeneracy and Quenching of Orbital Moment 34 
3.5 Criteria for the Existence of Magnetic Moments 

Based on Ab Initio Calculations 37 

4. Exchange Interactions in Metals 41 
4.1 Stoner's Model of Ferromagnetism 41 
4.2 Spin-Fluctuation Theories of Itinerant Magnetism 43 
4.3 High-Temperature Magnetic Structures of Ferromagnets 49 

5. Ab Initio Approaches to the Electronic Structure of Magnetic Crystals 55 
5.1 Spin-Density Functional Approach 55 
5.2 Band-Structure Approaches in the Green Function Formalism . . 61 
5.3 Magnetic Interactions Within the LSDA 68 

6. Results of Band-Structure Calculations for Transition Metals 
and Their Compounds 76 
6.1 Electronic Structure of Magnetic 3d Metals 76 
6.2 Intermetallic Compounds and the Concept of Covalent Magnetism 88 
6.3 Antiferromagnetic Monoxides 95 
6.4 Magnetic Structure and Exchange Interactions in 

High-Temperature Superconductors 107 
6.4.1 Magnetic Ordering in Non-superconducting Cuprates: 

Experimental Results 108 



x Contents 

6.4.2 Band-Structure and Cluster Calculations 
of Antiferromagnetic Ordering 109 

6.4.3 Exchange Interaction Parameters 
in High-7^ Superconductors 112 

7. Magnetic Impurities in Metals 115 
7.1 Impurities in Aluminium 115 
7.2 Impurities in Transition Metals 119 

7.2.1 Impurities in Pd 125 
7.2.2 Impurities in Nb and Mo 128 
7.2.3 Impurities in Early Transition Metals (Ti, Zr) 131 

7.3 Impurities in Magnetic Metals 135 
7.3.1 Fe-Based Impurity Systems . . .' 135 
7.3.2 Ni-Based Systems 141 
7.3.3 Co-Based Impurities 145 
7.3.4 Impurities in Antiferromagnets 146 
7.3.5 Impurities in FeCo Alloys 149 

7.4 Interaction of Impurities 152 

8. Conclusion 158 

References 159 

Subject Index 169 

Index of Compounds 171 


