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Lecture 1:

Introduction to perovskites and other transition 
metal – rare earth oxides.

Introduction to superexchange theory.

Posing the question: How does a particular system 
choose its magnetic structure?

Cuprates
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transition-metal oxides—RMO3 ; R2MO4
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transition-metal oxides—RMO3 ; R2MO4

High-Tc cuprates, e.g., 
La2CuO4;

Colossal magnetoresistance
manganites;

Mott-Hubbard insulator 
titanates (close to MIT) 
e.g., LaTiO3 or BaTiO3 ;
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transition-metal oxides —
823 OVCo823 OVNi
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transition-metal oxides —
823 OVCo823 OVNi

823 OVCo

Sequence of incommensurate structures
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perovskite structure

oxygen

rare earth

transition metal
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crystal-field splitting of 3d orbitals—
lifting of orbital degeneracy

cuprates
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orthorhombicfree ion cubic tetragonal

effective spin-only Hamiltonian, 
s=1/2

9  d--electrons
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manganites
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of freedom
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titanates
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LaTiO3 :a single d 
electron, s=1/2

free ion cubic

spin and orbital degrees 
of freedom
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Also:   Buckled Kagome

823 OVCo823 OVNi
S=3/2S=1
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General outline:

Cuprates

Vanadates

Titanates

References can be found at http://www.tau.ac.il/~aharony
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CUPRATES

High-Tc materials exhibit 
interesting phase diagrams,
with many potential
multicritical points

AFM SC
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High-Tc materials exhibit 
interesting phase diagrams,
with many potential
multicritical points

AFM SC

High temperature superconductivity
Srtuctural phase transitions
Low dimensionality: 2D to 3D xover
Quantum magnetism
Metal-Insulator transition
Spin glasses
Frustrated magnetism

Incommensurate magnetism? Stripes?
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Cuprates

Magnetic structure of cuprates (214, 2122):

Frustrated sublattices (2342):

Theory: Superexchange Heisenberg model + anisotropies

Quantum fluctuations: Order out of disorder

Explain magnetic structures

Explain magnetism in 2342

Relevance to ladders, chains?

References can be found at http://www.tau.ac.il/~aharony
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LCO, 214
YBCO, 123

What determines the easy axes for the spins
(in plane and between planes)?
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214: orthorhombic,   
Weak 
ferromagnetism
in layers: flop with 
magnetic field

FM moment proportional 
to staggered moment; spin flop
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Simple theory: Super-exchange

Hubbard Hamiltonian:
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Ut << Perturb in t, keep 
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21

(the                    manifold, each site  
has only a single electron) 
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Superexchange:

No phase transition in the 2D
isotropic Heisenberg model??

UtJ /2=

Order arises due to small anisotropies
plus weak interplane coupling
Plus quantum fluctuations!
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Interplane frustration in tetragonal 2122
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magnetic Hamiltonian



25



26

2342

2 decoupled AFM sublattices: frustration
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Weak FM moment proportional to 
staggered AFM moment!
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THE END

(More tomorrow)
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