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Outline

e HS-LS transitions in models and materials

* Pressure-driven transition: MnO, Fe,O,
« HS/LS degeneracy: LaCoO,

* Blume-Emery-Griffiths model in fermionic systems
* From cobaltites to manganites

* Conclusions
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d-electron in octahedral environment

Crystal-field splitting: electrostatic forces
hybridization (band repulsion)



d-multipletsin octahedral field

Tanabe-Sugano diagram for @ "
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Transition metal oxides- band structure
LDA bands for LaCoO,
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* hopping from TM 10ns mostly through
oxygen

* p-e, hybridization => broad e, band
CF splitting

* relative position of d and p bands not
necessarily correct



Electron correlations and Hubbard model
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* competition between kinetic and interaction energy:
itinerancy vs localization

* localization -> large (quasi)degeneracy->
temperature (entropy) becomes important parameter

* emergence - new (non-fermionic) degrees of
freedom appear, e.g. local spin, orbital-pseudospin ->
possibility of new ordered states

* fluctuations of the emergent degrees of freedom -
both quantum mechanmical and statistical



Dynamical Mean-Field Theory (LDA+DMFT)

charge selfconsistency many-body selfconsistency

—

multiband
Hubbard Hamiltonian

A. Georges et al. Rev. Mod. Phys. 68, 13 (1996)



MnO experimental summary

Mn?# Q2% => d° local configuration

Conceptual phase diagram of MnO
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C. S. Yoo et al., Phys. Rev. Lett. 94, 115502 (2005)




Fe,O, experimental summary

Fe,* O,% => d° local configuration

Fe in octahedral coordination

Rosenberg et al., Phys. Rev. B 65, 064112 (2002)
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3d - occupancy

Spectral density
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Pressuredriven spin state transition

JK et al., Nature Materials 7, 198 (2008)
JK et al., Phys. Rev. Lett. 102, 146402 (2009)
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Pressur e induced metallization

Gap closing vs local spin state transition

high spin low spin
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Pressureinduced transitions - summary

twoO scenarios:

* local state transition - atomic physics dominates
metallicity is slave to atomic constraints
* gap closing - hopping plays active role 1n the transition

Energy scale:
~ 1 eV/atom

Pressure scale:
10-100 GPa
(~ 1 GPa width)

gy (eV)

Ener

-20

1
(]
]

]
i,

T 7
\e/\eD

0 100 2
Pressure (GPa)

200




What happens right at the transition?



What happens right at the transition?

LaCoQ, - nature did the fine tuning job for us !
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Two-band Hubbard model
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U-A phase diagram
A - crystal field

JU - fixed

2D - bipartite lattice (sguare lattice)
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U-A phase diagram
A - crystal field

JU - fixed

2D - bipartite lattice (square lattice)
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U-A phase diagram

A - crystal field
JU - fixed
2D - bipartite lattice (square lattice)
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U-A phase diagram
A - crystal field

JU - fixed

2D - bipartite lattice (square lattice)
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‘Mott gap =
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E,=2E(N)-E(N-1)-E(N+1)
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Band gap

‘Band gap =0’
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L ocal statetransition

'‘E(HS)-E(LS) = 0’
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U (eV)
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Two sublattice order allowed

Computational parameters.
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Spin susceptibility and disproportionation
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Spin-spin correlations
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Spectral function

One-particle spectra
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L ow-energy model

Integrate out the charge fluctuations:

* keep 3 local states _¢_ _¢_ S
¢ ¢ ¢

* treat hopping as perturbation

Hamiltonian
: : HS S
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Blume-Emery-Griffiths modd
H = DZ s?+ K Z efeﬁ + 1 Z SiS
i (i7) (i)

Blume et al., Phys. Rev. A 4, 1071 (1971)
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L ow-energy model

Susceptibility
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Hole doping

Upper band occupancy increases !
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Conclusions

* (Quasi)degeneracy of 1onic multiplets leads to rich phase diagrams in
strongly correlated systems.

* Effective HS-LS attraction at the HS/LS transitions leads to a ordered
state with reduced translational symmetry.

* 2-band Hubbard model with crystal field provides fermionic realization
of BEG model and introduces new parameter - doping

 Under certain circumstances (W >>W, ) doping leads to formation of
inhomogeneities - magnetic polarons
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