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Coupled degrees of freedom  FunctionalityWhat happens near the Mott transition?



Outline

1. Unusual ways to relieve orbital and magnetic degeneracy

• AgNiO2

• NaMnO2

2. Magneto-elastic effects: competition vs frustration.

• J1-J2: Li2VoSIO4 and VOMoO4

• BiMnO3

3. Mechanisms of multiferroicity & functionality

• REMn2O5
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“Normal” situation:  JT distortion
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NaMnO2, NaNiO2, (LiNiO2?[1])
bm

am
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NaMnO2 – lifting of degeneracy
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GEM VOMoO4: NPD data
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VOMoO4: Magnetic Structure
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VOMoO4: Structural anomalies
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VOMoO4: origin of the structural anomalies



BiMnO3

LaMnO3



BiMnO3 – magneto-elastic coupling



TbMnO3

M. Kentzelmann et al., PRL 95, 087206 (2005)



What stabilises spirals?

TbMnO3

S.-W. Cheong & M. Mostovoy, Nature Materials 6 13 (2007)

Other materials - Ni3V2O8, delafossite, CuFeO2,spinel

CoCr2O4, MnWO4…



FE domain with spirals (TbMnO3)
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What if dipole moments already
exist?

( )0 1 2
S S=p p Scalar Coupling – Works with

collinear spins

Superexchange striction

p0p

p0

Direct exchange striction

p

( )1 2ijr S Sp
Vector Coupling – Requires non-

collinearity



How to avoid cancellations
Role of frustration

+ =0
p0p

-p-p0

-p0 p
p0p + 0

Through centre of symmetry
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N. Hur et al. Nature, 429, 392 (2004)



Crystal structure of REMn2O5

Mn4+O6

Mn3+O5

ab-plane

c-axis

- edge sharing octahedra along 

  the c-axis. 

- Mn3+/Tb3+ layers alternate 

- Pbam symmetry



Frustration in RMn2O5
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• Competing-interactions

 in the ab-plane
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Space group Pbam.

??



Ferroelectric Domains

•The orientation of P in the b-direction is determined by the phase relation

between chain I and II.

•By flipping one or both chains in the magnetic structure we can obtain 4

domains

 (++)b+ (--)b+                   (+-)b- (-+) b-.

•Phase coherence between layers is required to have P 0

P P
I

II

I



Neutron Spherical Polarimetry



Field-cooling 25 K



Hysteresis loop – 35 K


