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Competing magnetic interactions lead to complex magnetic structures which 

can couple to the lattice to relieve the frustration 

Lone Pairs of Electrons

Spin-Orbit Coupling from Orbital Degeneracy

Lone pairs localize in one of 

the sp3 hybrid orbitals much 

like what is seen in NH3

Spin-orbit coupling 

increases as Z4 so heavier 

rare earths are ideal, but 

the spins order at very low 

temperatures

Large fields result in a field-induced spin flop 

which causes the polarization to saturate

Pyrocurrent measurements show the resulting 

polarization is not reversible with magnetic or 

electric field

Maximum polarization of 2.5 µC m-2 achieved 

in field of 50 kOe as compared to a proper 

ferroelectric like BaTiO3 which saturates near    

50 µC cm-2

Tilted antiferromagnetic spin 

structure shows exact cancellation 

within and between chains

Weak ferromagnetism observed 

which saturates in small fields at 

210-4 μB per Co

No impurities detected in high 

resolution synchrotron or neutron 

diffraction patterns
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Ferroelectricity and magnetism are inherently difficult to incorporate into 

single phase materials due to their contraindicated nature.  Here we 

present guidelines used to identify two new materials which demonstrate 

coupling of magnetism and polar behavior
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High polarizability of lone pairs is a good indicator for ferroelectric instabilities
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CoSeO4

Tilted antiferromagnetic spin 

structure shows weak 

ferromagnetism resulting from 

short range order between the 

chains

Clear change in the dielectric 

constant at the magnetic 

ordering temperature

CoSe2O5

Magnetic structure exhibits 

field-induced magnetic 

transition which shows up 

as a sharp change in the 

dielectric constant with 

applied field
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Co2+ in an octahedral 

crystal field demonstrates 

the largest spin-orbit 

coupling constant of any 

3d transition metal 
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