
Spontaneous polarization in 
periodic solids and its 

computation in FHIaims
Zhenkun Yuan



Spontaneous polarization

L. Martin, Nature Reviews Materials 2, 16087 (2016)



Modern Theory of Polarization

In a bulk periodic system:

● Polarization forms a lattice



In a bulk periodic system:

● Polarization forms a lattice
● Polarization is a multi-valued function and can only be defined modulo a 

polarization quantum
● It is impossible to use knowledge of periodic charge distributions to give a 

unique value of polarization

Modern Theory of Polarization



Modern Theory of Polarization

In a bulk periodic system:

● Polarization forms a lattice
● Polarization is a multi-valued function and can only be defined modulo a 

polarization quantum
● It is impossible to use knowledge of periodic charge distributions to give a 

unique value of polarization
● Change in polarization is single-valued and well-defined; Experiments 

measure the change in polarization
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Center of charge ?
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Bloch function:

Wannier function:

Wannier charge center (WCC):

Modern Theory of Polarization

Electronic polarization:

Berry phase



Formulation in discrete k-space

(real space)



FHIaims use NAOs as basis functions

where Rp and Rq are lattice vectors. 

Implementation in FHIaims

The overlap integral between the lattice-periodic part of the Bloch function,

Good or not ?



Spontaneous polarization in BaTiO3

Exp.: non-centrosymmetricRef.: centrosymmetric

Ref. struc 0.0 0.314 0.314

Exp. struc -0.143 0.023 -0.12

S. J. Ahmed, Comp. Phys. Comm.  184, 647 (2013)
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