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SPATIAL DISPERSION PROPERTIES

Flexoelectricity

Clamped-lon Flexoelectric tensor

Spatial dispersion of Cl piezoelectric tensor
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SPATIAL DISPERSION PROPERTIES

Longwave DFPT formulation of EX4Etensor
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SPATIAL DISPERSION PROPERTIES

Dynamicafjuadrupoles

Second moment of the charge response to an atomic displacement
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SPATIAL DISPERSION PROPERTIES

Longwave DFPT formulation of dynamu@drupoles

SCALAR POTENTIAELECTRIC FIELD
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SPATIAL DISPERSION PROPERTIES

Whyto careaboutdynamioguadrupole8

Long-range interatomic forces
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LONG&VAVE DFPT: NUMERICAL RESULTS

Quadrupolesestcase Tetragonal PbTiO

All calculations are performed using the LDA and norm conserving PSPs

Ecut=70Ha and8x8x8MPI| 5 qpj ou't

k=Pb k=T1 r =07 k=03 k=03
QE| 2264 —3.545 2.884 —4.186 0.406
QZ?| 29264 —3.545 —4.186 2.884 0.406
QM| _0.062 —3.799 3.123 —1.115 —1.784
Q%3 | _0.062 —3.799 —1.115 3.123 —1.784
Q(2 3311240 —0.195 2.027 2.027 6.653

TABLE I. Quadrupole moments in e-Bohr of PbTiO.
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€113 — €223 €311 — €322 €333
Strain 0.1547 0.3617 —0.8345
Quadrupoles| 0.1548 0.3614  —0.8347

TABLE Il. Clamped-ion piezoelectric coefficients (in C/m?) of PbTiO;
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LONG&VAVE DFPT: NUMERICAL RESULTS

Flexoelectridensor: Cubic materials

Cubic symmetry

!

3 independent components

Transverse

Testcase 1: Isolated noble gas atoms

Testcase 2: Real materials
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