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Motivation: Understanding the

complexity of Na, ,Bi, ,TiO; (NBT)
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Flexibility of the perovskite structure

Polarisation Octahedral Lattice Strain || Chemical Displacive
Tilt Order Order
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Structure-Property-Relationships in Na,,Bi;;, TiO4

global structure local structure
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Density functional theory
Quantum mechanics
Optimized crystal structures and relative stabilities

Symmetry-adapted distortion modes
Group theory
Relevant distortion modes and order parameters

Landau theory

Phenomenological theory

Properties depending on order parameters,
order parameter coupling
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Questions

Phase stability and its order/pressure dependence ol

i 5 4
Which phases. are stable” | g\ DET
» |s phase coexistence possible?

= Consequences?

Structure-property relationships
» Influence of chemical order and octahedral tilts on polarisation?

= Conseguences?
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Pressure dependence of phase stability

Phase diagrams
representative for:
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Structure models
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R3c Pb
nm orderd

»

above 2 GPa pure Pbnm phase
local and global structure become
equal

Dimension of structural defects

Pressure

Phase coexistence at atmospheric pressure (R3c+Pbnm)

Chemically ordered Pbnm-regions cause deviations of local

structure from gIObaI structure J. Kreisel et al., Phys. Rev. B 68 (2003) 014113.
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Polar displacements influenced by
octahedral tilt and chemical order?
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Chemical Octahedral Polarisation
Order Tilt
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Polar mode in R3¢ structure

Atomic displacements
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Polar mode in Pbnm structure

Atomic displacements
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Induced polarisation in 001-ordered Pbnm-
structure

E=E(P)+E(¢)+E(O)+E(P,¢)+E(P,0)+E(4,60)+E(P,4,6)

% m common even terms

E(P,f,g)=d,,Pfg+e, P°fqg+e Prig+e Pfq’ +c, P°F°q’

odd terms can soften otherwise hard modes

Ejso =-0.297 eV

Polar
- Mode

At small volumes polarisation is induced

High-pressure phase might be improper
ferroelectric instead of antiferroelectric
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Phase stability and its pressure dependence
= Which phases are stable? P4mm, R3c/Pbnm, Pbnm
* |s phase coexistence possible? R3c/Pbnm coexistence
= Consequences? tilt and displacive order/disorder

Structure-property relationships
= Influence of chemical order and octahedral tilts on polarisation?  strong

= Consequences? polar disorder
improper FE in ordered regions
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