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Motivation: Understanding the  

complexity of Na1/2Bi1/2TiO3 (NBT) 
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Deviations from R3c 
Strong Diffuse Scattering: ‹100›-like planar defects and 

modulation (length ~ 40 Å)[5,7,8] 

 

Monoclinic deviation from R3c in single crystals[9] and 

ceramics[10], Cc-phase 
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Flexibility of the perovskite structure 
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Methods 
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SADM 

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 

 Which phases are stable? 

 Is phase coexistence possible? 

 Consequences? 

 

Structure-property relationships 

 Influence of chemical order and octahedral tilts on polarisation? 

 Consequences? 
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Pressure dependence of phase stability 
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representative for: 

Phase diagrams 

P4mm   R3c Pbnm P4mm  Pbnm 

M. Gröting, Phys. Rev. B. 86, 2012, 134118. 
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Phase transition R3c-Pbnm at 2.0-3.4 GPa, depending on chemical order 

-4.9 GPa -4.9 GPa +2.0 GPa 

experiment: 1.6-3.3 GPa[1,2] 

[1]  J. Kreisel et al., Phys. Rev. B 68 (2003) 014113.  

[2]  P. A. Thomas et al., Z. Kristallographie 220 (2005) 545. 
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Structure models 
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Phase coexistence at atmospheric pressure (R3c+Pbnm) 

Chemically ordered Pbnm-regions cause deviations of local 

structure from global structure 
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Pressure 

J. Kreisel et al., Phys. Rev. B 68 (2003) 014113.  

M. Gröting, Phys. Rev. B. 86, 2012, 134118. 

above 2 GPa pure Pbnm phase 

local and global structure become 

equal 



Polar displacements influenced by  

octahedral tilt and chemical order? 
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Polar mode in R3c structure 
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Atomic displacements 
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106 11 Analysis of Order Parameters: Octahedral Tilting and Polarization
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Figure 11.1: Visualization of the symmetry-adapted distortion modes within the hexagonal

R3-structure. Structures are shown for the volume V = 56.62 Å3/f.u., which is very close to

the equilibrium volume V0 = 56.09Å3/f.u. The atom positions are exactly as if the presented

distortion mode would exist exclusively, displacement vectors are given with the following

scaling factors: (a) × 40, (b) × 400, (c) × 4 and (d) × 2.

In Fig. 11.3 the mode amplitudes depending on the cell volume are given. The two chemically

induced modes Γ+
5 and Γ−2 are clearly secondary distortion modes with very small amplitudes

at any volume. The dominating modes are the anti-phase tilt mode Γ−5 and the polar mode Γ−4 .

Both distortion modes respond differently to increasing volume. The tilt mode decreases, while

the polar mode increases linearly with increasing volume. This could be seen already in Ch. 10 on
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Polar mode in Pbnm structure 

120 11 Analysis of Order Parameters: Octahedral Tilting and Polarization
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Figure 11.15: Visualization of the symmetry-adapted distortion modes within the or-

thorhombic Pmc21-structure. Structures are shown for the volume V = 55.97 Å. The atom

positions are exactly as if the presented distortion mode would exist exclusively. Displace-

ment vectors are given with the following scaling factors: (a) × 6 and (b) × 2, (c) × 4 and (d)

× 3, and (e) × 130.
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At small volumes polarisation is induced  

 

High-pressure phase might be improper 

ferroelectric instead of antiferroelectric 
 

Induced polarisation in 001-ordered Pbnm-

structure 
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common even terms 

odd terms can soften otherwise hard modes 

( ) ( ) ( ) ( , ) ( , ) ( , ) ( , , )E E P E E E P E P E E P             

E(P,f,q) = d
111

Pfq +e
311

P3fq +e
131

Pf3q +e
113

Pfq3 +c
222

P2f2q2

11 

12.2 Chemical '001'-Order: P4/mmm Parent Structure 155

(e) Eiso = -0.100 eV

(d) Eiso = -0.200 eV

(a) Eiso = -0.380 eV

minimum

(c) Eiso = -0.267 eV

(b) Eiso = -0.297 eV

Figure 12.10: 3D energy surfaces E(P,φ,θ) for different isovalues in the Pmc21 structure

at V = 52.70 Å3/f.u. Amplitudes are normalized with respect to their respective single

mode values, which are |P sm
0 | = 0.52 and |φsm

0 | = 1.22 and |θsm
0 | = 1.24. The colors of the

isosurfaces are adapted to the color scheme in Fig. 12.9.
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Answers 

 

Phase stability and its pressure dependence 

 Which phases are stable? 

 Is phase coexistence possible? 

 Consequences? 

 

Structure-property relationships 

 Influence of chemical order and octahedral tilts on polarisation? 

 Consequences?  
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P4mm, R3c/Pbnm, Pbnm 

R3c/Pbnm coexistence 

strong 

polar disorder 

improper FE in ordered regions 

tilt and displacive order/disorder 
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