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Structure relations

- Family trees of group-subgroup relations
  (Bärnighausen tree)

- Twinned crystals and antiphase domains

- Phase transitions

-Prediction of crystal-structure types

Symmetry relations using crystallographic group-subgroup 
relations is a vaulable tool in crystal chemistry and physics.

Applications:Applications:



  

Structure relations

Structural Relationship between two structures with group-subgroup 
related symmetry groups G > H

High-symmetry phase: GHigh-symmetry phase: G

Low-symmetry phase: HLow-symmetry phase: H

Reference description: (G)
H 

Reference description: (G)
H 

symmetry 
reduction

Group-subgroup 
relation G > H

Wyckoff positions 
splitting

affine 
transformation

lattice deformation

atomic 
displacement field

STRUCTURE 
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Structure relations

STRUCTURE RELATIONS
        

http://www.cryst.ehu.es/cryst/rel.html

BaTiO
3

BaTiO
3



  

Structure relations

Pm-3m high-symmetry phasePm-3m high-symmetry phase

Amm2 low-symmetry phaseAmm2 low-symmetry phase

(High-symmetry phase)Amm2
(High-symmetry phase)Amm2

Symmetry controlled mapping

Global distortion

Lattice deformation
Atomic displacement field



  

Structure relations



  

Exercise 2.1

Cristobalite phase transitions



  

Exercise 2.1(1)

α-Cristobalite → β-Cristobalite

Origin choice 2:
Si 8a 1/8,1/8,1/8 7/8,3/8,3/8



  

Lead phosphate phase transition

Exercise 2.2 (a)



  

Lead vanadate phase transition

Exercise 2.2 (b)



  

Symmetry relations between crystal structures

Bärnighausen Trees

Pyrite
Structural family

Aristotype

Basic structure

Hettotypes

Derivatie 
structures

U. Mueller, Gargnano 2008



  

Bärninghausen Trees

Module design of crystal symmetry relations

U. Mueller, Gargnano 2008



  

Bärninghausen Trees

U. Mueller, Gargnano 2008

The family of structures 
of the ReO3 type



  

Structural Relationship between two structures with group-subgroup 
related symmetry groups G > H

High-symmetry phase: GHigh-symmetry phase: G

Low-symmetry phase: HLow-symmetry phase: H

Reference description: (G)
H 

Reference description: (G)
H 

symmetry 
reduction

Group-subgroup 
relation G > H

affine 
transformation

lattice deformation

atomic 
displacement field

STRUCTURE 
RELATIONS

atomic species
correspondence 

scheme

Symmetry relations between crystal structures



  

Symmetry relations between crystal structures

Different atomic species



  

Show that the crystal structure of CoU maybe interpreted as a 
slightly distorted CsCl (or β-brass, CuZn)-type structure. Using the 
structural data in the Exercise Data le, characterize the structural 
relationship between the CoU structure and CsCl structure.

Hettotype of CsCl structure

#CuZn (CsCl type): P432
221
2.959 2.959 2.959 90. 90. 90.
2
Cu 1 1a 0 0 0
Zn 1 1b 0.5 0.5 0.5

#CoU type:I213
199
6.3557 6.3557 6.3557 90. 90. 90.
2
Co 1 8a 0.294 0.294 0.294
U   1 8a 0.0347 0.0347 0.0347

Exercise 2.3 
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