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STRUCTURE UTILITIES
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EQUIVALENT 
DESCRIPTIONS EQUIVSTRUProblem:

How to find all possible equivalent 
descriptions of a crystal structure?



Two descriptions of the same structure with respect to the 
same space group, specified by unit-cell parameters and 
atomic coordinates data. 

Search for a mapping of the two structures such that the 
global distortion accompanying the mapping is tolerably small. 
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COMPARISON OF 
STRUCTURES COMPSTRUProblem:
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How to measure the similarity 
between two descriptions ? 
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Bergerhoff et al.  Acta Cryst.(1999), B55, 147

structural
descriptor

Problem:



Example COMPSTRU: Pb3(PO4)2

affine + Euclidean
normalizers

structural   
descriptor � = 0.066

JSMol interactive visualization
(Robert M. Hanson, Northfield, MN)



Allmann, Hinek.  Acta Cryst.(2007), A63, 412

Isoconfigurational 
Structure TypesProblem: COMPSTRU

isoconfigurational 
structure types?

Isopointal 
structure types 

Space group
Wyckoff position  

      sequence
Pearson symbol

Isoconfigurational 
structure types 

Composition type
(ANX formula)
Range of c/a ratio
β-range

Atomic coordinates

Lima-de Faria et al.  Acta Cryst.(1990), A46, 1

Inorganic Crystal Structure Database (2009) 
http://icsdweb.fiz-karlsruhe.de

Chemical properties

Crystallographic orbits 

Geometrical interrelationships 

Isopointal 
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(crystal system, centring type, total number 
of atoms in the unit cell) 

http://icsdweb.fiz-karlsruhe.de/


Example: STRUCTURE TYPES COMPSTRU

STUDY  OF  THE  FAMILY  ABF6



Example:

STUDY  OF  THE  FAMILY  ABF6

STRUCTURE TYPES COMPSTRU

Reference structure: 
CaCrF6

MnPtF6 NiPtF6 NiRhF6
0.1282 0.1802 0.2005

BrIrF6CsBrF6 CsUF6

1.0731 1.1397 1.4067

maximal 
distance Δ[Å]

Type: LiSbF6

Type: KOsF6



Consider two phases of the same compound (specified by 
their unit-cell parameters and atomic coordinates) with 
group-subgroup related symmetry groups G>H 

Search for a mapping of the two structures such that the 
global distortion accompanying the mapping is tolerably small. 

Structural 
Phase transitions

STRUCTURE 
RELATIONS

Problem:

High-symmetry phase

Low-symmetry phase

(High-symmetry phase)P41212

Lattice deformation 
Atomic displacement field 

Symmetry-controlled mapping

Global distortion

Fd-3m

P41212

(P,p)=

High-symmetry structure

Low-symmetry structure



Baernighausen Trees

Symmetry Relations between 
Homeotypic Crystal Structures

Hettotypes

Pyrite
Structural family

Derivative 
structures

Aristotype

Basic 
structure

U. Mueller, Gargnano 2008

STRUCTURE 
RELATIONS

Problem:



Search for a structure of space-group symmetry G, 
supergroup of H, such that:

Structure 
G 

Structure  
H

small  
(symmetry-breaking)  
distortion+=

PSEUDOSYMMETRY 
SEARCH

PSEUDO

phase transition

Problem:

search for ferroics false symmetry assignments
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PROBLEM:

PSEUDO

⎬ ⎫⎭

Given the initial structure specified by  space-group 
symmetry G its unit-cell parameters and atomic coordinates

Search for a structure of space-group symmetry S>G 
such that the initial structure can be described by the 
high-symmetry structure with tolerably small distortion  

Structural 
PseudosymmetryProblem: PSEUDO



Search for ferroelectrics 
as pseudosymmetric 
structures

PSEUDOProblem:



Results

Binary Ternary Quaternary Total

Entries 39 202 223 464
Compounds 26 125 161 312
Pseudo. Entries 20 100 40 160
Pseudo. Compounds 12 66 36 114

Overlooked Sym. 7 30 9 46

Known Ferro. 1 14 4 19

Candidates? 1 13 4 18

Meeting Toulouse ➠ ➡➡ ➠ ✇ ■ ? ✖

ICSD (Inorganic Crystal Structure Database)Problem: Prediction of Pna21 

ferroelectrics PSEUDO



REPRESENTATIONS OF 
CRYSTALLOGRAPHIC GROUPS



c-2 > a-2 + b-2

Brillouin Zone Database 
Crystallographic Approach 

Brillouin zones
Representation domain
Wave-vector symmetry

Reciprocal space groups Symmorphic space groups
IT unit cells
Asymmetric unit
Wyckoff positions



Subduction of little group irreps 

Compatibility relations
between little-group 
representations 

k, Gk, Dk,i

k’, Gk’,Dk’,j
k’=k+δ

Dk,i(Gk)  Gk’～     mj Dk’j(Gk’)
in the limit δ      0

﹛

COMPREL

Gk>Gk’

Group-subgroup little-group pair 

Problem:
� � X

Electronic energy bands of 
Ge, Fd-3m (227)



BO6  octahedra 
rotations

Crystal-extended 
modes in 
Aurivillius 

compounds

X1 X2
- +

LOCALIZED and 
EXTENDED STATES 

SITESYM

site symmetry 4mm 
irrep A2

Problem:
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