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Pseudosymmetry search

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

H      =     G   + 

If the distortion is small enough, it can indicate a symmetry 
change at high temperature
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Pseudosymmetry search

Prediction of phase transitions

Search for new ferroic materials

Prediction of the symmetry and structure of some other phase of 
a material

Detection of false symmetry assignments (overlooked symmetry)

Space-group determination of theoretically determined structure 
(e.g. ab initio calculations)

Determination of an optimised virtual parent structure (paraphase)

ApplicationsApplications

- ferroelectrics
- ferroelastics



  

Pseudosymmetry search

Space-group symmetry G>Hsuch that the initial structure can be 
described by the high-symmetry structure with tolerably small distortion

Initial structure of space-group symmetry H

search for a structure of 
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Pseudosymmetry search

Atomic displacements method

The high symmetry phase is described by 
a supergroup of the initial space group.



  

Minimal supergroups

Supergroups of space groups

H < G is called a minimal supergroup of H if there 
exists no intermediate group Z for which H < Z < G 



  

Any group – supergroup relation can be represented by a chain of 
minimal supergroups

Pseudosymmetry search

If a structure of symmetry H is pseudosymmetric for a supergroup G, 
it will be pseudosymmetric for all intermediate subgroups Z

i

Stepwise detection of pseudosymmetry 
for successive minimal supergroups



  

Pseudosymmetry search

http://www.cryst.ehu.es/cryst/pseudosymmetry.htmlPSEUDO:

CIFs file

BCS format

PSEUDO Is not applicable to structures with 
order-disorder features in their distortion

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


  

Pseudosymmetry search

Option 1

Tolerance [Å]



  

Pseudosymmetry search

Option 2

Tolerance [Å]



  

Pseudosymmetry search

Option 3

Tolerance [Å]



  

Pseudosymmetry search

Option 4

Tolerance [Å]



  

Analyse the structural pseudosymmetry of Pb
2
MgWO

6

Option 1: Search of maximal pseudosymmetry stepwise ‘climbing’ via 
minimal supergroups

#Exercise 2.4.10:Pb2MgWO6:Pseudo1
# Space Group ITA number
62
# Lattice parameters
11.4059 7.9440 5.6866 90.00 90.00 90.00
# Number of independent atoms in the asymmetric unit
8
# [atom type] [number] [WP] [x] [y] [z]
Pb    1   8d    0.1422 0.0032 0.7804                   
Mg   1   4c    0.3772 0.25 0.7519                     
W     1   4c    0.1161 0.25 0.2577                     
O     1   8d    0.1314 0.4907 0.2365                   
O     2   4c    0.0027 0.25 0.0133                     
O     3   4c    0.0103 0.25 0.4991                     
O     4   4c    0.237 0.25 -0.0153                     
O     5   4c    0.2491 0.25 0.4745 

Exercise 2.4



  

EXCERCISE – Exercise 2.4  (ii)

Analyse the structural pseudosymmetry of Pb
2
MgWO

6

Option 3: Search of structural pseudosymmetry with respect to 
specific supergroup
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Analyse the structural pseudosymmetry of the virtual structure 
of C222

1
 (No. 20 ) symmetry stepwise, i.e.  via the minimal 

supergroup Option 1 of PSEUDO. Compare the results if 
different minimal-supergroup paths are followed.

Exercise 2.5



  

Analyse the structural pseudosymmetry of the orthorhombic phase 
Ga-II of Ga under pressure. (For the structure data, see the Structure 
Data file.)

Hint: As a first step check the structural 
pseudosymmetry with respect to an 
isomorphic supergroup of index 13, specified 
by the transformation matrix: a,b,13c, i.e. 
first apply Option 3 of PSEUDO

Ga under pressure

Exercise 2.6



  

Search for ferroelectrics

Two necessary conditions for a structure to be ferroelectric:

• Polar symmetry group (it should allow non-zero polarization)

• Pseudosymmetry with respect to a non-polar symmetry 
group (the polar distortion should be small and “multistable”)



  

Search for ferroelectrics

grid for optimization

BaTiO
3

BaTiO
3



  

The compound NaSb
3
F

10
 whose room-temperature phase is polar, 

space group P6
3
, has been predicted to be ferroelectric. (For the 

structure data, see the Structure Data file.) The symmetries P6
3
22 

and P6
3
/mmc had been proposed for two successive non-polar 

phases at high temperature.

Applying the pseudosymmetry approach confirm the predictions for 
the non-polar phases of NaSb

3
F

10
. Show that apart from P6

3
22, 

there are two more appropriate candidates for the intermediate 
phases between the polar phase P6

3
 and the non-polar one of 

maximal symmetry, P6
3
/mmc.

Exercise 2.7
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