
Structural Pseudosymmetry and its
 applications 



We know a structure with space group H and we want to  
know if it is close to a configuration of higher symmetry 

?           H 
pseudosymmetry search 

We search for a structure with space group G (supergroup of F) such that: 

                  Structure G = Structure F + small (symmetry-breaking) distortion 

PSEUDOSYMMETRY SEARCH: 



Pseudosymmetry detection can be useful for : 

•  Prediction of symmetry and structure of other phases. 
•  Prediction of phase transitions.  
•  Identification of ferroic materials: ferroelectrics, ferroelastics. 
•  Determination of an optimized virtual parent structure. 
•  Detection of false symmetry assignments (overlooked symmetry). 
•  Identification of the symmetry of theoretical structures  
  calculated without symmetry restrictions (ab-initio calculations).  



Pseudosymmetry search in www.cryst.ehu.es: 

three programs for pseudosymmetry search 



PSEUDO  - Atomic displacement method 

DOPE  - Electron density method 

BPLOT - KPLOT method (R. Hundt) 

PROGRAMS FOR PSEUDOSYMMETRY SEARCH: 



PSEUDO. ATOMIC DISPLACEMENTS METHOD 

Maximal distance between all compatible atom pairings!

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

G=H+g2H+ ... +gkH 



Supergroups of the same type 



   DOPE  ELECTRON DENSITY METHOD 

DEGREE OF DISSYMMETRY 

ELECTRON DENSITY 

= 

DEGREE of PSEUDOSYMMETRY 



THE FERROELECTRIC CASE: 
POLAR GROUPS


The origin in the polar axis is chosen for the minimum distance....!



Search of ferroelectrics as pseudosymmetric polar structures 

two necessary conditions to be a 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”) 

BaHgS2 

(Kroumova et al. 2002) 



Known Ferroelectrics with space group Pna21 



Possible Ferroelectrics with space group Pna21 



u ≈ 0.3 Å 



Search of maximal pseudosymmetry  through a chain of 
minimal supergroups: 

If a structure of symmetry H is pseudosymmetric for a supergroup G, it will be 
pseudosymmetric for all intermediate subgroups Hi:   G > ..> Hi >...> H 

(stepwise detection of pseudosymmetry for successive minimal supergroups) 

... ... minimal supergroups 

X X 

... minimal supergroups 

X 


