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STRUCTURAL 
PSEUDOSYMMETRY   

Crystal-structure relationships
Phase transitions



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

Structure 
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Problem: PSEUDOSYMMETRY 
SEARCH

PSEUDO

phase transition



Applications: 

Search for ferroic materials
-new ferroelectrics
-new ferroelastics

Detection of false symmetry assignments 
(overlooked symmetry)

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

Prediction of phase transitions

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

Determination of an optimised virtual parent structure 
(paraphase)

PSEUDO



Structural Pseudosymmetry 
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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  



ATOMIC DISPLACEMENTS METHOD

G = H + myH

Maximal distance between all compatible atom pairings

d
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H G

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

G = H + g2H + · · · + gmH

PSEUDO:



Supergroups of the same type

H = P222

G = P422

P422 = P222 + (4|�)P222
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Supergroups of space groupsSUPERGROUPS OF 
SPACE GROUPS 

SUPERGROUPS
MINSUP



Problem: PSEUDOSYMMETRY 
SEARCH

PSEUDO



Problem 3.11 (i)EXERCISES

Analyse the structural pseudosymmetry of Pb2MgWO6

#(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

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



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

SOLUTIONProblem 3.11 (i)

tolerance [Å]







Flagged pseudosymmetry of Pb2MgWO6 with respect to 
the space group Pmmn (59)



Idealized structure data
-lattice parameters: 

-atomic coordinates:
  WPASSIGN

(P,p)=2c,b,-a

 Pmmn(59)> Pnma(62)

-redundant atoms

Structural pseudosymmetry:

 [i]=2

to ‘climb up’ further...

umax=0.1729Å



Step2. Immm (71) pseudosymmetry of idealized 
structure of Pb2MgWO6 of symmetry Pmmn (59)



Step3. Pseudosymmetry of idealised structure 
of Pb2MgWO6 of symmetry Immn (71)

lattice parameters:
not symmetrized



Step4. Pseudosymmetry of idealised structure 
of Pb2MgWO6 of symmetry I4/mmm (139)

WPASSIGN:
Pb 8c
Mg 4b
W 4a
O 24e



Structural pseudosymmetry of Pb2MgWO6

Graph of 
minimal supergroups

-transformation 
matrices (P,p)i

-maximal 
displacements

each step is 
characterized by:



Problem 3.11 (ii)EXERCISES

Analyse the structural pseudosymmetry of Pb2MgWO6

Option 3: Search of structural pseudosymmetry 
with respect to specific supergroup

Fm-3m

I4/mmm

Immm

Pmmn

Pnma
(P,p)1

(P,p)2

(P,p)3

(P,p)4

(P,p)1

Fm-3m

Pnma

(P,p)

(P,p)=(P,p)4(P,p)3(P,p)2(P,p)1

P=a-b,c,-1/2a-1/2b

p=1/2,1/4,1/4



Option 3: Search of structural pseudosymmetry 
with respect to a specific supergroup

SOLUTIONProblem 3.11 (ii) 

tolerance [Å]



Problem 3.12 EXERCISES

Analyse the structural pseudosymmetry of the virtual 
structure of C2221 symmetry stepwise, i.e. via the 
minimal supergroup Option 1 of PSEUDO. Compare 
the results if different minimal-supergroup paths are 
followed. 

!



Problem 3.13 

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 (can 
you guess why?), specified by the transformation matrix: a,b,
13c, i.e. first apply Option 3 of PSEUDO.

(combined application of Option 3 and Option 1 of PSEUDO)



Problem 3.14

GeF2, having the P212121 (N. 19) structure given below, is reported to 
have a high temperatures an unknown tetragonal phase, with the 
primitive unit cell volume being essentially maintained. Using 
PSEUDO, with the option 2, which allows to check supergroups with 
a fixed k-index (multiplication of the primitive unit cell) postulate a 
probable space group or groups and a starting structural model for 
this high-temperature phase. 

19 
4.682 5.158 8.312 90 90 90 
3 
Ge 1 4a 0.2340 0.0083 0.1311 
F  1 4a 0.029 0.083 -0.018 
F  2 4a 0.067 0.246 0.279  



Option 2: Search of structural pseudosymmetry 
with respect to supergroups of specific [iL] index

SOLUTIONProblem 3.14  

tolerance [Å]



Bilbao Crystallographic Server

SUBGROUPGRAPH 
for the pair P42/mnm > P212121, [i]=8



Search for  ferroelectrics
(as pseudosymmetric structures)

Problem:

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”) 

BaHgS2Pna21 Pbam
(max. displacement 0.49 A)



Polar groups… some additional care 

uBa = 0 

uTi 

uO1 

uO2 

uO2 

uTi 

uO1 

Search for  ferroelectrics
(as pseudosymmetric structures)

Problem:



u'Ti 

Polar groups… some additional care 

u'Ba = !"

u’Ti=uTi + !   

u’O1=uO1 + !   u’O2 

u’O1 

u’O2=uO2+ !   

uBa = !"

u’O1 

Search for  ferroelectrics
(as pseudosymmetric structures)

Problem:



grid for optimization

Search for  ferroelectricsProblem:Default example: BaTiO3  



Pseudosymmetry 

BaTiO3 

Search for  ferroelectricsProblem:Default example: BaTiO3  



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 ➠ ➡➡ ➠ ✇ ■ ? ✖

Problem: Prediction of 
Pna21 ferroelectrics PSEUDO

ICSD (Inorganic Crystal Structure Database)



pseudosymmetry search



CANDIDATES FOR FERROELECTRICS

pseudosymmetry search



pseudosymmetry search



Problem 3.15 

The compound NaSb3F10 whose room-temperature phase 
is polar, space group P63, has been predicted to be 
ferroelectric. (For the structure data, see the Structure 
Data file.) The symmetries P6322 and P63/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 NaSb3F10. Show 
that apart from P6322, there are two more appropriate 
candidates for the intermediate phases between the 
polar phase P63 and the non-polar one of maximal 
symmetry, P63/mmc.   



Problem 3.15 SOLUTION



Problem 3.15 SOLUTION



Problem 3.15 SOLUTION



Problem 3.15 SOLUTION



The compound Nd4GeO8 is reported to have polar
Pmc21 symmetry (Doklady Akademii Nauk SSSR (1978) 241, 
353-356).

(i) Show using PSEUDO (option 1) that this structure can 
be considered a small distortion of a Cmcm structure. 

(ii) Using SUBGROUPGRAPH show the graph of maximal 
subgroups connecting the two symmetries. 

(iii) Using again PSEUDO (option 3) obtain the atomic 
displacements relating the two structures. 

Problem 3.16 



Problem 3.17 

According to a structural model for Ca2Ge7O16 published in 
Doklady Akademii Nauk SSSR (1979) 245, 110-113, the 
symmetry group of the compound is Pba2. 

Using PSEUDO, demonstrate that this structure differs from 
a tetragonal one with space group P-4b2, by atomic 
displacements which are practically negligible or within 
experimental accuracy, so that in fact this structure file 
should be considered incorrect, being a case of  “overlooked 
symmetry”. 



Minimal Supergroups 
Triclinic and Monoclinic Space Groups

Klassengleiche Translationengleiche

Crystal-family
change

No Crystal-family
change

Normalizer 
procedure

Specialization of the 
metrics

Isomorphic
Non-Isomorphic

Superlattices
Dual ITA1

list
Geometric
procedure

Supergroups

Problem: Minimal t-supergroups for monoclinic and triclinic groups



Using the structure data of the low-symmetry monoclinic 
phase given in the ExerciseData file (Problem 6a) analyze its 
structural pseudosymmetry with respect to the symmetry 
group of the high-symmetry phase. Using the program 
COMPSTRU evaluate the difference between the 
experimentally determined R-3m structure and the idealized 
high-symmetry structure proposed by PSEUDO. 

Lead phosphate phase transitionProblem 3.18(a)

Lead phosphate Pb3(PO4)2 shows a phase transition from a 
paraelastic high-temperature phase with symmetry R-3m 
(No.166) to a ferroelastic phase of symmetry C2/c (No.15). 

For the analysis of the pseudosymmetry of 
the monoclinic structure, use a combination 
of Option 1 and Option 4 of PSEUDO

Hint: 



Problem 3.18 SOLUTION

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



Flagged pseudosymmetry of Pb3(SO4)2 with respect to C2/m (12)



Option 3: Pseudosymmetry search for structures of 
monoclinic symmetry 



Possible minimal supergroups

Lattice pseudosymmetry



Idealized structure data

 R-3m(166)> C2/m(12)Structural pseudosymmetry:

 [i]=3, umax=0.064

lattice parameters:
not symmetrized



Comparison between the idealized ‘Pseudo’ R-3m 
structure and the experimental one 



Example COMPSTRU: Pb3(PO4)2

affine
normalizer

maximal 
displacement

dmax=0.07 Å 

Experimental data Idealized ‘Pseudo’ data Experimental data

Most similar configuration 

� = 0.008

Atomic coordinates differences:
along variable parameters

structural   
descriptor



Using the structure data of the low-symmetry monoclinic 
phase given in the ExerciseData file (Problem 6b) analyse its 
structural pseudosymmetry with respect to the symmetry 
group of the high-symmetry phase. Using the program 
COMPSTRU evaluate the difference between the 
experimentally determined R-3m structure and the idealized 
high-symmetry structure proposed by PSEUDO. 

Lead vanadate phase transitionProblem 3.18(b)

Lead phosphate Pb3(VO4)2 shows a phase transition from a 
paraelastic high-temperature phase with symmetry R-3m 
(No.166) to a ferroelastic phase of symmetry P21/c (No.14). 

For the analysis of the pseudosymmetry of 
the monoclinic structure, use a 
combination of Option 1 and Option 4 of 
PSEUDO

Hint: 


