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DEFINITION OF THE PROBLEM

● Relation between two structures belonging to the same space group
 

● Relation between two structures related by group-subgroup relations

● But what if we have just the low symmetry (distorted) structure?..

COMPSTRUCOMPSTRU

STRUCTURE RELATIONSSTRUCTURE RELATIONS

https://www.cryst.ehu.es/cryst/compstru.html
https://www.cryst.ehu.es/cryst/rel.html
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DISTORTION

Initial (low symmetry) structure (distorted structure): H (Space Group:      )

Prototype (high symmetry) structure: G (Space Group:     )

small (symmetry-breaking) distortion
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THE CHAIN RULE

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

  A minimal supergroup is a supergroup of a given group 
such that there are no intermediate groups between them.



6 / 31

THE CHAIN RULE

Any group – supergroup relation can be represented by a chain of minimal 
supergroups.
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THE CHAIN RULE

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

  A minimal supergroup is a supergroup of a given group 
such that there are no intermediate groups between them, 

in other words, the index relating the supergroup to the 
group must be a prime number
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THE CHAIN RULE

SUBGROUPGRAPHSUBGROUPGRAPH

P6
3
/mcm (#193) – P6

5
 (#170) 

[without index specified]

https://www.cryst.ehu.es/cryst/subgroupgraph.html
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THE CHAIN RULE

SUBGROUPGRAPHSUBGROUPGRAPH

P6
3
/mcm (#193) – P6

5
 (#170) 

[without index specified]

If a structure of symmetry      is 
pseudosymmetric for a supergroup       , 

, it will be pseudosymmetric for all 
intermediate subgroups    

https://www.cryst.ehu.es/cryst/subgroupgraph.html


10 / 31

Idealized 
high-symmetry phase

THE STRATEGY
● Obtain the list of minimal supergroups 

(along with transformation information)
● For each transformation related to the candidate supergroup:

● Check Wyckoff positions compatibility
● Check lattice compatibility with the space group setting
● Analyze the lattice deformation
● Analyze the atomic displacement field

Initial low-symmetry 
phase

(Low-symmetry phase)
High
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OBTAINING THE MINIMAL SUPERGROUPSMINSUPMINSUP

https://www.cryst.ehu.es/cryst/minsup.html
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THE RECOVERY OF THE “MISSING” SYMMETRIESCOSETSCOSETS

https://www.cryst.ehu.es/cryst/cosets.html
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DETERMINATION OF THE “UNDISTORTED” POSITIONS
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KAlSi
2
O

6

KAlSi
2
O

6 
(Leucite)| I4

1
/a (#88)

88
13.05476 13.05476 13.75182 90. 90. 90.
13
K  1 16f 0.3659 0.3637 0.1169
Al 1 16f 0.0574 0.3969 0.1665
#Si 1 16f 0.0574 0.3969 0.1665
Al 2 16f 0.1675 0.6116 0.1287
#Si 2 16f 0.1675 0.6116 0.1287
Al 3 16f 0.3930 0.6420 0.0862
#Si 3 16f 0.3930 0.6420 0.0862
O 1 16f 0.1324 0.3141 0.1099
O 2 16f 0.0908 0.5112 0.1308
O 3 16f 0.1461 0.6808 0.2278
O 4 16f 0.1331 0.6851 0.0348
O 5 16f 0.2889 0.5756 0.1204
O 6 16f 0.4836 0.6172 0.1673

Palmer, D. C., Dove, M. T., Ibberson, R. M., & Powell, B. M. (1997). 
Structural behavior, crystal chemistry, and phase transitions in 
substituted leucite: High-resolution neutron powder diffraction 
studies. American Mineralogist, 82(1-2), 16-29.

PSEUDOPSEUDO

https://www.cryst.ehu.es/cryst/pseudosymmetry.html
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PSEUDOPSEUDO

https://www.cryst.ehu.es/cryst/pseudosymmetry.html
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KAlSi
2
O

6 
| I4

1
/acd (#142)

142
13.0548 13.0548 13.7518 90.00 90.00 
90.00
6
K  1 16f 0.376100 0.873900 0.125000 
Al 1 32g 0.082700 0.876950 0.165150 
Al 2 16f 0.152950 0.097050 0.125000 
O  1 32g 0.132600 0.790250 0.096300 
O  2 32g 0.132600 0.986150 0.130200 
O  3 32g 0.105500 0.148850 0.221500

KAlSi
2
O

6 
| Ia3d (#230)

230
13.0548 13.0548 13.7518 90.00 90.00 
90.00
3
K  1 16b 0.375000 0.875000 0.625000 
Al 1 48g 0.088200 0.875000 0.661800 
O  1 96h 0.133750 0.777533 0.606400
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Pb
2
MgWO

6

Baldinozzi, G., Sciau, P., Pinot, M., & Grebille, D. (1995). Crystal 
structure of the antiferroelectric perovskite Pb2MgWO6. Acta 
Crystallographica Section B: Structural Science, 51(5), 668-673.

Analyze the structural pseudosymmetry of Pb
2
MgWO

6
 by searching of 

maximal pseudosymmetry stepwise ‘climbing’ via minimal supergroups

Pb
2
MgWO

6
| Pnma (#62)

62
11.4059 7.9440 5.6866 90.00 90.00 90.00
8
Pb 1 8d 0.142200 0.003200 0.780400
Mg 1 4c 0.377200 0.250000 0.751900
W  1 4c 0.116100 0.250000 0.257700
O  1 8d 0.131400 0.490700 0.236500
O  2 4c 0.002700 0.250000 0.013300
O  3 4c 0.010300 0.250000 0.499100
O  4 4c 0.237000 0.250000 -0.015300
O  5 4c 0.249100 0.250000 0.474500
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2
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Baldinozzi, G., Sciau, P., Pinot, M., & Grebille, D. (1995). Crystal 
structure of the antiferroelectric perovskite Pb2MgWO6. Acta 
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Pb
2
MgWO

6

Pb
2
MgWO

6
| Pmmn (#69)

59
5.6866 7.9440 5.7030 90.00 90.00 90.00
6
Pb 1 4e 0.250000 0.003200 0.284400  
Mg 1 2a 0.250000 0.250000 0.754400  
W  1 2b 0.750000 0.250000 0.232200  
O  1 4e 0.750000 0.490700 0.262800  
O  2 4f 0.992900 0.250000 0.013000  
O  4 4f 0.994900 0.250000 0.486100
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Pb
2
MgWO

6

Pb
2
MgWO

6
| Immm (#71)

71
5.6866 7.9440 5.7030 90.00 90.00 90.00
5
Pb 1 4g 0.500000 0.253200 0.500000  
Mg 1 2c 0.500000 0.500000 0.000000  
W  1 2b 0.000000 0.500000 0.500000  
O  1 4h 0.000000 0.740700 0.500000  
O  2 8m 0.243900 0.500000 0.263450
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Pb
2
MgWO

6

Pb
2
MgWO

6
| I4/mmm (#139)

139
5.7030 5.6866 7.9440 90.00 90.00 90.00
5
Pb 1 4d 0.500000 0.000000 0.250000  
Mg 1 2b 0.000000 0.000000 0.500000  
W  1 2a 0.500000 0.500000 0.500000  
O  1 4e 0.500000 0.500000 0.740700  
O  2 8h 0.259775 0.740225 0.500000
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Pb
2
MgWO

6

Pb
2
MgWO

6
| Fm-3m (#225)

225
8.0537 8.0537 7.9440 90.00 90.00 90.17
4
Pb 1  8c 0.250000 0.750000 0.250000 
Mg 1  4b 0.000000 0.000000 0.500000 
W  1  4a 0.500000 0.000000 0.500000 
O  1 24e 0.500000 0.000000 0.740387
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Analyze the structural pseudosymmetry of Pb
2
MgWO

6
 by searching of 

structural pseudosymmetry with respect to specific supergroup
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 by searching of 
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| Fm-3m (#225)

225
8.0537 8.0537 7.9440 90.00 90.00 90.17
4
Pb 1  8c 0.250000 0.750000 0.250000 
Mg 1  4b 0.000000 0.000000 0.500000 
W  1  4a 0.500000 0.000000 0.500000 
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Baldinozzi, G., Sciau, P., & Buffat, P. A. (1993). Investigation of the 
orthorhombic structures of Pb2MgWO6 and Pb2CoWO6. Solid 
state communications, 86(9), 541-544.
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BaTiO
3

BaTiO
3
| Pnma (#99)

99
3.999 3.999 4.02 90 90 90
4
Ba 1 - 0.000000 0.000000 0.000000
Ti 2 - 0.500000 0.500000 0.420000
O  3 - 0.500000 0.500000 0.03
O  4 - 0.500000 0.000000 0.58

General Position of the Group P4mm (No. 99)
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BaTiO
3

BaTiO
3
| P4/mmm (#123)

123
3.9990 3.9990 4.0200 90.00 90.00 90.00
4
Ba 1 1a 0.000000 0.000000 0.000000  
Ti 2 1d 0.500000 0.500000 0.500000  
O  3 1c 0.500000 0.500000 0.000000  
O  4 2e 0.500000 0.000000 0.500000
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BaTiO
3

BaTiO
3
| P4/mmm (#123)

123
3.9990 3.9990 4.0200 90.00 90.00 90.00
4
Ba 1 1a 0.000000 0.000000 0.000000  
Ti 2 1d 0.500000 0.500000 0.500000  
O  3 1c 0.500000 0.500000 0.000000  
O  4 2e 0.500000 0.000000 0.500000
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BaTiO
3

BaTiO
3
| Pm3m (#221)

221
3.9990 3.9990 4.0200 90.00 90.00 90.00
3
Ba 1 1a 0.000000 0.000000 0.000000  
Ti 2 1b 0.500000 0.500000 0.500000  
O  3 3c 0.500000 0.500000 0.000000
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BaTiO
3

BaTiO
3
| Pm3m (#221)

221
3.9990 3.9990 4.0200 90.00 90.00 90.00
3
Ba 1 1a 0.000000 0.000000 0.000000  
Ti 2 1b 0.500000 0.500000 0.500000  
O  3 3c 0.500000 0.500000 0.000000

(48 Symmetry Operations)
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FERROELECTRICS (KNOWN)
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FERROELECTRICS (POSSIBLE)
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MYSQL + ICSD

SELECT *

FROM (

 

SELECT CONCAT(SGR," (#",sgrnumm,")") as SG, sgrnumm, STRUCT_FORM

FROM icsd

WHERE sgrnumm IN 
(1,3,4,5,6,7,8,9,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,75,76,77,78,79,80,99,100,101,102,103,104,105,106,107,108,109,110,143,144,145,146,156,157,158,159,160,161,
168,169,170,171,172,173,183,184,185,186)

GROUP BY STRUCT_FORM

) AS A

INNER JOIN (

 

SELECT CONCAT(SGR," (#",sgrnumm,")") as SG, sgrnumm, STRUCT_FORM

FROM icsd

WHERE sgrnumm NOT IN 
(1,3,4,5,6,7,8,9,25,26,27,28,29,30,31,32,33,34,35,36,37,38,39,40,41,42,43,44,45,46,75,76,77,78,79,80,99,100,101,102,103,104,105,106,107,108,109,110,143,144,145,146,156,157,158,159,160,161,
168,169,170,171,172,173,183,184,185,186)

GROUP BY STRUCT_FORM

) AS B

USING ( STRUCT_FORM )



THANK YOU

Dr. Emre S. Tasci
emre.tasci@hacettepe.edu.tr



COSETSCOSETS, , MINSUPMINSUP, , 
SUBGROUPGRAPHSUBGROUPGRAPH

  
CELLTRANCELLTRAN, , COMPSTRUCOMPSTRU, , EQUIVSTRUEQUIVSTRU,,

GENPOSGENPOS, , HERMANNHERMANN,,INDEXINDEX, , 
MAXSUBMAXSUB, , NORMALIZERNORMALIZER, , PSEUDOPSEUDO, , 

STRAINSTRAIN, , STRCONVERTSTRCONVERT, , 
STRUCTURE RELATIONSSTRUCTURE RELATIONS, , 

SUBGROUPGRAPHSUBGROUPGRAPH, , TRANSTRUTRANSTRU, , 
WPASSIGNWPASSIGN, , WYCKPOSWYCKPOS, , WYCKSETSWYCKSETS, , 

WYCKSPLITWYCKSPLIT

Related Related BCSBCS Tools Tools
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