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POSSIBLE SYMMETRIES 

OF DISTORTED STRUCTURES



https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_cell.pl

Determine and explore online all possible symmetries that can result from the 

distortion of a parent structure of higher symmetry

https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_cell.pl


SUBGROUPS: https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_cell.pl

Minimal 

input

Parent space group

Supercell or 

modulation wave-vector

Other alternatives to 

filtered the results of the 

program

https://www.cryst.ehu.es/cgi-bin/cryst/programs/subgrmag1_cell.pl


Example 1: Fullerene-cubane crystal

Nature Mat. 4, 764 (2005)

Disordered fullerenes molecules 4𝑎 (0,0,0)

Disordered cubane molecules 4𝑏 (1/2,1/2,1/2)

𝐹𝑚ത3𝑚 (No. 225)

High-temperature phase Low-temperature phase

Power diffraction 

experiments ?
Orthorhombic structure

J. Phys. Chem. B 113, 2042 (2009)

𝑎𝑜 ≈ 𝑏𝑜 ≈
𝑎𝑐

2
; 𝑐𝑜 ≈ 2𝑎𝑐

Restrict the symmetry of the low-symmetry phase to a minimal set of most probable space groups



Example 1: Fullerene-cubane crystal (a)

…

𝑎𝑜 𝑏𝑜𝑎𝑐

𝑎𝑐



Example 1: Fullerene-cubane crystal (a)

99 subgroups



Example 1: Fullerene-cubane crystal (a)

Go back to the input page

The list of maximal subgroups is reduced 

from 99 to 62

Most of them can be discarded symmetry 

higher than orthorhombic 

Orthorhombic point groups: 222, 𝑚𝑚2 or 𝑚𝑚𝑚



Example 1: Fullerene-cubane crystal (b)

Go back to the input page



Example 1: Fullerene-cubane crystal (b)

Graph showing the group-subgroup hierarchy of these 20 subgroups



Example 1: Fullerene-cubane crystal (b)

Tetragonal subgroups

C centered orthorhombic

The unit cell of the LS-phase is 

known to primitive orthorhombic

6 possible symmetries



Example 1: Fullerene-cubane crystal (c)

The irreducible representations of the parent 

structure that are compatible with this specific 

symmetry for the distorted structure

The symmetry break 

𝐹𝑚ത3𝑚 ⟶ 𝑃𝑛𝑚𝑎
can be realized through a 

Landau type phase transition



Example 1: Fullerene-cubane crystal (d)



Example 1: Fullerene-cubane crystal (e)

Use the option Get irreps for the other possible symmetries

Only two of the symmetries can be result of a single irrep order parameter (fulfill the Landau

condition)

𝐹𝑚ത3𝑚 ⟶ 𝑃𝑛𝑚𝑎 (−2𝒄,−1/2𝒂 + 1/2𝒃, 1/2𝒂 − 1/2𝒃; 0,1/4, −1/4)

𝐹𝑚ത3𝑚 ⟶ 𝑃𝑚𝑚𝑎 (−2𝒄, 1/2𝑎 + 1/2𝒃, 1/2𝒂 − 1/2𝒃; 0,0, 1/2)

DT5

DT5



Example 1: Fullerene-cubane crystal (f)



Example 1: Fullerene-cubane crystal (g)

Do the same process as in the previous step for the other 3 possible symmetries



Example 1: Fullerene-cubane crystal (h)

Go back to the input page

This option allows to discard all possible symmetries 

that cannot be reached by the action of a single 

irrep distortion



Example 1: Fullerene-cubane crystal (h)

This condition reduces the number of possible distinct symmetries from 99 to 31

From the six-non-centered subgroups with point group 𝑚𝑚𝑚, only the subroups

of type 𝑃𝑛𝑚𝑎 and 𝑃𝑚𝑚𝑎 appear here



Example 2: Parent space group 𝑷𝒏𝒎𝒂

Let us suppose that we observe a structure with symmetry 𝑃𝑛𝑚𝑎, which

exhibits when lowering the temperature a phase transition. Diffraction

experiments in the low symmetry phase give evidence of superstructure

reflections, which can be indexes as (ℎ, 𝑘, 𝑙 + 1/2).

This additional diffraction peaks indicates a distortion ⟹
duplication of 

the c parameter

Modulation wave vector (0, 0, 1/2)

We wish to know the possible space group symmetries that this low 

temperature phase can have, in order to construct structural models that 

could fit the diffraction data



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (a)

…



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (a)

Without any additional restriction 

the program lists 11 possible 

space group symmetries



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (b)

Maximal 

subgroups



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (b)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (c)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (d)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (e)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (f)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (g)



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (h)

Go back to the input page



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (h)

The possible irreps that can describe such type of distortion



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (i)



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (i)

The list of possible symmetries 

is now reduced to three

The other three possible symmetries correspond to the other possible irreps Z2



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (i)



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (j)



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (j)

The list is reduced to 5 subgroups that were not listed when choosing separately 

Z1 and Z2 as single active irreps



Example 2: Parent space group 𝑷𝒏𝒎𝒂 (j)



Example 3: Perovskite

105 K

(𝒂𝑃 + 𝒃𝑃, −𝒂𝑃 + 𝒃𝑃, 2𝒄𝑃; 0, 0, 0)

SrTiO3

𝑃𝑚ത3𝑚 (No. 221)

𝐼4/𝑚𝑐𝑚 (No. 140)

All possible symmetries that can occur in a perovskite duet to unstable rigid-unit modes



Example 3: Perovskite(a)

98 subgroups 

are possible



Example 3: Perovskite (b)

221

3.9064 3.9064 3.9064 90. 90. 90.

3

Sr 1    1a 0      0      0

Ti 1    1b 0.5   0.5   0.5

O    1    3c 0.5   0.5   0

The list is reduced to 68

Go back to the input page



Example 3: Perovskite (c)



Example 3: Perovskite (d)



Example 3: Perovskite (e)



Example 3: Perovskite (f)

The direction changed for the 𝑅4
+



Example 3: Perovskite (g)

Go back to the input page



Example 3: Perovskite (g)

Go back to the input page



Example 3: Perovskite (g)

Only 4 of the 10 possible irreps are relevant



Example 3: Perovskite (g)



Example 3: Perovskite (g)

All possible distinct space group symmetries (subgroups of the parent 𝑃𝑚ത3𝑚) 

that can result from an order parameter with R4+ symmetry.



Example 3: Perovskite (h)

All possible symmetries that a

perovskite can acquire as the

result of the freezing of some

combinations of the three R4+

distortions



Example 3: Perovskite (k)

SUBGROUPS can be combined with the program TRANSTRU to create an initial

structural model of a distorted structure under one or more of the symmetries

obtained with SUBGROUPS.

Create the CIF file for the 𝐶2/𝑐 structure observed in LaCoO3.

LaCoO3



Example 3: Perovskite (k)

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

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


Example 3: Perovskite (k)



Example 3: Perovskite (k)

You can download directly

the CIF file with the atomic

positions corresponding to

the ideal perovskite structure


