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Use	  of	  the	  structural	  programs	  of	  the	  Bilbao	  
Crystallographic	  Server.	  	  Group-‐subgroup	  rela;ons.	  

The	  program	  SUBGROUPS 



  Why we have to derive and work with 
SUBGROUPS?: DISTORTED STRUCTURES 

Symmetry break:  G à F (subgroup of G)  





TRANSTRU 

To transform a structure described in standard setting to a lower symmetry 
space group or with an arbitrary matrix 

CIF file 

BCS format 

Structure	  transformation	  to	  a	  lower	  symmetry	  



Transforma3on	  of	  the	  set	  of	  opera3ons	  forming	  the	  
subgroup	  to	  standard	  se9ng	  of	  the	  space	  group	  	  	  	  

TRANSTRU 

Structure	  transformation	  to	  a	  lower	  symmetry	  



	  	  	  1	  	  	  x,y,z	  
	  	  	  2	  	  	  -‐x+1/2,-‐y,z+1/2	  
	  	  	  3	  	  	  -‐x,y+1/2,-‐z	  
	  	  	  4	  	  	  x+1/2,-‐y+1/2,-‐z+1/2	  
	  	  	  5	  	  	  -‐x,-‐y,-‐z	  
	  	  	  6	  	  	  x+1/2,y,-‐z+1/2	  
	  	  	  7	  	  	  x,-‐y+1/2,z	  
	  	  	  8	  	  	  -‐x+1/2,y+1/2,z+1/2	  

Pnma	  (N.	  62)	   Pmn21	  (N.	  31)	  

	  	  	  1	  	  	  x,y,z	  
	  	  	  2	  	  	  -‐x+1/2,-‐y,z+1/2	  
	  	  	  3	  	  	  -‐x+1/2,y+1/2,z+1/2	  
	  	  	  4	  	  	  x,-‐y+1/2,z	  

{1|0,0,0}	  
{2001|1/2,0,1/2}	  
{m100|1/2,1/2,1/2}	  
{m010|0,1/2,0}	  

1	  x	  
2	  -‐x+1/2,-‐y,z+1/2	  
3	  x+1/2,-‐y,z+1/2	  
4	  -‐x,y,z	  

{1|0,0,0}	  
{2001|1/2,0,1/2}	  
{m010|1/2,0,1/2}	  
{m100|0,0,0}	  

Pmn21	  in	  standard	  se9ng	  

	  	  	  0	  	  	  1	  	  	  0	  	  	  	  1/4	  
	  	  -‐1	  	  	  0	  	  	  0	  	  	  	  1/4	  
	  	  	  0	  	  	  0	  	  	  1	  	  	  	  	  	  0	  

transforma;on	  to	  
standard	  seBng	  (-‐b,a,c;1/4,1/4,0)	  

What	  is	  a	  subgroup	  of	  a	  space	  group	  and	  how	  we	  define	  it:	  



62	  
5.8206	  8.1949	  5.8045	  90	  90	  90	  
4	  
Sr	  1	  4c	  0.524000	  0.250000	  0.004000	  
Zr	  1	  4a	  0.000000	  0.000000	  0.000000	  
O	  1	  4c	  -‐0.013000	  0.250000	  -‐0.069000	  
O	  2	  8d	  0.284000	  0.036000	  0.215000	  

SrZrO3	  	  	  Pnma	  (N.	  62)	  
031	  
8.194900	  5.820600	  5.804500	  90.000000	  90.000000	  
90.000000	  	  
7	  
Sr	   1	   2a	   0.000000	   0.274000	   0.004000	  
Sr	   1_2	   2a	   0.500000	   0.226000	   0.996000	  
Zr	   1	   4b	   0.250000	   0.750000	   0.000000	  
O	   1	   2a	   0.000000	   0.737000	   0.931000	  
O	   1_2	   2a	   0.500000	   0.763000	   0.069000	  
O	   2	   4b	   0.214000	   0.034000	   0.215000	  
O	   2_2	   4b	   0.714000	   0.466000	   0.785000	  

SrZrO3	  	  	  Pmn21	  (N.	  31)	  

Structure	  transformation	  to	  a	  lower	  symmetry	  

7	  free	  parameters	  
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Structure	  transformation	  to	  a	  lower	  symmetry	  

7	  free	  parameters	  

17	  free	  parameters	  



www.cryst.ehu.es 



Determine and explore online all possible symmetries that can result from the 
distortion of a parent structure of higher symmetry 



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 



Example : 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)

  Fm-‐3m(No.  225)

High-temperature phase Low-temperature phase 

Power diffraction 
experiments ? 

Orthorhombic structure 

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

ao     ≈  bo     ≈
aco
2

;      c𝑜     ≈  2a𝑐     ≈  2a𝑐 

Possible symmetry (space group) of the detected low symmetry phase? 

phys.	  stat.	  sol.	  (b)	  243,	  2999	  (2006) 



Example : Fullerene-cubane crystal  

… 



Example : Fullerene-cubane crystal  

99 subgroups 



Example: Fullerene-cubane crystal 
Go back to the input page 

The list of 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: Fullerene-cubane crystal 

Go back to the input page 



Example: Fullerene-cubane crystal 

Graph showing the group-subgroup hierarchy of these 20 subgroups 



Example : Fullerene-cubane crystal 

Tetragonal subgroups 

C centered orthorhombic 

The unit cell of the LS-phase is 
known to be primitive orthorhombic 

6 possible symmetries 



Example : Fullerene-cubane crystal  

The irreducible representations of the parent 
structure that are compatible with this specific 

symmetry for the distorted structure 

The symmetry break 
Fm-‐3m  ⟶  𝑃nmanma

can be realized through a 
Landau type phase transition 



Example : Fullerene-cubane crystal  



Example : Fullerene-cubane crystal 



Example: Fullerene-cubane crystal 

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) 

DT5 
Fm-‐3m⟶    Pnma  (−2c,  −1/2a  +  1/2b,  1/2a  −  1/2b;  0,1/4,  −1/4)

DT5 

Fm-‐3m  ⟶  Pmma  (−2c,  1/2a  +  1/2b,  1/2a  −  1/2b;  0,0,  1/2)



Example: Fullerene-cubane crystal 

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 (a single order parameter) 



Example: Fullerene-cubane crystal 

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  nma  and 𝑃mma  appear  mma  appear  

Landau-‐type	  possible	  symmetry	  breaks	  (one	  order	  parameter	  according	  to	  an	  irrep)	  

Pnma	   Pmma	  



Transforma3on	  of	  the	  set	  of	  opera3ons	  forming	  the	  
subgroup	  to	  standard	  se9ng	  of	  the	  space	  group	  	  	  	  

TRANSTRU 

Structure	  transformation	  to	  a	  lower	  symmetry	  



TRANSTRU is now linked directly with SUBGROUPS! 

Pnma	  
Pmma	  



2011	  

This	  example	  was	  already	  in	  one	  of	  our	  tutorials	  	  from	  2010:	  	  

(can	  be	  downloaded	  from	  the	  BCS	  but	  obsolete)	  



2011	  

This	  example	  was	  already	  in	  one	  of	  our	  tutorials	  	  from	  2010:	  	  

(can	  be	  downloaded	  from	  the	  BCS	  but	  obsolete)	  





More Examples: 

More examples in the tutorial of SUBGROUPS that can be downloaded from the 
webpage of the program ... 


