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Example Pyrochlore: Twinned CsMgInF6

Cs

Mg/In

Friese, Gesland, Grzechnik; Z. Krist. 220 (2005), 614



  

Pyrochlore:  ABB’F6

Symmetry of the archetype structure

Space group No. 227: Fd-3m 
(origin choice 2, 1/8,1/8,1/8) 



  

F (x = 0.31)

B/B’
A

WYCKPOS



  

Raman and Infrared Investigations 
(Ayala et. al, Phys. Rev. B66, 2002, 214105)

WP: 8b, 16c, 48f

SAM



  

HKLCOND

hkl:         h+k=2n, h+l=2n, k+l=2n               F
0kl:         k+l=4n, k,l=2n                              d 
hhl:         h+l=2n                                           
h00:        h=4n                                              41 

WP 8b         hkl: h=2n+1 or h+k+l=4n
WP 16c       hkl: h=2n+1 or h,k,l=4n+2 or h,k,l=4n
WP 48f        hkl: h=2n+1 or h+k+l=4n

Reflection Conditions Fd-3m:



  

MAXSUBCsMgInF6: very weak reflections violating
 the reflection condition for the F-centered lattice: 

the correct space group is probably a subgroup of Fd-3m



  

Fd-3m                          I41/amd 
Reflections u,u,u         u,e,u  or  e,u,u        h+k+l=2n     
Reflections e,e,e          u,u,e                       h+k+l=2n 
Reflections u,u,e         u,e,e or e,u,e           h+k+l=2n+1
                                                                   forbidden!

Reflection condition 
for I-centered lattice:
h+k+l=2n

The maximal 
subgroups are no 

options, 
as the reflections 
violating the F-
centered lattice 

are forbidden also 
in all the maximal 

subgroups!

MAXSUB



  

CELLSUB

46 k-subgroups with index k=2 and variable t-index,

Choosing the ones with low t-index (t=2 or t=3)

Subgroup indices

   number of the symmetry operation of the point group of H
    number of the symmetry operation of the point group of G

    volume of H x number of centering operation of G
    volume of G x number of centering operations of H

t =

k =

Observation: very weak reflections violating
the reflection condition for the F-centered lattice 

The k-subgroups are the important ones!



  

CELLSUB



  

SUBGROUPGRAPH



  

SUBGROUPGRAPH



  

SUBGROUPGRAPH



  

t=3 or t=2

t=2 or t=3

k=2

Loss of 3-fold axis or inversion center

Loss of inversion center
 or 3-fold axis

Loss of centering 
operation

SUBGROUPGRAPH



  



  

SUBGROUPGRAPH



  

t=3

t=2

k=2

Loss of 3-fold axis

Loss of 4-fold axis

Loss of centering
 operation

SUBGROUPGRAPH



  

Subgroups of Fd-3m with  t=6 and  k=2
Six tetragonal subgroups:

P-4n2   P-4m2   P43212    P4322   P41212   P4122

Four orthorhombic subgroups:

Pmna    Pnma    Pnna    Pmma

Lattice parameter: 
a = 7.5285(1),b = 7.5285(1),c = 10.6459(1) Å

α= β = γ = 90º

For both tetragonal and orthorhombic system 
one has to take into account 6 twin domains



  

SUBGROUPGRAPH



  

Matrix I

Matrix II

Matrix III

Matrix IV

Matrix V

Matrix VI

Twin Matrix I = Identity Matrix

Matrix I x Twin Matrix II = Matrix II

Matrix I x Twin Matrix III = Matrix III

Matrix I x Twin Matrix IV= Matrix IV

Matrix I x Twin Matrix V= Matrix V

Matrix I x Twin Matrix VI= Matrix VI

Transformation Matrices: Fd-3m ----Pnma



  

Can be excluded 
due to violations 
of extinction rules



  

Reflections 
violating the
 I-centering 

(F-centering in the 
cubic setting)



  

WYCKSPLIT



  

WYCKSPLIT



  

WYCKSPLIT



  

Archtype structure               Transformed Refined
         Fd-3m       Pnma    Pnma

F1 (48f)                      →  0.815, 0.065, 0.875    →  0.313,0.055, 0.868   =F1
                                   →  0.685, 0.435, 0.625    →  0.199, 0.440, 0.622  =F2
0.31, 1/8, 1/8              →  0.0,     0.25,   0.006    →  0.493. 0.250, 0.071  =F3
                                   →  0.5,     0.25,   0.81      →  0.008, 0.250, 0.813  =F4
B/B’(16c)                   →  0.5,     0.0,     0.5        →  0.0,     0.0,     0.5       =In1/Mg1
0,0,0                           →  0.75,   0.25,   0.75      →  0.255, 0.25,   0.75     =In2/Mg2
A(8b)                          →  0.0,     0.25,   3/8       →  0.498,  0.25,   0.378   =Cs   
3/8, 3/8, 3/8

Origin shift ½,0,0
Pnma (transformed) → Pnma (refined)

WYCKSPLIT



  

EQUIVSTRU



  

EQUIVSTRU



  

EQUIVSTRU



  

Diffraction pattern

subgroup relations
→ possible space 
groups and 
corresponding twin 
domain structures

Trial refinements 
in different space 
groups
 
Final model

Pseudosymmetry 
analysis



  

PSEUDO



  

PSEUDO



  

PSEUDO



  

PSEUDO



  

PSEUDO



  

PSEUDO



  

PSEUDO



  



  

Crystal-chemical relationships



  

Representatives
RbMgNiF6, RbNiCoF6, RbCoCrF6,

RbNiCrF6, CsNiAlF6, CsNiFeF6,

NH4CoAlF6

_______

RbNiNiF6, CsNiNiF6, CsCuCuF6

KCuAlF6, RbPdAlF6, CsAgFeF6,

CsAgAlF6, CsPdAlF6, NH4CoAlF6



  

Exercise 1: KCuCrF6

Space group P21/c

Lattice parameter: 
a = 7.256 Å, b = 9.933 Å, c = 6.750Å, β = 92.61º

                       x            y             z
Cu 1  4e     0.2534   0.2660    0.8172
Cr 1  2b      0.5         0             0  
Cr 2  2a      0            0             0 
K 1   4e      0.2429    0.8844    0.4956
F 1   4e       0.9811    0.1663    0.8726
F 2   4e       0.5068    0.8239    0.1041
F 3   4e       0.2475    0.3290    0.0783
F 4   4e       0.7531    0.0183    0.0799
F 5   4e       0.0732    0.0851    0.2412
F 6   4e       0.5560    0.5649    0.2499



  

How many twin domains would 
you expect to form in this compound?

Is the structure of KCuCrF6 related to the
 pyrochlore structures?

If yes, what is the relationship?

Exercise 1:



  

Exercise 2:

Compare the pseudosymmetry of  CsMgInF6, 
 CsPdAlF6 and CsNiNiF6 with respect to space 

group Fd-3m.

If you disregard the disorder on the B/B’-site, which of 
the three structures 

has the highest pseudosymmetry?



  

Exercise 3: Group-subgroup relations in the 
Pyrochlore family 

Looking at the group subgroup relationships 
in the fluoride pyrochlore family,

it is striking that there are no compounds 
crystallizing in space group I41/amd.

Can you find an explanation?



  

Exercise 4: Twinning in Ag4Mn3O8

Ag4Mn3O8 is a Ag ionic conductor. It crystallizes
 in space group P3121 with lattice parameter 
a=12.5919(1) and c=15.4978(1)Å.

The investigated crystal is a fourfold twin.

Can you find a relationship between the crystal 
structure and the formation of twins?
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