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Structure transformations

Equivalent structure descriptions

Comparison between different structure descriptions

Crystal structure descriptions

CRYSTAL-STRUCTURE TOOLS



www.cryst.ehu.es



www.cryst.ehu.es



CRYSTAL-STRUCTURE TOOLS

You can access to the material of this session:

You need to download:

- CrystalStructureTools.txt

http://www.cryst.ehu.es/resources/nancy2019/

http://www.cryst.ehu.es/resources/nancy2019/


STRUCTURE TRANSFORMATION



Crystal structure descriptions

What do we need to describe a crystal structure?

Space Group (ITA number)

Lattice parameters

Number of independent atoms in the asymmetric unit

Atom type and number

The Wyckoff position

The coordinates x, y, z

141
6.6164 6.6164 6.0150 90 90 90
3
Zr  1   4a    0.000   0.750   0.125
Si  1   4b    0.000   0.750   0.625
O  1   16h   0.000   0.067   0.198

BCS format



Non-standard setting

Initial setting

structure
description

Final setting
structure

description

Xf=(P,p)-1Xi

ITA settings structure descriptions

Inorganic Crystal
Structure Database

CaPbO3



CaPbO3

SETSTRU

CIF file

BCS format

ITA settings structure descriptions

http://www.cryst.ehu.es/cryst/setstru.html

CaPbO3

http://www.cryst.ehu.es/cryst/setstru.html


ITA settings structure descriptions

SETSTRU CaPbO3



ITA settings structure descriptions

SETSTRU CaPbO3



Origin choice 2 Origin choice 1

Exercise 3.1

ZrSiO4

Compare the two structure descriptions and check if they 

belong to the same structure type



Exercise 3.1

Structure 1

Structure 2

Space group I41/amd (No. 141) 
a=6.600 Å c=5.88 Å Origin choice 1 at -4m2

Compare the two structure descriptions and check if they belong
to the same structure type

Space group I41/amd (No. 141) 
a=6.616 Å c=6.015 Å Origin choice 2 at 2/m

Use the tool of Bilbao Crystallographic Server: SETSTRU

In order to compare the different data, the parameters of
Structure 1 are to be transformed to 'origin at center 2/m',
i.e. ORIGIN CHOICE 2

Hint:



Structure transformation

CIF file

BCS format

arbitrary transformation

subgroup basis

http://www.cryst.ehu.es/cryst/transtru.htmlTRANSTRU

Pb3(VO4)2

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


Structure transformation

Description
R-3m (No. 166)

Description
P21/c (No. 14)

(P,p)

Validity (P,p)

WP splitting

Pb3(VO4)2



Structure transformation

(P,p)=2/3a+1/3b+1/3c,b,-2a-b



Exercise 3.1 (cont.)

Apply the program TRANSTRU in order to check if the two structure
descriptions belong to the same structure type

Structure 1

Structure 2

Space group I41/amd (No. 141) 
a=6.600 Å c=5.88 Å Origin choice 1 at -4m2

Space group I41/amd (No. 141) 
a=6.616 Å c=6.015 Å Origin choice 2 at 2/m

Origin choice 2 Origin choice 1
Coordinate

transformation
p=0,1/4,-1/8



EQUIVALENT STRUCTURE
DESCRIPTIONS



CsCl
Pm-3m (No. 221)

How to find all possible equivalent descriptions of a crystal structure?

1a (0,0,0)
1b (1/2,1/2,1/2)

1b (1/2,1/2,1/2)
1a (0,0,0)

Number of equivalent descriptions = |N(G)|/|G|

Index of the group in its Euclidean normalizer

Equivalent structures descriptions



http://www.cryst.ehu.es/cryst/equivstru.htmlEQUIVSTRU

CIF file

BCS format

Equivalent structures descriptions

CsCl

http://www.cryst.ehu.es/cryst/equivstru.html


Equivalent structures descriptions



How many equivalent sets of coordinates can be used to describe
the structure P(C6C5 )4 [ MoNCl4 ]? What are their coordinates?

Exercise 3.2(b)



Exercise 3.3

Do the following three structures belong to the same structure type?
Try to find analogous coordinate descriptions for all three crystal structures

KAsF6 BaIrF6

BaSnF6

R-3 (No. 148)            4 equivalent descriptions: x,y,z; x,y,z+1/2; y,x,-z; y,x,-z+1/2

148
7.3480 7.3480 7.2740 90.00 90.00 120.00
3
K    1   3b    0.333333 0.666666 0.166666                 
As   1   3a    0 0 0                                   
F     1   18f   0.1292 0.2165 0.1381

148
7.3965 7.3965 7.2826 90.00 90.00 120.00
3
Ba    1   3b    0.333333 0.666666 0.166666                                 
Ir 1   3a    0 0 0                                   
F     1   18f   0.0729 0.2325 0.1640

148
7.4279 7.4279 7.4180 90.00 90.00 120.00
3
Ba    1   3a    0 0 0                                   
Sn    1   3b    0 0 0.5                                 
F     1   18f   0.2586 0.8262 0.0047



COMPARISON OF STRUCTURES



The program measures the similarity between two structures with
the same or different compositions:

Description 2 (Description 2)
1

Description 1

G
standard

G
standard

symmetry
controlled
mapping

global distortion
of the mapping

most similar 
configuration

affine
normalizer

lattice deformation
atomic displacement field

G
standard

- same space-group (or space groups that form an enantiomorphic pair)

- same sequence of the occupied Wyckoff positions

- the same total number of atoms in the unit cells

Comparison of structures



How to measure the similarity between two descriptions ?

degree of lattice
distortion

ηi-eigenvalues of the Lagrangian
strain tensor

average atomic
displacements

maximal atomic
displacements

maximal displacements of the paired atoms

ui atomic displacements

Comparison of structures



How to measure the similarity between two descriptions ?

Bergerhoff et al. Acta Cryst.(1999), B55, 147

structural
descriptor

weighted mean difference
between atomic coordinates

relation between
axial ratios

Comparison of structures



CIF file

CIF file

BCS format

BCS format

Tolerance

Standard setting

COMPSTRU http://www.cryst.ehu.es/cryst/compstru.html

Comparison of structures

Pb3(PO4)2

http://www.cryst.ehu.es/cryst/compstru.html


Description of Structure #2 in the most similar 
configuration to Structure #1

(P, p): -a,-b,3a+c ; 1/4,1/4,0

Comparison of structures

Pb3(PO4)2



Comparison of structures

Visualization of the comparison
Pb3(PO4)2



Exercise 3.4

In ICSD can be found several structure data sets of ε-Fe2O3, all of them of

symmetry Pna21(No.33). Compare the following two descriptions and check

if they belong to the same structure type.



Do these compounds belong to the same structure type ?

Exercise 3.3 (cont)

KAsF6 BaIrF6

BaSnF6

Koch, Fischer. MathCryst Satell., ECM22, Budapest 2004



Comparison of structures

STUDY OF THE FAMILY ABX3

R-3 (148);WP sequence: fc2; Pearson: hR10

Bergerhoff
(structure descriptor)

Bilbao Server
(global distortion)


