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STRUCTURE  TOOLS 



Structure Databases 





CIF core dictionary
CIF dictionary for modulated 

structures

JSMol interactive visualization
(Robert M. Hanson, Northfield, 

MN)



MAGNDATA: collection of magnetic structures

JSMol interactive visualization
(Robert M. Hanson, Northfield, MN)

supported by: 
ISODISTORT, VESTA, 

JMol, JANA2006, 
FullProf



I41/amd1’

Fd’d’d

k=(0,0,0)
k maximal
symmetry

(-a+b, c,a+b;1/2,1,1/2)

MAGNDATA: 
collection of magnetic structuresNiCr2O4 (#0.4)



Material tensors for systems 
of point-group symmetryProblem: TENSOR

Equilibrium, optical,
transport material tensors 

of rank ≤ 8

Symmetry-adapted tensor 
forms for symmetry-related

domain states



Example: MTENSOR

MTENSOR  

Magnetoelectric tensor: 

Magnetoelectric
tensor

TENSOR Example: 



STRUCTURE UTILITIES

http://www.cryst.ehu.es


ITA-settings for the space group C2/c (No.15)

ITA SETTINGS STRUCTURE 
DESCRIPTIONS SETSTRUProblem:

initial setting
structure description

final setting
structure description

Xf=(P,p)-1Xi

Bilbao Crystallographic Server



UNIT CELL 
TRANSFORMATION

CELLTRANProblem:

lattice parameters
hexagonal cell

lattice parameters
monoclinic cell Transformation 

matrix 
(P,p)

G´=PTGP

Bilbao Crystallographic Server



STRUCTURE 
TRANSFORMATION TRANSTRUProblem:

default 
settingsasymmetric 

unit 

subgroup
basis

arbitrary 
transformation

Bilbao Crystallographic Server



Description
R-3m (166)

Example TRANSTRU: Pb3(VO4)2

Description
P21/c (14)

(P,p)
Validity (P,p)

WP 
splittings

Bilbao Crystallographic Server



EXERCISES Problem 2.1

Structure 1: Space group I41/amd (141) a=6.60 Å Åc=5.88
origin choice 1 at ̄4m2

Structure 2: Space group I41/amd (141) a=6.616 Å Åc=6.015

origin choice 2  4̄m22/m at 0,-1/4,1/8 fromat

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

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:

O(2)=O(1)+p,    p=0,-1/4,1/8

Use the tool SETSTRU



Pm-3m (221)

1a (0,0,0)

1b (1/2,1/2,1/2)

1b (1/2,1/2,1/2)

1a (0,0,0)

CsCl

EQUIVALENT 
DESCRIPTIONS EQUIVSTRUProblem:

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



Example CsCl:    EQUIVSTRU



Different descriptions of 
the same structure 

Two descriptions of the same structure with respect to the 
same space group, specified by unit-cell parameters and 
atomic coordinates data. 

Search for a mapping of the two descriptions such that the 
global distortion accompanying the mapping is tolerably small. 

Description 2

G
standard 

symmetry
controlled
mapping

most similar
configuration

global
distortion of
the mapping

PROBLEM:

G
standard 

Description 1

G
standard 

(Description 2)1

Lattice deformation 
Atomic displacement 

field 

affine 
normalizer

COMPSTRU

⎬ ⎫⎭

COMPSTRU



Description 1
a1,b1,c1

(x1,y1,z1)

Problem:

How to measure the similarity 
between two descriptions ? 

degree of lattice 
distortion

Similarity of the descriptions

Description 2
a2,b2,c2

(x2,y2,z2)

S =
1

3

sX

i

�2i

maximal atomic 
displacements

average atomic 
displacements

   -eigenvalues of 
the Lagrangian 
strain tensor 

⌘i

   -atomic 
displacements 
ui

maximal displacements of 
the paired atoms

dav =
1

n

X

i

miui



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

Description 1
a1,b1,c1

(x1,y1,z1)

Problem:

How to measure the similarity 
between two descriptions ? 

structural
descriptor

weighted mean
difference between 
atomic coordinates relation between 

axial ratios

Similarity of the descriptions

Description 2
a2,b2,c2

(x2,y2,z2)



COMPARISON OF 
STRUCTURES COMPSTRUProblem:

structure 2

tolerances

structure 1

default 
settings



Example COMPSTRU: Pb3(PO4)2

affine + Euclidean
normalizers

structural   
descriptor � = 0.066

JSMol interactive visualization
(Robert M. Hanson, Northfield, MN)



COMPARISON OF 
STRUCTURE 
DESCRIPTIONS

COMPSTRU
Problem:

Problem 2.2

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.



ICSD data for ε-Fe2O3,Problem 2.2



Allmann, Hinek.  Acta Cryst.(2007), A63, 412

Isoconfigurational 
Structure TypesProblem: COMPSTRU

isoconfigurational 
structure types?

Isopointal 
structure types 

Space group
Wyckoff position  

      sequence
Pearson symbol

Isoconfigurational 
structure types 

Composition type
(ANX formula)
Range of c/a ratio
β-range

Atomic coordinates

Lima-de Faria et al.  Acta Cryst.(1990), A46, 1

Inorganic Crystal Structure Database (2009) 
http://icsdweb.fiz-karlsruhe.de

Chemical properties

Crystallographic orbits 

Geometrical interrelationships 

Isopointal 

si
m

ila
r

(crystal system, centring type, total number 
of atoms in the unit cell) 

http://icsdweb.fiz-karlsruhe.de/


Consider two isopointal structures specified by their space-
group symmetry, unit-cell parameters and atomic 
coordinates data. 
We search for a mapping of the two structures such that 
the global distortion accompanying the mapping is tolerably 
small. 

Structure 2

symmetry
controlled
mapping

Lattice deformation 
Atomic displacement 

field 

most similar
configuration

Structure 1(Structure 2)1

global
distortion of
the mapping

PROBLEM:

G
standard 

G
standard G

standard 

Isoconfigurational
(configurationally isotypic) Structure Types

atomic species 
correspondence 

scheme

COMPSTRU

⎬ ⎫⎭



BaSnF6BaIrF6KAsF6

Do these compounds belong to the 
same structure type ?

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

Problem: Isoconfigurational 
StructureTypes COMPSTRU

EXERCISES Problem 2.3



Example: STRUCTURE TYPES COMPSTRU

STUDY  OF  THE  FAMILY  ABF6



Example:

STUDY  OF  THE  FAMILY  ABF6

STRUCTURE TYPES COMPSTRU

Reference structure: 
CaCrF6

MnPtF6 NiPtF6 NiRhF6
0.1282 0.1802 0.2005

BrIrF6CsBrF6 CsUF6

1.0731 1.1397 1.4067

maximal 
distance Δ[Å]

Type: LiSbF6

Type: KOsF6



SOLID-STATE APPLICATIONS



Structure Relationships 

Wyckoff positions 
schemes

High-
symmetry 

phase

G 

symmetry
controlled
mapping

affine
transformation

Lattice deformation 
Atomic displacement 

field 

most similar
configuration

Low-
symmetry 

phase

H (G)H 

(High-symmetry 
phase)Low

global
distortion of
the mapping

G > H 
relationship

PROBLEM:

STRUCTURE  RELATIONS

⎬ ⎫⎭

Consider two phases of the same compound (specified by 
their unit-cell parameters and atomic coordinates) with 
group-subgroup related symmetry groups G>H 
Search for a mapping of the two structures such that the 
global distortion accompanying the mapping is tolerably small. 



High-symmetry phase

Low-symmetry phase

STRUCTURE RELATIONS 

(High-symmetry phase)P41212

Lattice deformation 
Atomic displacement field 

Symmetry-controlled mapping

Global distortion

Cristobalite phase transition

Fd-3m

P41212

(P,p)=



Lead phosphate Pb3(PO4)2 shows a phase transition from a 
paraelastic high-temperature phase with symmetry R-3m (No.
166) to a ferroelastic phase of symmetry C2/c (No.15). 
 

Using the structure data given in the ExerciseData file and 
the tools of the Bilbao Crystallographic Server: 

(i)characterize the symmetry reduction between the high- and 
low-symmetry phases (index, graph of maximal subgroups, 
etc.);

(ii)describe the structural distortion from the rhombohedral 
to the monoclinic phase by the evaluation of the lattice strain 
and the atomic displacements accompanying the phase 
transition. 

Lead phosphate phase transitionProblem 2.4



distortion mode = Amplitude x polarization vector

e2

e3

e4

e1

 u(atoms) = Q  e 

polarization vectoramplitude

e =  ( e1 ,e2 ,e3 ,e4 )

Description of a “mode”: 

normalization: |e1|2 + |e2|2 + |e3|2 + 2 |e4|2 =1
(within a unit cell)

AMPLIMODES  calculates the amplitudes and polarization vectors of 
all distortion modes with different symmetries (irreps) frozen in a 
distorted structure.

comparison of amplitudes of  
different “frozen” distortion modes

SYMMETRY-MODE 
ANALYSIS AMPLIMODESProblem:

High-Symmetry 
Structure 

G 

Distorted 
Structure  

H
“frozen” 
modes+ =



I4/mmm (139)

Cmc21 (36)

[i]=[8]

Sr: 2a

Ta: 4e

Bi: 4e

O1: 2b

O2: 4e

O3: 4d

O4: 8g

G

H

Initial data:

Phase transitions in SrBi2Ta2O9 (SBT)

High-
temperature 
prototype

Low-
temperature
ferroelectric

Group-theoretical 
analysis

AMPLIMODES

(P,p)=



Sr: 2a

Ta: 4e

Bi: 4e

O1: 2b

O2: 4e

O3: 4d

O4: 8g

I4/mmm (139) Cmc21 (36)

⎛

⎝

0 1 −1
1

4

0 1 1
1

4

1 0 0 0

⎞

⎠

⎛

⎝

0 1 −1
1

4

0 1 1
1

4

1 0 0 0

⎞

⎠

⎛

⎝

0 1 −1
1

4

0 1 1
1

4

1 0 0 0

⎞

⎠

Sr: 2a

Ta: 4e

Bi: 4e

O1: 2b

O2: 4e

O3: 4d

O4: 8g

Sr: 4a

Ta: 8b

Bi: 8b

O1: 4a

O2: 8b

O3: 8b

O4: 8b

O5: 8b

Example: SrBi2Ta2O9 (SBT)

AMPLIMODES

Structural data          Global distortion

(a,b, c)H = (a,b, c)G

⎛

⎝

0 1 1
0 −1 1
1 0 0

⎞

⎠



I 4/mmm

Fmmm

Fmm2 Cmcm Cmca

Cmc21

Eu
X

+
2

X
−

3
Three types of 

contributions to the 
global distortion 

Eu

X
−

3

a
cb

X
+
2

X
+
2

⎧

⎪

⎪

⎪

⎨

⎪

⎪

⎪

⎩

{Distortion} = QEu
(Eu) + Q

X
+

2
(X+

2 ) + Q
X

−

3
(X−

3 )

At least two modes for  
breaking the symmetry  

to Cmc21

Coupled order 
parameters

0.8970  Å0.2603 Å0.6134 Å

AMPLIMODESExample: SrBi2Ta2O9 (SBT)



Search for a structure of space-group symmetry G, 
supergroup of H, such that:

Structure 

G 
Structure  

H
small  
(symmetry-breaking)  
distortion+=

Problem: PSEUDOSYMMETRY 
SEARCH

PSEUDO

phase transition



Applications: 

Search for ferroic materials
-new ferroelectrics
-new ferroelastics

Detection of false symmetry assignments 
(overlooked symmetry)

Prediction of the symmetry and structure of 
some other phase of a material

Prediction of phase transitions

Space-group determination of theoretically 
determined structure (e.g. ab initio calculations)

Determination of an optimised virtual parent structure 
(paraphase)

PSEUDO



Structural Pseudosymmetry 

Wyckoff positions 
schemes

Initial
low-symmetry 

phase

G 

symmetry
controlled
relationship

affine
transformation

Lattice deformation 
Atomic displacement 

field 

most similar
configuration

Idealized 
high-symmetry 

phase

S (G)S 

(Low-symmetry 
phase)High

global
distortion of

the pseudo-relation
G < S 

relationship

PROBLEM:

PSEUDO

⎬ ⎫⎭

Given the initial structure specified by  space-group 
symmetry G its unit-cell parameters and atomic coordinates

Search for a structure of space-group symmetry S>G 
such that the initial structure can be described by the 
high-symmetry structure with tolerably small distortion  



ATOMIC DISPLACEMENTS METHOD

G = H + myH

Maximal distance between all compatible atom pairings

d
G

y

g = my

So St = mySo S

∆
G
my

x

H G

Asumption: 
The high symmetry phase is described by a 
supergroup of the  initial space group.

G = H + g2H + · · · + gmH

PSEUDO:



Problem 2.5 (i)EXERCISES

Analyse the structural pseudosymmetry of Pb2MgWO6

#(Pb2MgWO6:Pseudo1)
# Space Group ITA number
62
# Lattice parameters
11.4059 7.9440 5.6866 90.00 90.00 90.00
# Number of independent atoms in the asymmetric unit
8
# [atom type] [number] [WP] [x] [y] [z]
Pb    1   8d    0.1422 0.0032 0.7804                    
Mg    1   4c    0.3772 0.25 0.7519                      
W     1   4c    0.1161 0.25 0.2577                      
O     1   8d    0.1314 0.4907 0.2365                    
O     2   4c    0.0027 0.25 0.0133                      
O     3   4c    0.0103 0.25 0.4991                      
O     4   4c    0.237 0.25 -0.0153                      
O     5   4c    0.2491 0.25 0.4745

Option 1: Search of maximal pseudosymmetry 
stepwise ‘climbing’ via minimal supergroups



Structural pseudosymmetry of Pb2MgWO6

Graph of 
minimal supergroups

-transformation 
matrices (P,p)i

-maximal 
displacements

each step is 
characterized by:



Problem 2.5 (ii)EXERCISES

Analyse the structural pseudosymmetry of Pb2MgWO6

Option 3: Search of structural pseudosymmetry 
with respect to specific supergroup

Fm-3m

I4/mmm

Immm

Pmmn

Pnma
(P,p)1

(P,p)2

(P,p)3

(P,p)4

(P,p)1

Fm-3m

Pnma

(P,p)

(P,p)=(P,p)4(P,p)3(P,p)2(P,p)1

P=a-b,c,-1/2a-1/2b

p=1/2,1/4,1/4



Search for  ferroelectrics
(as pseudosymmetric structures)

Problem:

Two necessary conditions for a structure to be 
ferroelectric: 

•  Polar symmetry group (it should allow non-zero polarization) 
•  Pseudosymmetry with respect to a non-polar symmetry group (the 

polar distortion should be small and “multistable”) 

BaHgS2Pna21 Pbam
(max. displacement 0.49 A)



Results

Binary Ternary Quaternary Total

Entries 39 202 223 464
Compounds 26 125 161 312
Pseudo. Entries 20 100 40 160
Pseudo. Compounds 12 66 36 114

Overlooked Sym. 7 30 9 46

Known Ferro. 1 14 4 19

Candidates? 1 13 4 18

Meeting Toulouse ➠ ➡➡ ➠ ✇ ■ ? ✖

Problem: Prediction of 
Pna21 ferroelectrics PSEUDO

ICSD (Inorganic Crystal Structure Database)



Problem 2.6 

The compound NaSb3F10 whose room-temperature phase 
is polar, space group P63, has been predicted to be 
ferroelectric. (For the structure data, see the Structure 
Data file.) The symmetries P6322 and P63/mmc had been 
proposed for two successive non-polar phases at high 
temperature.

Applying the pseudosymmetry approach confirm the 
predictions for the non-polar phases of NaSb3F10. Show 
that apart from P6322, there are two more appropriate 
candidates for the intermediate phases between the 
polar phase P63 and the non-polar one of maximal 
symmetry, P63/mmc.   
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