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Crystal structure description

What type of information is necessary to describe a crystal structure?

• Space Group

• Lattice parameters

• The number of independent atoms in the asymmetric unit

• The atom type and the coordinates

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
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Standard setting

The settings of space groups hat coincide with the conventional space-

group descriptions found in Volume A of International Tables for

Crystallography. For space groups with more than one description, the

following settings are chosen as standard:

• Unique axis b and cell choice 1 for monoclinic space groups

• Hexagonal axes for rhombohedral space groups

• Origin choice 2 (origin at ത1) for centrosymmetric space groups listed with 

two origin choices

What can I do if my structures are described in a non-

standard setting?
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Example – Structure transformation

Transform the crystal structure of manganese trifluoride MnF3, described in

the space group 𝐼12/𝑎1 (No. 15), to its standard setting 𝐶12/𝑐1 taking into

account that the transformation matrix (𝑷, 𝒑) = −𝒂 − 𝒄, 𝒃, 𝒂; 0,0,0

15 

5.5017 5.0270 7.2619 90 92.814 90 

3 

Mn 1   4d   0.250000   0.250000   0.250000 

F     1    8f   0.072200  -0.038000   0.305700 

F     2    4e   0.250000   0.136000   0.000000 

Initial Setting: 𝐼12/𝑎 (No. 15)

Final Setting: 𝐶12/𝑐1 (No. 15)

−𝒂 − 𝒄, 𝒃, 𝒂

(𝑷, 𝒑)

1) Transform the unit cell parameters

2) Transform of the atomic coordinates
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Example – Structure transformation

Calculate the metric tensor 𝑮

𝑮 =

𝑎2 𝑎𝑏 𝑐𝑜𝑠𝛾 𝑎𝑐 𝑐𝑜𝑠𝛽

𝑎𝑏 𝑐𝑜𝑠𝛾 𝑏2 𝑏𝑐 cos 𝛼

𝑎𝑐 𝑐𝑜𝑠𝛽 𝑏𝑐 cos 𝛼 𝑐2
⟹ 𝑮 =

30.268703 0 −1.961435
0 25.270726 0

−1.961435 0 52.735192

Initial Setting: 𝐼12/𝑎 (No. 15)

5.5017 5.0270   7.2619   90   92.814   90 

𝑎 𝑏 𝑐 𝛼 𝛽 𝛾

1) Transform the unit cell parameters
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Example – Structure transformation

Transform the unit cell parameters to the standard setting

Initial Setting: 𝐼12/𝑎 (No. 15)

5.5017 5.0270   7.2619   90   92.814   90 

𝑎 𝑏 𝑐 𝛼 𝛽 𝛾

𝑮′ = 𝑷𝑇 ∙ 𝑮 ∙ 𝑷

𝑮′ =
79.081024 0 −28.307267

0 25.270726 0
−28.307267 0 30.268703

Final Setting: 𝐶12/𝑐1 (No. 15)

𝑷 =
ത1 0 1
0 1 0
ത1 0 0

8.8928   5.0270   5.5017   90   125.35   90 

𝑎 𝑏 𝑐 𝛼 𝛽 𝛾

1) Transform the unit cell parameters

=
ത1 0 ത1
0 1 0
1 0 0

30.268703 0 −1.961435
0 25.270726 0

−1.961435 0 52.735192

ത1 0 1
0 1 0
ത1 0 0
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Example – Structure transformation

Mn 1   4d   0.250000   0.250000   0.250000 

F 1    8f   0.072200  -0.038000   0.305700 

F     2    4e   0.250000   0.136000   0.000000 

𝑷 =
ത1 0 1
0 1 0
ത1 0 0

⟹ 𝑷−𝟏 =
0 0 ത1
0 1 0
1 0 ത1

𝑥′ =
0 0 ത1
0 1 0
1 0 ത1

0.25
0.25
0.25

=
−0.25
0.25
0 Final Setting: 𝐶12/𝑐1 (No. 15)

𝑥′ =
0 0 ത1
0 1 0
1 0 ത1

0.0722
−0.038
0.3057

=
−0.3057
−0.038
−0.2335

𝑥′ =
0 0 ത1
0 1 0
1 0 ത1

0.25
0.136
0

=
0

0.136
0.25

Mn 1 -0.250000    0.250000    0.000000

F     1   -0.305700   -0.038000   -0.233500

F     2     0.000000     0.136000    0.250000

Mn

F1

F2
WP?

2) Transform of the atomic coordinates 𝒙′ = 𝑷−1𝒙
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Example – Structure transformation

Mn 1 -0.250000   0.250000    0.000000

F     1   -0.305700   0.038000   -0.233500

F     2     0.000000   0.136000    0.250000

4d

8f

4e

15 

5.5017 5.0270 7.2619 90 92.814 90 

3 

Mn 1   4d   0.250000   0.250000   0.250000 

F     1    8f   0.072200  -0.038000   0.305700 

F     2    4e   0.250000   0.136000   0.000000 

Initial Setting: 𝐼12/𝑎 (No. 15) Final Setting: 𝐶12/𝑐1 (No. 15)

(𝑷, 𝒑)

15

8.8928 5.0270 5.5017 90 125.35 90 

3

Mn 1 4d   -0.250000   0.250000    0.000000

F     1   8f    -0.305700   0.038000   -0.233500

F     2    4e     0.000000   0.136000    0.250000
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Transformation between different structure descriptions
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ITA setting structure description

To transform a structure described in a ITA-setting into another ITA-setting

https://www.cryst.ehu.es/cryst/setstru.htmlSETSTRU

CIF file

BCS format

https://www.cryst.ehu.es/cryst/setstru.html
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ITA setting structure description

15 

5.5017 5.0270 7.2619 90 92.814 90 

3 

Mn 1   4d   0.250000   0.250000   0.250000 

F     1    8f   0.072200  -0.038000   0.305700 

F     2    4e   0.250000   0.136000   0.000000 

Initial Setting: 𝐼12/𝑎 (No. 15)

Final Setting: 𝐶12/𝑐1 (No. 15)
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ITA setting structure description

This data is only calculated by the program if the final 

setting corresponds to the standard 
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Scheelite (CaWO4) is a mineral that crystallizes in the space group

𝐼41/𝑎 (No. 88). In the Inorganic Crystal Structure Database the

following two descriptions of CaWO4 can be found:

# (a) Origin choice 1

# ICSD: 15869

88

5.243 5.243  11.376  90  90  90

3

Ca 1 4b     0.0000  0.0000  0.5000

W 1 4a 0.0000 0.0000 0.0000

O 1   16 f 0.2413  0.1511  0.0861

# (b) Origin choice 2

# ICSD: 15586

88

5.243  5.243  11.376  90  90  90

3

Ca 1   4b     0.0000  0.2500   0.6250

W 1 4a 0.0000 0.2500 0.1250

O   1   16 f 0.1504  0.0085  0.2111

Compare the two structure descriptions

In order to compare the different data, the parameters of Structure (a) are to be transformed

to 'origin at center 2/m', i.e. ORIGIN CHOICE 2
Hint:
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Example – Scheelite
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# Structure 1 – origin 1

88

5.243 5.243  11.376  90  90  90

3

Ca 1 4b     0.0000  0.0000  0.5000

W 1 4a 0.0000 0.0000 0.0000

O 1   16 f 0.2413  0.1511  0.0861

# Structure 1 – origin 2

88

5.2430 5.2430 11.3760 90  90  90

3 

Ca 1   4b 0.0000  -0.2500   0.375000 

W  1   4a 0.0000  -0.2500  -0.125000 

O   1   16f 0.2413  -0.0989  -0.038900 

# Structure 2 – origin 2

88

5.243  5.243  11.376  90  90  90

3

Ca 1   4b     0.0000  0.2500   0.6250

W 1 4a 0.0000 0.2500 0.1250

O   1   16 f   0.1504  0.0085  0.2111

SETSTRU
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Structure transformation

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

To transform a structure described in standard setting to a lower symmetry 

space group or with an arbitrary matrix

CIF file

BCS format

https://www.cryst.ehu.es/cryst/transtru.html
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Structure transformation – arbitrary matrix

Transformation

matrix (𝑷, 𝒑)

Input 

structure
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https://www.cryst.ehu.es/cryst/transtru.htmlTRANSTRU

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

https://www.cryst.ehu.es/cryst/transtru.html
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Structure transformation – lower symmetry

Input 

structure

Transformation

matrix (𝑷, 𝒑)
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Output – TRANSTRU
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Structure transformation – CIF2Standard 

Transform a given structure (in CIF format) to its description in the standard setting

CIF file

CIF2Standard https://www.cryst.ehu.es/cryst/cif2standard.html

https://www.cryst.ehu.es/cryst/cif2standard.html


Institute of Applied Geoscience

Division Technical Petrophysics

22 Dr. Gemma de la Flor Martin – Bilbao Crystallographic Server05.09.2022

Structure transformation – CIF2Standard 

Download CIF file

(standard setting)

Transform structure

(standard setting)
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Equivalent crystal structure descriptions

There are almost always several possible ways to describe the exactly

same crystal structure

How many equivalent descriptions of the structure CsCl exist?

Space group 𝑃𝑚ത3𝑚 (No. 221)

Cs   1a   0    0   0

Cl   1b   0.5 0.5 0.5

Cs   1b   0.5 0.5 0.5

Cl   1a    0    0   0
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Equivalent crystal structure descriptions

For all space groups, except 𝐼𝑚ത3𝑚 𝑁𝑜. 229 and 𝐼𝑎ത3𝑑 𝑁𝑜. 230 , one

can choose several different sets of atomic coordinates describing the

same structure in the same space-group setting.

The number of equivalent descriptions can be calculated:

By definition, i cosets result in the coset decomposition of 𝑁𝜀 𝐺 with

respect to 𝐺. The cosets generate the different equivalent descriptions

of a given structure

𝑖 =
|𝑁𝜀 𝐺 |

|𝐺|

𝑁𝜀 𝐺 represents the Euclidean normalizer of the space group G
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Example – CsCl

CsCl crystallizes in space group 𝑃𝑚ത3𝑚 (No. 221)

As 𝑖 = 2 ⇒ there are two possible sets of coordinates

One set of cordinates is obtained from the other one according to the

additional generators of 𝑁ℇ 𝐺
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Example – CsCl

CsCl crystallizes in space group 𝑃𝑚ത3𝑚 (No. 221)

𝑡(1/2,1/2,1/2)Cs   1a   0    0   0

Cl   1b   0.5 0.5 0.5

Cs   1b   0.5 0.5 0.5

Cl   1a    0    0   0
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Equivalent crystal structure descriptions

CIF file

BCS format

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

https://www.cryst.ehu.es/cryst/transtru.html
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EQUIVSTRU – Output 
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#ICSD: 59413

148

7.348 7.348 7.274 90. 90. 120.

3

K   1   3b   0.333333    0.666670   0.166670

As 1   3a    0.000000   0.000000    0.000000

F   1  18f    0.129200   0.216500   0.138100

#ICSD: 33788

148

7.4279 7.4279 7.418 90. 90. 120.

3

Ba  1    3a    0.000000   0.000000   0.000000

Sn  1    3b    0.000000   0.000000   0.500000

F    1   18f    0.258600   0.826200   0.004700

𝑅ത3 (No. 148) ⟹ 4 equivalent descriptions: 𝑥, 𝑦, 𝑧; 𝑥, 𝑦, 𝑧 + 1/2; 𝑦, 𝑥, −𝑧; 𝑦, 𝑥, −𝑧 + 1/2

KAsF6
BaSnF6

Evaluate the similarity between these two structures. Try to find analogous

coordinate descriptions.
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Example – similarity 
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#ICSD: 59413

148

7.348 7.348 7.274 90. 90. 120.

3

K   1   3b   0.333333    0.666670   0.166670

As 1   3a    0.000000   0.000000    0.000000

F   1  18f    0.129200   0.216500   0.138100

#ICSD: 33788

148

7.4279 7.4279 7.418 90. 90. 120.

3

Ba  1    3a    0.000000   0.000000   0.000000

Sn  1    3b    0.000000   0.000000   0.500000

F    1   18f    0.258600   0.826200   0.004700

KAsF6 BaSnF6

148

7.4279 7.4279 7.4180 90.00 90.00 120.00

3

Ba  1    3b    0.333333 0.666667 0.166667 

Sn  1    3a     0.000000   0.000000 0.000000

F    1   18f    0.159533 0. 234267 0.161967

x, y, z+1/2
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Comparison of structures

Comparison of crystal structures is convenient to:

• cross-check different experimental and/or theoretical structural 

models of the same phase coming from different sources

• identify different phases with the same symmetry

• classify structures into structure types

The existence of various equivalent structure descriptions makes the 

comparison of different structural models a non-trivial task in general.

Are these two structures 

of Cs Cl similar?

Yes



Institute of Applied Geoscience

Division Technical Petrophysics

32 Dr. Gemma de la Flor Martin – Bilbao Crystallographic Server05.09.2022

Similarity between two crystal structures

#Structure 1 #Structure 2

Are these two structures similar?
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Crystal Structure Relationships
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The program COMPSTRU

Structure 1 Structure 2

S#2.1 S#2.2 … S#2.i

(all possible symmetrically equivalent structures descriptions)

Most similar configuration to Structure 1

Evaluation of the similarity

- Lattice distortion

- Average atomic displacements

- Maximal atomic displacements

- Bergerhoff structural descriptor

(least distortion)

(reference structure)
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The program COMPSTRU

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

How to measure the similarity between two descriptions ?

𝑆 =
1

3


𝑖

𝜂𝑖
2

𝑑𝑎𝑣 =
1

𝑛


𝑖

𝑚𝑖𝑢𝑖
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How to measure the similarity between two descriptions ?

structural
descriptor

weighted mean difference 
between atomic coordinates

relation between
axial ratios

Δ = 21/2Δ 𝑐 + 1 Δ 𝑑 − 1

Δ 𝑐 =
σ𝑚[ 𝑥1 − 𝑥2

2 + 𝑦1 − 𝑦2
2 + 𝑧1 − 𝑧2

2]1/2

σ𝑚
Δ 𝑑 =

[(𝑏1/𝑎1)(𝑐1/𝑎1)]

[(𝑏2/𝑎2)(𝑐2/𝑎2)]

Bergerhoff et al., Acta Cryst B55 (1998)

The program COMPSTRU
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Input – COMPSTRU

Input:

Two crystal structures described 

in the standard setting

• Isopointal structures with the

same/different composition

• Chiral structures

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

CIF file

BCS format

CIF file

BCS format

Tolerance

de la Flor et al. J. Appl. Cryst 49 (2016)

https://www.cryst.ehu.es/cryst/compstru.html
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Are these two structures similar?

#Structure 1 #Structure 2

Pb3(PO4)2

15

13.800 5.691 9.420 90.0 102.3 90.0

7

Pb 1   4e    0.0000 0.2910  0.2500

Pb 2   8f    0.3170 0.3090  0.3520

P     1   8f    0.5990 0.2410  0.4470

O    1   8f    0.6430 0.0300  0.3920

O     2   8f    0.6340 0.4640  0.3740

O     3   8f    0.6420 0.2800  0.6120

O     4   8f    0.4910 0.2220  0.4200 

15

13.967 5.560 40.778 90.0 166.713 

90.0

7

Pb 1   4e  0.0000   0.0000  0.7500

Pb 2   8f  0.0000 0.0000  0.8563

P    1   8f  0.0000  0.0000   0.9511

O   1   8f  0.0000  0.0000   0.9145

O   2   8f  0.2715  0.7285   0.8885

O   3   8f  0.9570  0.5000   0.1170

O   4   8f  0.7285  0.2715   0.6115 
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COMPSTRU

Pb3(PO4)2
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COMPSTRU

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

(𝑷, 𝒑) = −𝒂,−𝒃, 𝟑𝒂 + 𝒄 ; 𝟏/𝟒, 𝟏/𝟒, 𝟎

Pb3(PO4)2
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Input – COMPSTRU

Pb3(PO4)2



Institute of Applied Geoscience

Division Technical Petrophysics

42 Dr. Gemma de la Flor Martin – Bilbao Crystallographic Server05.09.2022

Example: Structures with different composition

Belokoneva et al., 2003 Egorova et al., 2008

Pb2B5O9Br Pb2B5O9Cl

Are these two 

structures equivalent?

Comparison of isopointal structures with different composition
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Example: Structures with different composition

All equivalent unit-cell parameters are 

calculated and compared with the unit-

cell parameters of structure 1
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Example: Structures with different composition

DIFFERENT 

COMPOSITION
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Example: Structures with different composition

Structure 1

Most similar configuration to Structure 1

Structure 2
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Example: Chiral Structures

P3121 (No. 152) P3221 (No. 154)

#ICSD: 158620 

152

4.5191 4.5191 10.471 90. 90. 120.

4

Al  1  3a   0.441200   0.000000   0.333333

P    1  3b   0.437300   0.000000   0.833300

O   1  6c   0.398200   0.332600   0.385500

O   2  6c   0.389200   0.297900   0.868700

#ICSD: 50100

154

4.9438 4.9438 10.9498 90. 90. 120.

4

Al  1   3a   0.466460   0.000000   0.666667

P    1   3b   0.466900   0.000000   0.166700

O   1   6c   0.416400   0.291900   0.602540

O   2   6c   0.415500   0.257400   0.116180
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Example: Chiral Structures
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Isopointal and isoconfigurational structures

Two structures are defined as isopointal if:

(1) they have the same space-group type or belong to a pair of

enantiomorphic space groups, and

(2) the atomic positions are the same in both structures

Two structures are defined as isoconfigurational (or belonging to the

same structure type) if

(1) they are isopointal, and

(2) for all corresponding Wyckoff positions, both, the crystallographic

configurations (crystallographic orbits) and their geometric

interrelationships, are similar.

Lima-de Faria et al. Acta Cryst. (1990), A41, 1 
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Structure types - COMPSTRU

ABX6 family R-3 (148);WP sequence: fba; Pearson: hR8

KCrF6 LiNbF6 VNbF6 HgRhF6 MgPbF6 InAsF6

RbCrF6 LiRuF6 CoZrF6 NiRhF6 ZnPbF6 CsNbF6

KAsF6 LiRhF6 PdPtF6 CaCrF6 NiPbF6 HgCrF6

RuAsF6 LiTaF6 FeNbF6 MgCrF6 MgPdF6 CoSnF6

CsAsF6 LiOsF6 CaSnF6 CdCrF6 CaPdF6 CsNbF6

RbSbF6 LiIrF6 FeZrF6 MnSnF6 ZnPdF6 MnPtF6

BaSnF6 LiPtF6 CuZrF6 FeSnF6 CdPdF6 CdRhF6

CsBrF6 LiAuF6 CaPtF6 ZnSnF6 LiSbF6 NaBiF6

CsSbF6 NiPtF6 ZnPtF6 NiSnF6 BaIrF6 TlAsF6

CsBiF6 CdPtF6 CoPtF6 CuSnF6 RbBiF6

CsUF6 LiPF6 MgRhF6 CdSnF6 KRhF6

KOsF6 LiAsF6 CaRhF6 CdTiF6 CsReF6

NaCrF6 PdZrF6 ZnRhF6 LiBiF6 KPF6

Reference structure:

CaCrF6

MnPtF6

0.1282

NiPtF6

0.1282

NiRhF6

0.2005

CsBrF6

1.0731

NiPtF6

1.1397

NiRhF6

1.4067

maximal

distance dmax [ ሶ𝐴]

Type: LiSbF6

Type: KOsF6


