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Crystal-Structure Tools

You can access to the material of this session:

You need to download:

- CrystalStructureTools.txt

http://www.cryst.ehu.es/resources/bcs_workshop2022/

http://www.cryst.ehu.es/resources/bcs_workshop2022/


CRYSTAL STRUCTURE DESCRIPTIONS



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



Standard setting

The majority of the programs in the BCS only accepts, as input data,

structures described in a standard/default setting of the space group:

• 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?



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 is (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



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



Example – Structure transformation

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 =
1 0 ത1
0 1 0
1 0 0

30.268703 0 −1.961435
0 25.270726 0

−1.961435 0 52.735192

1 0 1
0 1 0
ത1 0 0

𝑮′ =
79.081024 0 −28.307267

0 25.270726 0
−28.307267 0 30.268703

Final Setting: 𝐶12/𝑐1 (No. 15)

𝑷 =
1 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



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 =
1 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



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



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


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)



ITA setting structure description

This data is only calculated by the program if the final 

setting corresponds to the standard 



Exercise 1

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:



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


Structure transformation – arbitrary matrix

Transformation

matrix (𝑷, 𝒑)

Input 

structure



Exercise 1 (cont.)

Apply the program TRANSTRU in order to compare the two structure

descriptions of CaWO4.

# (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

Origin choice 1 ⟶ a,b,c; 0,1/4,1/8



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


Structure transformation – lower symmetry

Input 

structure

Transformation

matrix (𝑷, 𝒑)



Output – TRANSTRU



Exercise 2

The high-symmetry phase of AlLi crystallizes in the cubic face-centered

space group 𝐹𝑑ത3𝑚 (No. 227):

227

6.370 6.370  6.370  90.0  90.0 90.0

2

Li 1    8a   0.375   0.375   0.375

Al 2   8b   0.125   0.125   0.125

Derived the structural model of the tetragonal phase 𝐼41/𝑎𝑚𝑑 (No. 141) of AlLi

applying the following matrix-column pair 𝑷, 𝒑 =
1

2
𝒂 − 𝒃 ,

1

2
𝒂 + 𝒃 , 𝒄;

1

4
,
1

4
, 0



Structure transformation 

CIF2Standard Transform a given structure (in CIF format) to its description 

in the standard setting

CIF file



Output – CIF2Standard

Download CIF file

(standard setting)

Transform structure

(standard setting)



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



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



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



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



Example – ReNCl4

ReNCl4 crystallizes in space group 𝐼4 (No. 79):

#ICSD:419181

79 

8.267 8.267 4.051 90. 90. 90. 

3 

Re  1   2a     0.000000    0.000000   -0.008100 

Cl   1   8c   -0.070900    0.262700     0.066000 

N    1   2a    0.000000    0.000000     0.589000 

The index of 𝐼4 in 𝑃14/𝑚𝑚𝑚 is ∞·2·2 ⇒ there are infinitely many possibilities 



Example – ReNCl4

# Structure 1 (x, y, z)

Re   0.000000    0.000000    -0.008100

Cl   -0.070900    0.262700    0.066000 

N     0.000000    0.000000    0.589000 

# Structure 3 (-x, -y, -z)

Re   0.000000    0.000000    0.008100 

Cl    0.070900   -0.262700  -0.066000 

N     0.000000    0.000000  -0.589000 

# Structure 2 (-y, -x, -z)

Re   0.000000    0.000000    0.008100

Cl -0.262700    0.070900   -0.066000 

N 0.000000    0.000000   -0.589000 

# Structure 4 (y, x, z)

Re   0.000000     0.000000   -0.008100 

Cl    0.262700   -0.070900    0.066000 

N     0.000000    0.000000    0.589000 

+ (0 0 t)

Infinite set of 

coordinates

Enantiomorphic structure

This transformation does not 

preserve the chirality



Example – Quartz

Right quartz crystallizes in the space group 𝑃3221 (No. 154)

#ICSD:34644

154 

4.9138 4.9138  5.4052  90. 90. 120. 

2 

Si 1  3a  0.469800   0.000000   0.666667 

O 1  6c  0.414500   0.266200   0.785600

The index of 𝑃3221 in 𝑃6422 is 4 ⇒ there are four symmetrically equivalent descriptions



Example – Quartz

#Structure 1 (x, y, z)

Si  0.469800   0.000000   0.666667 

O  0.414500   0.266200   0.785600

#Structure 2 (x, y, z+1/2)

Si 0.469800   0.000000   0.166667 

O  0.414500 0.266200   0.285600 

#Structure 3 (-x, -y, z)

Si -0.469800 0.000000   0.666667 

O -0.414500 -0.266200 0.785600 

#Structure 4 (-x, -y, z+1/2)

Si -0.469800 0.000000   0.166667 

O -0.414500 -0.266200 0.285600

x, y, z x, y, z+1/2

-x, -y, z -x, -y, z+1/2

0
1/3

2/3

2/3

1/3

1/2

5/6 5/6

1/6

1/6

0
1/3

2/3

1/3

2/3

1/2

1/6

5/6 5/6

1/6



Example – Quartz

The space group 𝑃3221 (No. 154) is an enantiomorphic or chiral space group

The space group 𝑃3221and𝑃3121 (No. 152) form and enantiomorphic pair

# Enantiomorphic structure (-x, -y, -z)

152 

4.9138 4.9138 5.4052 90.00 90.00 120.00 

2 

Si  1  3a  -0.469800   0.000000   -0.666667 

O  1  6c  -0.414500 -0.266200 -0.785600 

# Enantiomorphic structure (x, y, -z)

152 

4.9138 4.9138 5.4052 90.00 90.00 120.00 

2 

Si  1  3a   0.469800   0.000000   -0.666667 

O  1  6c   0.414500  0.266200   -0.785600 

# Enantiomorphic structure (-x, -y, -z+1/2)

152 

4.9138 4.9138 5.4052 90.00 90.00 120.00 

2 

Si  1  3a  -0.469800 0.000000   -0.166667

O  1  6c  -0.414500 -0.266200   -0.285600 

# Enantiomorphic structure (x, y, -z+1/2)

152 

4.9138 4.9138 5.4052 90.00 90.00 120.00 

2 

Si  1  3a  0.469800   0.000000   -0.166667 

O  1  6c  0.414500  0.266200   -0.285600 

Descriptions of enantiomorphic structure with space group 𝑃3121 (No. 152)



Example – Quartz (enantiomorphic structures)

-x, -y, -z+1/2

1/2
1/6 1/6

5/6

5/6

-x, -y, -z

0

1/3

1/3

2/3 2/3

x, y, -z

0

2/3 2/3

1/3

1/3

x, y, -z+1/2

1/2

1/6 1/6

5/6

5/6



Equivalent crystal structure descriptions

CIF file

BCS format

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

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


EQUIVSTRU – Output 



Exercise 3

#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: 240981

148

7.3965 7.3965 7.2826 90. 90. 120.

3

Ir 1   3a     0.000000   0.000000   0.000000

F    1  18f    0.072900   0.232500   0.164000

Ba  1  3b     0.333333   0.666667   0.166700

#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

Evaluate the similarity between the following three structures. Try to find

analogous coordinate descriptions for all three crystal structures

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

KAsF6
BaIrF6 BaSnF6


