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Crystal-structure descriptions

« Transformations between different crystal-structure descriptions

« Transformations to a lower symmetry space group

« Symmetrically equivalent descriptions

Comparison between different structure descriptions

« Comparison of structures with the same/different composition

« Comparison of chiral structures
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Crystal structure description =53 ot

® 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 0000 0.750 0.125 | B&Sformat
St 1 4b 0.000 0.750 0.625
O 1 1o6h 0.000 0.067 0.198
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Standard setting =3 ot

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 1) for centrosymmetric space groups listed with
two origin choices

What can | do if my structures are described in a non-
standard setting?

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
Division Technical Petrophysics
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Example — Structure transformation

Transform the crystal structure of manganese trifluoride MnF;, described in
the space group I112/al (No. 15), to its standard setting C12/c1 taking into
account that the transformation matrix (P,p) = —a — ¢, b, a; 0,0,0

Initial Setting: 112/a (No. 15)

15 (P,p)

5.5017 5.0270 7.2619 90 92.814 90 | > Final Setting: ClZ/cl (No. 15)
3

Mn 1 4d 0.250000 0.250000 0.250000 —a — C, b,a

F 1 8f 0.072200 -0.038000 0.305700
F 2 4e 0.250000 0.136000 0.000000

1) Transform the unit cell parameters

2) Transform of the atomic coordinates

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
Division Technical Petrophysics



Example — Structure transformation -\\-‘(IT

1) Transform the unit cell parameters

Calculate the metric tensor G

Initial Setting: 112/a (No. 15)

a b c a B v
5.5017 5.0270 7.2619 90 92.814 90

a’ ab cosy ac cosf 30.268703 0 —1.961435
G = | ab cosy b? bccosa | = G= 0 25.270726 0
ac COSIB bc cos a c? —1.961435 0 52.735192
Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Karlsruhe Institute of Technology

Example — Structure transformation

1) Transform the unit cell parameters
Transform the unit cell parameters to the standard setting

Initial Setting: 112/a (No. 15)

a b c a [ vy
5.5017 5.0270 7.2619 90 92.814 90

~

Il

~ N
=l |
o = O
o O -
N~

1 0 1\ /30.268703 0 —1.961435\ /1 0 1
G=PT-G-P =0 1 0 0 25.270726 0 0 1 0
1 0 0/ \-1.961435 0 52.735192/\1 0 0
( 79.081024 0 —28.307267) Final Setting: C12/C1 (NO. 15)
G = 0 25.270726 0
—28.307267 0 30.268703 a b ¢ a by
8.8928 5.0270 5.5017 90 125.35 90

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Example — Structure transformation -\-\J(IT

Karlsruhe Institute of Technology

2) Transform of the atomic coordinates x’ = P~ 1x

Mn 1 4d 0.250000 0.250000 0.250000 1 0 1 0 0 1
F 1 8f 0.072200 -0.038000 0.305700 P=(0o 1 ol=P1=|0 1 o0
F 2 4e 0.250000 0.136000 0.000000 i 0 0 1 0 1

0 0 1\/0.25 —0.25
Mn x' = (O 1 0) (0.25) = ( 0.25)
1 0 1/\0.25 0
0 0 1\/0.0722 —0.3057
F1  x'= (O 1 0) (—0.038) = ( —0.038 )
1 0 1/\0.3057 —0.2335

1\ / 0.25 0 WP?
F2 x' = ( o) <0.136> = (0.136)
1 0 0.25

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience

Final Setting: C12/c1 (No. 15)

-0.250000 0.250000 0.000000
-0.305700 -0.038000 -0.233500
0.000000 0.136000 0.250000

mmL
NP -

_-o O
o = O
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Example — Structure transformation ﬂ(".

Wyckoff Positions of Group C2/c (No. 15) [unique axis b]

Multiplicity "\ V<O sy,;:‘,'f,‘:w' 0 OCO‘;‘“;';"’:T; oE
g f 1 (x.v.2) (-x,y,-z+1/2) (-x,-y,-Z) (%,-y.Z+1/2)
4 e 2 (0,y,1/4) (0,-y,3/4)
4 | d | 1 [(114,14,172) (3/4,1/4,0)

|4 | o | [(1414.0) (34,114,112)

|4 b | 1 [0120)(0,12,12)

|4 | a | 1 00000172

Initial Setting: 112/a (No. 15)

15

5.5017 5.0270 7.2619 90 92.814 90

3 (P,p)
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

05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

Mn 1 -0.250000 0.250000 0.000000

F
F

1 8f -0.305700 0.038000 -0.233500
2 4e 0.000000 0.136000 0.250000

Final Setting: C12/c1 (No. 15)

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

Institute of Applied Geoscience

Division Technical Petrophysics
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Crystal-structure descriptions

Transformation between different structure descriptions

AT

Karlsruhe Institute of Technology

CIF2STANDARD

CELLTRAN Transform Unit Cells

STRAIN Strain Tensor Calculation

WPASSIGN Assignment of Wyckoff Positions

TRANSTRU Transform structures.

SETSTRU Alternative Settings for a given Crystal Structure
EQUIVSTRU Equivalent Descriptions for a given Crystal Structure

Transforms a given CIF (in any setting) to that of standard setting

Convert & Edit Structure Data

STRCONVERT (supports the CIF, mCIF, VESTA, VASP formats -- with magnetic information where available)

VISUALIZE Visualize structures using Jmol

COMPSTRU Comparison of Crystal Structures with the same Symmetry

STRUCTURE RELATIONS Evaluation of structure relationships [transformation matrix] between group-subgroup related phases
PSEUDOLATTICE Pseudosymmetry of a lattice and compatible supergroups

05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience

Division Technical Petrophysics



ITA setting structure description ﬂ(".

SETSTRU https://www.cryst.ehu.es/cryst/setstru.html

Transform a structure to an alternative setting

T B CIF fil
[in CIF format] HINT: [ The option for a given filename is preferential ]

The program SETSTRU performs the transformations 15
between crystal-structure descnptions referred to the so- 5.5017 5.0270 7.261% 90 92.814 90
called ITA setting of space groups.

4d 0.250000 0.250000 0.250000
8f 0.072200 -0.038000 0.305700
4e 0.250000 0.136000 0.000000

n

L L e ]
[

The first step consists in the input of the structure data.
The data can be given using the form or it can be loaded
from a CIF file. The necessary data for the structure
consists in the number of its space group in the
Infernational Tables for Crystallography, Vol A, the lattice
parameters (in A and degrees), the number of the atoms Structure
in the asymmetric unit and the corresponding atomic
positions.

Next, it is necessary to specify the initial and final
settings of the structure descriptions among the listed
ITA-settings of the structure's space group (e g. to
convert from rhombohedral to the standard hexagonal BCS format
settings).

A detailed description of the structure with respect to the

final setting of the space group is shown in the output. | Transform Structure

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

11 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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ITA setting structure description ﬂ(".

Choose the initial and final space groups symbols

The standard setting (default) of the space group 15 is C12/c1 [cell choice 1]

Initial Setting: 112/a (No. 15)

Initial Final Setting P p-1
® C12/c1[cellchoice 1] ab,c a,b,c 15
A12a1]celchoice 1] i S 5.50175.0270 7.2619 90 92.814 90
A12/n1][cell choice 2] -a-c,b,a c,b,-a-c 3
C12in1[ call cholce 2 | R i Mn 1 4d 0.250000 0.250000 0.250000
© [12/a1[collchoice 3] cbra-c -a-cha F 1 8f 0.072200 -0.038000 0.305700
11 2c1[ col choice 3 | R F 2 4e 0.250000 0.136000 0.000000

A112/a[cellchoice 1] c,ab b,c,a
E112/b[cellchoice 1] a,c,-b a,-c,b
B112/n[cellchoice 2] a,-a-c,b a,c,-a-b
A112/n[cell choice 2] -a-c,a,-b b,-c,-a-b
1112/b[cell choice 3] -a-c,c,b -a-b,c,b
111 2/a[cell choice 3] ¢,-a-¢,-b -a-b,-c.,a
E2/b11][cellchoice 1] b,c,a c,a,b
C2ic11[cellchoice 1] -b,ac b,-a,c
C2/n11][cell choice 2] b,a,-a-¢ b,a,-b-c
B 2/n11[cell choice 2] -b,-a-¢c,a c¢,-a,-b-c Final Setting: C12/C1 (NO 15)
12/c11][cellchoice 3] b,-a-c,c -b-c,ac

12/b11]cell choice 3] -b,c,-a-¢c -b-c,-a,b

12 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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ITA setting structure description ﬂ(".

Transformation to standard setting of space group 15

Initial structure

Initial Setting: 12/a1 [ cell choice 3] (No. 15)

15
5.5017 5.0270 7.261% 90 22,814 90
Mn 1 - 0.250000 0.250000 0.250000
F 1 - 0.072200 -0.032000 0.305700
F 2 - 0.250000 0.138000 0.000000
Atoms Data:
Final structure The data shown in this table corresponds to the final setting which corresponds to the standard setting
Final Setting: C12/c1 [ cell choice 1] (No. 15) AL| WP |SS Representative Atomic orbit
15 0.
5.8928 5.0270 5.5017 90.00 125.35 90.00 Mn1|4d (1/4,1/4,1/2)| -1 | (0.780000,0.250000,0.000000) :
M 1 ad -0.250000 0.000000 e
F 1 &t -0.305700 —-0.233500
F 2 4e 0.000000 0.250000 0.
S 0.
| CIF File | 0,
F1 8f (x,v,2) 1 |(0.694300,0.962000,0.766500) .
Transformation matrix (P, p): -a-c,b,a; 0,00 o
Matrix form: .
[ -1 o 1 ol F2 | 4e(0y1/4 2 | (0.000000,0.136000,0.250000) o
(B, p) = I 0 1 0 s} e Oy14) I o
[ -1 0 0 0] o
This data is only calculated by the program if the final
setting corresponds to the standard
13 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Example — Scheelite

AT

Karlsruhe Institute of Technology

® Scheelite (CaWO,) is a mineral that crystallizes in the space group
I14,/a (No. 88). In the Inorganic Crystal Structure Database the
following two descriptions of CaWO, can be found:

# (a) Origin choice 1

# 1CSD: 15869

88

5.243 5.243 11.376 90 90 90

3

Cal 4b 0.0000 0.0000 0.5000
W 1 4a 0.0000 0.0000 0.0000
O 1 16f 0.2413 0.1511 0.0861

# (b) Origin choice 2

# ICSD: 15586

88

5.243 5.243 11.376 90 90 90

3

Cal 4b 0.0000 0.2500 0.6250
W 1 4a 0.0000 0.2500 0.1250
O 1 16f 0.1504 0.0085 0.2111

Compare the two structure descriptions

Hint: 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

14 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Example — Scheelite

# Structure 1 - origin 1

AT

Karlsruhe Institute of Technology

2.8243 5.243 11.376 90 90 90 GIE | e RS Sl GICTICIOTON
3 (0.000000,0,.7350000,0.375000)
Cal 4b 0.0000 0.0000 0.5000 Ca1|4b (0,1/4 5/8)|-4.. | (0.000000,0.750000, 0.375000) IE::‘;:::::: e er
W 1 4a 0.0000 0.0000 0.0000 SPRTels[aleJa P prateTsJaTe P PR SaTaal
O 1 16f 0.2413 0.1511 0.0861
(0.000000,0.750000,0.875000)
| B I P e N EAPp e — e
# Structure 1 _ Origin 2 (0.500000,0.750000,0.625000)
88
5.2430 5.2430 11.3760 90 90 90 E: ;ffﬁ::":::
3 (0.248900,0.451300,0.
Cal 4b 0.0000 -0.2500 0.375000 E: 5::::;‘;" o
W 1 4a 0.0000 -0.2500 -0.125000 (0.741300,0.901100, 0.
O 1 16f 0.2413 -0.0989 -0.038900 E: j:::f}"‘ u:::
01 16f (x,y,2) 1 |i0.241300,0.901100,0.961100) iE‘ ,q:uﬁzﬁr,\q;_;‘;ﬁ
# Structure 2 — origin 2 o tazenn o saiana e
88 lic.151100,0.008700,0.
5.243 5.243 11.376 90 90 90 o 2ais00 0 aoiin0 a.
3 (0.651100,0.008700,0.
Cal 4b 0.0000 0.2500 0.6250 (9. EREm0n, 0. mas00. 0.
W 1 4a 0.0000 0.2500 0.1250
O 1 16f 0.1504 0.0085 0.2111
05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Structure transformation

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

Transform Structure

_ Structure Data | Examinar... | No se ha seleccionado ningin archivo. CI F flle
[in CIF format]  HINT: [ The option for a given filename is preferential |

TRANSTRU can transform a structure in two ways:

# Space Group ITA nunber

« To a lower symmetry space group. The  laccice paremecess
transformed structure is given in the low 5.0 5.0 5.0 80 90 20
symmetry space group basis, taking care of all # Number of independent atoms in the asymmetric unit
possible splittings of the Wyckoff positions. 3
« With an arbitrary matrix. The structure, High ia[a‘i“ﬁ';%’pg]olgﬂbeﬂ (WE] =1 (vl (=]
including the cell parameters and the atoms in Symmetry Ti 2 1b 0.5 0.5 0.5
the unit cell, is transformed with an arbitrary Structure 0 3 3¢ 0.5 0.0 0.5

matrix introduced by the user.

Only the default choice for the conventional setting
of the space groups is used. BCS format '

Transform structure to a subgroup basis @
Transform structure with an arbitrary matrix O

Show

To transform a structure described in standard setting to a lower symmetry
space group or with an arbitrary matrix

16 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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https://www.cryst.ehu.es/cryst/transtru.html

Structure transformation — arbitrary matrix

TRANSTRU transforms the structure, including the cell
parameters and the atoms in the unit cell, with an
arbitrary matrix introduced by the user.

17 05.09.2022

Transform Structure

AT

Karlsruhe Institute of Technology

221
5.0 5.0 5.0 %0 80 80
;a 1 1z 0.,000000 Q.000000 Q,000000
Ti 2 1b 0.500000 0.500000 0.500000
o 3 3c 0.500000 0.000000 0.500000
Structure
Input
structure
Linear part Crigin Shift
Transformation E 1o (o o |
matrix: o |1 o lo |
0 |0 E! 0 |

/ | Show |

Transformation

matrix (P, p)

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

Institute of Applied Geoscience
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AT

Structure transformation

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

Transform Structure

_ Structure Data | Examinar... | No se ha seleccionado ningin archivo. CI F flle
[in CIF format]  HINT: [ The option for a given filename is preferential |

TRANSTRU can transform a structure in two ways:

# Space Group ITA nunber

« To a lower symmetry space group. The  laccice paremecess
transformed structure is given in the low 5.0 5.0 5.0 80 90 20
symmetry space group basis, taking care of all # Number of independent atoms in the asymmetric unit
possible splittings of the Wyckoff positions. 3
« With an arbitrary matrix. The structure, High ia[a‘i“ﬁ';%’pg]olgﬂbeﬂ (WE] =1 (vl (=]
including the cell parameters and the atoms in Symmetry Ti 2 1b 0.5 0.5 0.5
the unit cell, is transformed with an arbitrary Structure 0 3 3¢ 0.5 0.0 0.5

matrix introduced by the user.

Only the default choice for the conventional setting
of the space groups is used. BCS format '

Transform structure to a subgroup basis @
Transform structure with an arbitrary matrix O

Show

To transform a structure described in standard setting to a lower symmetry
space group or with an arbitrary matrix

18 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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https://www.cryst.ehu.es/cryst/transtru.html

Structure transformation — lower symmetry ﬂ(".

Transform Structure

221
TRANSTRU transforms the structure to the low ia . s 0. 000000 0. 000000 0.000000
symmetry space group basis, taking care of all T > i 0. 00000 0. 00000 0. 500000
possible splittings of the Wyckoff positions. o 3 3c 0.500000 0.000000 0.500000
Structure
Input
structure | ,
p
Low symmetry
Space Group  |123 |
(I TA number
Transformation |
Matrix:
Linear part Crigin Shift
_ o [0 e | o |
In matrix form: 1 [0 [0 | 0 |
o e [0 | o |
Transformation
| Show matrix (P, p)
19 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Output —= TRANSTRU

Transform structure

Transformation matrix: bca

High symmetry structure

PR N1
(="
[}

-1
[}

=]
w

-l
[Ts]

=]
w

-l

O ol D Ly B

a 1 la 0.000000
i Z 1k 0.500000
3 3e 0.500000
Visualize this structure CIF File Cartesian Coordinates

Low symmetry structure

AT

Karlsruhe Institute of Technology

;;:.:.:.:.:. 5.
Ba 1
E 2_2 1c 0.500000 :.:5E.~.~.f.f.

Atoms Data:

Visualize this structure CIF File Cartesian Coordinates

AT WP 88 Representative Atomic orbit
Space Group: 123 - -
Lattice Parameters: 55 5 90 90 90 Bat | 1a(0,0,0) [4/mmm|(0.000000,0.000000,0.000000) |(9.000000,0.000000,0.000000)
’E‘ # |WP|Cm|'dinates Ti2 |1d (1/2,1/2,1/2)|4/mmm| (0.500000,0.500000,0.500000) | (0.500000,0.500000,0.500000)
Baj1 [1a Jo Jo Jo o

03 | 2e(0,1/2,1/2) | mmm _ | (0.090000,0.500000,0.500000) E:,'g:,:,:,:,:,’:,'.,:,:,:,:,:,’:,'5:,:,:,:,:,::

Ti (2 [1d 12 [12]12 0599999, 0.099990,0..509000)
’0_‘3 |2e |0 ‘.”2 ‘”2 03 2| 1¢c(1/2,1/2,0) |4/mmm| (0.500000,0.500000,0.000000) | (0.500000,0.500000,0.000000)
0 [32]1c [12]112]o

Detailed information

20 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Structure transformation — CIF2Standard

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

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

CIF to Standard

Structure Data —— CIF flle
) | Browse... | No file selected.
[in CIF format] . /

CIF2Standard transforms a given structure (in CIF format) to Do the conversion via STRUCTURE TIDY implementation of the PLATON package []
its description in the standard setting of its space group. Its
original setting is determined by analyzing its symmetry
operators listed in the input CIF file.

| Convert to default/standard setting \

The default choice of the conventional setting of the space
groups is used.

This tool uses a combination of the IDENTIFY GROUP,
TRANSTRU and STRCONVERT tools of the Bilbao
Crystallographic Server, but optionally STRUCTURE TIDY of
the PLATON package (after Parthe & Gelato) can also be
used by checking the corresponding option in the form.

21 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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https://www.cryst.ehu.es/cryst/cif2standard.html

Structure transformation — ClIF2Standard

CIF to Standard Setting

AT

Karlsruhe Institute of Technology

The submitted structure's space group number is identified through the symmetry operators as: #19.

It has been transformed to the standard setting C2/c via the transformation matrix: a+c+1/4 b+1/4 c+1/4

15

B.8588 5.0084 7.2411 S50.00 38.25% 50.00

3

Mn 1 dz 0.000000 0.000000 Q.000000
F 1 gf 0.678050 0.208720 -0.735150
F o de= 0.000000 -0.117&Z20 -0.250000

CIF file of the structure in standard setting: cif2std_13517.cif

/

Download CIF file
(standard setting)

22 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

Transform structure
(standard setting)
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Equivalent crystal structure descriptions ﬂ(".

There are almost always several possible ways to describe the exactly
same crystal structure

Space group Pm3m (No. 221)

0 1

o O

PSS CREREs

Cs 1a 0 0O Cs 1b 050505
Cl 1b 050505 Cl 1a 0 0O

How many equivalent descriptions of the structure CsCl exist?

23 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Equivalent crystal structure descriptions -\\j(".

For all space groups, except Im3m (No.229) and Ia3d (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:

_ IN(6)]

[i] Gl

N.(G) represents the Euclidean normalizer of the space group G

By definition, i cosets result in the coset decomposition of N.(G) with
respect to ¢. The cosets generate the different equivalent descriptions
of a given structure

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Example — CsCl _\ﬂ("'

Karlsruhe Institute of Technology

B CsCl crystallizes in space group Pm3m (No. 221)

Euclidean normalizer (general metric) of the Group Pm-3m (No. 221)

Euclidean normalizer of Pm-3m (a,b,c): IN-3m (a,b,c)
Index of Pm-3m in Im-3m (a,b,c): 2 with i =2 and ip=1

Additional generators of Im-3m (a,b,c) with respect to Pm-3m

1 0 0 1/2
X+1/2,y+1/2,2+1/2 ( god o e ) 1(1/2,1/2,1/2)

The cosets representatives of the Euclidean normalizer im-3m (a,b,c) with respect to Pm-3m

® 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 N (G)

25 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Example — CsCl ﬂ(".

Karlsruhe Institute of Technology

B CsCl crystallizes in space group Pm3m (No. 221)

Cs 1a 0 00 t(1/21/21/2)  cs 1b 0.50.50.5
Cl 1b 050.505 ’ Cl 1a 0 0 0

. b o

0© o 4

26 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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Equivalent crystal structure descriptions

AT

Karlsruhe Institute of Technology

EQUIVSTRU https://www.cryst.ehu.es/cryst/equivstru.htmi

Given a space group ITA
number, the cell
parameters (separated with
spaces) and the atom
positions, the program
EQUIVSTRU transforms
the corresponding structure
with the elements of the
euclidean normalizer of the
space group. All the
transformed structures are
equivalent symmetry
descriptions of the given
initial structure. The atom
positions are identified
generating the Wyckoff
sets.

Only the default choice for
the conventional setting of

Equivalent Descriptions of Crystal Structures

[in CIF format]

Structure

Structure Data = Bxaminar...

No se ha seleccionado ningtn archivo.
HINT: [ The option for a given filename is preferential ]

CIF file I

$Exercise 2.4.2a(CsCl)

# Space Group ITA number

221

# Lattice parameters

4.12599 4.12599 4.12599 90.0 90.0 90.0

# Number of independent atoms in the asymmetric unit
2

# [atom type] [number] [WP] [x] [v] [z]

Ci 1 la 0.000000 0.000000 0.000000

Cs 1 ib 0.500000 0.500000 0.500000

BCS format '

Show

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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https://www.cryst.ehu.es/cryst/transtru.html

EQUIVSTRU - Output

Normalizer coset representative: x,y,z

AT

Karlsruhe Institute of Technology

» Equivalent description 1 (original input structure)

AT. WP 85 Representative Atomic orbit
CH 1a (0,0,0) m-3m/| (o.o00000,0.000000,0.000000) | (0.000000,0.000000,0.000000)
Cs1/1b (1/2,1/2,1/2}|m-3m| (0. 500000, 0.500000, 0.500000) | (0.500000,0.500000, 0. 500000)

« Equivalent description 2

Normalizer coset representative: x+1/2,y+1/2,z+1/2

AT.

WP

$3

Representative

Atomic orbit

CcH

1b (1/2,1/2,1/2) |m-3m

(o

.200000,0.50

(0

.200000,0.500000,0.500000)

Cs1

1a (0,0,0)

m-3m

(0

_________________________

(0

_________________________

28 05.09.2022
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Example — similarity

AT

Karlsruhe Institute of Technology

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

05.09.2022

#1CSD: 59413

148

7.348 7.348 7.274 90. 90. 120.

3

K 1 3b 0.333333 0.666670 0.166670
As1 3a 0.000000 0.000000 0.000000
F 1 18f 0.129200 0.216500 0.138100

#ICSD: 33788

148

7.42797.4279 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

R3 (No. 148) = 4 equivalent descriptions: x,v,z; x,v,z+ 1/2; y,x,—z; y,x,—z + 1/2

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Example — similarity

e—o b KASsF,

#ICSD: 59413

148

7.348 7.348 7.274 90. 90. 120.

3

K 1 3b 0.333333 0.666670 0.166670
As1 3a 0.000000 0.000000 0.000000
F 1 18f 0.129200 0.216500 0.138100

BaSnF

#ICSD: 33788

148

7.42797.4279 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

X, Y, Z+1/2

148

7.42797.4279 7.4180 90.00 90.00 120.00

3

Ba 1 3b 0.333333 0.666667 0.166667
Sn1 3a 0.000000 0.000000 0.000000
F 1 18f 0.159533 0.234267 0.161967

05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Comparison of structures -\-\J(IT

ttttttttttttttttttt f Technology

® 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.

* 4 Are these two structures
. ® of Cs ClI similar?
| I | Yes
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Similarity between two crystal structures ﬂ(".

#Structure 1

#Structure 2

15

13.967 5.560 40.778 90.0 166.713 90.0
7

Fb 1 4e

Fb 2 8f

F 1 8f

o] 1 8f

] 2 8f

o 3 8f

o] 4 Bf

Are these two structures similar?

13.800 5.691 9.420 90.0 102.3 9
7
Pk 1 4z 000000 281000 0.250000
Fb 2 ef ).3170 309000 0.352000
P 1 ef ).5930 241000 0.447000
] 1 ef ). 8430 30000 0.3%2000
) 2 Ef 0.634000 0.464000 0.374000
] 3 ef 0.842000 0.280000 0.812000
] < ef 0.431000 0.222000 0.420000
32 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Crystal Structure Relationships ﬂ(".

CELLTRAN
STRAIN
WPASSIGN
TRANSTRU
SETSTRU
EQUIVSTRU
CIF2STANDARD

Transform Unit Cells

Strain Tensor Calculation

Assignment of Wyckoff Positions

Transform structures.

Alternative Settings for a given Crystal Structure

Equivalent Descriptions for a given Crystal Structure

Transforms a given CIF (in any setting) to that of standard setting
Convert & Edit Structure Data

STRCONVERT (supports the CIF, mCIF, VESTA, VASP formats -- with magnetic information where available)
VISUALIZE Visualize structures using Jmol
COMPSTRU Comparison of Crystal Structures with the same Symmetry
STRUCTURE RELATIONS Evaluation of structure relationships [transformation matrix] between group-subgroup related phases
PSEUDOLATTICE Pseudosymmetry of a lattice and compatible supergroups
05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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The program COMPSTRU -\\A(IT

(reference structure)

Structure 1 Structure 2

=rl S#2.1 I I S#H2.2 I

(all possible symmetrically equivalent structures descriptions)

|
l (least distortion)

Most similar configuration to Structure 1 ]

- Lattice distortion

- Average atomic displacements
- Maximal atomic displacements
- Bergerhoff structural descriptor

Evaluation of the similarity m

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience
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The program COMPSTRU ﬁ(".

® How to measure the similarity between two descriptions ?

degree of lattice
distortion

average atomic
displacements

maximal atomic
displacements

S = n;-eigenvalues of the Lagrangian
strain tensor
1
Aoy = EE miu; u; atomic displacements

maximal displacements of the paired atoms
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The program COMPSTRU -\\A(IT

® How to measure the similarity between two descriptions ?

structural A= [21/2A(c) n 1]A(d) _1

descriptor

Y m[(x; — x2)% 4+ (y1 — ¥2)? + (7 — 2,)?]V/? [(by1/a1)(c1/aq)]
Ale) = A(d) =
xm [(b2/az)(cz/az)]
weighted mean difference relation between
between atomic coordinates axial ratios
Bergerhoff et al., Acta Cryst B55 (1998)
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Input - COMPSTRU ﬂ(".

Structure Data Examinar... | Mo se ha seleccionado ningdn archivo. Cl F flle
[in CIF format] HINT: [ The option for a given filename is preferential |

. 15
COMPSTRU: 13.800 5.691 9.420 90.0 102.3 90.0
: 7
https://www.cryst.ehu.es/cryst/compstru.htmi o 1 4= 0.0000 0.2910 0.2500
B 2 af  0.3170 0.3090 0.3520
P 1 8f  0.5990 0.2410 0.4470
0 1 af  0.6430 0.0300 0.3920
o 2 8f  0.6340 0.4640 0.3740
|nput: Structure 1 0 3 8f  0.6420 0.2800 0.6120
0 4 8f  0.4910 0.2220 0.4200
Two crystal structures described
in the standard setting BCS format
Structure Data Examninar... | Mo se ha seleccionado ningdn archivo. CI F fl
. ) [in CIF format] HINT: [ The option for a given filename is preferential ] le
* Isopointal structures with the e
samel/different composition #3.96? 5.560 40.778 90.0 166.713 90.0
: b 1 4e 0.0000 0.0000 0.7500
* Chiral structures o 2 8¢ 0.0000 0.0000 0.8563
P 1 &f 0.0000 0.0000 0.9511
© 1 &f 0.0000 0.0000 0.9145
0O 2z &f 0.2715 0.7285 0.3285
Structure 2 © 3 &f 0.9570 0.5000 0.1170
O 4 8f 0.7285 0.2715 0.6115
BCS format
Enter the maximum distance allowed between the paired atoms: A
Enter the allowed folerance (abcapy)|.5.5.5555 |
Tolerance
de la Flor et al. J. Appl. Cryst 49 (2016)
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https://www.cryst.ehu.es/cryst/compstru.html

AT

Are these two structures similar?

Pb3(PO,),

#Structure 1 #Structure 2

15

15 13.967 5.560 40.778 90.0 166.713
13.800 5.691 9.420 90.0 102.3 90.0 90.0

! 7

Pb 1 4e 0.0000 0.2910 0.2500 Pb 1 4e 0.0000 0.0000 0.7500
Pb 2 8f 0.3170 0.3090 0.3520 Pb 2 8f 0.0000 0.0000 0.8563
P 1 8f 0.5990 0.2410 0.4470 P 1 8f 0.0000 0.0000 0.9511
O 1 8f 0.6430 0.0300 0.3920 O 1 8f 0.0000 0.0000 09145
O 2 8f 0.6340 0.4640 0.3740 O 2 8f 0.2715 0.7285 0.8885
O 3 8f 0.6420 0.2800 0.6120 O 3 8f 0.9570 05000 0.1170
O 4 8f 0.4910 0.2220 0.4200 O 4 8f 07285 02715 0.6115

38 05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server Institute of Applied Geoscience

Division Technical Petrophysics



39

COMPSTRU

AT

Karlsruhe Institute of Technology

Pb3(PO,),

Comparison of crystal structures of the same symmetry C2/c ( No. 15 ) [ unique axis b ]

Structure #1

15

13.200 5.6%1 S.420 S0.0 102.3 S0
Pb 1 4e 0.000000
Pl 2 g8f 0.317000
B 1 8 0.599000
O 1 8 O.643000
o 2 8 0.834000
O 3 8 O.642000
O 4 g8f O.4891000

=

U.au

]

28]
28]
(=]

Structure #2

15

13.987 5.560 40.77

Pk 1

o] 0.250000

00 0.352000 Pl 2
00 0.447000 E 1
000 0.382000 C 1
00 0.374000 C 2
00 0.612000 C 3
00 0.420000 C 4

0.000000 0.750000
0.000000 0.856300
0.000000 0.5851100
0.000000 0.914500
0.728500 0.888500
0. 500000 0.117000
0.271500 0.611500

The next step is to select a transformation that best matches the lattice parameters of the structures for the chosen tolerance (abcapy)=(55 5555}

; Cell parameters of the Structure #1 .
Al T e izl ) Cell parameters of the Structure #2 applying the transformation matrix sl
13.8000 5.6910 9.4200 90.0000 102.3000 90.0000
® -a,-b,3a+c 13.9670 5.5600 9.6301 90.0000 103.2951 90.0000 9.04de
| continue |
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COMPSTRU SKIT

Karlsruhe Institute of Technology

Pb3(PO,),

Structure #1 Structure #2
15 s
13,800 5.691 9.420 20.0 102.3 30.0 13.967 5.560 40.778
=3 1 e 0.000000 0.291000 0.250000 =0 1 42 0.750000
Pk 2 8f 0.317000 0.303000 0.352000 Tk 2 Ef O.858300
E 1 Bf 0.5599000 0.241000 0.447000 P 1 ef 0.951100
] 1 Bf 0.643000 0.030000 0.392000 o 1 8f 0.914500
o] 2 Bf 0.634000 0.464000 0.374000 o 2 B 0 0 0.888500
o 3 Bf 0.642000 0.280000 0.612000 0 3 Bf 0.8957000 0.500000 0.117000
o 4 Ef 0.4351000 0.22z000 0.420000 0 4 Bf 0.728500 0.271500 0.611500
Atomic Displacements I
WP Ato — .
" Tux |y o | qul (P,p) = —a,—b,3a+c; 1/4,1/4,0
4e|(0,y,1/4)| Pb1 |0.0000[-0.0410| 0.0000 |0.2333
8f| (xyz) | Pb2 |0.0019|-0.0590| 0.0043 |0.3386
8f| (x,yz) | P1 |0.0043)0.0090 [ 0.0041 |0.0816
8| (xyz) | 01 [0.0010[-0.0085[0.0035]0.0617 Description of Structure #2 in the most similar
8f| (xyz) | 02 |0.0100]0.0145 [ 00145 |0.1910 configuration to Structure #1
8f| (xyz) | O3 |0.0020|-0.0300( 00050 |0.1777 .
8f] (xyz) | O4 ]0.0025]0.0280 |-0.0055]0.1733 13.967000 5.560000 9.630055 90.000000 103.295058 90.000000
Pk 1 4e 0.500000 0.250000 0.750000
Evaluation of the structure similarity Pk 2 8f 0.818300 0.250000 0.856300
F 1 sf 0.103300 0.250000 0.951100
‘ 5 ‘dmu_{gﬂdm {A)‘ A o 1 ef 0.993500 0.250000 0.214500
00116] 03386 10.1755 10.066 o 2 ef 0.844000 0.521500 0.888500
| : | : | : | : o 3 af 0.644000 0.750000 0.117000
o 2 sf 0.356000 0.978500 0.611500
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Input — COMPSTRU

41

05.09.2022

-C 2yc [C 1 2/c 1] #15
a=13.967A

b=5.560A

c=9.630A

o=90.000°

p=103.295°

y=90.000°

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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Karlsruhe Institute of Technology

Pb3(PO,),

Structure #1
Structure #2

Structure #2 (most similar)

| Compare Structures |

Compare Lattices
Atomic Displacements

Structure 1: Mopaque
@ ball&stick Ostick O
cross
Structure 2: Mopaque
@ ballgstick Ostick O
Cross

Show Distances

-

cutoffi0.5 5|

Save PNG+Imol

Institute of Applied Geoscience
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Example: Structures with different composition ﬂ(".

Are these two

i ?
Pb,B.0,Br structures equwalent. Pb,BO,Cl

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

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

Comparison of crystal structures of the same symmetry Pnn2 ( No. 34)

43

Structure #1 Structure #2
34
11.524 11.431 £.53%8% S0. S0O. 9O 11.3840 6.56335 S0. 90
E}_: 1 4c a. 1 4c
Bh 2 4c a. 2 4c
Br 1 2a Cl 1 Za
Br 2 2k a. C1l 2 Zb 0.
C 1 4c 0. o 1 4c 0.
o 2 4c a. o 2 4c 0.
o 3 4c o. o 3 4c 0.
o 4 4c o. o 4 4c 0.
0 5 4c 0 o 5 4c 0.
0 & 4c 0 o & 4c 0.
o T 4c o o 7 4c 0.
o g 4c o. o g 4c 0.
o =] 4c a. o g 4c 0.
B 1 4c a. B 1 4z 0
B 2 4c a. B 2 4c 0.
B 3 4c a. B 3 4c 0.
B 4 4c 0. B 4 4c 0.
B 5 4c a. B 5 4c 0.
. Cell parameters of the Structure #1 )
Select | Transformation (P,p) Cell parameters of the Structure #2 applying the transformation matrix Strain
O a,b,c 0.0046
11.5240 11.4310 6.5399 S0.0000 S0.0000 90.0000
@ -b’-a’-c 11.3840 11.3810 &£.5633 90.0000 G90.0000 90.0000 0.004s
05.09.2022 Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server
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(SR N R i ]

[ A I e e R R R e R R

[ R R i ]

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

AT

Karlsruhe Institute of Technology

Comparison of crystal structures of the same symmetry Pnn2 ( No. 34 )

Structure 1

b

b
[
o
[y
[

b
L

83

o

(=]

B e O S S Y
0000000 000m00000M0.a0”0

L B B B AR BT R B S R S SRS R

(=== = = R o o o o o R R L L

o

.

o

DO 000 00000000000 oo

Structure 2

oo o

[

S R Y A A N A SRR N

000000 0000000~00M00”0

L B B B R BT B S R R SRS I

3
B
B
o]
o]
<
o]
o]
<
o
o]
o]
B
B
B
B
B

The similarity of the two structures will be evaluated taking into account the following correspondence between the atomic species:

44 05.09.2022

Structure #1

Structure #2

Cl

Br

0O

O

Pb

Pb

B

B

Do you agree with the proposed correspondence schemea?

Yes

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

DIFFERENT
COMPOSITION

No

—
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Example: Structures with different composition -\-\J(IT

[ Structure 1 ]

[ Structure 2 ]

Transformation matrix (P, p). -b,-a,-c ; 0,0,0.00659

Evaluation of the structure similarity

s |d A)lday (A)| A . : :
max. (A)| dav. (A) —' Most similar configuration to Structure 1 ]
0.0044| 0.1339 | 0.0784 |0.011
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Example: Chiral Structures

05.09.2022

P3,21 (No. 152)

#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 6¢c 0.398200 0.332600 0.385500
O 2 6¢c 0.389200 0.297900 0.868700

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

AT

Karlsruhe Institute of Technology

P3,21 (No. 154)

#1CSD: 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 6¢c 0.415500 0.257400 0.116180
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Example: Chiral Structures

Structure #1
152
4,51%1 4.51%1 10
4
B 1

(ST

Atom pairings and distances

0.000000

oo

Atom Mappings
WP Atom Coordinates in S4 Atom Coordinates in S3
3a |(x,0; 1/3)| A1 |(0.441200,0.000000,0.333333)| A1 [(0.466460,0.000000,0.333333)

|3b](x,0,56)| P1

|(0.437300,0.000000,0.833300)| P1

[(0.466900,0.000000,0.833300)

l6c| (xyz) | O1

(0.398200,0.332600,0.385500)| O1

[(0.416400,0.291900,0.397460)

l6c| (xyz) | 02

(0.389200,0.297900,0.868700) | 02

| (0.415500,0.257400,0.883820)

WP

Atom

Atomic Displacements

Uy

uy

uz

3a

(x,0,1/3)

Al

0.0253

0.0000

0.0000

0.1142

3b

(x,0,5/6)

P1

0.0296

0.0000

0.0000

0.1338

6c

(xy.z)

o1

0.0182

-0.0407

0.0120

0.2672

6c| (xyz) | 02

0.0263 |-0.04050.01510.3073

a7

05.09.2022
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Structure #2

154

4.5438 4.35438
4

Bl 1 3a
E 1 3k
O 1 ac
o 2 (]

[ I N

AT

Karlsruhe Institute of Technology

Transformation matrix (P, p): a,b,-c ; 0,0,0

The enantiomorphic description of Structure #2 in the most
similar configuration to Structure #1

152

4,943800 4.943200 10.
‘]

Al 1 3a

P 1 3k

o 1 ac

o 2 ac

(=R )

[=]

s =]

[
L]

[S]

L]

| S |dmax (A) [ dav. (A)| A

|0.0413| 0.3073 |0.2328 |0.107
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ttttttttttttttttttt f Technology

Isopointal and isoconfigurational structures -\\J(IT

® 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

KCrFg
RbCrFg
KAsFq
RuAsFg
CsAsFg
RbSbFg
BaSnFg
CsBrFq
CsSbFg
CsBiFg
CsUF4
KOsFg
NaCrFg

LiNbF
LiRuF
LiRhF
LiTaF,
LiOsFg
LilrFg
LiPtFg
LiAuF,
NiPtF
CdPtF
LiPF
LiAsFg
PdZrFg

49 05.09.2022
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ABX6 family R-3 (148); WP sequence: fba; Pearson: hR8

VNbFg

CoZrFg
PdPtF,
FeNbF,
CaSnFg
FeZrF

CuZrFg
CaPtFg
ZnPtF,
CoPtFg
MgRhF,
CaRhFg
ZnRhFy

Dr. Gemma de la Flor Martin — Bilbao Crystallographic Server

HgRhFy
NiRhFg
CaCrFq
MgCrFg
CdCrFg
MnSnFg
FeSnFg
ZnSnkFg
NiSnFg
CuSnFg
CdSnF4
CdTiFg
LiBiF

MgPbFg
ZnPbFg
NiPbFg
MgPdFg
CaPdFg
ZnPdF,
CdPdFg
LiSbFg
BalrFg
RbBIiF
KRhF
CsReFg
KPF

INAsF
CsNbFg
HgCrFg
CoSnFg
CsNbFg
MnPtFg
CdRhFg
NaBiFg
TIASF

distance d,,, [A]

Reference structure:
CaCrFgq

maximal

MnPtF,
0.1282

rg
NiPtF,
0.1282

Type: LiSbFg

NiPtF,
1.1397

Type: KOsFg
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