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SPACE GROUPS

Crystal pattern: infinite, idealized crystal structure (without
disorder, dislocations, impurities, etc.)

Space group G: The set of all symmetry operations (isometries)
of a crystal pattern

Translation subgroup H<]G: The infinite set of all translations
that are symmetry operations
of the crystal pattern

Point group of the The factor group of the space group
space groups P:: G with respect to the translation

subgroup T: Pc = G/H
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Space Groups: infinite order

Coset decomposition G:Tg —_J

(L)  (Waw2) ... (WmnWm) o (Wiwi)
(Lt1))  (Wawatt)) ... (Wmwmttl) ... (Wiwitt))
(ltz)  (Wawatt) ... (WmwWntt2) ... (Wiwitty)

(L)  (Wawatt) ... (Wmwmtt) ... (Wiwitt)

Factor group G/Tg

isomorphic to the point group Pg of G
Point group Pc = {l, W|,W, .., Wi}
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EXAMPLE Coset decomposition P2/c:T

ooy e

‘ " ,~ (1) x,y,z 2) x,y+i,z+1 3) x,9,Z 4) x,y+ 1,z+ 1
SR

(,0) (2,0 Y2 'a) (1,00 (m,0 2 A)
Lty (2,02 '%+)  (Lt) (M0 %2 Y2 +t))
(|,t2) (2 0 I/2 %) +t2) (_ t2) (m 02 I/2 +t2)

(L) (2,0 I/2 /2 +t,) (,t) (m 0 > I/2 +t;)

iré\é?]';se',?sn (T,pq A): | at p/2,q/2,r/2

(2,0 Vatv Va)
21screw (2,u Vatv V2 +w) -

axes
\ (Z,U 2 Vo +W)
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INTERNATIONAL TABLES FOR
CRYSTALLOGRAPHY

VOLUME A: SPACE-GROUP SYMMETRY

Extensive tabulations and illustrations of the |7 plane groups

N
L
!
0
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<
O
=
<T
Z
d
L
—
<

for CRYSTALLOGRAPHY

and the 230 space groups

*headline with the relevant group symbols;

*diagrams of the symmetry elements and of the
general position;

*specification of the origin and the asymmetric
unit;

*list of symmetry operations;

*generators;

*general and special positions with multiplicities,
site symmetries, coordinates and reflection
conditions;

ssymmetries of special projections;
*extensive subgroup and supergroup data
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vCmm?2
2 No. 35

@) Origin on mm?2
(5) Asymmetric unit

(H 1

iy

A2mm

11

2v
Cmm?2

Cmm?2
N —

| |
-~~~

o | |
S ———

< | |
o e B S

I I
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bt

Bm2m

0<x< 4

(6) Symmetry operations
For (0.0,0)+ set

(2) 2 0.0,z

W

0<y<=

b

0<z<1

(3) m x,0.z

©0

(4) m O,y.z

mm?2

Bmlm

Orthorhombic

Patterson symmetry Cmmm

--------------------------------------

-

o®

-

oo
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GENERAL LAYOUT: LEFT-HAND PAGE

Left-hand page:
(1)  Headline

(2)  Diagrams for the symmetry elements and the general

position (for graphical symbols of symmetry elements see
Chapter 1.4)

(3) Origin
(4)  Asymmetric unit
(5)  Symmetry operations
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1) CONTINUED No. 35 Cmm?2
(2) Generators selected (1); £(1,0.0); £(0,1,0); £(0.0.1); £(2,%,0); (2); (3)
@ Positions
Multiplicity. Coordinates Reflection conditions
Wyckoff letter, o
Site symmetry (0.0.0)+ (5%0)+ Goiasil:
8 f 1 (1) x,yz (2) %,7.2z (3) x,7.2 (4) X, v.z hkl : h+k=2n
Okl : k=2n
hO! : h=2n
hkQ: h+k=2n
hOO: h=2n
0kO: k=2n
Special: as above, plus
4 e m.. 0,yz 0.5.2 no extra conditions
4 d .m. x,0,2 x,0,z no extra conditions
& C 2 - =2 .73 hikl © h=2n
2 b mm2 0,5:2 no extra conditions
2 a mm2 0.0.z no extra conditions
(4) Symmetry of special projections
Along [001]) ¢2mm Along [100] plm! Along [010] p 1 1m
a=a b=b a=-b b =c b =-a
Origin a1 0.0.z Origin at x.0.0 Originat 0,y.0
(§) Maximal non-isomorphic subgroups
1 [2ICIm]1({Cm.8) (1; 3)+
21Cm11({Cm.8) (1; 4)+
[2]C112(P2,3) {1; 2)+
IIa [2)Pba2(32) 1 2; (3; 4)4(:,2,0)
RI1Pom2(Pma2 28) 1:3: (2: 41+ (:.2.0)

miércoles, 25 de septiembre de 13



General Layout: Right-hand page

Right-hand page:
(6)  Headline in abbreviated form

(7)  Generators selected; this information is the basis for the

order of the entries under Symmetry operations and
Positions

(8) General and special Positions, with the following
columns:

Multiplicity
Wyckoff letter

Site symmetry, given by the oriented site-symmetry
symbol

Coordinates
Reflection conditions

Note: In a few space groups, two special positions with
the same reflection conditions are printed on the same
line

9)  Symmetry of special projections (not given for plane
groups)

(10) Maximal non-isomorphic subgroups

(11) Maximal isomorphic subgroups of lowest index

(12) Minimal non-isomorphic supergroups
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Short Hermann-

Mauguin symbol Crystal class

Schoenflies (point group) Crystal

symbol | system
[ 11 \ \
DVCmm?2 oy mm?2 Orthorhombic
2| No. 35 Cmm?2 Patterson symmetry Cmmm
Number of Full Hermann- Patterson

space group Mauguin symbol symmetry

miércoles, 25 de septiembre de 13




miércoles, 25 de septiembre de 13



Hermann-Mauguin symbols for space groups

secondary tertiary
direction direction
|
P ¢
Orthorhombic 2, //,?"
Bravais lattice ~ SCrew axis 2//d screw axis & // ¢
glide plane n 1L @ glide plane a L. ¢

screw axis 2 // b
mirror plane m L b
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|4 Bravais Lattices

crystal family

Lattice types

C

R

triclinic

mohnoclinic

orthorhombic

tetragonal

hexagonal

cubic
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Hermann-Mauguin symbols for space groups

Directions that belong to the same set of equivalent symmetry directions are
collected between braces. The first entry in each set is taken as the
representative of that set.

Symmetry direction (position in Hermann—
Mauguin symbol)

Lattice Primary Secondary Tertiary
Triclinic None
Monoclinic* [O10] (funique axis b7)
[0O01] (‘unique axis ¢’)
Orthorhombic [100] [010] [O01]
Tetragonal [001] [100] P& e
(010] (110

Hexagonal [001]

100] 110
010 120
110 210

100
010
110’

Rhombohedral [111] { 110] }

Rhombohedral [001]
(hexagonal axes)

(rhombohedral axes)

Cubic { [100] }
(010]
[001]
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Crystallographic symmetry operations

fixed points of isometries (W,w)X=Xs

characteristics: ,
geometric elements

Types of isometries preserve handedness

identity: the whole space fixed

translation t:  no fixed point X =X+t

rotation: one Ifne ﬁxgd b=k x 3600/N
rotation axis

no fixed point
screw axis screw vector

screw rotation:
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do not

Types of isometries
YP preserve handedness

centre of roto-inversion fixed

roto-inversion: . : .
roto-inversion axis

inversion: centre of inversion fixed

plane fixed
reflection/mirror plane

reflection:

no fixed point

glide reflection: . .
glide plane glide vector
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Matrix formalism

53 W11W12W13 L (V0N
y| = | WorWaoaWas | | y | + | w2
Z W31W32W33 yA W3
linear/matrix translation
part column part
r=—Waux+w

r=(W,w)x or z={W|w}zx

matrix-column Seitz symbol
pair
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EXAMPLE _
For (0,0,0)+ set
(1)1 (2) 2 0,0,z (3) m x,0,z (4) m 0,y,z

For (1,%.0)+ set

(1) £(£.1.0) 12 )@'4"2> (4

glide plane, t=1/2a glide plane, t=1/2b
._r_ aty=1/4, Lb at x=1/4, La

S EE

General Position
Coordinates

(0,0.0)+ (5,3,0)+

(2) x,v,z (3) x, ¥,z (4) x.v,z

x+1/2,-y+1/2,z -x+1/2,y+1/2,z
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Problem 2.21 (a) Space group Cmm2 (No. 35)

L 4

General Position " Hatrbecolumn
(0,0,0)+ (1,1,0)4 presentation
of symmetry
8 f 1 (1) x,y.2 (2) %,5.2 (3) x,5.2 (4) .3,z operations
) —

" A) Characterize geometrically the
matrix-column pairs listed under General

_position of the space group CmmZ2 in ITA. | ‘0 —
| * * I I

r < A | _a_
B) Try to determine the matrix-column ? ?
pairs of the symmetry operations whose

symmetry elements are indicated on the ¢ F——

_unit-cell diagram | _‘_ . __‘_
| |
Symmetry operations .__l_._L_.
For (0,0,0)+ set
(1) 1 (2) 2 0,0,z (3) m x,0.z (4) m 0,y,z
For (3,3.0)+ set ' Geometric

(1) #(3.1,0) 2) 2 14z (3)a x%z @) b iyz interpretation

T — T——
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By bilbao crystallographic server

[ The crystaliographic site at the Condensed Matter Physics Dept. of the University of the Basque Country ]

[ Space Groups | [ Layer Groups | [ Rod Groups | [ Frieze Groups | [ Wyckoff Sets ]

Retrieval Tools GENPOS Generators and General Position:
Group-Subgroup WYCKPOS Wyckoff Positions of Space ~. \
Representations HKLCOND \
Solid State MAXSUB i3
Structure Utilities SERIES Seres SO0 D . of Space Groups
Subperiodic WYCKSETS ' - 8
Incommensurate Structures Database NORMALIZER ou” 5

KVEC drillouin zones of Space Groups
Contact us SYMMETRY OPERATIO*. o - .etation of matrix column representations of symmetry operations
About us
Links
Publications

How to cite the server
General Positions of Magnetic Space Groups

Wyckoff Positions of Magnetic Space Groups
Extinction Rules of Magnetic Space Groups

Tutorials

e

Material from the ITOnline Wor ﬁgop

(September 2011) \ )
\
\ SUBGROUPGRAPH Lattice of Maximal Subgroups
HERMANN Distribution of subgroups in conjugated classes
COSETS Coset decomposition for a group-subgroup pair
r\wmm-n The splitting of the Wyckoff Positions
Material from the school on the server ol METIG; SKRerDIoUDs of Sace. Noups
(June 2009) SUPERGROUPS Supergroups of Space Groups
CELLSUB List of subgroups for a given k-index.
CrysollographyOrline: CELLSUPER List of supergroups for a given k-index.
Irsernatanal Schoot n NONCHAR Non Characteristic orbits.
W COMMONSUBS Common Subgroups of Space Groups
Crystallographic COMMONSUPER Common Supergroups of Two Space Groups
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Crystallographic

Databases

International Tables for

Crystallography

AHAVHOOTIVLSAHO 10}
S3189V.1 TVNOILVNSHILNI

AHAVEOOTIVLSAHO 40}
S318V.1 TVYNOILVNSSLNI

AHAVEOOTIVLSAHO 10}
S318V.L TVNOILYNSESLNI
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Bilbao Crystallographic Server

- )
Problem: Matrix-column presentation GENPOS
Geometrical interpretation
g _J
Generators and General Positions space group

_ Please, enter the sequential number of group as given in the —
International Tables for Crystallography, Vol. A or —

The space groups are specified by their

sequential number as given in the
International Tables for Crystallography, Vol.

A. You can give this number, if you know it, or Generators only
you can choose it from the table with the | Show: All General
space group numbers and symbols if you Positions

click on the button [choose it].

To see the data in a non conventional setting -
click on [Non conventional Setting] or Standard/Default Setting Non Conventional Setting _ITA Settings

[TTA Qattinnel far rhaerkinn the nnan /
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[Example GENPOS: Space group Cmm2(35)j

General Positions of the Group 35 (Cmm2)

1 X,Y,Z ( (1) (1) g 8) 1
M 0O 0 1 0
Matrix-column I
presentatlon (-1 0 0 0)
2 -X,-Y,Z 0-1 0 O 20,0,z
of symmetry S
operatlons 100 o0
3 X,-Y,Z ( 0-1 0 0) m x,0,z
0O 0 1 0
WiiWieWis\ [ wr 0 o
W21W22W23 W9 [ o ( 0 0 1 g) moyE
W31W32W33 w3 i 1 0 0 1/2
5|  x+1/2,y+1/2,2 ( 0 1 0 1/z)n(1/2.1/2,0)
0 0 1 0
6| -x+1/2-y+1/2,2 (_3 1 0 iﬁ) 2 1/4,1/4,2
0O 0 1 0
7| x+1/2,-y+1/2,z ( é-(l) g ijg) ax1/4,z
0 0 1 0
- X+1/2,y+1/2,z ( 172
6) Symmetry operations

ITA For (0,0,0)+ set

d (1)1 (2) 2 0,0,z (3) m x,0.z 4) m 0,y,z
ata’ For (3,3,0)+ set
(1) #(z,7,0) (2) 2 352 (3) a x,3,z
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Bilbao Crystallographic Server

.
Problem: Geometric
Interpretation of (W,w)

SYMMETRY
OPERATION

\_ _/
Geometric Interpretation of Matrix Column Representation of Symmetry Operation
S | .co o coysial sysin :
This program calculates the geometric interpretation of matrix column
representation of symmetry operation for a given crystal system or '
space group. Or enter the sequential number of group as given in the Intemational Tables for choose I1t) [35
Crystallography, Vol. A ,
Input: !
i) The crystal system or the space group number.
Matrix column representation of symmetry operation -x+1/2,y+1/2,2
ii) The matrix column representation of symmetry operation
If you want to work on a non conventional setting click on Non [ | i : [
conventional setting, this will show you a form where you have to Rotational part Translation
introduce the transformation matrix relating the conventional setting of 0 0
the group you have chosen with the non conventional one you are In matrix form r 0
interested in. 0
0 1 0
Output:
We obtain the geometric interpretation of the symmetry operation.
ard)Dé'f’aﬁi't' Sréttrnrnrg_;_ Non Conventional §ettin§ ITA Settiﬁgi
‘—
| |
Symmetry opegafion of the space group 35 (Cmm2) —)——|——0— -
l I
[ 1 1
\———
-1 0 0 1/2 I |
( 0 0 1 0 . ‘ -
| I
1 ]
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EXERCISES

Problem 2.21 (b)

|. Characterize geometrically the matrix-column pairs
listed under General position of the space group

P4mm in ITA.

2. Consider the diagram of the symmetry elements of
P4mm.Try to determine the matrix-column pairs of
the symmetry operations whose symmetry
elements are indicated on the unit-cell diagram.

3. Compare your results with the results of the program
SYMMETRY OPERATIONS
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Cmm2 Bm2m

r—.tl

) T ' T -
S S N S S .
. 3 | ! : ’
three different = Y——t——! $ -~
Setti ngs r —?—— ——’—— T ...................................... T
. L . . . - -—
A2mm
i ST
permutations : : o G o o
Of a,b,c @ O’ ONOL
a .0 | O
2 Nole
O Lo Felfo)
® O ‘© O
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Space group Cmm?2 (No. 35)

Diagram of
symmetry elements

conventional setting

Diagram of general
position points

How many
general position
points per unit
cell are there?
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Example: P4Amm

Diagram of symmetry

elements position points
o]e © O
+O @+ +O
+® O+ +®
elo silo
o)le o)le
+O @+ +O
+® O+ +@
OO @JXO.
ﬁ— + + + +
(1)1 D400D  Wxpz  OFjz )iz
O)mx0z  (6) mTUyyz (T) m x,x,2 (8) m x,x,z (9) x,3,2 (6) x,y, (7) 3,%,2

Diagram of general
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Symmetry elements

Geometric Fixed points
Symmetry element
elements + Symmetry operations
Element set that share the same
geometric element
Examples
line All rotations and screw rotations
Rotation axis st " N with the same axis, the same
e (q-:) ppvxiers angle and sense of rotation and
all coaxial equivalents  tha same screw vector (zero for
rotation) up to a lattice translation
vector.
: plane
Glide plane , , All glide reflections with the same
defining operation+ reflection plane, with glide of d.o.

all coplanar equivalents (taken to be zero for reflections) by

a lattice translation vector.
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Name of Geometric  Defining Operations
symmetry element element operation (d.o) in element set
Mirror plane Plane A Reflection in A D.o. and its coplanar
equivalents™
Glide plane Plane A  Glide reflection in A; 2v (not v) D.o. and its coplanar
a lattice translation equivalents™
Rotation axis Line b Rotation around b, angle 27 /n lst, ..., (n — 1)th powers of d.o.
n=23,40r6 and their coaxial equivalents’
Screw axis Line b Screw rotation around b, angle 27/n, 1st, ..., (n — 1)th powers of d.o.
u = j/n times shortest lattice and their coaxial equivalents’
translation along b, right-hand screw,
=23, 4dor6; 7= 1,..p(=1)
Rotoinversion Line b Rotoinversion: rotation around b, D.o. and its inverse
axis and point  angle 27/n, and inversion
Ponb through P, n=3,4 or 6
Center Point P Inversion through P D.o. only

P. M. de Wolff et al. Acta Cryst (1992) A48 727
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Diagram of symmetry elements
Example: P4Amm : ! !

Element set of (00z) line

All rotations and screw
rotations with the same axis,
all coaxial equivalents  the same angle and sense of
rotation and the same screw
vector (zero for rotation) up to

Symmetry operations |5t 2nd, 3rd howers +
that share (0,0,z) as
geometric element

Element set of (0,0,z) line a lattice translation vector.
2 -X,-y’z \
4+ -Y,X,Z
4- Y,-X,Z

2(0,0,1) | -x,-y,z+1
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The various rotation and screw axes and their symbol

printed
symbol

symmetry axis

graphic
symbol

nature of
the screw
translation

printed
symbol

symmetry axis

graphic
symbol

nature of
the screw
translation

.................................

Inversion

..........................................

Rotation diad
or twofold

rotation axis

Screw diad

or twofold
screw axis

none

c/2

a/? or b/2 1

.................................

Rotation tetrad

Screw tetrads

Inverse tetrad

.....................................

none

c/4
2c/4

.................................................

................................

Rotation triad |

Screw triad

Inverse triad

.............................................

.....................................

Rotation hexad

Screw hexads

Inverse hexad

>o0000 0 ©§0§
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The various symmetry planes and their symbol

$o

: graphical symbol
ted
2;':\:0, SY ml'“e"'Y normal to | parallel to nature of
praihc plane plane glide translation
of projection| of projection
m  |reflection
plane (mirror) _l — one
a, b I B | 7171 al2 or b/2
lide plan
c e e none c/2
. . (a+b)/2, (b+c)/2 or
” d'ﬂlglf\';“(' ,?;';)’e —memee | (c+a)/2; OR (avbrc)/2
P for tand ¢ systems
“diamond" :; (a.tb)/4, (b‘.tC)/4 or
d glide plane | Z7Z” 20 C: 5”\ exa)/ 4 OR \eefacyi 4

for tand ¢ systems
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Space group Cmm?2 (No. 35): left-hand page ITA

Cmm?2 €.
No. 35 Cmm?2
—rV—
-t |-
R
ERERE

Origin on mm2

mm?2 Orthorhombic

Patterson symmetry Cmmm

Origin statement

The site symmetry of the origin is stated,

If different from the identity.

A further symbol indicates all symmetry
elements (including glide planes and

screw axes) that pass through the origin, if any.

Space groups with two origins

For each of the two origins the location
relative to the other origin is also given.
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Example: Different origins for Pnnn

Pnnn
No. 48

ORIGIN CHOICE 1

2
Dy,

P2/n2/n2/n

pt 2
]
l T | f
—
T
'~ i o
= 1 !
) L S I
l |
.
I S S
Origin at 222, at !, !,! from 1

mmm

Origin at 1 at nnn, at —1,—1,—

Orthorhombic

Patterson symmetry Pmmm

ORIGIN CHOICE 2

22
—

N

P o P ——— 0O
| |
¢ -
| | I
. 3
| |
Y P ——— 0
! |
| |
' | ' | 1
. . 4
| |
o o () — — — — [®)
¥ ¥
4 4
— 3 from222
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Example: Asymmetric unit Cmm2 (No. 35)

ITA: Asymmetricunit 0<x<: 0<y<: 0<z<I

. Surface area: green = inside the asymmetric unit, red = outside

S —— Basis vectors: a = red, b = green, ¢ = blue
/ Number of vertices: 8 | Number of facets: 6

0, 1/2, 0 x>0

0, 1/2, 1 x<=1/4 [y<=1/4)
1/4, 1/2, 1 y>=0

1/4, 0, 1 y<=1/2

0, 0, 0 z>=0

1/4, 1/2, 0 z<1

0, 0, 1

1/4, 0, 0 [Guide to notation]

(output cctbx: Ralf Grosse-Kustelve)

L

ITA: Anasymmetric unit of aspace group Isa(simply connected)
~ smallest closed part of space from which, by application of all
symmetry operations of the space group, the whole of space isfilled.
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Example: Asymmetric units for the space group P12l

Number of vertices: 8 | Number of facets: 6
0, 1, 1/2 x>=0
1, 1, 0 x<1l
1, 0, O y>=0
0, 0, 1/2 y<1l
1, 0, 1/2 z>=0 [x<=1/2]
0, 0, 0 z<=1/2 [x<=1/2]
0, 1, 0
1, 1, 1/2 [Guide to notation]

(output cctbx: Ralf Grosse-Kustelve)
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General and special Wyckoff positions

Site-symmetry group So={(W,w)} of a point X,
(V\/’W)XO = Xo

a b C Wi X0 X0
d e f w2 Yo Yo
g h i w3 Zo Z0

General position X,
S={(l,0)}=1

Special position X,
S>1={(l1,0),...,}

Site-symmetry groups: oriented symbols
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General position

(i) coordinate triplets of an image point X of
the original point X under (W,w) of G

(if) short-hand notation of the matrix-column pairs
(W,w) of the symmetry operations of G

-presentation of infinite symmetry operations of G
(Wiw) = (I,tn) (Wowo), 0<wio<|

miércoles, 25 de septiembre de 13



General Position of Space groups

Coset decomposition G:Tg

(L)  (Waw2) ... (WmnWm) o (Wiwi) l

(Lt1))  (Wawatt)) ... (Wmwmttl) ... (Wiwitt))
(ltz)  (Wawatt) ... (WmwWntt2) ... (Wiwitty)

(L)  (Wawatt) ... (Wmwmtt) ... (Wiwitt)

Factor group G/Tg

isomorphic to the point group Pg of G
Point group Pc = {l, W|,W, .., Wi}
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Example: Calculation of the Site-symmetry groups

Positions
Multiplicity,
Group P' I Wyckoff letter,
Site symmetry
b :
00 o O 2 @ 4 (1) x,y,z
/ 1 h I 1 1, 1
o o o .
1 g 1 0,3,3
Lof
a’o 9) @) 1 (4 i
S={(W,w), (W,w) X, = Xo} 1 d 1 1,0,0
d 0 1 172 1 ¢ 1 0,3,0
. 0 o | =0 1 b 1 0,0, :
| 0 112 -2 ) -
1 a 1 0,0,0

S={(1,0), (-1,101)Xs = X
S+={l,-1}  isomorphic

Coordinate
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Bilbao Crystallographic Server

(" )

Problem: Wyckoff positions WY CKPOS

Site-symmetry groups

Wyckoff Positions Space gl"OLI P

_ Please, enter the sequential number of group as given in International Tables for
Crystallography, Vol. A or choose it:

The space groups are specified by their number as given in the

International Tables for Crystallography, Vol. A. You can give this

number, if you know it, or you can choose it from the table with Standard /Default Setting Non Conventional Setting ITA Settings
the space group numbers and symbols if you click on the link ‘ '
choose it.

If you are using this program in the preparation of a paper, please cite it in the
following form:;
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Wyckoff Positions of Group 68 (Ccce) [origin choice 2]

muttipicty L ety oo BT

16 ; 4 (x,v,2) (-x+1/2,-y,2) (-x,y,-z+1/2) (x+1/2,-y,-z+1/2)
(-X,~y,-Z) (x+1/2,y,-2) (X,~y,z+1/2) (-x+1/2,y,2+1/2)

i h .2 (1/4,0,2) (3/4,0,-z+1/2) (3/4,0,-2) (1/4,0,2+1/2)

8 g 5 (0,1/4,z) (0,1/4,-z+1/2) (0,3/4,-z) (0,3/4,z+1/2)

8 f 2 (0,y,1/4) (1/2,-y,1/4) (0,-y,3/4) (1/2,y,3/4)

8 e 2. (x,1/4,1/4) (-x+1/2,3/4,1/4) (-x,3/4,3/4) (x+1/2,1/4,3/4)

8 d -1 (0,0,0) (1/2,0,0) (0,0,1/2) (1/2,0,1/2)

o c -1 (1/4,3/4,0) (1/4,1/4,0) (3/4,3/4,1/2) (3/4,1/4,1/2)

B b 222 (0,1/4,3/4) (0,3/4,1/4)

< a 222 0,3/4,3/4)

Space Group : 68 (Ccce) [origin choice 2]
Point : (0,1/4,1/4)
Wyckoff Position : 4a

Site Symmetry Group 222
0
X.Y.2 ( 2 ) 1

0 0 0

XY, Z+112 ( A ) 20y.1/4
0 0

-X,~y+1/2,2 ( ? 1{,2 ) 201/4.z
0 0

X,-y+1/2,-2+1/2 ( By ) 2x,1/4,1/4
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[ Example WYCKPOS: Wyckoff Positions Ccce (68) ]

B Kl

Wyckoff position and site symmetry group of a specific point

1
" Specify the point by its relative coordinates (in fractions or decimals)
Variable parameters (x,y,z) are also accepted

e R e
! : : : ) X= 12 y= 1/4 Z= 1/4
‘l_.. . ....... QOessvnee . ....... ' ....... ’ T ) .
4 . ( Show )
S IR" 1 -
MG e Qe ) ST )~ — C
5 1 :
RO : b4 212,114
- . ....... Sreseese . ....... Qeeesens . —
2 i i E S
o Sm—pm—im—p——b
r 4
T O T T
Space Group : 68 (Ccce) [origin choice 2]
Point : (1/2,1/4,1/4)
2x,1/4,1/4 Wyckoff Position : 4b
Site Symmetry Group 222
0
X,Y,Z ( g) 1
-1 0 0 1
x+1,y,-2+1/2 ( ) 132) 21/2,y,1/4
-1 0 0 1
x+1,y+1/2, ( 5 e W 132) 21/2,1/4,
1 0 0 0
X,-y+1/2,-2+1/2 ( S e 4 155) 2x,1/4,1/4
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EXERCISES Problem 2.22

Consider the special Wyckoff positions of the
the space group P4mm.

Determine the site-symmetry groups of Wyckoff

positions /a and |b. Compare the results with the
listed ITA data

The coordinate triplets (x,1/2,z) and (1/2,x,z),
belong to Wyckoff position 4f. Compare their
site-symmetry groups.

Compare your results with the results of the
program WY CKPOS.
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EXERCISES Problem 2.23

Consider the special Wyckoff positions of the
the space group P4,/mbc (No. 135).

Determine the site-symmetry groups of Wyckoff

positions 4a, 4¢c, 4d and 8g. Compare the results with the
listed ITA data.

Compare your results with the results of the
program WY CKPOS.
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Transformation of the coordinates of a point X(x,y,z):
-1

(X,)=(P,P)-I (X) X Pir | Pi2|Pizfpl
| = P21 | P22 | P23 || p2
=(P-I’ -P-IP) (X) Z P31 | P32 | P33 E3

special cases
-origin shift (P=1):

-change of basis (p=0) : |z’ = P 'z

T =T —pP

Transformation of symmetry operations (W,w):

(Ww)=(Fp) " (Ww)(Fp)

Transformation by (P,p) of the unit cell parameters:

metric tensor G: | G =P*G P
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Problem: SYMMETRY DATA
ITA SETTINGS

530 ITA settings of orthorhombic

and monoclinic groups

4. SYNOPTIC TABLES OF SPACE-GROUP SYMBOLS

Table 4.3.1 (cont.
MONOCLINIC SYSTEM SCORL)

Standard Extended Hcrmapn»;;\‘lauguin symbols for various
No. of S short settings and cell choices
space svmbol Hermann - abe b . -
group y Mauguin o caa R ' Unique axis b
symbol abe bat > Unique axis ¢
abe ach Unique axis ¢
3 C; P2 P21 P21 Pl12 Pl12 P21l P211
4 Ci P2, P12,1 P12,1 P112, P112, P2, 11 P2, 11
- C3 C2 Cl121 Al21 All12 8112 B211 C211 Cell choice 1
zl <y 2 2, 2, 2,
Al;l Cl%l BII;.’ AII:" C%Il BZ:.II Cell choice 2
ngl' 12t ma' ma' 21 121 Cell choice 3
2, 2, 2, 2, 2, 2,
(o Pm Pliml Plm] Pllm Pllm Pmil Pmlli
7 C; Pc Plcl Plal Plla Pllb Phil Pecll Cell choice |
Plnl Plnl Plln Plin Pnll Pull Cell choice 2
o ~ Plal Plel Pllb Plla Pell Phi| Cell choice 3
3 e Cm Clml Alml Al lzt Bllm Bmll Cmll Cell choice |
a ¢ a c b
.»1l:nl Clml Bllm Allzu ('Ztll Bmli Cell choice 2
a a [y
1ml f1ml Nim Ilm Imll Iml] Cell choice 3
. n n n " n n
9 C. Ce Clcl Alal Alla Bllb Bhil Cell Cell choiee |
n n n n n n
Al:l Clnl Bllg Alln Cnll Bgll Cell choice 2
c a ¢
!lgl Il:;l b Illg lzll bl Cell choice 3
a c
2 2 2 2 2
10 ct P2fm P11 P11 PII= < < <
2 = = = 21l - Pm 1 P" 1
11 Fad DY ¢ £ 21 1 ne 2- M ....2. 2. 2 2
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SYMMETRY DATA: ITA SETTINGS

Monoclinic descriptions

abc cba Monoclinic axis b

Transft. abc bac Monoclinic axis ¢

abc acb Monoclinic axis a
C12/cl | A12/al | A112/a | B112/b | B2/b11 | C2/cll Cell type 1
HM C2/c | A12/n1 | C12/nl1 | B112/n | A112/n | C2/nl1l1 | B2/nll Cell type 2
I12/al | 112/cl I112/b6 | I112/a | I2/cl1 I12/b11 Cell type 3

Orthorhombic descriptions

No. HM abc bac cab cba bca acb
33 | Pna2y | Pna2y | Pbn2; | P2imb | P2icn | Pc2i1n | Pn2ia
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Bilbao Crystallographic Server

4 . . )
Problem: Coordinate transformations
Generators GENPOS
X General positions )
—n v "-:’ /!;\ D http: / /icpydb. k.ehu,es/cryst/get_gen,mtml - — — v Gl
Bibao Crystallographic Secver —+ Generators/General Positions D

Generators and General Positions

space group

Tabies for Crystallography, Vol. A or _—

The space groups are specified by their number as given

in the Intemational Tables for Crystallography, Vol. A. You

can give this number, if you know it, or you can choose it

from the table with the space group numbers and symbols Generators only e

- z how:
if you click on the button [choose it] " Show All General Positions

To see the data in a non conventional setting click on
[Non conventional Setting]. Otherwise, click on

[Conventiconal Setting]. _Conventional Setting | Non Conventional Setting | ITA Settings |

[ Bilbao Crystallographic Server Ma

For comments, please mail to
cryst@wm.ic.ohy. a8

Biboo Crystallographic Server
hetpfwww.cryst.ehu.es

Transformation I TA-settings
of the basis symmetry data
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ITA-Settings for the Space Group 15

Note:The transformation matrices must be read by columns. P is the transformation from standard to the ITA-setting

Example GENPOS:

(a, b, c)n = (a, b, c)s P

ITA number Setting P p-1

15 C12lc1 ab,c a,b,c
15 A12n1 -a-c,b,a c,b,-a-c

15 /12/a1 c,b,-a-c -a-c,b,a
default setting Cl2/cl 15 A12al crba ceba
15 Cc12/n1 a,-b,~a-c a,-b,a-c
15 /12/c1 -a-c,-b,c -a-c,-b,c
I 15 A112/a c,ab b,c,a
15 B112/n a-a-c,b a,c,-a-b
(Ww) All2 /a= 15 [112/b -a-c,c,b -a-b,c,b
15 B112/b acb a,cb
(P’P) | (VV’W)C 12/c (P’P) 15 A112/n -a-c,a,-b b,-c,-a-b
15 /[112/a c,-a-c,-b -a-b,-c,a
15 B2b11 b,c,a c,ab
v 15 C2in11 b,a-a-c b,a,-b-c
15 /[2lc11 b,-a-c,c -b-c,a,c
final setting Al 12/a 15 C211 -bac beac
15 B2/n11 -b,~a-c,a c,-a,-b-c
15 /2/b11 -b,c,-a-c -b-c,-a,b

miércoles, 25 de septiembre de 13



“Example GENPOS: ITA settings of C2/c(15)

The general positions of the group 15 (A 1 1 2/a)

default setting

N Standard/Default Setting C2/c ITA-Setting A1 1 2/a
(x,y,z) form matrix form symmetry operation (x,y,z) form matrix form [cymmetry operation
1 0 O 0 1 0 0 0
X, Y 2 ( 0 1 0 0) 1 X, ¥, 2 ( 0o 1 o 0) 1
0O 0 1 0 0 0 1 0
-1 0 O 0 -1 0 0 1/2
2 -X, Y, -2+1/2 ( 0 1 0 O ) 20,yv,1/4 -X+1/2, -y, 2 ( 0 -1 0 0 ) 21/4,0,z
0 0 =1 1/2 0 0 1 0
-1 0 O 0 -1 0 0 0
3 -X, Y, ~Z ( 0-1 0 0 ) -10,0,0 -X, -y, ~Z ( 0 -1 0 0 ) -10,0,0
0 0 <1 0 0 0 <1 0
1 0 0O 0 1 0 0 1/2
4 X, -y, z+1/2 ( 0-1 0 O ) ¢ x,0,z x+1/2,y, -2 ( o 1 o 0 ) axy0
0 0 1 1/2 0 0 =1 0
1 0 O 1/2 1 0 0 0
5| x+1/2,y+1/2, 2z ( 0 1 0 1/2) t (1/2,1/2,0) X, y+1/2, z+1/2 ( o 1 0 1/2) t (0,1/2,1/2)
0O 0 1 0 0 0 1 1/2
-1 0 0 1/2 -1 0 0 1/2
6 |-x+1/2, y+1/2, -z+1/2 ( 0o 1 0 1/2) 2 (0,1/2,0) 1/4,y,1/4 |-x+1/2, -y+1/2, z+1/2 ( 0 -1 0 1/2) 2(0,0,1/2) 1/4,1/4 2z
0 0 -1 1/2 D 0 1 1/2
-1 0 O 1/2 -1 0 0 0
7| -x+1/2, -y+1/2, -z ( 0 -1 0 1/2) -11/4,1/4,0 X, -y+1/2, -z+1/2 ( 0 -1 0 1/2) -10,1/4,1/4
0 0 -1 0 0 0 -1 1/2
g -0 1/2 1 0 0 1/2
8 |x+1/2, -y+1/2, z+1/2 ( g -(1) 0 1;;) n (1/2,0,1/2) x,1/4,z |x+1/2, y+1/2, -z+1/2 ( 0 (1) 0 i;;) n (1/2,1/2,0) x,y,1/4

Al l2/a setting
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Bilbao Crystallographic Server

( )

Problem: Coordinate transformations
Wyckoff positions WY CKPOS

. J

Wyckoff Positions
space group

— | Please, enter the sequential number of group as given in International Tables for
Crystallography, Vol. A or choose it:

The space groups are specified by their number as given in the
International Tables for Crystallography, Vol. A. You can give this
number, if you know it, or you can choose it from the table with Standard /Default Setting Non Conventional Setting ITA Scumgs_
the space group numbers and symbols if you click on the link } !
choose it.

i you are using this program in the preparation of a paper, please cite # in the
following form:;

Aroyo, el. al. Zeitscheift fuer Kristallographie (2006), 221, 1, 1527

ITA-Settings for the Space Group 68

>es must be read by columns. P is the transformation f I I /m\

(a, b, ) = (a, b, c)s P S ett| ngs
Transformation s s Tl
Of the baSiS 68 C cce [origin 1] a,b,c a,b,c

68 Ae aajorigin1] c,a,b b,c,a
68 Bbeb|origin1] b,c,a c,a,b
68 Cccelorigin2] ab,c ab,c
68 Aeaalorigin2] c,ab bec,a

68 Bbeblorigin2] bec,a c,ab
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EXERCISES Problem 2.24

Consider the space group P2//c (No. |4). Show that the
relation between the General and Special position data of
P112,/a (setting unique axis c ) can be obtained from the data
Pl2,/cl(setting unique axis b ) applying the transformation

(a’,b’,C’)c — (a,b’C)bP, Wlth P= C,a.,b.

Use the retrieval tools GENPOS (generators and general
positions) and WYCKPOS (Wyckoff positions) for
accessing the space-group data. Get the data on general
and special positions in different settings either by
specifying transformation matrices to new bases, or by
selecting one of the 530 settings of the monoclinic and
orthorhombic groups listed in ITA.
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EXERCISES Problem 2.25

Use the retrieval tools GENPOS or Generators and General
positions, WYCKPOS (or Wyckoff positions) for accessing
the space-group data on the Bilbao Crystallographic Server or
Symmetry Database server. Get the data on general and
special positions in different settings either by specifying
transformation matrices to new bases, or by selecting one
of the 530 settings of the monoclinic and orthorhombic
groups listed in I TA.

Consider the General position data of the space group Im-3
(No. 229). Using the option Non-conventional setting obtain the
matrix-column pairs of the symmetry operations with
respect to a primitive basis, applying the transformation
(a’,b’,c’) = |/2(-a+b+c,a-b+c,a+b-c)
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