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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 Pg: SGLll\DNgilfguI]DeSZ%f;t to tcfs/el_ltranslation



INTERNATIONAL TABLES FOR
CRYSTALLOGRAPHY

VOLUME A: SPACE-GROUP SYMMETRY

Extensive tabulations and illustrations of the |7 plane groups
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;

) *symmetries of special projections;
i *extensive subgroup and supergroup data
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International Tables for Crystallography (2006). Vol. A, Space group 14, pp. 184-191.

5
P2, / C Cah 2/m Monoclinic
No. 14 P12,/c1 Patterson symmetry P12/m1

UNIQUE AXIS b, CELL CHOICE 1

I IO o ' o T o
’ ' ' —| R p—
OI o OI o . o l o
j j : :
) ) ) - : [ —
ccl o :‘ o 1 o : <
i
/ ; ;
bo\o
/ E -® -®©
/" o / soo/o [ s~q/o

/ I\"o O- O-
i |
i
i
Origin at 1
Asymmetric unit 0<x<1l; 0<y<i; 0<z<l
Symmetry operations

(1 (2) 2(0,:,0) O,y 31 0,00 @) c x:i.z



CONTINUED No. 14 P2,/c

Generators selected (1); #(1,0.0); £(0,1,0); ¢(0,0,1); (2); (3)

Positions
Multiplicity, Coordinates Reflection conditions
Wyckoff letter,
Site symmetry General:
4 e 1 (D xy.z (2) x,y+:,2+: (3)x,y.z @) x,y+1,z+3 hOL = 1 =2n
0kO: k=2n
00l : I=2n
Special: as above, plus
2 d 1 L,0,¢ 44,0 hkl : k+1=2n
2 ¢ 1 0,0,: 0,1,0 hkl : k+1=2n
2 b 1 5,0,0 3r3,3 hkl : k+1=2n
2 a 1 0,0,0 0,5} hkl : k+1=2n
Symmetry of special projections
Along [001] p2gm Along [100] p2gg Along [010] p
a=a b=b a=b Db=c a=.c b=a
Origin at 0,0,z Origin at x,0,0 Originat 0,y,0

Maximal non-isomorphic subgroups
| [21P1c1(Pc,T) I; 4
[21P12,1(P2,4) 1;2
2] P1(2) 1; 3
IIa none
IIb none

Maximal isomorphic subgroups of lowest index
Ilc [2]P12 /cl(a =2a0ra =2a,c =2a+¢)(P2/c, 14); [31P12 /el (b =3b) (P2 /[c, 14)

Minimal non-isomorphic supergroups
| [2] Prnna(52); [2] Pmna (53); [2] Pcca (54); [2) Pbam (55); [2]) Pccn (56); [2] Pbem (57); [2] Pnnm (58); [2] Pbcn (60);






Example:

Mirror symmetry operation
e\ Mirror line my at 0,y

1,0

Yx
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X X
(X:%,2) (X,Y,Z)
X = Fi(x,y,z)
Wi+ Wiy + Wisz+w;
Worx + Waay + Waz z + wo
W31 x + Wsaay + Waz 2z + ws.




Matrix-column presentation of

Isometries
f W11W12W13 £ (V0N
y| = | WorWoaWas | | y | + | w2
yA W31W32W33 yA W3
linear/matrix translation
part column part

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

matrix-column Seitz symbol
pair



EXERCISES Problem 2.14

Referred to an ‘orthorhombic’ coordinated system (a#b+c;

X=p=y=90) two symmetry operations are represented by the
following matrix-column pairs:

| 0 | 112
(Wi,wi)= | 0 (W2,w2)= | 0

-1]| o 1|12
Determine the images X; of a Can you guess what is the
point X under the symmetry geOmetric ‘nature’ of (WI,WI)?

operations (Wiwi) where And of (Wa,w2)?

0,70
X=| 03 Hint:
0,95 A drawing could be rather helpful




EXERCISES Problem 2.4

Characterization of the symmetry operations:

det | =7 tr | = ?

- | /2 X X
- | /2 Z Z




"
X e » o X

Wiz + Wiy + Wiz +w;
Waorz + Waay + Wasz z + wo
Wsix + Waay + Wazz +ws

_ -left-hand side: omitted
-coefficients O, +1, -1

-different rows in one line

- N R -X+ |/2, Ys -z+1/2
| 0 >{)_(+|/2,)',E'|'|/2

-1 1/2

N 2
|




EXERCISES

Problem 2.15

Construct the matrix-column pair (W,w) of the
following coordinate triplets:

(1) x,y,z (2) -x,y+1/2,-z+1/2
3) -x,-y,-z  (4) x,=y+1/2,z+1/2



Combination of isometries

(U,u) ~
X 6 ————————> o X
x = Ux + u;
x=Vi+v; (Wiw) (Viv)
x=V(Ux+u)+v; -
¥x=VUx+Vu+v=Wx+w. © X




EXERCISES Problem 2.14(cont)

Consider the matrix-column pairs of the two symmetry operations:

0 |- 0 -l 112
(Wl,W|)= 1|0 0 (W2,W2)= | 0
1110 || 112

Determine and compare the matrix-column pairs of the combined
symmetry operations:

(W,w)=(W,w1)(W2,w2)
(W,w)'=(W2,w2)(Wi,w)

combination of isometries:




Inverse isometries

(W,w)
X
N O = () X
X (C,c)=(W.w)"

I = 3x3 identity matrix
(C,c)(Wiw) = (l,0) O = zero translation column

(C,c)(W.w) = (CW, Cw+c)

C‘V W‘CO

—-Cw—-W w



EXERCISES Problem 2.14(cont)

Determine the inverse symmetry operations (VWi,wi)!' and
(W2,w2)"! where

(WI,WI)=(CI) -ol g (Wz,wz)=(-I | I(/)Z)

Determine the inverse symmetry operation (VWV,w)!

(Wow)=(Wi,w1)(Wa,w2)

inverse of isometries:




EXERCISES

Problem 2.14(cont)

Consider the matrix-column pairs

010 1/2 010 0
4,0) = (loo) | (1/2) and (B, ) = (001) | (o)
001 1/2 100 0

(i) What is the matrix—column pair resulting from
(B, b)(A, a)=(C,c),and (A4, a) (B, b) = (D,d) ?
(ii) What is (4,a)~ %, (B,b)" %, (C,¢) ' and (D,d)™* ?
(iii) What is (B,b) ' (4, a)™* ?






Crystallographic symmetry operations

characteristics: fixed points of isometries (V\/,w)Xf=Xf
geometric elements

Types of isometries preserve handedness

identity: the whole space fixed
translation t:  no fixed point X=X+t
rotation: one line fixed

rotation axis ¢ = f X 360 /N

screw rotation: o fixed point
screw axis screw vector



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



Space Groups: infinite order

Coset decomposition G:Tg __l

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

(|,tj) (Wz,W2+tj) (Wm,Wm+tj) (Wi,Wi+tj)

Factor group G/Tg

isomorphic to the point group Pg of G
Point group P = {I, W2,Ws5,...,Wi}



EXAMPLE Coset decomposition P2/c:T

o =

(1) x,y,z (2) %,y + 3,2+ 3 3) x,5,Z 4) x,y+ 3,2+ 3

v' f

/ |
Ccl {
Qo ———— ) — )

(I;O) d(z,o /s /) (1,00 (m,0 2 Ya)
(Lt) (2,02 Yet+t)) (1)) (M0 Y2 Y2 +t))
(|,t2) (2 0 I/2 %) +t2) (_ t2) (m 0 ' I/2 +t2)

(L) (2,0 '/2 /2 +t,) (I,t;) (m 0 2 I/2 +t;)
Tentars <Ipqr>:l at p/2,q/2.r/2

(2,0 Vatv 1)
2ISCFeW. (2 | Yoty s +w) -

aXeEsS
\ (2,u V2 /2 +w)



Symmetry operations
M 1 @ 2(0,5,0) 0,51 ) B 1 0,0, @c x)

glide plane, t=1/2¢
aty=1/4, Lb

-
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/
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B bilbao crystallographic server

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

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

P N

Retrieval Tools GENPOS Generators and General Posimc’a/épace Coups
Group-Subgroup WYCKPOS Wyckoff Positions of Spa/g,o&éxps
Representations HKLCOND Reflection conditions »” Space Groups \
Solid State MAXSUB Maximal Subgmﬁof Spaceg

Structure Utilities SERIES Series of Maximal Isomorp

Subperiodic WYCKSETS
Incommensurate Structures Database NORMALIZER -
KVEC p#s ar”. drillouin zones of Space Groups
Contact us SYMMETRY OPERALIO’.% *..etation of matrix column representations of symmetry operations
About us
Links

Publications
How to cite the server

Tutorials /

Material from the ITOnline WOn‘iiop
(September 2011)

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

-

SUBGROUPGRAPH Lattice of Maximal Subgroups
HERMANN Distribution of subgroups in conjugated classes
COSETS Coset decomposition for a group-subgroup pair
WYCKSPLIT The splitting of the Wyckoff Positions
Material from the school on the server ey Minimal Supergroups of Space Groups
(June 2009) SUPERGROUPS Supergroups of Space Groups
CELLSUB List of subgroups for a given k-index.
CrysiollogrophyOnline: CELLSUPER List of supergroups for a given k-index.
Irternatonal School n NONCHAR Non Characteristic orbits.
W COMMONSUBS Common Subgroups of Space Groups

Crystallogrophic COMMONSUPER Common Supergroups of Two Space Groups



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

Crystallographic databases

Group-subgroup

relations Structural utilities

Representations of
point and space groups

Solid-state applications
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Bilbao Crystallographic Server

. ™
Problem: Matrix-column presentation GENPOS
Geometrical interpretation
X Y,
Generators and General Positions space group

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

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 GQattinnel far rherkina the nnn /




[Example GENPOS: Space group P2,/c (14) ]

Space-group
symmetryoperations

short-hand notation

WiitWiaWis
Wo 1 WaaWas
W31 W32 Was

Geometric interpretation

matrix-column
presentation

Seitz symbols

General positions

ITA  * '

d ata Symmetry operations
() 1

wq
wo
w3

(1) x,y,2

)

General Positions of the Group 14 (P24/c) [unique axis b]

Click here to get the general positions in text format

Symmetry operation
No. (x,y,z) form Matrix form
ITA Seitz
1 00 0O
1 X,Y,Z ( 0 1 0 0) 1 {110}
0 0 1 0
-1 0 0 0
2 X,y+1/2,-z+1/2 ( 0 1 0 1/2) 2(0,1/2,0)0,y,1/4 | {2p10101/21/2}
0 0 -1 1/2
-1 0 0 0
3 “X,~Y,-Z ( 0-1 0 o)
0 0-1 0

2) 2(0, %30) 0,}’,%

X,~y+1/2,2+1/2

3)1 0,0,0

{mp10 | 01/21/2}



Bilbao Crystallographic Server

(Problem: Geometric SYMMETRY
Interpretation of (W,w) OPERATION

- J

Geometric Interpretation of Matrix Column Representation of Symmetry Operation

Y | c.co o cysal ysto

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 International Tables for

Crystaliography, Viol. A choose it | 35
Input:
i) The crystal system or the space group number.
Matrix column representation of symmetry operation -x+1/2,y+1/2,z
ii) The matrix column representation of symmetry operation.
If you want to work on a non conventional setting click on Non , .
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 0
the group you have chosen with the non conventional one you are In matrix form 0
interested in. 0 1 0
0 0 1 0
Output:
We obtain the geometric interpretation of the symmetry operation.
ard/Default Setting Non Conventional Setting ITA Settings

Sk T R
-

e e G = e — P — =
<

I
1

Symmetry operafion of the space group 35 (Cmm2)

-1 0 0 1/2
0 1 0 1/2
0 0 1 0

|
1

--—l——-
I



EXERCISES

Problem 2.17 (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



International Tables for Crystallography (2006). Vol. A, Space group 99, pp. 382-383.

Problem 2.1 7(b) Pdmm C‘:v dmm Tetragonal
No. 99 Pdmm Patterson symmetry P4/ mmm
O 00 © O ©0 ©
® ,/.\\ 4 NO) O+ 0] O+
o/l0 o
[ .
. ,’
. oJle . S O .
¢ ' ¢ © O © " O
QO 00
Origin on 4mm
Asymmetricunit 0<x<-; 0<y<- 0<z<1; x<y

Symmetry operations
. Geometr!c (1 (2) 2 0,0,z (3) 4 0,0,z (44 0.0.2
|nterpretat|0n (5) m x,0.z (6) m 0,y,2 () m x.3.z2 (8) m x.xz

Generators selected (1); ¢(1,0,0); £(0,1,0); £(0.0,1); {2); (3); (5)

Positions

Multiplicity, Coordinates
Wyckoff letter,
Site symmetry

Matrix-column (1) x,y.z (2) %,3.2 (3) ¥.x.z (4) y. X,z
presentation (3) x, ¥,z (6) %, y.z (7) ¥, %,z (8) y.x,z







General and special Wyckoff positions

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

a| b | c wi X X
d | e f w2 y y
g | h i w3 y 4 z

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

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

Site-symmetry groups: oriented symbols



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) = (l,tn)(W,wo), 0=wio<I



General Position of Space groups

Coset decomposition G:Tg

(,0)  (W2aw2) ... (WmWm) o (Wi,wi) |

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

(|,tj) (Wz,W2+tj) (Wm,Wm+tj) (Wi,Wi+tj)

Factor group G/Tg

isomorphic to the point group Pg of G
Point group P = {|, W2,Ws3, ...,\W;i}



Example: Calculation of the Site-symmetry groups

Positions

Multiplicity,
Wyckoff letter,
Site symmetry

Group P-1

dr

O

S={(Wiw), (Ww) Xo = Xo}

0

0

1/2

0

0

1/2

-1/2

0

-1/2

S={(1,0), (-1,101)X¢ = X

S¢+={l, -1}

isomorphic

2

l

1

[— Pt | P | —_—

—

st |

ek |

(1) x,y,2

1 1 1

29
0,3,3
|
57()’0
0,3,0

0,0, 3

0,0,0

Coordinate

(2) X,5,2



Bilbao Crystallographic Server

4 )

Problem: Wyckoff positions WYCKPOS

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
the space group numbers and symboils if you click on the link ) i
choose it.

_Non Conventional Setting _ITA Settings

If you are using this program in the preparation of a paper, please cite it in the
following form:

Aroyo, el. al. Zeitschrift fuer Kristallographie (2006), 221, 1, 15-27




Wyckoff Positions of Group 68 (Ccce) [origin choice 2]

muttipicty ety G50 (BT

16 | 1 (x,v.2) (-x+1/2,-y,2) (-x,y,-z+1/2) (x+1/2,-y,-z+1/2)
(-X,-y,~2) (x+1/2,y,-2) (X,~y,z+1/2) (-x+1/2,y,z+1/2)

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

8 g .2 (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)

8 c -1 (1/4,3/4,0) (1/4,1/4,0) (3/4,3/4,1/12) (3/4,1/4,1/2)

4 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
1 0 0 0
xyz (ose g 1

-1 0 0 0

XY, -Z+1/2 ( - A 1‘,’2) 20,y,1/4
-1 0 0 0

X,-y+1/2,2 ( ST A ) 20,1/4,2
1 0 0 0

X,-y*1/2,-2+1/2 ( 4 T g;g) 2x,1/4,1/4




[ Example WYCKPOS: Wyckoff Positions Ccce (68) ]

|
T
: : i
<§_. é_._._._é_._._._o T
T PO T

2 x,1/4,1/4

Wyckoff position and site symmetry group of a specific point

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

X= 172 y= 1/4 zZ= 14

Space Group : 68 (Ccce) [origin choice 2]

Point : (1/2,1/4,1/4)
Wyckoff Position : 4b
Site Symmetry Group 222
1 0 0 0
vz EER 1
-1 0 0 1
x+1,y,-2+1/2 ( A 1‘32) 2 1/2,,1/4
-1 0 0 1
x+1,y+1/2,2 ( 0. 132> 21/2,1/4,
1 0 0 0
X,-y+1/2,-2+1/2 ( o 1;5) 2x,1/4,1/4




EXERCISES Problem 2.18

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.



Problem 2.18 SOLUTION

CONTINUED Space group P4mm No. 99

Generators selected (1); 7(1,0,0); #(0,1,0); #(0,0,1); (2); (3); (5)

Positions

Multiplicity, Coordinates

Wyckoff letter,

Site symmetry

8§ g 1 (1) x,y,2 (2) x,y,z (3) ¥,x,2 4) y,%,2
(3) x,¥,2 (6) X,y,2 (7) y,%,z (8) y,x,2

4 f .m X, .2 X, 3,2 20X, Z X, 2

4 e m x,0,z x,0,z 0,x,z 0,x,2z

4 d m X, X, 2 X,X,z X, X,z X, X,z

2 ¢ 2mm. 5,0,z 0,5,z

1 b 4mm 353+2

1 a 4mm 0,0,z






Co-ordinate transformation

3-dimensional space

. (a, b, c), origin O: point X(z,y, 2)

®p) |

(a’,b’,c’), origin O’: point X (2,1, 2")

Transformation matrix-column pair (Pp)

(i) linear part: change of orientation or length:
(a’,b’,¢) = (a,b,c)P
Py P P13\ = (Pua+Pyb+ Pse,
= (a,b,¢)| Py Py Py Ppa+ Ppb + P,
P31 Py P33 Piza + Pyb + P33c).

(ii) origin shift by a shift vector p(pi,p2,p3):

y — the origin O’ has
O=0+p coordinates (pi1,p2,p3) in
the old coordinate system



b (a'.b',c") =(a,b,c)

X (a,b,c)=(a',b',c")

X =(3/4,1/4,0)

X - (R

Write “new in terms of old” as column vectors.




EXAMPLE

(12 12 0
(a',b',c")=(a,b,c)| -1/2 1/2 0

\O 01/

1
(a,b,c)=(a',b',c")| 1
0

X =(3/4,1/4,0)

X'=(1/2,1,0)



EXAMPLE

X =(3/4,1/4,0)

X'= (20

Linear parts as before.



EXAMPLE

p=| 1/4
\ 0

g=| -3/4
L0
=(3/4,1/4,0)

X'=(1/4,1/4,0)

Linear parts as before.



Transformation matrix-column pair (Pp)

f |l o] in | -1 o] [
(Pp)=( [2[12] 0] i Pp)'=( T 1[0 [+
olof1]]o olof1]]o

2’=1/2a-1/2b > amath’

b’=1/2a+1/2b b=-a'+b’

c’=c a‘,/av/N, c=C’ 114
|/2 — 9

O’=0+ |14 O=0+ -3(;4
0




Transformation of the coordinates of a point X(x,y,z):
-1

(X;)z(P,P)-l(X) NG PII|{PI2|PI3||pl

P21 [ P22 | P23 || p2

=(P-I’ 'P-IP)(X) Z P31 [P32|P33||p3

special cases
-origin shift (P=I):

-change of basis (p=0) : |z’ = P 'z

Transformation of symmetry operations (W,w):

(Ww)=(Bp) " (Ww)(Pp)

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

metric tensor G: | G =P*G P




Short-hand notation for the description
of transformation matrices

Transformation matrix: (3 b,c), origin O

S/ PIL|PI2|PI3| plI
A (Pp)=L [p2i]P22|P23| p

P31 |P32|P33| p

v

(a’,b’,C’), origin O’

-written by columns
notation rules: -coefficients 0, +1, -1

-different columns in one line
-origin shift

I -1 -1/4

example: 1, { a+b, -a+b, ;- 1/4,-3/4,0




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

Standard Extended Hermann-Mauguin symbols for various
e settings and cell choices
No. of Schoenflies short
wace symbol ’;:"m".'" abe cha Unique axis b
group sa:‘ el abe bat Unique axis ¢
Y abe ach Unique axis a
3 C) P2 P21 P21 Pl12 Pl12 P211 P211
4 cs P2, P12,1 P12,1 P112, Pl112, P2,11 P2,11
S C3 C2 Cl121 Al121 All2 Bl12 B211 211 Cell choice 1
Alsl 121 Bl112 Allg C211 B21) Cell choice 2
2 2 2 2 2
n2r nar ma' ma' 21 211 Cell choice 3
“1 “1 2, 2, 2, “1
6 C Pm Pliml Plml Pllm Pllm Pmil Pmll
7 C;’ P Pl¢l Plal Plla Plib Phil Pell Cell choice |
Plnl Plnl Plln Plin Pnll Pnll Cell choice 2
Plal Plel Pllb Plla Pell Phl| Cell choice 3
3 C;‘ Cm Clml Alml Allm Bllm Bmll Cmll Cell choice |
a ¢ b a ¢ b
Alml Clml Bllm Allm Cmll Bmlli Cell choice 2
IS a b b Iy
1ml I1ml Iim Ilm Imll Iml] Cell choice 3
n n n n n n
9 C: Ce Clel Alal Alla Bllb Bbhil Cell Cell choice |
n n n n n n
Alnl Clnl Blln Alln Cnll Bnll Cell choice 2
a ¢ b a ¢ b
Ial Il b la Icll Ibi| Cell choice 3
Iy a a b b c
10 cl, P2 i om2 | 2 | el | P2y | p2y
m m m m m m
BEL R [ 72 [ D faa | 01 2|| ”e 2| e nonzl [ bl J { st 1 | 4D




SYMMETRY DATA: ITA SETTINGS

Monoclinic descriptions

abc cba Monoclinic axis b
Transt. abc bac Monoclinic axis ¢
abc acb Monoclinic axis a
C12/cl | A12/al | A112/a | B112/b | B2/b11 | C2/cll Cell type 1
C2/c | A12/n1 | C12/nl1 | B112/n | A112/n | C2/nl1l1 | B2/nll Cell type 2
I12/al | 112/cl I1112/b | 1112/a | 12/cll 12/b11 Cell type 3

Orthorhombic descriptions

No. HM abc bac cab cba bca acb
33 | Pna2y | Pna2y | Pbn2y | P2inb | P2icn | Pc2in | Pn2ia




4 . . N
Problem: Coordinate transformations
Generators GENPOS
. General positions )
O00 Generators/Ceneral Positions o
& - @ {.} @ htp: / /kpydb. k.ehu.es/cryst/get_gen. html v OCF

Bibao Crystalographic Server — Generators/General Positions

Generators and General Positions

space group

I . o e s,
Tables for Crystallography, Vol. A or choose

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
if you click on the button [chocose it] ’

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

Generators only C
All General Positions «

Conventional Setting | Non Conventional Setting | ITA Settings |

[ Bilbao Crystallographic Server Mai

Bibao Crystallographic Server
hetp:/fwww.cryst.ehu.es

For comments, please mail to
cryst@wm.lc.ohu.es

Transformation I TA-settings
of the basis symmetry data



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)5 P

ITA number Setting ] p-1
15 C12c1 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 A12lal c-ba crba
15 c12n1 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 a,c,b a,-c,b
(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 B2/b11 b,c,a c,ab
v 15 C2in11 b,a,-a-c b,a,-b-c
15 /2/lc11 b,-a-c,c -b-c,a,c
final setting Al 12/a 5 C2c11 bac brac
15 B2in11 -b,-a-c,a c,-a,~b-c

15

12/b11

-b,c,-a-c

-b-c,-a,b



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

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

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 |symmetry operation
1 0 0O 0 1 0 0 0
1 X,V 2 0O 1 0 0 ) 1 X, V2 0 1 0 0 ) 1
0O 0 1 0 0 0 1 0

-1 0 0 O -1 0 0 1/2
2 -X, Y, -Z2+1/2 0 1.0 O ) 20,y,1/4 -X+1/2, -y, z 0 -1 0 0 ) 21/4,0,z
0 0 -1 1/2 o o0 1 0
-1 0 0 O -1 0 0 0
3 -X, =Y, -Z 0-1 0 O ) -10,0,0 -X, -Y, -Z 0 -1 0 0 ) -10,0,0
0 0-1 0 0o 0 -1 0

4 X, -y, z+1/2 ¢ x,0,z x+1/2,y, -z axy0

5| x+1/2,y+1/2, z t (1/2,1/2,0) X, y+1/2, z+1/2 ig t(0,1/2,1/2)

o
o0
OO

1/2
1/2

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

2 (0,0,1/2) 1/4,1/4,z

o

|

—
-~ o0

7| -x+1/2, -y+1/2, -z -11/4,1/4,0 -X, -y+1/2, -z+1/2 -10,1/4,1/4

o
-~ O
(= =
[
OO
N

|
(= W=
|
o0
(=
SN
o S— S S— S—

Pt st
NN

OO M
|
o O
(=
[
~
N

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

1/2

——T= T e e e — —= T
OO M
[
OO
oo
[
~S~S0 0
N

-1 0 0 1/2
0 1 0 1/2) 2(0,1/2,0) 1/4,y1/4 |-x+1/2, -y+1/2, z+1/2

1 0 0 1/2
n (1/2,0,1/2) x,1/4,z |x+1/2, y+1/2, -z+1/2 ( 0 (l) 0 1/2 ) n (1/2,1/2,0) x,y,1/4

default setting Al l2/a setting



Bilbao Crystallographic Server

( )

Problem: Coordinate transformations
Wyckoff positions WYCKPQOS

. 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 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:

Aroyo, el. al. Zeitschrift fuer Kristallographie (2006), 221, 1, 15-27

ITA-Settings for the Space Group 68 ¢
>es must be read by columns. P is the transformation f I TA

(a, b, ) = (a, b, c)s P settin gS
Transformation T B W
Of the bas|s 68 Cccelorgin 1] ab,c ab,c

68 Ae aaorigin 1] c,a,b b,c,a

68 Bbe b[origin 1] b,c,a c,a,b
68 Ccce|origin2] abec ab,c
68 Aeaalorigin2] c,ab bc,a

68 Bbeb|orgin2] bec,a c,ab




EXERCISES Problem 2.20

Consider the space group P2,/c (No. 14). Show that the
relation between the General and Special position data of
P112,/a (setting unique axis ¢ ) 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.



EXERCISES Problem 2.21

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-3m
(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)



