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SYMMETRY DATABASES

General and special Wyckoff positions and site-symmetry

Symmetry operations – matrix-column representation

Symmetry operations – geometric interpretation
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SYMMETRY OPERATIONS

MATRIX-COLUMN REPRESENTATION



Symmetry operations

TG TG2 TGmy TGmx

(1,0) (2,0) (my,0) (mx,0)

(1,t1) (2,t1) (my,t1) (mx,t1)

(1,t2) (2,t2) (my,t2) (mx,t2)

… … … …

(1,tj) (2,tj) (my,tj) (mx,tj)

… … … …

Example: Pmm2 General positions

0

a

b

Diagram of symmetry elements



Symmetry operations
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Generators and General positions
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Example GENPOS: Space group Pba2 (No. 32)

Space-group 

symmetry operations

General positions

matrix-column 

representation
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ITA

data
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Seitz symbols



Seitz Symbol for Symmetry Operations

Seitz symbols { R | t }
short-hand descriptions of the matrix-column presentations

of the symmetry operations of the space groups

• rotation part R

• translation part t Translation parts of the coordinate triplets of the General 

position block

specify the type and the order of the symmetry operation

orientation of the symmetry element by the direction of

the axis for rotations and rotoinversions, or the direction

of the normal to reflection planes

identity and inversion

reflections

rotations

rotoinversions

1 and ത1
m

2, 3, 4 and 6
ത3, ത4 and ത6



Seitz symbols for Symmetry Operations

The geometric descriptions given in the Symmetry Operations block in ITA are:

The Seitz notation are given as



Seitz Symbol for Symmetry Operations

Example

Seitz symbols for symmetry operations

of rhombohedral, hexagonal and trigonal
crystal systems

Glazer et al. Acta Cryst.(2014). A70, 300–302



Example: Space group Pba2 (No. 32)

Matrix-column

presentation

(1) { 1 | 0 }       (2) { 2001 | 0 }         (3) { m010 | 1/2 1/2 0 }      (4) {m100| 1/2 1/2 0}

Geometric

interpretation

Seitz symbols
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GEOMETRIC INTERPRETATION



Geometrical Interpretation of (W,w)

1. Type of isometry

2. Axis or normal direction u

2.1 Rotations 

2.3 Reflections

3. Sense of rotation

Rotational part (W)

2.2 Rotoinversions



Geometrical Interpretation of (W,w)

Translational part (w)

4. Intrinsic translation 

4.1 Screw vector

4.2 Reflection plane

5. Location symmetry element

5.1 

5.2 where



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

Ia-3d (No. 230)



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

2-fold rotation

Determine the type of isometry: 

Ia-3d (No. 230)



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

2-fold rotation

Determine the direction of the rotation axis calculating the matrix Y(W)

n=2

The direction of the rotation axis with respect to the body centred cubic basis 

is given by the non-zero columns, u = (1,1,0)

Ia-3d (No. 230)



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

2-fold rotation

u=(1,1,0)

The intrinsic part is calculated:

n=2

the symmetry operation is a screw rotation

Ia-3d (No. 230)



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

2-fold screw rotation

u=(1,1,0)

Screw rotation wg=(1/2,1/2,0)

The location of the screw axis is calculated:

Ia-3d (No. 230)



Geometrical Interpretation of (W,w)

y+3/4,x+1/4,z+1/4

The geometric interpretation of the symmetry operation is:

Ia-3d (No. 230)

screw component

Location of the 

symmetry element



Geometrical Interpretation of (W,w)

http://www.cryst.ehu.es/cryst/matrices.htmlSYMMETY OPERATION
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Geometrical Interpretation of (W,w)

http://www.cryst.ehu.es/cryst/matrices.htmlSYMMETY OPERATION

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


Exercise 2.15

(a) Construct the matrix-column pairs (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

(b) Characterize geometrically these matrix-column pairs taking into account

that they refer to a monoclinic basis with unique axis b (type of operation,

glide/screw component, location of the symmetry operation).

(c) Use the program SYMMETRY OPERATIONS for the geometric

interpretation of the matrix-column pairs of the symmetry operations.



Exercise 2.16

(a) Characterize geometrically the matrix-column pairs listed under

General position of the space group P4mm in ITA.

(b) 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.

(c) Compare your results with the results of the program SYMMETRY

OPERATIONS



GENERAL AND
SPECIAL WYCKOFF POSITONS

SITE-SYMMETRY



General and special positions

Orbit of a point X0 under G

Site-symmetry group

G(X0) = {(W,w)X0, (W,w)∈G}

S = {(W,w)} of a point X0

(W,w)X0 = X0

W11 W12 W13

W21 W22 W23

W31 W32 W33

w1

w2

w3

x0

y0

z0

=

x0

y0

z0

S = {(1,0)} ≃ 1

General position Xo

Multiplicity: |P|/|So|

Multiplicity: |P|

Special position Xo

S> 1 ={(1,0),...,}

Multiplicity: |P|/|So|

Site-symmetry groups: oriented symbols



Example: P4mm (No. 99)

Multiplicity

Wyckoff

letter

Site-symmetry



Site-symmetry group

Determine the site-symmetry group for 

the WP 2i (x,0,0)



Site-symmetry group

Determine the site-symmetry group for 

the WP 2i (x,0,0)

1 0 0
0 1 0
0 0 1

𝑥
0
0

=
𝑥
0
0

1 0 0

0 1 0
0 0 1

𝑥
0
0

=
−𝑥
0
0

𝑥
0
0

=
−𝑥
0
0

1 0 0
0 1 0

0 0 1

1 0 0

0 1 0

0 0 1

𝑥
0
0

=
𝑥
0
0

(W,w)X0 = X0

S0 = {(x,y,z);(x,-y,-z)}

x,y,z

-x,-y,z

-x,y,-z

x,-y,-z

Site-symmetry

2..



Wyckoff Positions
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Wyckoff Positions



Wyckoff Positions

1/2,y,1/4

2 x,1/4,1/4



Exercise 2.17

Consider the special Wyckoff positions of the the space group P4mm (No. 99)

1. Determine the site-symmetry groups of Wyckoff positions 1a and 1b.

Compare the results with the listed ITA data.

2. The coordinate triplets (x,1/2,z) and (1/2,x,z), belong to Wyckoff position 4f.

Compare their site-symmetry groups.

3. Compare your results with the results of theprogram WYCKPOS.



Consider the Wyckoff-positions data of the space group I41/amd (No.141),

origin choice 2.

a) Determine the site-symmetry groups of Wyckoff positions 4a, 4c, 8d and

8e. Compare the results with the listed ITA data. Compare your results

with the results of the program WYCKPOS.

b) Characterize geometrically the isometries (3), (7), (12), (13) and (16) as

listed under General Position. Compare the results with the

corresponding geometric descriptions listed under Symmetry operations

block in ITA. Comment on the differences between the corresponding

symmetry operations listed under the sub-blocks (0, 0, 0) and (1/2, 1/2,

1/2).

c) Compare your results with the results of the program SYMMETRY

OPERATIONS.

d) How do the above results change if origin choice 1 setting of I41/amd is

considered?

Exercise 2.18



Consider the space group P21/c (No. 14). Show that the relation

between the General and Special position data of P1121/a (setting

unique axis c) can be obtained from the data P121/c1(setting unique

axis b) applying the transformation (a’,b’,c’)c = (a,b,c)bP, with 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.

Exercise 2.23

ITA-conventional setting of space groups



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. 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.

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’) = 1/2(-a+b+c,a-b+c,a+b-c)

Exercise 2.24

Non-conventional setting of space groups
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Bilbao Crystallographic Server


