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A quick introduction to crystallographic orbits
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Definitions

A crystallographic orbit is the (infinite) set of atoms obtained from 
a given atom under the action of the symmetry operations of the 
space group of the crystal.

A crystal structure consists of one or more  crystallographic orbits.

Each crystallographic orbit possesses an eigensymmetry that is 
equal or higher than the space group that has generated the orbit.

The space group of a crystal structure is the intersection group of 
the groups that correspond to the eigensymmetry of each 
crystallographic orbit occupied by a type of atom in the crystal 
structure.
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Classification of crystallographic orbits

G = space group of the crystal structure

E = eigensymmetry of the crystallographic orbit

G = E : characteristic orbit

G <(t)* E : non-characteristic orbit

G < E, T(G) < T(E) : extraordinary orbit

* (t) translationengleiche subgroup (same translations, common lattice)
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Effects of the crystallographic orbits on 
the diffraction pattern

Atoms on characteristic orbits contribute to the diffraction 
pattern with the same symmetry as the space group.

Atoms on non-characteristic orbits contribute do the diffraction 
pattern with a symmetry higher than that of the space group.

Atoms on extraordinary orbits contribute only to a (reciprocal!) 
sub-lattice of the diffraction lattice of the crystal 
structure(special systematic absences).

The special systematic absences appear only for a limited 
number of cases in the International Tables of Crystallography.
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Exercises
(Only the generators of E that are 

not contained in G are shown in the 
following slides)
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A simple example

Find the 
eigensymmetry of 
the general orbit
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+

P2/m, P(111)

non-caractéristic orbit

A simple example
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The notion of intersection group

Let's see one example with two general orbits in a space gorup of 
type P2

The space group of a crystal structure is the intersection group of 
the groups that correspond to the eigensymmetry of each 
crystallographic orbit occupied by a type of atom in the crystal 
structure.
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P2/m, P(111) P2/m, P(111) = P2, P(111)
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Analyse 
ALL types 
of orbits

A more complex example
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Fmm2, orbit 16 e
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Eigensymmetry: Fmmm
Lattice F(1,1,1)Non-characteristic orbit
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Fmm2, orbit 16 e, y = 1/4
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+ Eigensymmetry: Pmmm
Lattice P(½ ,½,½)

Extraordinary orbit

Reflection conditions: hkl : h, k, l = 2n
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Fmm2, orbit 16 e, x = 1/4
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Eigensymmetry: Pmmm
Lattice P(½ ,½,½)

Extraordinary orbit

Reflection conditions: hkl : h, k, l = 2n
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Fmm2, orbit 16 e, x = 1/8, y = 1/4
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Eigensymmetry: Pmmm
Lattice P(¼,½,½)

Extraordinary orbit

Reflection conditions: hkl : k, l = 2n, h = 4n
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Fmm2, orbit 16 e, x = 1/4, y = 1/8
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Eigensymmetry: Pmmm
Lattice P(½,¼,½)Extraordinary orbit

Reflection conditions: hkl : h, l = 2n, k = 4n
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Fmm2, orbit 8 d

+

Eigensymmetry: Fmmm
Lattice F(1,1,1)

Non-characteristic orbit
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Eigensymmetry : 
Pmmm
Lattice P(½ ,½,½)

Extraordinary 
orbit

Fmm2, orbit 8 d, x = 1/4

Reflection conditions: 
hkl : h, k, l = 2n
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Fmm2, orbite8 c
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Eigensymmetry : Fmmm
Lattice F(1,1,1)

Non-characteristic orbit
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+
Eigensymmetry : Pmmm
Lattice P(½ ,½,½)Extraordinary orbit

Fmm2, orbit 8 c, y = 1/4
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Reflection conditions: hkl : h, k, l = 2n
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Eigensymmetry : Pmmm
Lattice P(½ ,½,½)

Extraordinary orbit

Fmm2, orbit 8 b

Reflection conditions: hkl : h, k, l = 2n
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Fmm2, orbit 4 a

+ Eigensymmetry : Fmmm
Lattice F(1,1,1)

Non-characteristic orbit
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Summary

orbits 16 e, 8 d, 8 c, 4 a Eigensymmetry: Fmmm
Lattice F(1,1,1)

non-chractéristic

orbit 16 e, x = 1/4 or y = 1/4
orbit 8 d, x = 1/4 or y = 1/4
orbit 8 b

Eigensymmetry: Pmmm
Lattice P(½ ,½,½)

extraordinary

orbit 16 e, x = 1/8, y = 1/4 Eigensymmetry: Pmmm
Lattice P(¼,½,½)

extraordinary

orbit 16 e, x = 1/4 and y = 1/8 Eigensymmetry: Pmmm
Lattice P(½,¼,½)extraordinary

No characteristic orbit in this type of 
space group!
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Analysis of some types of orbits

Another interesting example
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I4c2 orbit 16 i
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Eigensymmetry: I4c2
Lattice I(1,1,1)Characteristic orbit
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I4c2 orbit 16 i, x x z
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Eigensymmetry: I4/mcm
Lattice I(1,1,1)

Non-characteristic orbit
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I4c2 orbit 16 i x y 0
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Eigensymmetry: I4/mcm
Lattice I(1,1,1)

Non-characteristic orbit
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I4c2 orbit 16 i x 1/4 1/8

Eigensymmetry: I4
1
/acd

Lattice I(1,1,1)

Non-characteristic orbit1/8
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I4c2 orbit 16 i x 0 z
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Eigensymmetry: P4m2
Lattice C(1,1,1/2)

Extraordinary orbit

Reflection conditions: 
hkl : h+k = 2n, l = 2n
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I4c2 orbit 8 h

Eigensymmetry: I4/mcm
Lattice I(1,1,1)

Non-characteristic orbit
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I4c2 orbit 8 h, x = 1/4
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Eigensymmetry: P4/mmm
Lattice P(½,½,½)

Extraordinary orbit

Reflection conditions: 
hkl : h,k,l = 2n
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I4c2 complete analysis
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An easier example, yet...

Analyse 
ALL the 
orbit types
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Something is 
missing
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Pbam tetragonal metric, orbit 8 i, x = y

All atoms : +,-

Eigensymmetry: P4/mbm
Lattice P(1,1,1)

Non-characteristic orbit
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Same data in E3

●  space groups
● 219 types of affine space groups
● 230 types crystallographic space groups
● 1731 types Wyckoff positions 
● 1128 types of Wyckoff sets – Wyckoff positions 

conjugates under the normalisers
● 402 lattice complexes – crystallographic orbits classified in 

types
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Where to find more information?
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Where to find more information?
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Where to find more information?
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