
Space Groups 
A space group is a representation of the ways that the macroscopic and microscopic 
symmetry elements (operations) can be self-consistently arranged in space. There are 230 
unique manners in which this can be done and, thus, 230 space groups. Space groups add 
the centering information and microscopic elements to the point groups.  

Schematically, the relationship between the 7 crystal systems, 14 Bravais Lattices, 32 point 
groups, and 230 space groups are as follows: 

230 Space
Groups 

32 Point 
Groups 

14 Bravais 
Lattices 

7 Crystal 
Systems 

Add “Centering” 

Add Macroscopic 
Symmetry above Minimum 

Use Microscopic 
Symmetry  

The clear starting point for this discussion is define microscopic symmetry elements: 
Microscopic symmetry elements add small translations (less than a unit cell vector) 
to macroscopic symmetry operations.  

Microscopic Symmetry Elements 

Glide planes combine reflection and translation.  

Schematically: 
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The nomenclature for glide planes is fairly simple: 

Glide Direction Glide Magnitude Designation 
<100> ½ axis length a, b, or c 
<110> ½ face diagonal n 
<110> ¼ face diagonal d 

 

When one goes from a space group to the parent point group, all a’s, b’s, c’s, n’s, and d’s 
are converted back to m’s. 
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Screw Axes 

A screw axis combines rotation and translation and adds a twist to rotation axes. 
Schematically: 

 
Rules for screw axis labeling: 

• Angle of rotation is φ = 360°/n 

• After n rotations of φ and n translations of t, the total translation must be a multiple of 
the lattice translation vector T: 

mTt n=  

• Since m = 0, 1, 2, 3 … and 3/2 t = t + ½ t, the only unique screw axes are: 

• 21, 31, 32, 41, 42, 43, 61, 62, 63, 64, 65 where the subscript is “m”. 

• If m > n/2, than the rotation is counter-clockwise from top view (right- and left-
handedness). Right-handed is defines as clockwise from above.  

When one goes from a space group to the parent point group, all nm’s, are converted back 
to n’s. 

Crystallography 3  Page 2  



Space Group Designations (International or Hermann-Maguin System) 

Space group designations follow the same rules as point group designations with the added 
centering designations - A, B, C, F, I, and P. 

 

Crystal System Point Group Space Group 
 Full Short Full Short 

Triclinic 1 1 P1 P1 
 1  1  P1  P1  

 

Crystal System Point Group Space Group 
 Full Short Full Short 
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Crystal System Point Group 
 

Space Group 

 Full Short Full Short 
Orthorhombic 2mm mm P2mm 

P21mc 
P2ma 
P21mn 
P2cc 
P21ca 
P2cn 
P2ba 
P21bn 
P2nn 

C2mm 
C21mc 
C2cc 

A2mm 

Pmm 
Pmc 
Pma 
Pmn 
Pcc 
Pca 
Pcn 
Pba 
Pbn 
Pnn 

Cmm 
Cmc 
Ccc 

Amm 
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Crystal System Point Group 
 

Space Group 

 Full Short Full Short 
A2ma 
A2bm 
A2ba 
F2mm 
F2dd 
I2mm 
I2ma 
I2ba 

Ama 
Abm 
Aba 
Fmm 
Fdd 
Imm 
Ima 
Iba 

222 222 P222 
P2221 
P21212 
P212121 
C222 
C2221 
F222 
I222 

I212121 

P222 
P2221 
P21212 
P212121 
C222 
C2221 
F222 
I222 

I212121 

P
m m m
2 2 2  Pmmm 

P
n n n
2 2 2  Pnnn 

P
c c m
2 2 2  Pccm 

P
b a n
2 2 2  Pban 

P
m m a
2 2 2  Pmma 

P
n n a
2 2 21  Pnna 

P
m n a
2 2 21  Pmna 

P
c c a
2 2 21  Pcca 

P
b a m
2 2 21 1  Pbam 

 

2
m

2
m

2
m

mmm 

P
c c n
2 2 21 1  Pccn 

 

Examples: 

BCC W:  Space Group: Im3m  Point Group: m3m 

FCC Al:  Space Group: Fm3m  Point Group: m3m 

FCC Si:   Space Group: Fd3m  Point Group: m3m 
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    d = ¼ face diagonal glide 

Hexagonal Mg: Space Group: P63/mmc  Point Group: 6/mmm 

    c = ½ axial glide 

    63 = type 3 screw axis 

Space group data allows one to look up the missing reflections for a given x-ray (or electron) 
diffraction pattern.  

The system that we have discussed so far is the Hermann-Maugin system or the 
International System. This system is the preferred method of describing crystal structures for 
metals and ceramics. Polymers? It is the system that is used in the JCPDS (Joint Committee 
on Powder Diffraction Standards) in their card file (now mainly CD-ROM) database. An 
example of a card: 

 

Space Group Designations (Pearson’s) 

 First letter is the system: 

  a: triclinic 

  m: monoclinic 

  o: orthorhombic 

  t: tetragonal 

  h: hexagonal and rhombohedral 
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  c: cubic 

 Second letter is centering etc.: 

  A: A-base centered 

  B: B-base centered 

  C: C-base centered 

  F: Face centered 

  I: Body centered 

  R: Rhombohedral 

  P: Primitive 

 Number: Indexing number (arbitrary), which is not unique. 

To use effectively, need to know “structure type,” which is the classic example of that 
particular structure. 

Example: 

 

Space Group Designations (Structure Reports) 

The final system is/was favored by metallurgists (an elite group) is based on 
“Strukturbericht” or, in English, “structure reports”.  

These designations start with a letter that is followed by a number. The letter signifies what 
type of material: 

 A: element 

 B: AB compound 
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 C: AB2 compounds 

 D: AnBm compounds 

 E-K: more complex compounds 

 L: “alloys” 

 O: organics 

 S: silicates 

Note that alloys and compounds are inconsistently defined. For example, TiAl is called L10 
despite its AB stoichiometry. 

Examples: 
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There are even more systems of classification than given here! The biggest difficulties arise 
due to internal and external inconsistencies, incomplete databases, and the basic 
complexities of three-dimensional description. Much character is built. 
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Example and Review 

Calcopyrite (CuFeS2), 4 2m 

 
 

Shall we draw the stereogram and find the elements? 

 
The answer: 
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The mirror planes are normal to the vertical facets (a-b directions). 
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