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3-D unit cell (six parameters) 
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α is the angle between b and c
β is the angle between a and c
γ is the angle between a and b
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The faces of the unit cell 
are labeled as shown with
A, B, C designations

 
 
As in the 2-D lattices, we can define unit cells with no 
symmetry on up to high symmetry 
 
 
 
 
 
 
 
 
 
 
 



  

 



 

 



 

 



 

 



 

To fully understand the crystallographic notation used in 
this table, you need to examine symmetry elements present 
in 3-D point groups 
 
*Biggest Difference (besides symbols being different 
sometimes) is that improper rotation axes are defined as a 
rotation followed by inversion or rotoinversion instead of 
rotation followed by reflection. 
 

1. five pure rotations 2π/n where n =1, 2, 3, 4, and 6.  
Previously they were identified as C1, C2, C3, C4, C6.  
They are now represented by 1, 2, 3, 4, and 6 

2. five rotoinversion operations symbolized by 
1, 2, 3, 4, and 6
remember 1     i   

 
rotoinversions are related to Sn, m, and i symbols  
(recall  m=s, and i=S2) 
 
1 operation:  
No net rotation but inverts all the coordinates 
(x, y, z)       (x, y, z) 
crystallographers equivalent of i 
 



 

(a)     7 DISTINCT CRYSTAL SYSTEMS
(b)      7 CRYSTAL SYSTEMS + CENTERING =

    
II.  POINT GROUPS

32 CRYSTALLOGRAPHIC POINT GROUPS
DESCRIBE THE SYMMETRY OF a

 STATIONARY UNIT CELL (same as a molecule)
 FOR THIS WE NEED ONLY:

ROTATIONS, REFLECTIONS AND INVERSIONS

III.   SPACE GROUPS 

32 CRYSTALLOGRAPHIC POINT GROUPS =
230 CRYSTALLOGRAPHIC SPACE GROUPS

DESCRIBE HOW MOLECULES ARE 
ARRANGED IN SPACE
FOR THIS WE NEED:

 TRANSLATIONAL SYMMETRY ELEMENTS
(GLIDE PLANES, SCREW AXES)

 +
 ROTATIONS, REFLECTIONS AND INVERSIONS

 

I.    UNIT CELLS/LATTICE TYPES

14 DISTINCT BRAVAIS LATTICES

14 DISTINCT BRAVAIS LATTICES + 



 

WHAT ARE THE 32 
CRYSTALLOGRAPHIC POINT 

GROUPS? 
 

Same as the 32 molecular point groups.  These 
are the total number of unique point groups 

that one can have by various combinations of 
rotations (restricted to C1, C2, C3, C4, and C6), 

mirrors and an inversion center. 
 

32 CRYSTALLOGRAPHIC POINT GROUPS 
(Hermann-Maugin notation) 

1, 1, m, 2/m, mm, 222, mmm, 4, 4, 4/m, 4mm, 
42m, 422, 4/mmm, 3, 3, 3m, 32, 3m, 6, 6, 6/m, 

6m2, 6mm, 622, 6/mmm, 23, m3, 43m, 432, m3m 
 

CORRESPONDING Molecular Point Groups 
(Schönflies notation) 

C1, Ci, Cs, C2, C2h, C2v, D2, D2h, C4, S4, C4h, C4v, 
D2d, D4, D4h, C3, S6, C3v, D3, D3d, C3h, C6, S3, 

C6h, D3h, C6v, D6, D6h, T, Th, Td, O, Oh 
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