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Elements of Symmetry  

in Crystals 



Symmetry 

The crystal examination shows that there is a certain regularity of position of like faces,  

edges, etc. 

This regularity constitutes the symmetry of the crystals and is dependent upon the type of  

space lattice and unit cell involved in the construction of the crystal. 

In this crystal of sodium  

chloride, the arrangement  

of ions in the unit cell is  

controls the regularity of  

the faces and edges. 

A crystal possesses three kinds of symmetry elements: 

1. Planes of symmetry 

2. Axes of symmetry 

3. Centre of symmetry 



Planes of symmetry 

It is an imaginary plane which passes through the centre of a crystal can divides it into two  

equal portions which are exactly the mirror images of each other. 

 
The planes of symmetry can be demonstrated by considering a cube. 

 

 
A cube has nine planes of symmetry which divide it into  

two halves so that one half is reflection of the other . 

Planes of Symmetry in a cube 



Axes of symmetry 

If a crystal comes to occupy the same position in space more than once in a complete  

turn,the axis about which the rotation takes place is called axis of symmetry. 

Depending upon the degree of symmetry, a crystal may come to occupy the same position  

twice, thrice, four, or six times in a complete rotation. 

 

 

 

 

 

 

 

 

 

 
 

Axes of symmetry in a cube 

Such axes are denoted as:  

Two times- two fold 

Three times- three fold  

Four times- four fold  

Six times- six fold 



2-fold Rotation Axis - If an object appears identical after a rotation of 180°, that is twice in a 360°  

rotation, then it is said to have a 2- fold rotation axis (360/180 = 2). 

3-Fold Rotation Axis- Objects that repeat themselves upon rotation of 120° are said to have a 3-fold  

axis of rotational symmetry (360/120 =3), and they will repeat 3 times in a 360° rotation. 



4-Fold Rotation Axis - If an object repeats itself after 90° of rotation, it will repeat 4 times in a 360°  

rotation. 

6-Fold Rotation Axis - If rotation of 60° about an axis causes the object to repeat itself, then  

it has 6-fold axis of rotational symmetry (360/60=6). 



Although objects themselves may appear to have 5-fold, 7-fold, 8-fold, or higher-fold  

rotation axes, these are not possible in crystals. The reason is that the external shape of  

a crystal is based on a geometric arrangement of atoms. If we try to combine objects  

with 5-fold and 8-fold apparent symmetry, we cannot combine them in such a way that  

they completely fill space. 



Centre of symmetry 

It is an imaginary point in the crystal that any line drawn through it intersects the  

surface of the crystal at equal distance on either side. 



Symmetry elements in a cube and their notations 

Planes of symmetry: 9 
3 axial 

6 diagonal 

Axes of symmetry: 13 
3 four fold (3iv )  

4 three fold (4iii )  

6 two fold (6ii ) 

Centre of symmetry:  

Present 

 

A cube has the maximum number of  

symmetry elements. 



3 axial planes 

6 diagonal planes 

Axes of symmetry: 13 
3 four fold (3iv )  

4 three fold (4iii )  

6 two fold (6ii ) 

} 


