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Symmetry of molecular systems 

 

Symmetry elements: plane, axis and point (center of inversion) 

 

Symmetry operations:  

 

1. rotation about a proper axis. For example, C2 means rotation about 3600/2 (1800), 

C3 – rotation about 3600/3 (1200), where n is an order of the axis.  

2. reflection in a plane of symmetry, σ. there are 3 types of planes. σh is 

perpendicular to Cn (main axis); σv contains the main axis, σd divides in half 

the angle between the two C2 which are perpendicular to Cn.   

3. inversion of all atoms through a center of symmetry, (center of inversion) denoted 

as i.    

4. identity operation E- position of atoms do not change- corresponds to the rotation 

about 3600.  

All other operations is just a combination of the symmetry operations described above. 

Of particular importance is rotation about an axis, Cn, followed by reflection through the 

plane perpendicular to the axis, σh . This operation is called a rotation about an 

improper axis, denoted as Sn.  
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Examples: 

Symmetry elements of H2O  

 

Symmetry elements of  NH3: 

 

Symmetry groups: 

1. No axis other than C1 : C1 (no symmetry), Cs, Ci 
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2. Only one axis with n>1:   Cn, Sn, Cnv, Cnh 

 

2. dihedral groups, D: contain Cn and n C2 perpendicular to Cn.  

Dn, Dnh, Dnd 

 

 

  

 

 

 

 

 


