
POINT GROUPS 
MFT Chapter 4 



Symmetry operations 



Point groups 
• Every molecule has a set of symmetry operations 
associated with it (even if it is only E!) 

• The complete set of symmetry operations that 
describe a molecule is called a Point Group 

• Within a Point group, every possible product of 
two operations in the set is also an operation in 
the set 

• Example: H2O 



Point groups 
FOUR RULES: 
 
1)  A�B = C (multiplying two operations yields a 

third operation in the group) 
2)  Multiplication is associative (A�B)C = A(B�C) 
3)  There is an operation such that E�X = X�E =X   

(i.e. the identity) 
4)  Any operation (R) must have a reciprocal/

inverse operation (R-1) such that R�R-1 = E 
 
 



Schoenfleis Notation 
• This notation is a systematic way to name point 
groups 

• The notation often reflects the notation for 
symmetry operations contained in the group 

• We will use a step-by-step method to identify the 
point groups of molecules and objects 



Steps to identify a point group 
1)  Does the molecule belong to special groups with very 

low or high symmetry? 
2)  If not, what is the principal rotation axis (Cn with highest 

n)? 
3)  Are there C2 axes perpendicular to the principal 

rotation axis? 
4)  Is there a σh perpendicular to the principal rotation axis? 
5)  Are there mirror planes that contain the prinicpal 

rotation axis (σv or σd)? 
6)  Is there a collinear S2n axis with the principal Cn axis? 



1)  Does the molecule belong to special groups with very 
low or high symmetry? 





2)  If not, what is the principal rotation axis (Cn with highest n)? 

The n in Cn will determine the subscript in the Point Group name 



3)  Are there C2 axes perpendicular to the principal rotation 
axis? 

If yes, the point group name will contain ‘D’ 
 
If no, the point group name will contain ‘C’ 

No 



4)  Is there a σh perpendicular to the principal rotation axis? 

If yes, the point group name will contain a subscript ‘h’ 
 
If no, move on to next step. 



5)  Are there mirror planes that contain the prinicpal rotation axis 
(σv or σd)? 

 
If yes, either a Dnd or Cnv group 
 
 
 
 
 
 
 
 
 
 
 
 
If no, either a Dn group or Cn/S2n 



6)  Is there a collinear S2n axis with the 
principal Cn axis? 

 
If yes, then S2n group 
If no, then Cn group 
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Point group flow chart 



Point 
group 
short 
cuts 

Cnv 

Cnh 

Dnd 

Dnh 


