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n-fold rotation axis — rotation by 360°/n

(C,)
C_  symmetry element

oY

C, symmetry operation
Reflection plane (o)

Inversion(i)
Not present in BF,

Present in H,, C,H,, etc.
n-fold improper rotation (n-fold rotation + reflection) (S,)

F Has three o, one o,
| reflection planes

/ B\ There are also C3,C3‘1(or Cf)
F F

and three C, operations.

All groups have the identity (E)
operation.

C, axis is also§. axis

CH, has a three S, axis that are nota C,
axis



A product of two symmetry operations = a symmetry operation in the group

If a molecule belongs to a particular group all symmetry operations in the group commute with it.

C, onl E

1 onty

Csonly E,o,

Ci only E,lA
C,hask,C,

C,has E,C,,C; etc.

C, has a symmetry plane (Uh) 1 to C, axis
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also has inversion

C,  C, plusnvertical symmetry
planes passing through C,
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Examples of point groups

C, |E o,
A 1 1 X,y X, y,20,xy
A" |1 -1 z Yz, Xz
4, 1 1 1 1 ¥ .2
A4, 1 | -1 -1 Xy
B, 1 1 1 1 xz
B, 1 -1 -1 1 ¥ yz

Product of two representations is a representation
B xB,=(1,1,-1,-1) = 4,
Different representations are orthogonal

B-B,=1+1-1-1=0



pd
~

water molecule in the yz plane

belongs to B,

belongs to B,

Z \
o
belongs to A,
p orbitals here are perpendicular to the plane



4 1 1 1 z x?+y?, 22
A4 1 1 1 -1
E 2 -1 0 (x, y) (x?-y?, xy),(xz,yz)

C,and C,?are the same type of operation and are grouped
together. Ditto for the three & operations

showE | to A, : (2)(1)+2(-1)(1)+3(0)(1)=2-2=0

What representation is E? =(4 1 0)=(2—1 0)+(1 1 1)+(1 1—1)

E°E=E+A4+A4,

For a heteronuclear diatomic, the point group is C,

This group lacks the I and C, operations.



D, E 2Coo 0o, | 2S» i o,

I : 1 ) 1 1 x*+y°,2°
2| 1 1 1 1 1

1, 2 D 0 o) ~2cos ¢ 0 (xz, yz)
51 1 1 -1 -1 -1

e 1 -1 -1 -1 z

IT, o) 2cos ¢ 0 -2 2cos¢ 0 | (x)

(xz_yzaxy)
belongs to Ag



