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Attempt three questions

1. (a) Find the 3 x 3 matrix representing rotation through 180° about the z-axis followed
by reflection in the zy-plane.

(b) Decide which one of the following two matrices represents a symmetry, and then
decide whether this symmetry is a rotation or an improper rotation.

1/3 2/3 2/3 1/3 2/3  2/3
A=1|2/3 2/3 1/3 | ,B=| 2/3 —2/3 1/3
2/3 1/3 2/3 2/3 1/3 —2/3

(c) The water molecule has four symmetries: E = identity, C, = rotation through
180° about the z-axis, 0,, = reflection in the zz-plane, oy. = reflection in the
yz-plane. Determine the multiplication table of its symmetry group.

2. (a) Use the algorithm in the Appendix to determine the point groups of the following
three molecules. Give full details of how you arrive at your answers.

- \C/,H
CH, CH,
N
— o
H / \H CI/ \ a H/ ™ H

(b) Find a 1;dimensional representation of the group Cy, = {E, Cy, 04, 0y, } to which
a p orbital belongs. Also find a 1-dimensional respresentation of Cs, to which a
dz, orbital belongs.
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APPENDIX

‘ Systematic classification of molecules into point.groups

c= rotation axis 1 = inversion centre

g = improper axis (alternating axis) o = plane of symmetry

1. Examine for special groups
2. Linear, no ¢ perpendicular to molecular axis —C__,
b. Linear, ¢ perpendicular to molecular axis —D __,
Tetrahedral —F
d. Octahedral — O,
e.’ Dodecahedral or icosahedral — I,

9.  Examine fora C axis —\

C, present : C, absent
t
Find C_ of highestn o present — C,
: . . , |
or a unique C_ — this axisis then 1 present —
taken to be vertical

. no symmetry elerﬁents
by convention other than E— C;

3. Examine for 82 colinear with C_ .
1 n n

n

- .
S,,, present Szn‘Aabsent
No oLher symmetry elements
present, except 1 S2n
I
Other symmetry
elements present
4~ Examine for n horizontal C2 axes
f ~ —
n C, axes present n C, axes absent
I er
Horizontal plane.¢o , ) present — D.n Horizontal plane (6 )
o present — C_,.
n Vertical planes (dihedral planes, n Vertical planes present
S 4 bisecting angles between C, axes) (¢ ,) C.v
present—Dn d :
Ablsent —D ~ Absent — C|




