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Time allowed: two hours
Attempt three questions

(a) Find the 3 x 3 matrix representing rotation through 45" 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 2 2 1 2 2
3 3 3 3 3 3
1 1 1 1
A=(04 v *175),B=(04 v ‘7;)
V2 3f 3v2 3v2 _3\/' T 3/2

(c) The ammonia molecule NHj; has six symmetries: E = identity, C3 = rotation
through 120° about the z-axis, C? = rotation through 240° about the z-axis, and,
for 1 <1 < 3, 0; = reflection in the plane containing the z-axis and ith N — H
bond. Determine the multiplication table of ammonia’s symmetry group.

(a) Use the algorithnl # the Appendix to determine the point groups of the following
four molecules. Give full details of how you arrive at your answers.
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(b) Find a 1-dimensional representation of the group Cj, = {E, C3,C%,0,,09,03} to
which a p, orbital belongs. Also find a 1-dimensional respresentation of Cs, to
- which R, belongs (where R, is continuous rotation about the z-axis).
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The methane molecule .

C
/ \\H
H H
has point group T, whose character table is given in the Appendix. Determine
the character x of T, generated by the four C — H bonds. Then express x as a

sum of irreducible characters. What atomic orbitals might be used to construct
a set of four o-orbitals with lobes directed towards the hydrogen atoms in CH,?

Boron trichloride BCl3 has point group Dj, whose character table is given in
the"Appendix. Determine the character of D3y, generated by the six unit vectors
a,---, f indicated below. (Vectors a and d are mutually perpendicular, and are
also perpendicular to the B-Cl bond. The same is true for the pair b, e and the

pair ¢, f.)
: b

4 Cl
b d / .

Cl

State Euler’s Theorem and use it to classify the Platonic solids.

Explain why the Cgp carbon molecule (the buckyball) has the icosahedral group
I as its group of rotational symmetries.

By considering the set of double bonds of the buckyball find a five element set on
which I acts.
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APPENDIX

systematic class.ific.ation of molecules into point grotps

¢ = rotation axis ’ i = inversion centre

§ = improper axis (alternating axis) ¢ = plane of symmetry

1. Examine for special groups

a. Linear, no ¢ perpendicular to molecular axis — Coov
b. Linear, ¢ perpendicular to molecular axis — D
c. Tetrahedral —F,
d. Octahedral — O,

Dodecahedral or icosahedral — Ih

ooh

2. Examine fora Cn axis ——l

C, present v : C, alxbsent

Find C, of highest n | | o presl;ent — G

oraunique C_ — this axis is then i present —C
taken to be_ vertical no symm‘etr’y elements
by convention other than E — c,

3. Examine for 82 colinear with C_ |
J n n

So plresent Szjﬂabseut

No ol:her symmetry elements
present, except i S

2n

Other symmetry
elements present

4. Examine for n horizontal C, axes

—
nC, [axes present n C, axes absent
! o
Horizontal plane,{o y) present —D Horizontal plane (¢ )
o present — C_,

B n Vertical planes ‘mihedral planes, n Vertical planes present
O 4» bisecting angles between C, axes) (0 ,) C.,
presentl—Dn d :

Absent — D " Absent — C_

5 D;”, E 2C3 3C2 Tp 233 3(7"

Ay’ 1 1 1 11 1 x% 4 y2, 22
A0 1 1 —1 .1 1 —1 | R,

E’ 2 =1 0 2 —1 0 (x, ) (x? — y2, xy)
A" 1 1 1 -1 -1 -1

A7 |11 —1 -1 =1 1] =z

E' | 2 =1 0 =2 1 0] (R,R) | (xz,92)

Td E 803 3C2 634 6Ud

A, 1 1 1 1 1 X2+ y2 ) 22

A, 1 1 1 -1 —1 T .

E 2 —1 2 0 o0, (222 — x2 — y?,
x%—y?)

T, 3 0 —1 1. —1 (R., Ry, R)

I |3 0 -1 —1 1 (x, , ) (xy, xz, yz)



