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1. (a) Which symmetry operations and symmetry elements

the molecules 1,CO has ? What symmetry group II,CO
belong to ?

(b) ¥Write the matrix representations of these symmetry
operations of I1,CO.

(c) Is this matrix rcpresentation reducible ? If not,
please reduce it into irreducible representations,
and write down the characters of these irreducible
representation. (10%)

. (a) For three dimensional rotation of a particle of ,

mass m, write the classical rotation energy and
its quantum opcrator.

(b) Write the definition of the moment of inertia for
a polyatomic molecule rotating around z-axis.

(c) VWrite the quantum energy levels for the following
types of molecules: (i) spherical top; (ii) linecar
molecule. What is the difference between them ?

(d) Give some examples of spherical top and linear
molecules. (15%)

. (a) Draw the normal modes of vibrations for the
molecules CO, and 11,CO.
(b) Asign the proper symmetry specics for these normal
mode vibrations.
(c) Compare the magnitudes of the [requencies of these
normal mode vibrations. (10%)

4. An ideal gas mixture consists of N, N,, and Ny0, which
is linear. As the temperature is high cenough such that
all various molecular motions arc highly excited, the
translational, vibrational, and rotational motion
contribution to heat capacity of the mixture, Cy, is
found to be 9R, 7R, and 4R, respectively. Find the mole
fraction of N, and N,0. (8%)
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5. A possible equation of state for a liquid is
V=V, (14aT-p(P-1))

in which P is the pressure in atmospheres, T is the
temperature in centigrade (°C), V, is the volume at
0°C and 1 atm, and o and B arc constants.

Prove that (a) (—g%); -;- , (b) (gl—;)T=Vo[l-273a-B(P—1)].

Calculate AS and Al in cal/deg and cal when 1 mole of
water is compressed at 20°C from 1 Lo 25 atm.

(for water near 20°C and | atm, a=2.1x10™ deg™! and
B=49x 1078 atm™) (16%)

6. The elcctromotive [orce of the cell
Pbcsy | PbSO4(sy | NapS04- 100¢sary | NgaSOucsy | Hegcry
is 0.9647 V at 25°C. The temperature coefficient is
1.74x1071 VK1,
(a) What is the cell reaction ?
(b) What arc values of A G, Al ? (11%)

7. (a) Opposite to the behavior of a liquid, a gas

becomes more viscous (higher viscosity) when the
temperature is raised. Explain.

(b) Explain the differcnces between A G* (activation
free energy and B, (energy of aclivation) of reaction.
(¢) Explain why interfacial tensions between two liquid
phases are generally smaller in magnitude than surface
tensions between liquid and vapor phases. (15%)

8. The gas-phase recombination of iodine atoms proceeds in
the presence of a second substance, M:
[+1+M—> I, + M
Two mechanisms arc proposed. The first is

MI1+1 =1
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where IZ' represents a high-energy molecule. The second
mechanism is

MDIT+H+ M- IH+H
() I+ 1 - 1, +4

where IM represents a loosely bound molecules that is

not necessarily capablc of permanent cxistence.

(a) Find the rate differential for cach mechanism,
using the rate-limiting step approximation and
assuming that the sccond step in cach mechanism is
rate-limiting.

(b) It is found thal the activation energy for the
overall reaction is negative. If M is argon,
k=8.3x10% cmbs! at 300 K, and k=1.3x10% cmbs™!
at 1300 X. Find the value of the actlivation energy. -

(c) Explain the fact that the activation cnergy is
negative. (15%)
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