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1. The internal energy of a perfect monatomic gas relative to its value at T=0 K is
(3/2)nRT. Calculate (a) (8P/6V)r (b) (6U/0P)t (c) (6H/6V)t (d) (8U/6T)p (€) Cp-Cv

(20%)
2. The following molar heat capacity data have been reported for L-alanine:

T/K 10 20 40 60 100 140 180 220 260 300
Co/(JK'mol™) 0.5 39 18 31 53 69 83 9% 110 123

By a graphical treatment, obtain (a) the molar enthalpy of L-alanine at 300 K relative
to its value at T = 0 and (b) the molar entropy of L-alanine at 300 K. (20%)

3. The expressions that apply to the treatment of refrigerators also describe the
behaviour of heat pumps, where warmth is obtained from the back of a refrigerator
while its front is being used to cool the outside world. Heat pumps are popular home
heating devices because they are very efficient. Compare heating of a room at 295 K -
by each of two methods: (a) direct conversion of 1.00 kJ of electrical energy in an
electrical heater, and (b) use of 1.00 kJ of electrical energy to run a reversible heat
pump with the outside at 260 K. Discuss the origin of the difference in the energy
delivered to the interior of the house by the two methods. (20%)

4. Cyclobutadiene, C4Hy, is a four-carbon atom ring. Write the secular determinantal
equation for the = molecular orbitals of this planar molecule. Find the Hiickel
molecular orbital energies and show the HOMO and LUMO. Predict the total
electronic energy of this compound. Is there extra w electron stabilization (as in
butadiene or benzene) in this molecule? (20%)

5. Suppose that the enzyme E and substrate S combine to form a complex ES, which
then dissociates into product P and free enzyme E. The product rate follows

Michaelis-Menten form:

_ D _ ValS)
d K, +[S]
In noncompetitive inhibition, the inhibitor I binds to a site other than the active site
of the enzyme, so inhibitor I and substrate S can simultaneously bind to the enzyme,
forming the ternary complex designated EIS. Binding of either inhibitor or substrate
does not influence the affinity of either species to complex with the enzyme.
(a) Give a schematic representation of the model for the noncompetitive inhibition.
(b) If the dissociation constant of EI is Kj, please derive a rate expression for P
formation with Viay, [S], Km, [1], and K, by assuming quasi-steady state for [ES]

and for [EI]. Draw a plot with 1/v against 1/[S] by varying [I]. (20%)



