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QUESTION ONE (20 MARKS)

a. What is the significance of studying statistical thermodynamics? (4 marks)

b. Calculate the number of microstates when 10 molecules are equally distributed among five
energy levels. What will be the value of the microstate when one molecule is removed from one

state and added to the other? (4 marks)

c. Distinguish between equally likely cases and mutually exclusive cases giving relevant examples

in each case (4 marks)

d. Write down the expression for the equilibrium constant of the reaction Nz(g) +3Hz(g) —2NH3(g)

in terms of the molecular partition functions of the reactants and products (4 marks)

e. Evaluate the translational partition function of gaseous CS; (76) at 298 K in a container of

volume 10.0 cm’. (4 marks)

QUESTION TWO (15 MARKS)

a. Apply the Boltzmann distribution to deduce the ratio of number of particles in two adjacent

degenerate energy states (5 marks)

b. Suppose you have four identical, non-interacting molecules distributed over energy levels and

the total energy of the system is restricted to five units.
i) How many macrostates and microstates are present in the system?
i) What is the relationship between the macrostates in terms of probability?

[llustrate your answer with clear diagrams (10 marks)
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QUESTION THREE (20 MARKS)

a. Consider the HCI with a bond length of 1.275A and frequency of vibration in wavenumbers of
2886 cm-1. Calculate the vibrational contribution to entropy at 298K and 1 bar given that the

masses of H and Cl are 1.008 amu and 34.97 amu respectively (5 marks)

b. Given that grot = [*(2] + 1)e™/U+D" /8n?!*T ¢, Show that grot = 8> IkT /h?

(10 arks)
¢. Evaluate the rotational partition function at 298K of "H*>Cl for which the rotational constant is
318 GHz (5 marks)

QUESTION FOUR (15 MARKS)
a. A system consists of three energy levels (€ =0, g, =4); a first excited level (€1=kT, g1 = 2)
and a second excited level (E,=4kT, g2 =2). Calculate the partition function of the system.

What is the probability for the second energy level?
(7 marks)

b. Starting from the first law of thermodynamics, show that dG= -SdT +VdP (8 marks)
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