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Useful information
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QUESTION ONE (20 MARKS)

a. What is the relationship between Quantum chemistry, chemical thermodynamics and statistical
thermodynamics? (3 marks)

b. Calculate the number of ways of distributing 20 identical objects with the arrangement
1,0,3,5,10,1. (2 marks)

c. The typical energy difference between successive electronic energy level is 1.0 x 1017 7.

Calculate the ratios of the number of molecules in the two adjacent energy levels. (4 marks)
d. What is the definition of temperature in relation to statistical thermodynamics (4 marks)

e. Explain the difference in entropy values for an element with molar mass of 20.18 gmol™! and

39.95g mol ™. (4 marks)

f. Estimate the quib for carbon monoxide at 300K given that the fundamental frequency of vibration

for COis 6.4 x 1013 s’ (3 marks)

QUESTION TWO (15 MARKS)

a. Given that -lnn; +a + BE =0. Apply the Boltzmann definition of entropy, Second law of

thermodynamics and Stirling’s approximation to evaluate a and 8 (10 marks)

b. Consider the equilibrium between A and B as per the equation A «<B, deduce an expression for
the equilibrium constant when the lowest and higher energy levels are available

(5 marks)
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QUESTION THREE (20 MARKS)

a. Consider the following equilibrium system at 1000 K Nax(g) <>2Na(g), Qetec for Na is 2 and
qetec for Naz is 1, P° = 10° N m™?, m=22.99 amu, The reduced mass of Naz is 1.1 x 1026 kg, the
moment of inertia is 1.81 x 10 kg m% the wave number of f Naz is 159.1 cm™. Calculate

q*Na

for the system. (10 marks)
qNa;
: ) n?h? (2mmkgT)3/?v
b. Given that E, = oz 1,23 ... ,Show that Grrans =5
(10 marks)

QUESTION FOUR (15 MARKS)
a. Calculate the rotational contribution to entropy for HCl at 298K and 1 bar, given that the
bond length is 1.275A and the masses of 'H and 33Cl are 1.0008 and 34.97 amu?

(6 marks)

b. Starting from the first law of thermodynamics, show that dA= -SdT -PdV (5 marks)

¢. NoO and CO; have similar rotational constants but strikingly different rotational partition

functions. Provide an explanation for this observation (4 marks)
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