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1. Explain the following items: (a) First law of thermodynamics (b) Ideal gas (c) Raoult’s law (d)
Le Chatelier’s principle (e) Phase rule (20%)

2. An ideal gas occupies a volume of 0.300 dm? at a pressure of 1.80x10° Pa. What is the new
volume of the gas maintained at the same temperature if the pressure is reduced to 1.15x 10°
Pa? (10%) )

3. With the temperature maintained at 0°C, 2 mol of an ideal gas are allowed to expand
reversibly and isothermally from the initial pressure of 10bar to the final pressure of 2bar. (a)
How much work is done by the gas? (b) What is the change in the internal energy and the
enthalpy of the gas? (¢) How much heat is absorbed by the gas? (10%)

4, At 25°C 1 mol of ideal gas is expanded isothermally from 1 to 10 dm?. Calculate AU, AH, AS,
AA, and AG. (10%)

5. (a) Derive the entropy change per mol of mixture gasis AS = --»R(xl Inx, +x,1n xz). (5%)
(b) Calculate the entropy change of mixing per mol of air, taking the composition by volume
to be 79% Ny, 20% O, and 1% Ar.  (5%)

6. The equilibrium constant for the reaction listed below in benzene solution at 10 °C is
2.19x10™ mol dm>.

(C,H,COOH), < 2C,H,COOH
(a) Calculate AG® for the dissociation of the dimer. (5%)
(b) If 0.1 mol of benzoic acid is present in 1dm® of benzene at 10 °C, what are the
concentrations of the monomer and of the dimer? (5%)

7. (a) Derive the Clausius-Clapeyron equation 1, 2 _ 2w/Tu [_1._ _1_). (5%)
LT

A R
(b) Benzene has a normal boiling point at 760 Torr of 353.25K and A yapH,=30.76 kI mol™.
If benzene is to be boiled at 30.00°C in a vacuum distillation, to what value of P must the
pressure be lowered? (5%)
8. Toluene and water are immiscible. If boiled together under an atmospheric pressure of 755
Torr at 83 °C, what is the ratio of toluene to water in the distillate? The vapor pressure of pure
toluene and water at 83 °C are 322 Torr and 400.6 Torr, respectively. The molar mass of pure

toluene and water are 92.15 and 18.02 g mol ™!, respectively. (10 %)

9. (a) Derive the half-life of a first-order reactionis , - 2 (5%)
k

(b) The isotope 2p emits radiation and has a half-life of 14.3 days. What percentage of the

initial activity remains after 100 days? (5%)



