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INSTRUCTIONS:

There are six questions. Each question is worth 25 marks. Answer any
four questions.

A data sheet and a periodic table are attached

Non-programmable electronic calculators may be used.
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Question 1(25marks)

(a)  Explain clearly what is meant by a thermodynamically reversible process. Why is the
reversible work done on a system the maximum work? [5]

(b) 2 moles of oxygen gas (which can be assumed to be perfect with C, =29.4 J K'mol™)
are confined in a volume of 11.2 dm® at 273 K. The gas is then heated reversibly to
373 K at constant volume.
() What is the initial pressure of the gas? [4]
(ii)  How much work is done on the system? [2]
(ili)  What is the increase in the infernal energy of the system? [5]
(iv)  How much heat was added to the system? [2]
{v)  What is the final pressure of the gas? [4]
(vi)  What is the change in the enthalpy? [3}

Question 2 (25 marks)

Naphthalene, CyoHs, melts at 80 °C. If the vapour pressure of the liquid is 10 Torr at 85.5 °C
and 40 Torr at 119.3°C and that of the solid is 1 Torr at 52.6 °C;

(a) Calculate the A,.pH of the liquid, the boiling point temperature, Ty, and A,S at Ty
[10]
(b) Calculate the vapour pressure at the melting point [4]
(c) Assuming the melting point and the triple temperature are the same, calculate Ag,H
and AgsH [6]
(d) What must the temperature be if the pressure of the solid is to be less than 10 Torr?
(3]
Question 3(25 marks)
(a) Explain the significance of a physical observable being a state function. List at least
five(5) state functions you encountered in this course. [5]
(b) Three moles of a perfect gas at 27 °C expand isothermally and reversibly from 20 dm>
to 60 dm’. Calculate w, q, AU, AH and AS. {10]
(c) Suppose the expansion in (b) was carried out isothermally but irreversibly against
zero external pressure i.e. px = 0, which of the properties calculated in (b) would
have different values and what are those values. [4]
(d) Define or briefly explain the following terms

(i} Boyle temperature
(i) Critical temperature
(iii} Principle of corresponding states [6]



Question 4(25 marks)

The water gas reaction is
Hy(g) + CO2 — H0(g) + CO(g)

Answer the following equations using the information given in the table below:

(a)  Calculate AR AS®, and A,G® for the reaction at 298 K. Comment on the spontaneity
of the reaction at this temperature. [10]

(b  Calculate AH® at 1200 for the above reaction [8}

{¢)  Assuming, AS? for this reaction is independent of temperature, calculate A,G® and the
equilibrium constant, K, at 1200 K. (71

Data for question 4. (Note C, =a + bT + cT’ in the range 273 K to 1500 K)

substance | Ad4I°(298 K) | S%(298 K) Co/J K mol
- kJ mol”! JK ! mol! a b c
H,0(g) -241.82 188.83 30.0 [10.0x10° | 12.0x 107
CO(g) -110.53 197.67 269 | 7.0x10° | -8.0x10”
COx(g) -393.51 213.74 260 [44.0x10° | -148x 107
| Hxg) 0 130.68 29.0 [ -0.8x10° ] 20.0x10°

Question 5 (25 marks)

(a) Discus the physical interpretation/significance of the Maxwell relations, use the

following relation to illustrate your argument;(a—s = a_pJ . (51
ov ). \ar),

(b) A Carnot cycle uses 1.00 mol of a monatomic gas (Cvn=3/2 R) as the working
substance from an initial state of 10.0 atm and 600 K. It expands isothermally to a
pressure of 1.00 atm (step 1), and then adiabatically to a temperature of 300 K (step
2). This expansion is followed by an isothermal compression (step 3), and then an

adiabatic compression (step 4) back to the initial state. Calculate g, w, AU, AH, AS,
ASyo1, and AG for each step and for the cycle as whole. [20]



Question 6 (25 marks)

(a) Measurement of the boiling point elevation can provide a determination of the molar
mass of a solute.

() What factors guide the selection of a solvent for such measurements? [5]

(i)  Clearly describe how a value of K, for a chosen solvent may be determined
experimentally. [5]

(iii)  With the value of K, determined, show how an unknown molecular mass may
be estimated. [5]

(b) The vapour pressure of chloroform, CHCl3, and carbon tetrachloride, CCly, at 25 °C
are 199.1 Torr and 114.5 Torr, respectively. Consider a liquid mixture containing 1
mol of each liquid in equilibrium with its vapour. Calculate
(i) the total vapour and [6]
(ii)  the mole fraction of each component in the vapour. [4] .



General data al_ld fundamental constants

Quantity Symbol
Speed of light c
Elementary charge e
Faraday constant F=N,e
Boltzmann constant k
Gas constant R=N,k
Planck constant h
‘ h=h/2r

Avogadro constant N,
Atomic mass unit u
Mass

electron m,

proton m,

neutron m,
Vacuum permittivity g, = 1/c’y,

dne,

Vacuum permeability Ko
Magneton

Bohr Hy = eh/2m,

nuclear By = eN/2m,

g value Lo
Bohr radius a, = 4ng /m, e
Fine-structure constant o= pec/2h -
Rydberg constant ’ R.=me"/8h’ce?
Standard acceleration : .
of free fall g
Gravitational constant G
Conversion factors
1 cal 4.184 joules (J) 1erg
leV = 1.6022X10™J  1eV/molecule
Prefixes f p n M m -

femto pico nano micro milli
10" 10°  10° 10°

10"

Value

2.997924 58 X 10° m s™
1.602 177 X 10" C

9.6485 X 10* C mol”
1.38066 X 102 J K

8.314 51 TK' mol?

8.205 78 X 10? dm® atm K mol?
6.2364 X 10 L Torr K mol?
6.626 08X 10 Js
1.05457X 10*Js -

6.022 14 X 10® mol”
1.66054 X 107 Kg

£ 9.109 39 X 10* Kg

1.672 62X 107 Kg
1.674 93 X 107 Kg
8.85419X 102 C*m®
1.11265 X 10" ' C?* m?
4n X 10778 C?*m?

4n X 10T ' m’

9.27402X 10*J T!
505079 X107 1T

©2.002 32

529177X10"m

17.29735X10°

1.09737X 10’ m™

9.806 65 m 5
6.672 59 X 10™ N m? Kg?

= 1X1077
= 96 485 kI mol™

c d k M G
centi deci kilo mega giga
102 1w 1 10° 10°
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