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Question 1(25 marks)

a) Define the variable, compressibility factor, z. With the aid of Lennard-Jones
potential plot, compressibility and isotherm plots, compare and contrast real and
ideal gases.

Your account should make mention of interactions, equations and any necessary
theories to help clarify your discussion.
[15]

b) Write short notes on any One of the following:
i) Virial equation [10]
1i) van der waal's equation [10]
Use diagrams, equations or plots to clarify your notes where necessary.

QUESTION 2 [25 marks]

a) A real gas equation of state for a gas is given by:
P=RT(, - B)" ~(a/TWV;? (1)

@ Derive an expression for Vy, ¢, Tc and Pg. [12]

(i)  Find an expression for the Boyle's temperature, Tg. [4]

(iii)  Estimate the temperature at which oxygen behaves as an ideal gas, T given the
constants: a=1.748 L?atm mol”K and B= 0.0345 L mol™. [2]

(iv)  Estimate the radii of real gas molecules using equation (1) for real gases given a
critical molar volume of 250 cm’mol™ [4]

b)  Using the critical point expressions for V., Tc and P, find an expression or value

for compressibility at the critical point, Z [3]

Question 3 [25 Marks]

a) Derive Kirrchoff's equation: [6]

AHr(TZ) = AHr(T}) + Arcp,mAT
where C; 1, is temperature independent.
b) Using the data in the table below calculate
i) AH® at 298 K [4]
ii) AH at 346 K [5]

for the hydrogenation reaction:

CoHy (g)+ Ha (g) > CHy ()
CoHs (g) H; (g) C.H; (g)
Cp.ra J/moVK 43.56 43.93 28.82
AH® kI/mol +52.30 0 +226.8

c¢) (i) Using an appropriate Master Equation derive the Maxwell’s relation

\;—




(8S/6V)=(8P/8T)y  [5]

(i) Using the Maxwell’s relation in (i) find the expression for internal energy change
with volume under isothermal conditions for real gases using Berthelot’s relation:

(P+an’/TV?)(V-nb)=nRT  [5]

Question 4 [25 Marks]

a) Using examples and/or diagrams compare and contrast any one pair of the
following terms
1) reversible and irreversible expansion [10]

11) path and state functions [10]

b) 4 moles of pentane occupies 25 L at 315 K.
1) Derive an expression for reversible isothermal expansion. [6]
i1) Calculate the work done and heat involved when the gas expands
isothermally against a constant external pressure of 115 torr until its
volume has doubled. [4]
1i1) Calculate the efficiency of the system in 1 b (ii) above. [5]

Question 5 [25 Marks]

a) Write short notes on any two of the following
1) enthalpy change [5]
i1) internal energy change [5]
1ii) Hess’s Law [5]

b) To Calibrate a calorimeter a 0.120 g naphthalene, C;oHs(s), was burnt at constant
volume and it caused the temperature of the calorimeter to rise by 3.05 K. Then
0.10 g of an unknown compound was burned in the same calorimeter, causing a
temperature rise of 2.05 K.
1) Calculate the heat capacity of the calorimeter [3]
i1) Is the unknown compound phenol, CcHsOH(s) or ethanol, CH3;CH,OH(l)
whose enthalpies of combustion are AcH®=-3054 kJmol” and -1368 kJmol
respectively. [4]

c) Calculate the standard enthalpies of formation of:
i) KClO;(s) from the enthalpy of formation of KCl [4]

ii) NOCI(g) from the enthalpy of formation of NO [4]
Given the attached table and the following information:

2KC103(s)—>2K CI(s)+304(g) AHP®=-89.4 kJ/mol
2NOCI(g) >2NO(g)+CL(g) AH®=+76.5 kJ/mol

Useful information:

Molecular weights/g mol™
Benzoic acid 122.12
D-ribose C5H1005 (S) 150.13




QUESTION 6 [25 MARKS]

a)

b)

Write short notes on any Two of the following: [10]

1) Eutectic temperature and Congruent melting point
i1) Zeotrope and Azeotrope

1ii) Lower consulate and upper consulate temperature

a) Draw a sketch of the phase diagram of carbon dioxide and explain briefly
the slopes and curvature of the liquid-solid and the liquid-gas boundaries,
respectively. [5]

i) Derive the Clausius-Clapeyron equation for evaporation in the form

d (ln p)/dT . [5]

ii) The triple point of benzene is at 5.5°C and 36 mm Hg. Predict the
boiling point of benzene at 0.1 atm pressure. [5]
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