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Question 1(25 marks)

a) Write short notes on Van der Waals equation [10]
Use diagrams, equations or plots to clarify your notes where necessary.
b) A real gas equation of state for a gas is given by:
(P+5an’/V?)(V-3nb)=nRT (1)
(i) Derive an expression for Vi, ., Tc and P.. [6]
(1) Find an expression for the Boyle's temperature, Tg. [4]
(iii)  Estimate the temperature at which oxygen behaves as an ideal gas, Tp given the
constants: a=6.493 L2atmmol?, b=5.622x10Lmol [2]

(iv)  Estimate the radii of real gas molecules using equation (1) for real gases given a
critical molar volume of 250 cm®mol™ [2]

QUESTION 2 [25 marks]

A sample of 70 mmol Kr(g) expands reversible and isothermally at 373 K from 5.25 cm3
to 6.79 cm3, and the internal energy of the sample is known to increase by 83.5].

a) Determine expressions for the critical point P¢, Vi, and T.. [9]
b) Assuming perfect gas behaviour calculate
0 W [3]
G Q (2]
(i) AH [2]
c) Using the virial equation of state up to the second coefficient B=-28.7cm3 mol-1
calculate: [9]
i) W
(i) Q
(iii) AH
for this change of state.
Useful relation: Virial equation
PV =]+ B + ¢ +...
RT Vm V7
Question 3 [25 Marks]

a) Derive Kirrchoff's equation: [6]

AH (T, )=AH (T, )+ 4,C, ,, AT
where C, r is temperature independent.
b) Using the data in the table below calculate

i) AH® at 298 K (4]
ii) AHat346K [5]



for the hydrogenation reaction:

CHz(g)+ Ha (g) » C:Ha (g)
CoHa (g) H (g) C.Ha (g)
Cp.m J/molV/K 43.56 43.93 28.82
AH® kJ/mol +52.30 0 +226.8

¢) (i) Using an appropriate Master Equation derive the Maxwell’s relation
(8S/8V)1=(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) Compare and contrast Any One Pair of the following concepts:
1) Statistical view and the thermodynamic view of entropy  [10]
ii) Adiabatic and Isothermal expansion [10]
i11) Second and Third law of thermodynamics [10]

For each concept include the origin or a short derivation showing its origin, an
example where applicable and the role or implication of each of the concepts in
thermodynamics.

b) 1.00 mol of perfect gas at 27°C is expanded isothermally from an initial pressure
of 3.00 atm to a final pressure of 1.00 atm . Calculate g, w, ASgys, AS;,» and AS,,,
if the expansion is done:

(1) reversibly, and (5]
(2) against a constant external pressure of 1.00 atm. [5]
(3) adiabatically against a constant pressure of 1.00 atm. [5]

Question 5 [25 Marks]

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

b) Calculate the standard enthalpies of formation of:

i) KCl10Os(s) from the enthalpy of formation of KC1  [2]
i1) NOCI(g) from the enthalpy of formation of NO [2]
Given the attached table and the following information:

2K C103(s)—>2K Cl(s)+30,(g) AH®=-89.4 kJ/mol
2NOCI(g) -2NO(g)+Clx(g) AH=+76.5 kJ/mol

c) A sample of sugar D-ribose (CsH;0Os) of mass 0.727g was placed in a bomb
calorimeter and then ignited in the presence of excess oxygen. The temperature
rose by 0.910 K. In a separate experiment in the same calorimeter, the combustion




of 0.825g of benzoic acid, for which the internal energy of combustion is -3251
kJmol, gave a temperature rise of 1.940 K.

Calculate:

i) the heat capacity at constant volume of the calorimeter in J/K [1]
ii) the internal energy of combustion of D-ribose in kJ/mol [2]
1ii) the enthalpy of combustion of D-ribose in kJ/mol [2]
iii) the enthalpy of formation of D-ribose in kJ/mol [2]
1v) Heat at constant volume and heat at constant pressure in J 2]
V) Comment on values in ii), 1ii) and iv) [2]

Useful information:

Molecular weights/g mol”"
Benzoic acid 122.12
D-ribose CsH;0Os (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
ii) Zeotrope and Azeotrope

i) 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]

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

d(ln p%T‘ 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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