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Question 1 [25 Marks]

a)

Write short notes on_any One of the following: [10]

i)
ii)

Virial equation
van der waal's equation

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=RI1(V, -b)" —(a/TWV;> (1)

Derive an expression for Vy, ¢, Tc and Pg. [6]

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

(iii) Estimate the temperature at which oxygen behaves as an ideal gas, Tg 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™ [3] ‘ “

Question 2 [25 MARKS]
a) Using examples and/or diagrams compare and contrast Any Two of the following
terms
i) reversible and irreversible expansion [5]
i) path and state functions [5]
1i1) work and heat [5]
b) 2 moles of methane occupies 12 L at 310 K.
1) Derive an expression for reversible isothermal expansion. [5]
1) Calculate the work done when the gas expands isothermally against a
constant external pressure of 200 torr until its volume has tripled. [5] ‘
1ii) Calculate the work that would be done if the same expansion in b(ii)
occurred in a series of equilibrium steps . [5]
Question 3 [25 Marks]
a) Write short notes on Any Three of the following concepts:
1) Statistical view of entropy [5]
i1) Clausius inequality [5]
1ii) Second law of thermodynamics [5]
iv) Third law of thermodynamics [5]

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)

Find A HY for the following reactions from standard enthalpies of formation:
¥

1)
ii)

NH,(g)+HCI(g)— NH ,CI [5]
Cyclopropane(g ) — propene(g) [5]



Question 4 [25 Marks]

a)

b)

Write short notes on of the following [15]

internal energy change

iii) Hess’s Law

To Calibrate a calorimeter a 0.120 g naphthalene, C;oHg(s), was burned 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.

i) Calculate the heat capacity of the calorimeter [4]
ii) Is the unknown compound phenol, C¢HsOH(s) or ethanol, CH;CH,OH(l) whose
enthalpies of combustion are AcH?=-3054 kJmol™ and -1368 kJmol respectively. [6] '

Question 5 [25 Marks]

a)

b)

Calculate the change in entropies of the system, A4Sy, the surroundings,

A4S, and the total change in entropy, A4Sy, , when a sample of nitrogen gas of
mass 14 g at 298 K and 1.00 bar doubles its volume in:

1) an isothermal reversible expansion [6]
ii) an irreversible isothermal expansion against an external pressure of 0.5 bar.
[4]

What would the change in entropy be if the gas in (a) was compressed to half its
volume and simultaneously heated to twice its initial temperature? [5]

If 50g water at 80°C is poured into 100g water at 10°C in an insulated vessel given
that C, n=75.5 JK 'mol™: Calculate:

i) final temperature of the mixture [4]
ii) the entropy change [6]



Question 6 [25 Marks]

a)

b)

2)

1) Define fugacity [5]
i1) Given that fugacity is given by the expression: [5]

g T)-1
f=pexp f{——z(p’p) }dp

Find an expression for the fugacity coefficient of a gas that obeys the equation of
state: [5]
PV, B,

RT =/ -/-T/;l‘ + ﬁ oty
m
The following are fundamental thermodynamic equations (FTE):
dU=TdS-pdV dA=-pdV-SdT
dG=VdP-SdT dH=TdS-VdP

(1) Using the appropriate FTE: [5]

(&), %)
av), \er),

1i1) Find an expression for internal energy change with volume for a van der
waals gas. [3]

nRT _an2
P—nd

Useful relation: P




Question 6 [25 Marks]

a) 1) Define fugacity [5]
ii) Given that fugacity is given by the expression: [5]

f = pexp I{z@,_;)_—f}dp

b) Find an expression for the fugacity coefficient of a gas that obeys the equation of
state: [5]
P _,, B, C
RT =1 +Vm +V75 ...
a) The following are fundamental thermodynamic equations (FTE):
dU=TdS-pdV dA=-pdV-SdT

dG=VdP-SdT dH=TdS-vdP
1) Using the appropriate FTE: [5]

(), (),

1i1) Find an expression for internal energy change with volume for a van der
waals gas. [5]

2
Useful relation: P= nRT _ aLZ
V—nb V
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