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Question 1{25 marks]

Define the variable, compressibility factor, z. With the aid of

a)
Lennard-Jones potential plot and compressibility or 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.
[10]
b) A r'ealx gas equahon of' stotefor cgcs is giveh:'bjy:' |
p:ﬂ-.ﬁ_+_§_ (1)
Vm  ym?  vm? ,

(i) Derive an expression for Vm,c, Tc and P¢ using equation {1).  [9]

(ii) Estimate the radii of real gas molecules using the critical molar
volume, Vmc, expression obtained using equation (1) in {i) and
given that the critical molar volume is also three times the repulsive
gas constant b. B=-21.7 cm3 mol-! and C=1200 cmé mol-2.

[6] -
QUESTION 2 [25 marks]
q) Write short notes on Any Two of the following concepts:
i) Statistical view of entropy [8]
i) Clausius inequality 8]
ii) Second law of thermodynamics [8]
iv) Third law of thermodynamics | [8]
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) Cdiculate the change entropy of the system, surroundings and the
total change in entropy when 1.0 mol of oxygen gas at 27 oC is
expanded from an initial pressure of 3.00 atm to a final pressure of 1
atm S ‘

i) Isothermal reversible expansion [2]
i) Isothermally against a constant external pressure of 1.0
atm [2]
iii) Adiabatic reversible expansion [2]
C) Caiculofé the change in entropy when 20 g H2O at 40 oC is poured

into 40 g H20 at 5 °C in an insulated vessel given that the heat
capacity, Comis 75.5 J/K/mol. [3]



Quesﬂon [25 Marks]

0) Using an example of your choice differentiate between em‘hclpy and
internal energy change [10].

!

b) Find 4.H ? for the following reactions from standard enthalpies of
formation:

i
ii)

i)

2NO2(g)—>N204(g) [2)

NH,(g)+HCl(g)— NH,CI(s) [2]

Calculate the enthalpy of hydrogenation and the internal
energy change of hydrogenation of ethyne {acetylene) to
ethene (ethylene) from the enthalpy of combustion data given
below: [2]

AcH®/kJmol
Hz(g)+ % O2(g)—H20(1) -285.83
C2H4(g)+302(g) =2H20{l)+2CO2(g) -1411 ethene
CaHa(g)+ % O2(g) »2H20(1)+2C0O2|(g) -1300 ethyne

use table attached

c) The standard enthalpy of reaction of NH3SO2 (g) — NHs(g) + SO2(g)
is -40 kJ/mol.
Calculate
i) the standard enthalpy of formation of NH3SO2 (g). [2]
i) Calculate the internal energy of formation of NH3SO2 (g). [3]

Use data for enthalpy of formation of NHa(g) and SOz(g) in the

attached table

d) Derive Kirrchoff's equation [2]

AH(T,)= AH(T,)+ AC,, AT

Using the data in the table below calculate AH® and AL® for the recchon:

C(grcphﬁe)+HzO(g)—>CO(g)+Hz(g)

At
i) 298K [1.,1]
i) 348K [1,1]

Clgraphite} | HO(g) COlg) Ha(g)
Cp.m Jmol-K- | 8.53 33.58 29.14 - | 28.82
AH/kJ/mol 0 -241.8 -110.5 0
Question 4 [25 Marks]

a) Using examples and/or diagrams compare and confrast the
following terms

i)
i)

reversible and ireversible expansion [5]
path and state functions [5]



b) A sample of 4.50 g of methane, CHa, occupies 12.7 L at 310 K.

(i) Calculate the work done when the gas expands isothermally
against a constant external pressure of 200 Tomr until its volume has
increased by 3.3L.  [5]

(i) Cclculate the eff' cnency of 'rhe systemin 1 (b(l)) above. [10]

EPAT 2

[R A W C-12 g/mol H 1.008 g/mol]

Question 5 [25 Marks]

a) Derive the integrated Gibbs-Helmholiz equation [3]

AG;__AGI=AH(1 1)

I, I; };—FJ

from the fundamental 1hermodynamic equation dG = VdP - SdT

b) Given the reaction:

Ny(g)+3H,(g)—> 2NH3(g)
Calculate the change in Gibbs free energy 4G?
i) at 298K . [5]
ii) at 500K - [5]
i) =~ Comment on the significance of the values obtained in [i) and {ii)..

(2]
c) The Master Equation states that QU=TdS-PAV.
(i) Using the Master Ecjuaﬁon above derivé the Maxwell's relation
(85/8V)i=(8P/8T)v [5]
(i) Using the Maxwell's relation in {i) find the expression for internal energy
change with volume under isothermal condmons for real gases using van

der Waals relation:

(P+an2/V2])(V-nb)=nRT  [5]

QUESTION 6 [25 MARKS]

a) Write short notes on any Two of the following: [10]
i) Eutectic temperature and Congruent melting point
ii) Zeotrope and Azeotrope
iii) Lower consulate and upper consulate temperature



b)

Draw a sketch of the phase diagram of water 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
. : [5] .
ii) The triple point of benzene is at 5.5°C and 36 mm Hg. Predict
the boiling point of benzene at 0.2 atm pressure. [5] -

END OF EXAM
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