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QUESTION1. [25 Marks]

a)

b)

c)

d)

Define the ionic strength of a solution. What is the molality of Alo(SQ4)3 that has the

same ionic strength as 0.500 mol/kg Ca(NOs3)» [6]
Devise cells in which the following are the reactions
i Hi(g) + lx(g) — 2HKaqg) [3]
i. S8n(s) + 2AgCl(s) — SnCh(aq) + 2Ag(s) [3]
Derive an expression for the potential of an electrode for which the half reaction is
the reduction of MnOy4” ions and Mn*" ions in acidic solution [6]

Starting with dw = dp and that 4 = ue + RTina, show that the thermodynamic force
is given by

e _E(%J 7]
¢ \0x/,;
The standard potential of the AgCl/Ag, CI' couple has been measured over a range

of temperatures and the results were found to fit the expression
ESV = 0.23659 - 4.8564 x 107 (6/°C) - 3.4205 x 10-° (8/°Cy* + 5.869 x 10°°

(8/°C)®
Calculate the standard Gibbs energy of formation of Cl'(aq) at 25°C
[AGY(AGCL,s) = -109.79 kJ/mol {71

Question 2. [25 Marks]

a) The adsorption of solutes on solids from liquids often follows a Freundlich isotherm,
1
gzkpwﬁ. Adapt the equation to apply to a solution and check its applicability to the
following data for the adsorption of acetic acid on charcoal and determine the
constants k and n.
[acid]mol/lL | 0.05 0.10 0.50 1.0 1.5
Wa/g 0.04 0.06 0.12 0.16 0.18
W, is the mass adsorbed per unit mass of charcoal. [8]

b) In a moving boundary experiment on KCI the apparatus consisted of a tube of

internal diameter of 4.146 mm and it contained an aqueous KCI at a concentration of
0.021 mol/L. A steady current of 18.2 mA was passed and the boundary advanced

as follows:

At/s 200 400 600 800 1000

x'mm 64 128 192 254 318

Find the transport number of K, its mobility and its ionic conductivity



[A]

m

(KCl) =149.9Sem*mol '] [10]

c) The standard potential of the AgCI/Ag, CI' couple has been measured over a range
of temperatures and the results were found to fit the expression
E% = 0.23659 - 4.8564 x 107 (8/°C) - 3.4205 x 10-° (8/°C)* + 5.869 x 10
(6/°C)°
Calculate the standard Gibbs energy of formation of Cl{aqg) at 25°C
[AGP(AGCLs) = -109.79 kJ/mol [7]

Question

3 [25 Marks]

a) Distinguish between reaction order and molecularity 5]
b) The oxidation of bromine ions by hydrogen peroxide in acidic solution

2Br-(ag) + H,0, + 2H+ — Bri(aq) + 2H20()

Follows the rate law

v

fi.

fif.

v

= HLH,0,1[H* |[Br]

if the concentration of hydrogen peroxide is increased by a factor of 3, by
what factor is the rate of consumption of Br- ions increased? [3]

If under certain conditions, the rate of consumption of Br- ions is 7.2 x 1073
mol/Ls, what is the rate of consumption of hydrogen peroxide [2]

What is the effect on the rate constant k of increasing the concentration of the
bromine ions? [2]

If by the addition of water to the reaction mixture the total volume was
doubled, what would be the effect on the rate of change of Br-? What would
be the effect on the rate constant k? [3]

¢) The data below apply to the formation of urea from ammonium cyanate according to
the reaction

NHsCNO ~» NH2CONH;

Initially, 22.9g of ammonium cyanate was dissolved in enough water to prepare 1L of

solution.
Timels 0 20 50 65 150
Mass urea/g | 0 7 12.1 13.8 17.7

i, Show that the reaction follows second order rate law [5]




ii. Determine the rate constant [2]
jii. Determine the mass of ammonium cynate left after 300 minutes [3]

Question 4 (25 Marks]

a)
b)

Explain the essential features of a chain reaction [4]

Hydrogen iodide undergoes decomposition into Hy + [z when irradiated radiation
having a wavelength of 207nm. it is fund that when 1J of energy is absorbed, 440 pg
of HI is decomposed. How many molecules of HI are decomposed by the photon of

radiation of this wavelength [8]
At 25°C. K= 1.55L%Mol™ min™ at an ionic strength of 0.0241 for a reaction in which

the rate determining step involves the encounter two singly charged cations. Use
the Debye-Huckel limiting law to estimate the rate constant at zero ionic strength.

[5]
A solid in contact with a gas at 12 kPa and 25 °C adsorbs 2.5 mg of the gas and

obeys Langmuir isotherm. The enthalpy change when 1.0 mmol of the adsorbed gas
is desorbed is +10.2 kJ/mol. What is the equilibrium pressure at 40°C? [8]

The reaction 2NO(g) + Oa(g) — 2NOq(g) is believed to follow the following
mechanism:

2NO—*—N,0,
N,0, —52NO
N,0, +02—2->2NO,

i Assume N,O, to be in a steady state and derive the rate equation. f4]
ji. Under what conditions the rate equation does reduces to second order kinetics in
NO and first order kinetics in 027 [4]

Question 5 [25 Marks]

a) Explain the origin of the London (dispersion) interaction [5]
b) The reaction 2NO(g) + O2(g) — 2NO»(g) is believed to follow the following

mechanism:




2NO —E5 N,0,
N,0, ——52NO
N,O, + 02—*252NO,

iii. Assume N;O; to be in a steady state and derive the rate equation. [4]
jiv. Under what conditions the rate equation does reduces to second order Kinetics in
NO and first order kinetics in 0,7 [4]

c) The relative permittivity of chlorobenzene was measure at different temperatures:

8/°C -50 -20 20
& 7.28 6.3 5.71

Assuming that the density, which is 1.11 g/cms, does not change with temperature,
estimate the dipole moment of this compound [molar mass = 112.45 g/mol]  [8]

d) The glacial angle of a Bragg reflection from a set of crystal planes separated by 99.3
pm is 20.85°. Calculate the wavelength of the x-rays. [4]

Question 6 [25 Marks]

9P
I+ap

[4]

b) For N, adsorbed on a certain sample of charcoal at -77 °C, the volume of

a) What assumptions did Langmuir make when deriving his isotherm

adsorbed N, (measured at 0 °C and 1 atm) per gram of charcoal varied with N

pressure as given below:

Platm 3.5 10.0 16.7 25.7 33.5 39.2

Vi(em¥g) | 101 136 153 162 165 166

i, Show that the data fits the Langmuir isotherm.

ii. Determine the value of o
jii. Determine the volume of N, needed for monolayer coverage. [10]



c) CO adsorbs non-dissociatively on the (111) plane of ir with Ages = 2.4 x 10"/s
and Eages = 151kd/mol. Find the half life of CO chemisorbed on Ir (111) at 300K

[3]

d) A solution of potassium permanganate in water at 25 °C was prepared. A
solution was in a horizontal tube of length 10 cm, and at first there was a linear
gradation of intensity of purple solution from left where the concentration was
0.100mol/L to the right where the concentration was 0.050 mol/L. what is the
magnitude and sign of the thermodynamic force acting on the solute

i. Close to the left face of the container
ii. In the middle
jii. Close to the right face [8]

TOTAL 1100 Marks/
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