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SECTION A. [15 Marks]

a)

b)

At 25 °C, k= 1.55 L2Mol®min™" at an ionic strength of 0.0241 for a reaction in which
the rate determining step involves an encounter of two single charged cations. Use
the Debye-Huckel limiting law to estimate the rate constant at zero ionic strength

[5]
Nitrogen gas adsorbed on a surface {o the extent of 1.242 cm®/g at 350 kPa ad 180
K, but at 240K the same amount of adsorption was achieved only when the pressure
was increased to 1.02 MPa. What is the enthalpy of adsorption of nitrogen on the
surface? [5]
The magnitude of the electric field at a distance r from the point charge Q is equal fo
Q/4ms,rt . How close to a water molecule (of polarizability volume 1.48 x 10°%m?)

must a proton approach before the dipole moment it induces has a magnitude equal
to that of the permanent dipole moment of the molecule (1.85D). [5]

SECTION B [75 Marks]

Question 1. [25 Marks]

a)

b)

Explain why the polarizability of a molecule decreases at high frequencies

[6]
Suppose you are told that Ozone adsorbs on a particular surface in accordance with
a Langmuir isotherm. How would you use the pressure dependence of the fractional
coverage to distinguish between adsorption without dissociation and with

dissociation? [5]
2
The molar polarization, Py, is defined as P, =3N—’*[a +%J The molar polarization
£y

of gaseous water at 100 kPa , is given in the table below.
TIK 384.3 420.1 4447 484 .1 522.0
P./(cm>/mol) | 57.4 53.5 50.1 46.8 43.1
Calculate:

i. The polarizability volume of water using a graphical method. [14]




Question 2 [25 Marks]

a) Distinguish between physisorption and chemisorption [5]
b} The Langmuir adsorption isotherm for non-dissociative adsorption of a single
species is given by,

g kP
1+ kP
Outline the kinetic argument used to derive the adsorption isotherm for two
molecules A and B as given by [5]
K,P KgP
QA Al A 93 BB

T K Py + KaPp' T T+ Ky + KpPy

c) An adsorption isotherm for nitrogen adsorbed on a sample of colloidal silica was
measured at -19°C and the following data was obtained:

VI x 10°/m° P/Pg
44 0.008
61 0.067
68 0.125
80 0.250
90 0.333

Where V is the volume adsorbed (corrected to STP) and P, is the measured
saturated vapour pressure of nitrogen at the given temperature.
i.  Verify whether or not these results conform to the BET adsorption
isotherm. [5]
ii. Determine the monolayer volume capacity and the surface area of the
sample given that one adsorbed nitrogen molecule occupies 0.162 nm? in
a monolayer. [10]

Useful equation

B S e ¥ &
V(Po—~P)  CVip  CVip Py

BET isotherm is given by:

where P, is the bulk vapour pressure is the equilibrium vapour pressure, Vg, is
the monolayer volume capacity and V the total volume of material adsorbed

Question 3 [25 Marks]

a) 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]




b) Explain the origin of the London (dispersion) interaction [5]

¢) 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/cm®, 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 4 [25 Marks]

a) Consider the following reaction:

Hag + 2AgCl(s) — 2HCI(ag) + 2Ag(s)

i. Devise a cell in which the above reaction is the cell reaction [2]
ii. Write the Nernst equation for the cell in (i) above. [1]

b) The Zero-current potential for the above cell was 0.3524 V when the molality of HCI
was 0.100 mol/kg and the hydrogen pressure was 1 bar. Calculate the activity and
mean activity coefficient of the HCI assuming hydrogen is a perfect gas. [4]

¢) Calculate the percent error in the mean activity coefficient if the Debye-Huckel
limiting law is used to calculate it. [2]

d) Using the standard potentials of the couples Co**/Co®", Co*/Co and AgCI/ClIAg
calculate the standard potential and equilibrium constant of the following reaction.
[12]

Co™ (ag)+3CI +3A4g(s) — 34gCI(s) + Co(s)
e) Calculate the masses (separately) of
i KNO3 @g) and

fi. Ba(NO3), (aq) to add to a 0.110 mol/kg solution of KNO3 @q) containing
500¢g of solvent to raise its ionic strength to 1.00. [4]
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