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QUESTION 1 (25 MARKS)

a) Using diagrams, where necessary, in terms of relaxation effect and eletrophoretic effect,
explain the concentration dependence of molar conductivities shown by both strong and
wealk electrolytes. [5]

b) Whrite short notes to define the nature and role of enzymes in reaction kinetics. Your notes
should include examples to illustrate your answer. [5]

¢) Using an equation of your choice, briefly explain pre-equilibrium approach. [4]

d) What approximations underlie the BET isotherms [4]

e) Describe the formation of a hydrogen bond in terms of electrostatic interaction model and
state its limitations [3]

f) Define the mean free path (A). How does it vary with the number density, particle
diameter and particle mean speed. [4]

QUESTION 2 (25 MARKS)

a)

b)

)

Given that ArG® = -212.7 kJ/mol for the reaction in a Daniel cell at 25 °C, and that
b(CuSO4) = 1. 0 x 107 mol/kg and b(ZnSO4) = 3.0 x 107 mol/kg, calculate the reaction
quotient and the cell potential assuming that the activity coefficients of each ion is equal
to the mean activity coefficient in the respective compartments [6]

Debye-Huckel constant A = 0.509
A quinehydrone (quinehydrone, Q'QHz is a complex of auinine, CsH40r=Q and

hydroquinone , C¢IT4O,H2=Q1Ha) electrode has the reduction half reaction;

Q(aq) + 2H'aq) + 2¢ — QHalaq) E¥ = 4+0.6994V
HeaCla(s) + 2e- — 2Hg(l) + 2CI(aq) E° = +0.2676 V

If the cell Hg | Hg2Clz(s) | HCl (aq) [ Q-QH: | Au is prepared and the measured cell
potential was found to be +0.190V, calculate the pH of the HCI solution assuming that
the Debye-Huckel limiting law holds.

pH =-log[H+]=-log[ @ n+], Inx=In10logx [6]
Write the electrode half reactions and the overall cell reactions for the following.

i, PYs)|Cla)|HCI(aq )| K2CrOs(aq)|Ag2CrOa(s)iAg(s)




i, Cu{s)|Cu**|(Mn**(aq),H (aq)MnOx(s){Pi(s) [6]

d) TFor the liquid carbon tetrachloride, CCl, at 20 °C and 1 atm, the relative permittivity, e,
is 2.24 and the density is 1.59 g/fcm’. Calculate the polarizability, o and the polarizability
volume o for CCly. Given that vacuum permittivity, €o, is 8.854 x 107 C*m™J !

(7]
QUESTION 3 (25 MARKS)

a) With the aid of an equation or any other information explain the following observations
i As the Jonic radius increases (1), the ion mobility (u), increases (2]
#i. lonic hydrodynamic radius () decreases with an increase of ionic radius (r).
[1]
#ii. The mobility of H' is 9.03 x higher than the mobility of Lit. [3]
b) Derive the linearised Ostwald dilution law for a weak electrolyte. (clearly show all steps)

11 A

2 e o e
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Ostwald dilution law [4]

¢) The following data were obtained for a weak electrolyte, HA in ethanol at 25 °C

Concentration 1.566 2.600 6.219 10.441
¢/10* mol/dm?

Conductivity 1.788 2.418 4.009 5.336
K/10° Sem™

Show that these data is in accordance with the Ostwald ditution law. [5]

d) Derive an expression that shows how the pressure of a gas inside an effusing oven varies

with time if the oven is not replenished as the gas escapes,

1
L 2aM Y2V , . _
p = pge T,T = RT —A— where A is the area of the effusing hole and given
1
that the rate of effusion, 7,4 = r__lf_/_{ﬁfl__% and jw =lnx
(27MRT 2 x

Then show that the half life ( l‘% ) is independent of the initial pressure. [10}




QUESTION 4 (25 MARKS)

a) The reaction rate (v) in the reaction 2A + B > 2C + 3Dis 1.0 mol L's !, State the
rate of formation or consumption of A, B, C and D. [4]
b)
i What is a half life?
i, Derive the expression that relates the half life to the rate constant and initial
concentration for a zero order reaction. [4]

¢) For the decomposition of N2Os, the following data was obtained:

8/°C 25 35 45 55 65

k/SH(x 107%) [ 1.72 6.55 24.95 75 240

Calculate the activation energy and the pre exponential factor for this reaction
[10]
d) For the reaction, 30" + OH < 20,
i, Show that for a small perturbation, the relaxation time expression for the reaction

(with kr and k: being the constants for the forward and reverse reactions) is given

by l:k / ([H3O+]+[OH ‘]) assuming that the concentration of water remains
T
constant even after the perturbation [4]

i, Hence calculate the equilibrium concentrations of the hydronium and hydroxyl

ions which are assumed to be equal at 25 °C, given that v=3.7 x 107s and ky=1.35

x 108 m® mole’'s™. (3]

QUESTION 5 (25 MARKS)

a) Discuss the advantages of photochemical activation over thermal activation in chemical

kinetics. ' [4]
b) The mechanism of a reaction Ho(g) + T» > 2HI(g)is

() L & 21 ki and £,

) I + H», > HI +H k2

Gy H+ L > H +1 k3




Find the expression of the rate law for the formation of HI using the steady state

approximation. [7]

o : N : —
¢) The molar polarization, Pm, is defined as £, = —‘i(a +LJ . The molar polarization of

3&,

gaseous water at 100 kPa , is given in the table below.

T/K 384.3 420.1 444.7 484.1 522.0
Pu/(cm®/mol) | 57.4 53.5 50.1 46.8 43.1
Calculate:

i, The dipole moment

ii. Polarizability and

iii. The polarizability volume of water. [14]

QUESTION 6 (25 MARKS)
a) What assumptions did Langmuir make when deriving his isotherm ¢ = 1 @
+op
[4]

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

(measured at 0 °C and 1 atm) per gram of charcoal varied with N2 pressure as given

below:
P/atm 3.5 10.0 16.7 25.7 33.5 39.2
Vilem®/g) {101 136 153 162 165 166

i, Show that the data fits the Langmuir isotherm.

ii. Determine the value of o

iii. Determine the volume of N needed for monolayer coverage. [10]

¢) CO adsorbs non-dissociatively on the (111) plane of Ir with Ages = 2.4 x 1014/s and Ea,des

= 151kJ/mol. Find the half life of CO chemisorbed on Ir (111) at 300K

[3]

d) The adsorption of solutes on solids from liquids often follows a Freundlich isotherm,

L

= kp" . 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 &

and n.

[acid]mol/T. | 0.05 0.10 0.50 1.0 1.5

Wa'g 0.04 0.06 0.12 0.16 0.18

Wa is the mass adsorbed per unit mass of charcoal. [8]
1100/

THE END
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