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Question 1 [25 Marks]

a) The kinetic theory is a link between macroscopic gas behaviour with microscopic studies of
physical chemistry. Using examples of your choice discuss the meaning of this statement in
the context of molecular behaviour and reaction studies.[15]

b) (i) Write the general Ficks first law for flux, Jy, for the following transport

phenomena:
(a) thermal conductivity [3]
(b) viscocity [2]

(i1) Argon is confined in a cubic vessel of side 10 cm, one wall at 300 K and the one

opposite at 295 K. The thermal conductivity of argon is 5.4x10-3JK-1m-1s-1. Calculate:
(@ the flux of energy between the two surfaces [3]

(b) rate of heat conduction through a window of 1.0 m2. [2]

Question 2 [25 Marks]

a) Write short notes on any Two _the following terms:
i) half life [5]
i1) relaxation time [5]
1ii) pseudo first order rate constant [5]

b) The composition of a liquid phase reaction A — B was followed as a function of time by a
spectroscopic method with the following results:

T/min 0 10 20 30 40 " 00
[B)/mol dm™ 0 0.089 0.153 0.200 0.230 0.312

i) What is the order of the reaction? [5]

i1) What is the value of the rate constant? [3]

iii) What is the half life of the reaction? 2]
c) Show that the rate law for the reaction

A Ko
<
-1

k_, +k, exp[—(k, +k_ )]t ]
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1 -1



Question 3 [25 Marks]

(2)

(b)

®

(i)

Write short notes to define the nature and role of enzymes in reaction kinetics. [5]
Your notes should include examples to illustrate your points.

Ymls]_ where V,, =K, [E]

Briggs-Haldane equation states Vj =
Ky +[s]

derive the Briggs — Haldane equation: [5]

The hydrolysis of N-glutaryl-L-phenylalanine — p — nitroanalide (GPNA) to p—mtro -analine
and N-glutaryl-L-phenylalanine is catalysed by o-chymotrypsin

[S)/10* M 2.6 5.1 11 14.9

Vo/10°M min 2.1 4.0 6.1 6.9
[Elo=4.0x 10°M

Using Lineweaver-Burk plot determine [15]

(a) The maximum attainable reaction rate.

(b) Strength of the Enzyme Subtrate complex.
(c) Vibrational frequency of the Enzyme Subtrate complex.

Question 4 [25 marks]

Given the distribution functlon for the flow of partlcles in liquids:

2)

b)

(x)=
\/ 7:Dt
Find expressions for:

1
6)) root mean square distance in one dimension < x? >é =~/2Dt [5]

(i)  The diffusion coefficient of a molecule MH»Cl) in octane at 24.80C is 5x10-10

m?2s-1, estimate the 3-dimensional root mean square displacement, ryyg, for the molecule
after 2500 seconds. [5]

(iii) Define the general equation for flux for molecules in solution with a
concentration gradient and calculate flux arising from a concentration gradient of

2.5x10-2 Moles L-1 m"! for the MH,Cl, in octane at 24.80C in a(iii).  [3]

) Write the general Ficks first law for flux, Jy, for the following transport
phenomena:



(a) thermal conductivity [2]
(b) viscocity [2]

(ii) Argon is confined in a cubic vessel of side 10 cm, one wall at 300 K and the one

opposite at 295 K. The thermal conductivity of argon is 5.4x10-3JK-1m-1s-1. Calculate:
(a) the flux of energy between the two surfaces [5]

(b) rate of heat conduction through a window of 1.0 m2. [3]

Question 5 |25 Marks]

a)

b)

The Kohlrausch equation for strong electrolytes states:

Ap(c)=A2 - K-lc
and the Ostwald dilution law for weak electrolytes states:
(

JGan
()

\
Using diagrams, where necessary, explain the concentration dependence of molar conductivities

shown by strong and weak electrolytes. [10]

¢ where A9, =v, A3 +v_A°

The resistances of a series of aqueous NaCl solutions, formed by successive dilution of a
sample, were measured in a cell with a cell constant 0.2063 cm™. The following values were
found:

C/mol L™ 0.0050 0.0010 0.0050 0.010 0.020 0.050
R/Q 3314 1669 342.1 174.1 89.08 37.14

The viscosity of water is 1.00x10™ kgm™'s™.

i) Verify that the molar conductivity follows Kohlrausch's law and [3]
i1) find the limiting molar conductivity, A° . [2]
1ii) Determine the Kohlrausch coefficient k. [2]

Given the transport number of Na’ ion in 0.005 M solution is 0.3930 and using the
information calculated in ‘d’ above, calculate:

1) the molar conductivities [2]
i1) mobilities [2]
111) diffusion coefficients [2]
1v) hydrodynamic radii [2]

of Na' and CI"! ions in solution.



Useful equations:

IRV At A+ Ut 0
K=(——)—-;t = = =———= s A =v, A, +vV
R/A> 27 A, +4_ A0 wgtu T
_ _kT andD=uk—T=uRT
67na ze

Question 6 [25 Marks]

a) Distinguish in some detail between physisorption and chemisorption [5]

b) The Langmuir adsorption isotherm for non-dissociative adsorption of single species is
given by:
kP
@ =
I+ kP

A A,.{_. =zuiF,t+ +t_=1,

Outline the kinetic arguments used to derive above isotherm.

c) An adsorption isotherm for nitrogen adsorbed on a sample of colloidal silica was

measured at -196°C and gave the following data:

Vx10°/ m’ P/P,
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 saturated vapour pressure of

nitrogen at -196°C.

Determine the monolayer volume capacity and the surface area of the sample given that one

adsorbed nitrogen molecules occupies 0.162 nm? in a monolayer. [10]




DRJ. M. THWALA
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Useful standard integrals:

INFORMATION

n 0 1 2 3 4
1 1 1 1
"oty | o | yfaY | 2 | s(2)?

2 43 845

in = [x2e™™dx

" 1 2 3 4 5

b (= /a)y2 1 3(7r/a)% 2 15(z / a)2
e 22 3 | & porn K
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