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Question 1 [25 Marks]

a) 1) Derive and calculate the root mean square speed of CO, molecules at 298 K. [5]
1) Given the Maxwell Botzmann distribution of molecular speeds what is the
probability that the CO, molecules travel within + 1 m/s of its root mean square speed at
25°C. (4]

a) Write the general Ficks first law for flux, Jy, for the following transport phenomena in
gases:
(i) thermal conductivity [3]
(i)  viscocity [3]
(ii))  Diffusion (3]

b) The pressure gradient of Argon, Ar, at 25°C and 100 kPa is 0.1 atm cm™,
Assuming ideal gas behaviour,
1) Calculate the diffusion constant . [3]
1) Calculate the flow of gas, Jx, due to diffusion. [4]

Useful equation: D=YAc

Question 2 [25 Marks]

a) Write short notes on any Two _the following terms:
i) half life [5]
ii) relaxation time [5]
1i1) 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
1) What is the order of the reaction? [5]
1) What is the value of the rate constant? (3]

1i1) What is the half life of the reaction?
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c) Show that the rate law for the reaction

k_j+kEXP[—(k; +k_;)]t
k] +k__1

Is givenby: [A];, =[ 4], (5]

Question 3 [25 Marks]
The mechanism for enzyme catalysed reactions as proposed by V. Henri (1903) is:

K
E + S ——k]——[ES]
1

a) i) Using the steady state approximation and the Lineweaver-Burk treatment show
that Michaelis-Menten equation is: (6]

I K, I 1

—+
VO Vma.x S Vma.x

ii) Briefly explain and define the role of the following in enzyme kinetics:
a) Vmax [3]
b) Michaelis constant, K, [3]
c) k (3]

b) The following data refer to an enzyme catalysed reaction:

Vo/ 10°mol dm™s™ 13 20 29 38
[S1/10” mol dm™ 2.0 4.0 8.0 20

The enzyme concentration is 2.0 g/dm® and the molecular weight is 50 000 g/mol
Calculate: '
1) Michaelis constant, Kp, [5]
ii) Vimax [3]
1i1) The number of substrate molecules converted into product per unit time,
when the enzyme is fully saturated with substrate. [2]



Question 4 [25 Marksl

()

Sketch the appropriate viscosity plots showing its change with temperature for both gases
and liquids. Give an account of the differences between the two plots. [10]

Useful relations:

(b)

()

|

n=imAd Al = Cexp(tee), o= |5 4 =41/ 6P and 1Poise=1P =0.1 Nm’s

Viscosity of gases flowing in tubes is given by Poiseuille’s formula:

16/IPV
The viscosity of carbon dioxide was measured by comparing its rate of flow through a long
narrow tube with that of argon. For the same pressure differential, the same volume of
carbon dioxide passed through the tube in 55 s as that of argon in 83 s. The viscosity of
argon at 25°C is 208 pP;
i) what is the viscosity of carbon dioxide? ‘ [2]
1) Estimate the molecular diameter of carbon dioxide. [2]

77:

Given the distribution function for the flow of particles in liquids:
2
el Y )
F ( x ) - P A Dt

aDt

1) Find expressions for root mean square distance in 3-dimensions [4]
useful relation: <7 X =<x > +<y X +<z32; <x A =cy>x2 =<z 2

(i1) The diffusion coefficient of a molecule MH»Cl» in octane at 24.80C is 5x10-10

m2s-1, estimate the 3-dimensional root mean square displacement, g, for the molecule

after 2500 seconds. [3]
(iii)  Give an account on the use of diffusion coefficents in chemistry  [4]

Question 5 _[25 Marks]

a) The Kohlrausch equation for strong electrolytes states:

b)

Ap(c)= A5 — K e
and the Ostwald dilution law for weak electrolytes states:

(., 2 )
Ay
()

K., =| "4~ |c where A9, =v A5 +v_A°

q_ [
1-|4m
A
)

Using diagrams, where necessary, explain the concentration dependence of molar conductivities
shown by strong and weak electrolytes. [10]

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

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

1) Verify that the molar conductivity follows Kohlrausch's law and [3]
i1) find the limiting molar conductivity, A5, . [2]
ii1)  Determine the Kohlrausch coefficient k. (2]

c) 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]
1i1) diffusion coefficients [2]
iv) hydrodynamic radii [2]

of Na* and C1"! ions in solution.

Useful equations:

Question 6 [25 Marks]

a) Distinguish in some detail between physisorption and chemisorption [10]
b) The Langmuir adsorption isotherm for non-dissociative adsorption of single species is
given by:
kP

G =
1+ kP

Outline the kinetic arguments used to derive the adsorption isotherm above [5]
c) The data below are for the chemisorption of hydrogen on copper powder at 25°C..

P/Torr 0.19 0.97 1.90 4.05 7.50 11.95
V,/cm® 0.042 0.163 0.221 0.321 0.411 0.471

1) Confirm that they fit the Langmuir isotherm at low coverages. [6]
ii) Find the value of K for the adsorption equilibrium and the adsorption volume
corresponding to complete coverage.[4]
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Useful standard integrals:

INFORMATION

n 0 1 2 3 4
n l(f)l/z 715 1f = % 2_27 EX %
2 4\ 3 gl 55
© n
iy = J.x7e—"xdx
0
" 1 2 3 4 b)
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