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Question 1 [25 Marks]

The Maxwell Boltzmann distribution function of kinetic energies along the x-direction between
Etransx 8tra.ns,xdgtrans,x is given by:

b)

1 ~Etrans,x
F(g) = iT exp| ——
4 gtrans,x kT

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.[6]

i) Derive an equation for the average translational kinetic energy in one
dimension. [5]

i1) Find an expression for the most probable kinetic energy. [5]
i) The root mean square kinetic energy. [5]
Using the Maxwell Boltzmann distribution calculate probability that the CO,

molecules travel within % 5.0x10” kJ/mol of its root mean square kinetic energy at +25°C
at 1 atmospheric pressure confined within a 24 L container.

[4]

Question 2 [25 Marks]

a)

b)

Derive an expression for the collisional frequency for single particles, Z, ina
container. [6]

aoep

Z
A gkT

- kT
where means speed ¢ = ,fSRT and mean free path A=-——.
AM J20P

1) Calculate the number of collisions made by a single Cs atom per sec given that the
collision diameter is 40 pm. [4]

ii) What is the total number of collisions made by Cs if the oven volume is 50.0
cm’ and the vapour pressure of Cs(1) at 500°C is 80 torr. [4]

11i) Calculate the time between collisions for the Cs atoms in (ii) above. [4]
iv) Calculate mean free path of Cs above. [4]

Does the Cs atoms in (b) above obey the kinetic theory ? Give reasons. 3]



Question 3 [25]

a) Briefly explain each of the following:
1) the pre-equilibrium approach [5]
ii) the steady state approximation [5]

Use any reaction equation of your choice to illustrate your point.

b) Lindemann’s mechanism for the dissociation of ozone in the stratosphere 203 — 30 is:

k

O3 (Ozone) -~ 1—’02 + O fast
-1

03;+0 ——>k2 20, slow

kyK[03]°
0,

Using the steady state approximation show that the rate law is U =

After making all necessary assumptions where K=k;/k.;. [5]

©) The experimental rate law for the reaction:
2N,0s5(g) ——> 4NOy (9 *+ Oq(g)
is v = k[N,0s]),

The proposed mechanism for the reaction has the following elementary single step processes:

k,

_1__)
N, O, NO, + NO, (fast)

k

NO, + NO, - NO + NO, + O, (slow)
NO + NO, —-2—2NO,

Using the pre-equilibrium approach verify whether the proposed mechanism is right. [5]

d) Thermal decomposition of a compound has been studied using optical absorption at 350 nm.
The following data was obtained:

t(s) 0 600 1200 0
A/absorbance 1.50 0.92 0.65 0.40

A-4

Given the rate law: In =
Ao _Aoo

In [[-4'% = —kt determine the rate constant 'k'. [5]




Question 4 [25]

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

b) The mechanism for enzyme catalysed reactions as proposed by V. Henri (1903) is:

k

1l
E+S [ES]—> P+E
(.____

L

c) i) Using the steady state approximation and the Lineweaver-Burk treatment show
that Michaelis-Menten equation is: [5]

1 K, I 1

=+
VO Vmax S Vmax

ii) Briefly explain and define the role of the following in enzyme kinetics:

a) Vi [3]
b) Michaelis constant, K, [2]
¢) ka [2]
d) The following data refer to an enzyme catalysed reaction:
Vo/ 10°mol dm™s” 13 20 29 38
[S]/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, K, [3]

1) Vi (3]

1i1) The number of substrate molecules converted into product per unit time, when the
enzyme is fully saturated with substrate. [2]

Question 5 [25]
Given the distribution function for the flow of particles in liquids:
2
_&p ( x%m)
F(x)=
N 7Dt
a) Find expressions for:

1
) root mean square distance in one dimension <x2 )A =~/2Dt [5]

(ii)  The diffusion coefficient of a molecule MH»Cl, in octane at 24.80Cis  5x10-10

m2s-1, estimate the 3-dimensional root mean square displacement, rrmys, for the molecule
after 2500 seconds. [5]



b)

(ili)) 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 MHCl, in octane at 24.8°C in a(iii).  [3]

@) Write the general Ficks first law for flux, Jx, for the following transport

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

(i)  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 5.4x10-3J)K-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 6 [25]

The Kohlrausch equation for strong electrolytes states:

Ap(c)= A% — K-Jc
and the Ostwald dilution law for weak electrolytes states:

4 , 2 )
()
K Am

eq =| =7 |c where A =v, A3 +v_ 22

avA)

\

a) Using diagrams, where necessary, explain in terms of the relaxation effect and the
electrophoretic effect, the concentration dependence of molar conductivities shown by
strong and weak electrolytes. [4]

b) Derive Ostwald's dilution law and express it in its linearised form. [3]
[Take the fraction dissociated for weak electrolytes as: & = A%) ]

m

c) The following conductivity data are for a weak acid, MH3CO,H in aqueous solution at
25°C:

¢/10”“ mol L™ 6.25 3.13 1.56 0.781 0.391 '0.195 0.0977

Am/S cm’mol”’ | 53.1 72.4 96.8 127.7 164 205.8 249.2

and the viscosity of water is given by 77,540, = 1.00 x 1 03 kgm g1

Determine the

@) limiting conductivity, A?n [2]
(i) pK,value [2]



(ili)  the transport numbers of the MH;CO, and H' ions given the limiting conductivity
of MH;CO5™ to be 40.9 S cm?® mol” [2]

(iv)  mobility of MH;CO;  in units of m?S™'V! [2]

V) diffusion coefficient of MH3CQO5™ in units of m?S’! [2]

(vi)  hydrodynamic radius of MH3CO; [2]

Useful equations:

A A
K=(—1—)—l—;ti= % = M s A =V A v Ay Ap=zulF t +t_=1,

R Ap+A_ A2, T utu_
6nna ze zF
d) i) Describe any one method of determining transport numbers. (3)

i1) In a moving boundary experiment on KCI the apparatus consisted of a tube of internal
diameter 4.146 mm, and it contained aqueous KCl at concentration of 0.021 mol L. A
steady current of 18.2 mA was passed, and the boundary advanced as follows:

At/s 200
x/mm 64

Find the transport number of K", its mobility, and its ionic conductivity given the limiting
conductivity to be 149.9 S cm’mol’. (3)

Useful information:
t=zcVF/IAt

Question 7 [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
1+ kP
Outline the kinetic arguments used to derive above isotherm. [5]
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.
(1) Verify whether or not these results conform to the Langmuir or BET adsorption
isotherm. [5]
(ii)  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]

Useful equation:
P 1 C I P

B.E.T isotherm is given by: —— where P, is the bulk vapour
V(P,-P) V, c v,.C P,

pressure, P is the equilibrium vapour pressure, Vi, is the monolayer volume capacity and V the total
volume of material adsorbed.




DR J. M. THWALA

C402 EXAMINATION SUPPLEMENTARY

Useful standard integrals:

INFORMATION

n 0 1 2 3 4
1 1 1 1
" =y’ | ym) | ;(L)/z

A\ 3 W

iy = |x2e " %dx

n 1 2 3 4 5
in (ﬂ/a)% i 3(x /a)% 2 15(z 7 a2

2a a? 4a? a’ 8a°
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