University of Eswatini

Department Of Chemistry

November 2018 Main Examination

TITLE OF PAPER : Transport and Chemical Kinetics
COURSE NUMBER : CHE 341

TIME : 3 Hours

Important Information : Each question is worth 25 marks.

: Answer questions one (1) and any other three (3) questions in

this paper.

: Marks for ALL procedural calculations will be awarded.
: Start each question on a fresh page of the answer sheet.

: Diagrams must be large and clearly labelled accordingly.
: This paper contains an appendix of chemical constants.

: Additional material: data sheet and the periodic table.

You are not supposed to open this paper until permission has been granted by the chief

invigilator




Question 1 |25 marks]
a) Write short notes on the following;
i.  Define catalysis as modelled by enzyme action 2]

ii,  Write short notes and compare the relaxation effect and the electrophoretic

effect [8]

b} The following data was obtained for an enzyme in the absence of an inhibitor and in

the presence of an inhibitor.

[S] (mM)  V (set], umol s)  V(set2, umol s7)

1 8.6 24
2 16 40
4 28 58
10 42 70
i, Define the process of inhibition during enzyme catalysis. [2]

ii.  Given that the enzyme catalysis is by the Michaelis Menten mechanism,
determine the Michaelis constant for both sets of data then identify which set
is for inhibited catalysis. (10]

iii.  What is the maximum velocity of this catalysis? [3]

Question 2 [25 Marks]

a) The diffusion coefficient (D) of Hj is given by 9.0 x 10°m%s! at 1 bar and 25°C.
Determine, the relative mean speed, the collision flux of Hz molecules and the cross-

section of Ha. [15]

b) Given the mechanism below, extract the rate law for the resultant overall reaction.

[5]
H, +ICL > HI+ HClL  (slow, ky)
HI+ICL - [+ 2HCL (fast ky)
¢) Write short notes on the following;

i,  Maxwell-Boltzmans distribution of speeds [5]




Question 3 [25 Marks]
a) Consider the reaction of methane with molecular chlorine:
CH,(g) + Cla(g) - CH3Cl(g) + HCU(g)
For which the following mechanism was proposed
Cly = 2C0
Cl'+ CHy, » HClL+ CHy’
CHy + CH3ClL+ CT
Clh+cl - Cl
Show that the mechanism is consistent with the experimental rate law

d[HCI]

—— = k[CH,][CL]"?

b) Discuss two methods with which transport number may be determined.

¢) Write short notes on the following
i.  Mean free path,

ii.  Arrhenius Equation

[4]

Question 4 [25 Marks]

a) A solution of LiCl was electrolyzed in a Hittorf cell. A current of 0.77 A had been

passed for two hours, the mass of LiCl in the anode compartment had decreased by

0.793 g. Calculate the transport numbers of the Li" and CI" ions.

b) Estimate the effective radius of glycerine molecule in water at 25°C given that its

diffusion coefficient is 5.2 x 10™%m?s" and that the viscosity of water is 1.00 cP. [7]

¢) The rate constant for the first order decomposition of a compound A in the reaction

A - Pisk=2.78x10°s™! at 25°C. If the initial pressure is 32.1 kPa, calculate;

(i) The half-life of A

(i) The pressure, 10 seconds after the initiation of the reaction.

d) Using an equation of your choice, briefly explain the pre-equilibrium approach.




Question 5 [25 Marks]
a) Write short notes on the following;
i.  Pseudo first order reaction [3]
ii.  Collision flux [3]

b) Give an elaborate derivation of the Ostwalds dilution law and outline a procedure you
may follow to utilise this law for an electrolyte of your choice to determine its

limiting molar conductivity. [12]

¢) What are the units of k; for 2" and 3" order rate reactions if the rate laws are

expressed with;
i.  concentrations in molecules per metre cubed, (3]

ii.  Pressures in kilopascals, what are the units of k. for second order and third

order rate constants. [4]

Question 6 [25 Marks|
a) Write short notes on the Kohlrausch’s law [4]
b) A container is filled with gas x;

(i) Identify gas x, by calculating it’s molar mass, given that it’s mean speed, ¢, is

475 m/s at 25 °C. 5]
(ii) Calculate the relative mean speed, &, of gas x using two methods, {7]

(iii)Given that the gas x is enclosed in a container and a pressure of 65 Torr is

maintained, what is the volume of the container? [5]

b} Account physically for the form of the diffusion equation. [4]

The end
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