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A periodic table and other useful data have been provided with this paper.

DO NOT OPEN THIS QUESTION PAPER UNTIL PERMISSION TO DO SO HAS BEEN
GRANTED BY THE CHIEF INVIGILATOR.



Question 1 (25 marks)

(a) Sate the Nernst’s distribution law. Give its mathematical expression and define all the
parameters involved in it.

Bl
(b) The distribution coefficient, Kp and distribution ratio, D, are terms used during the solvent
extraction analysis:
(i) Differentiate these two terms.
(ii) Give an example to illustrate the difference. 4]

(c) For the extraction of a weak acid whose anion does not penetrate the organic phase, and is
monomeric in both phases:

(i) Supply the expression for its distribution ratio, D, and define all the parameters in it.
M

(i) Discuss the factors that influence the value of D. | [2]

(d) A solute, X, distributes between carbon tetrachloride and water while it was being analyzed
by solvent extraction. If its distribution ratio is 85.0.

(i) Calculate the % of X extracted from the aqueous phase when 50.0mL of a 1.0 x 10°M

aqueous solution of X is extracted with 50.0ml of carbon tetrachloride. [6]
(il) Would you have preferred using two successive extractions, each with 25.0mL carbon
tetrachloride? Justify your answer with appropriate calculations. [6}
Question 2 (25 marks)

(a) Describe the procedure for the solvent extraction of a solute from a SO0mL aqueous sample,

using 100mL carbon tetrachloride as the organic solvent. el
(b}
(i) What is a chelating agent? 1}
(ii) Write the equation for the formation of a metal chelate and identify the reactant and the
products in the reaction. [3]
(iii) Give two properties of a metal chelate formed during the solvent extraction of a metal as
a metal chelate.

2]
(iv) Give two examples of a chelating agent and one meta! for which each of them is useful
for extraction as a metal chelate. 3]



(c) Give the expression for the distribution ratio, D of a metal between two phases during its

solvent extraction as a metal chelate. Hence briefly discuss the factors that influence the
distribution ratio, D. [4]

4 4
(d) ForaO.lx 10°°M solution of a metal ion for which: n =2,Kp;=1.1x 10 ; Kpy=7.0x10 ;
2

K¢=5.0x10 .Estimate its distribution ratio during its extraction as metal a chelate using a
-5
1.0 x 10™*M dithizone at pH 1.0; Ko = 3.0 x 10 [6]

Question 3 (25 marks)

(a) For the following chromatographic terms:

(i) Retention volume, V,, retention time, t; and volume flow rate of the mobile phase, F.
(ii) Capacity factor, k, retention time, t; and dead time, tm
Define each of the terms and give an expression that relates the terms in each set.

(5]

(b) ‘Raising the column temperature’ and ‘Temperature programming’ greatly affect the
performance of a column during chromatographic analysis.

(i) What is meant by ‘temperature programming’ of a chromatographic column? [2]
(i) Discuss the effects of the above two processes on the performance of a
chromatographic column. (71

(c) For the packed and the open tubular columns of a gas chromatograph:
(i) Give two differences in their structures. 2]

(ii)) Give four advantages of open tubular columns over packed columns. [4]

(d) What are the function and ideal properties of the liquid (Stationary) phase of a G.C?
[5]
Question 4 (25 marks)

(a) Withrespect to G.C, what is a chromatogram? Illustrate its use in this method for the
qualitative and quantitative analysis of a sample. [6]

sk

(b) In gas chromatography (G.C), what is column efficiency? How does it vary with N, the
number of theoretical plates and H, the plate height? What other factors influence it?

B3]



(c) The retention tine, t,, of a solute is 25.0 s on a column with N=5.4 x 10°
(i) Calculate W, (width at half the peak height). {41
(i) W, the expected base width of the solute’s peak. 21

(d) What are the function and the ideal properties of the solid support in a G.C packed column?

151
(e} Give two examples of industries or establishments in Swaziland where G.C is employed for

routine analysis, stating the specific type of each analysis carried out in each case. [3]

Question 5 (25 marks)

(a) Give three advantages of thin layer chromatography (T.L.C) over paper chromatography.

{31
(b) Forthe TL.C.

(i) Give two examples each of the stationary phases and mobile phases commonly used
for analysis. 41

(i) What stationary phases would you employ for the analysis of:

* apolar compound
« aweakly polar compound 2]

(©) Briefly describe the procedure for chromatogram development and detection of analyte
spots. {71

(d)  For the Rf-Value' TLC experiments:
(i)  Give its definition. [11
(i)  Using a diagrammatic illustration only, demonstrate how it ca be measured. [4]

(e) Give four factors that influence the Rf Value of a compound. 4}
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