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Question 1(25 marks)

(a) Briefly explain the following terms

6)) Elution

(i) Volume flow rate, F

(iii)  Retention time, ty

(iv)  Adjusted retention time, t'r

(v)  Relative retention, & [51
()  What is a chromatogram? With an illustrative diagram show how the

chromatogram is employed for both qualitative and quantitative analysis of a

sample. (6]
(©) Give an expression that relates the following terms.

)] Retention Volume, Vg, retention time, tz and Volume flow rate of the

mobile phase, F.

()  Capacity factor, K, retention time tz and dead time, ty [2]
(d)  Whatis ‘Temperature programming’ of a chromatograplnc column? [2]
(e) State the effects of the following on the performance of a chromatographlc

column. ;

@) Raising the column temperature.

(i)  Temperature programming. oL 7N

(i)  Use illustrative diagrams to demonstrate the effects in (b) (3]
Question 2(25 marks)
(a) State the Nernst distribution law. Give the mathematical expression for it and
define all the parameters involved in it. {3]
(b) Distinguish between distribution coefficient, Kp and distribution ratio, D, used

during solvent extraction analysis. Illustrate this difference with an example.

[4]

(c) For the extraction of a weak acid, HB, whose anion (B"), does not penetrate the

organic phase and is monomeric in both phases:

)] State the expression for its distribution ratio and define all the parameters
init. 3]

(i) Give two of the factors that influence the value of D. [2]




(d

A solute being extracted from water with carbon tetrachioride has a distribution

ratio, D, of 85.0

@) What percentage is extracted from the aqueous phase when 50.0mL of
1.0 x 10°M aqueous solution of the solute is extracted with 50.0mL of

carbon tetrachloride? [8]
(i)  Would you have preferred employing two successive extractions, each
with 25.0mL carbon tetrachioride? Justify your answer. ‘ [5]

Question 3(25 marks)

(@  For the ‘Gas Liquid Chromatograph (GC): N
@ Draw and label its schematic diagram. ‘ [4]
(ii) ~ What is the basic requirement for a mobile phase material? Give four

commonly employed examples. : (3]
(iii)  State the functions and four ideal properties each of the stationary phase

(the liquid phase) and the solid support. o (8]
(iv)  Give four commonly employed detectors [4]

(b)  Mention the various sectors of the society where chromatograiﬁhic methods have
been employed as analytical tools. Give four industries or research laboratories in
Swaziland where these methods are being routinely used. ~ [6]

Question 4(25 marks)

(@)  Whatis ‘column efficiency’ in gas chromatography? How is its value influenced
by ‘loading’ of the column, N (the number of theoretical plates), and H (the plate
height)? What other factors influence it? [8]

b @ State the advantages/disadvantages of open tubular columns over packed

columns used for GC analysis. Briefly account for the difference. |
(i)  Give two structural differences between them. [7]
(c) Inthe chromatographic‘a.nalysis of a mixture of chlorinated pesticides, in which a

2.0 m long column was used, a peak with a retention time, t,, of 8.68 min. and a
baseline width of 0.36 min.. was identified to be dieldrin.

@) Calculate N and H for this column. [6]
(ii) Determine the capacity factor for dieldrin if the dead time, tn, for the
column is 0.30 min. [2]
3




peaks. (2]
Question 5(25 marks)
(a) Give three advantages of thin layer chromatography (TLC) over paper
chromatography. o A [3]
®) For the TLC. .
(1) Give two examples each of the stationary phase and mobile phases
commonly used for analysis. ' [4]
(i)  What stationary phases would you employ for :
* a polar compound o
+ a weakly polar compound - ' [2]
(c) Briefly describe the procedure for chromatogram development and detection of -
analyte spots. [7]
(d (@)  Define ‘R¢-Value’ for the TLC. [
(i)  Using a diagrammatic illustration only demonstrate how it can be
measured. [4]
(e) Give four factors that influence the R¢ Value of a compound. [4]
4

(iii)  Another peak next to that of dieldrin has a retention time, tr, of 9.76 min..
and a baseline width of 0.62 min. Calculate the resolution between the two
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8.20878 x 1072 o
dm? atm X~ mol™!
§2.384 L Torr K=" mat~""

Planck canstant h 6.62608 X 10™*Js
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