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QUESTION 1
a) Give the term that is best described by the following statements:
i)  The process by which analytes move up a chromatographic plate, (1]

ii)  An example of a stationary phase in TLC. [1]

iii)  An example of a solid support in TLC. [1]

iv) A technique for the visualization of TLC spots. [1] .

v)  The distance between the centre of the spots over the average diameter of the spots is
called........................ ' [1]

vi)  The ratio of the amount of the solute in the stationary phase to the amount in the mobile
phase [1] 3

b) Define the following terms as applied in chromatography, giving the appropriate equations

where necessary:
i)  Retention volume, V, 2]
ii)  Resolution, - [2]

¢) The following functional groups are arranged in order of increasing polarity;
.CH=CH,, -X, -OR, -CHO, -CO.;R, -NR;, -NH;, -OH, -CONR., -CO;H.

Briefly describe, with illustrations where possible, the procedure for the separation of an
‘1'k  mixture that contains —CH=CH,, —-CHO and -CO;H using Thin Layer
Chromatography. In your discussion show or explain the following points;

i.  the solvent front,
1. the ongin,
iii.  the solid support,
iv.  the stationary phase.
v.  the orientation of the spots after separation and the mechanism of sep aration,
vi. How the identity of the separated compounds is made. [10}
d) Give the important mechanisms responsible for the isolation/separation of compounds in
chromatography. | , [5]
- ¢



QUESTION 2

a) A flame photometer was used to determine the calcium concentration of a water sample.
The instrument was calibrated via a standard additions method, and the responses
_obtained are given below:

Al a—r— L

Standard addition concentration Instrument output (arbitrary units)
(mg/L)
0 12
3 16
5 27
10 * 37
15 | 49
20 - 61
Assuming that no interferences are present, determine the calcium concentration within
the original sample. [8]

b) The distribution coefficient, Kp, of an organic salt between hexane and water 1s 90. A
quantity of 0.1 moles of the salt is dissolved in 100mL water. Determine the number of
moles of the salt that will remain within the aqueous phase following extractions using;

1) 100 mL [4]
i1)  Four 25 mL aliquots of hexane. | [4]
iii)  Compare your results and conclude which determination is preferred and why. {2]
c¢) Given that at 20°C only 0.24g of an organic acid dissolves in 100 mL water, but 2.70g of
the same acid dissolves in 100mL of ether, calculate the value of the partition coefficient.
3]

d) Give 4 important scenarios where TLC 1s used. 4]

QUESTION 3

a) Define the following tegms or acronyms as applied in Gas Chromatography (GC);
i) Chromatography
i) SCOT )
11) GSC
1v) HETP
v) Theoretical plates
vi) Elution [6]
b) In GC, analyte separation occurs in the columns.
1) Explain why the column 1s housed 1n a temperature programmable oven. [2]
ii) Explain the differences between open tubular and packed columns, with labeled
illustrations where possible. [6]
iii) Give an example of an adsorbent used as a packing in GC columns. [1]
¢) Briefly outline the properties of a good mobile phase in GC, giving an example. [5]
d) An unretained solute passes through a chromatography column 1n 3.7 min and the analyte



requires 8min. Calculate the adjusted retention time and the capacity factor for the
analyte. [S]

QUESTION 4

a) The distribution ratio for palladium(II)chloride between 3M HCl and tri-n-butyl
phosphate (TBP) is 2.3. How many times must 15 mL of a 5.0 x 10° M of PdCl, be
extracted with fresh 5.00 mL portions of TBP in order to remove 99.5 % of the metal? [5]

b) Using appropriate illustrations compare normal calibration curves and standgrd additions
methods and their use in elemental determinations.

i)  Clearly explain how a normal calibration curve 1s obtained. [4]
ii) Clearly explain how one uses standard additions method to determine
concentrations of unknown. [4]
iii)  Under what conditions does the standard additions method provide more accurate
analytical information than the calibration curve method? (3]

¢) Describe in detail how you would separate a mixture of sugar in vegetable oil. In your
discussion, include the following important points:

e which one is the analyte, and which is the aqueous or organic solvent, (1)
e what apparatus / equipment to use, (1)
e what safety precautions to ensure, (2)
e the extraction procedure, (4)
e how you would ensure that 100 % of the analyte was extracted. (D
QUESTION S
a) With reference to Gas Chromatography (GC), briefly discuss;

i)  The main features of open and tubular columns, [6]
i)  The main advantages of open tubular columns over packed columms, [4]
iii)  The functions and ideal properties of the solid support and stationary phase, |3 |
iv)  The important property and example of a mobile phase. 2]

b) For the ECD GC detector discuss,
1)  Its function,
ii)  The factors determining its choice, .
iii)  Its desirable properties. . _ 14]
¢) i) What is a chelating agent? 1]
ii) Write an equation for the formation of a metal chelate (complex) and identify the
reactant and product. [3]
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