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QUESTION ONE
a. Draw and label a schematic diagram of gas chromatography instrument.
; ' [10 Marks]
b. What are the properties of ah ideal stationary phase of a GC column
) [9 Marks]
¢. Discuss the key assumptions necessary for the use of standards addition
calibration method. ‘ [6 Marks]
Total 25 marks

QUESTION TWO
a. Using an example, explain why is sample preparation essential for environmental
analysis? [S Marks]
b. Identify whether the following statements are true or false. For each answer, give
reasons why
(i) Microwave acid digestion is fast but results in a complex sample
matrix.
(ii) In TLC, interactions between components and mobile phase
depends polarities.
(iii)  The efficiency of solvent extraction (liquid-liquid) of weak organic
acids from aqueous phase depends on Kp.
(iv)  Oven temperature does not affect the resolution of peaks in GC
analysis.
) The student T-test compares means of different methods.
[4%5 Marks]
Total 25 marks

QUESTION THREE
a. Two TLC plates mounted with the same sample was developed using two
different solvents. On TLC plate A, the no separation was seen from the origin
(all components were on the origin) while on TLC plate B, all components were

separated. Give reasons why;
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(i) There is no separation in TLC plate A.
(ii) The solvent used to develop TLC plate A is assumed to be non-polar.
(iii) The solvent used to develop TLC plate B has ideal elution strength
! [3 x 4 Marks]

a. The distribution constant of analyte X between n-Hexane and water is 8.9.
Calculate the concentration of of X remaining in the aqueous phase after 50.0 mL
of 0.200 M X is treated by extraction with three 20 mL portions of n-Hexane.

[8 Marks]

b. Why is SPE also regarded as a method of concentrating a sample? [ 5 Marks]

Total 25 marks

QUESTION FOUR

a. State sequentially, the steps that should be followed in solving a given analytical
problem (i.e. in the analysis of a given sample). [10 Marks]
b. Give reasons why calibration is an important part of all instrumental analysis
procedures. [7 Marks]
c. Name one method of calibration and outline the procedure for your chosen
calibration method. [8 Marks]
Total: 25 marks

QUESTION FIVE

a. Discuss the differences between SPE and SPME.
[10 Marks]
b. Are multiple batch extractions a solution for the disadvantages liquid-liquid
extraction? Give r;:asons why. [5 Marks]
c. In a chromatographic analysis of a mixture of chlorinated pesticides, in which a
2.0 m long column was used, three peaks were obtained. The peaks had the

following characteristics;
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Peak A: t=2.01 min, W;=0.094 min
Peak B: t= 5.94 min, Wy= 0.782 min
Peak C: t= 8.68 min, W= 0.36 min

[1
¢

(i) Calculate the resolution between these peaks. [6 Marks]
(iiy  Use Peak B to calculate plate height, H and number of theoretical plates,
N.
[4 Marks]
Total 25 marks
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: General data and fundamental constants

Quantity * Symbol Value

Speed of light c 2.997 924 58 X 10*m 5™
Elementary charge e . 1.602 177 X10"C
Faraday constant F=N,e 9.6485 X 10* C mol"!
Boltzmann constant k 1.380 66 X 10" JK"
Gas constant R=N,k 8.314 51 J X' moal*

8.205 78 X 10 dm® atm K mol”’
6.2364 X 10 L Torr X' mol™

Planck constant h 6.626 08 X 10 Js
h=h/2n 1.054 57 X107 s
Avogadro constant N, 6.022-14 X 10® mol"!
Alomic mass unit u 1.660 54 X 107 Kg
Mass ‘
electron m, 9.109 39 X 10" Kg
proton m, 1.67262X 10" Kg
neutron m, 1.674 93 X 107 Kg
Vacuum permittivity g, = 1/c’, 8.854 19X 102 J! C* o
4dne, C L1n2ésxi10r G m?
Vacuum permeability Po 4 X 10718 C*m
- 4 X 1077 M m?
Magneton .
Bohr Hg = eN/2m, 9.274 02X 107!
nuclear. e =ehi2m, 505079 X 1097171
: g value ge ~ 12.00232
Bohr radius a, = 4ne,/m ¢’ 5291 77X 10" m
Fine-structure constant o = pye'e/2h "7.29735X10°
Rydberg constant R..=m,e/8h’ce? 1.097 37X 10" m”
Standard acceleration
of free fall g 9.806 65 m s
Gravitational constant G 6.672 59 X 10" Nm® Kg*?

Conversion factors

4.184 joules (7) 1erg = 1X1073

1 cal
1.6022X10"7J 1 eV/molecule - 96 485 kJ mol”

1leV

v
L]

Prefixes f p n B m- ¢ d k M G
femto pico pano micro milli centi deci kilo mega giga
10" " 10" 10° 107 107 10t 100 10° 10°



