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QUESTION ONE

a.

Identify whether the following statements are true or false. For each answer, give

a reason why.

(i) Solid phase extraction technique can also be used as a concentration
method.

(ii) In TLC, two components with the same RF value are identical.

(iiiy Random errors affect measurement accuracy.

(iv)  Column efficiency is not affected by low oven temperatures in GC

[4%4 Marks]
b. Using an example, explain why sample preparation is essential for environmental
analysis? [5 Marksj
c. In chromatography, what is meant by retention factor/time? [4 Marks]
QUESTION TWO

a. A TLC plate was developed using a 45 mL, 1:3:1 mixture of butanone,

dichloromethane and hexane, respectively. Calculate the elution strength of this
solution. (Required data is provided) [6 Marks]
Describe the operating principles of an electron capture detector (ECD)

[7 Marks]
Two TLC plates mounted with the same sample were developed using two
different solvents. On TLC plate 1, no separation was seen up to the solvent front
(all components were on the solvent front) while on TLC plate 2, all components
were separated. Give reasons why:
(i) There is no separation in TLC plate 1.
(ii) The solvent used to develop TLC plate 1 is assumed to be non-polar.
(iii) The solvent used to develop TLC plate 2 has an ideal elution strength

[3 x 4 Marks]
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QUESTION THREE

a.

In a given TLC plate, what conclusion can be drawn for a component that has an
RF value of;

(i) 0.11
(i)  0.98
[6 Marks)

b. Using equations discuss solvent extraction and include its disadvantages in the
extraction of analytes from aqueous to organic phase. [8 Marks]|

¢. Are multiple batch extractions a remedy for the disadvantages you have given in
your answer for question b.? [4 Marks)

d. In a chromatographic analysis of a mixture of chlorinated pesticides, in which a
2.0 m long column was used, a peak with retention time t;, of 8.68 min and a
baseline width of 0.36 min, was identified as dieldrin.

(i) Calculate N and H for this column [4 Marks]
(i1) Suggest a suitable detector for the analysis. {3 Marks])
QUESTION FOUR
a. Lead levels were measured in Umzimnene river water using two instrumental

methods. The samples were collected from two sampling points namely, Site A

and Site B. Processed results are are shown in table 1.

Table 1: Lead analysis data for the two methods

Potentiometry Spectrophotometry
Site 1 0.69 £0.005 ppm 0.63 £0.008 ppm
n=7 n=5
Site 2 0.78 £0.007 ppm 0.87 £0.008 ppm
n=5 n=>5
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(i) What statistical test can be carried out to determine whether the two
methods have similar standard deviations in both sites. With the data provided,
is the statistical test possible? If not, justify.

[9 Marks]

(ii)} For each method, what are confidence intervals for the measurements for
Site 1? [7 Marks]

b. Discuss the Plate theory in gas chromatography (use diagrams and equations in

your discussion). [9 Marks]

QUESTION FIVE

a. What are the advantages of microwave acid digestion over wet digestion?

[7 Marks]

a. The distribution constant of analyte X between n-Hexane and water is 8.9.
Calculate the % E of the extraction of X after 50.0 mL of 0.200 M X is treated by
extraction with one 20 mL portion of n-Hexane.

[12 Marks]
b. What is meant by the term “sample matrix effect”? How can this effect be

corrected? [ 6 Marks]
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Tabulated values for the Q-test

0941

0970

0.994

0822 .988

0.603 0.765 0.82¢ 0.889 0926
0.488 0.642 0.710 0.780 G.821
0.421 0.560 0.625 0.698 0.740
0.375 0.507 0.568 0.637 0.680
0.343 0468 0.526 0.580 0.634
0.319 0437 0.493 0.555 0.598
0.299 0412 0.466 6.527 0.568
021 0.375 0425 0.480 0.518
0.250 0.350 0.397 0.447 0.483
0234 0.32¢ 0.376 0422 0.480
0.223 0.314 0.358 0.408 04338
0.213 0.300 0.343 0.362 0420

Table 31

Values of ¢ for v Degrees of Freedom for Various Confidence Lavals‘

Confidence Level

v 90% 959 99% 99.5%
1 5% _ 99% 5%
! gg ég 12.706 63.657 12732

3 2353 ;‘?gg g ﬁf P
4 17 § § A

; gé 3 2776 4.604 g §§§
s 2015 . 2571 4,032 4773
: 1543 2447 3.707 4317
; 195 2.365 3.500 4,029
: Lagy 2.306 3355 3.832
9 L33 2,262 3250 3.690
5 Lei2 2.228 3.169 3.581

: 1753 2.131 2947 3252
: 1725 2,086 2.845 3.153

, 1708 2.060 2787 3.078

1.960 2.576 2.807

=N~ 1= degrees of freedom.
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General data and fundamental constants

Quantity

Speed of light
Elementary charge
Faraday constant
Boltzmann constant
Gas constant

Planck constant

Avogadro constant
Atomic mass unit
Mass
electron
proton
neufron
Vacuum permittivity

Vacuum permeability

Magneton
Bohr
nuclear.

: g value

Bohr radius

Fine-structure constant

Rydberg constant
Standard acceleration

Symbol

g = ehf2m,

ge

Ky = &N/2m,

a, = dneim, 6?
o = u.e’c/2h
R.=m,ge"/8h’ce ?

of free fall E
Gravitational constant G
Conversion factors
lcal =  4.184joules ()
lev = 1.602 2 X 1077
Prefixes p n

femto pico nano

10—IS

10

1 0"_ '

lerg

1 eV/molecule

B om-
micro muilli
10¢  10°

Value

2.997924 S8 X 10*m 5™
1.602 177X 10" C

9.6485 X 10° C mol™
138066 X 10 I K

8.314 51 J X' mot™

8.205 78 X 107 dm® atm X' mol!
6.2364 X 10 L Torr X! mol™
6.626 08 X 10™ I s

1.054 57 X-10%J s

6.022 14 X 10% moi™

1.660 54 X 107 Kg

9.109 39 X 10" Kg
1.672 62X 107 Xg
1.674 93 X 107 Kg
8.854 19X 102 ' C'm*
1.11265X10° I Cm?
A X 1071 C¥*m*
47X 1077 ' m?

9,274 02 X 10T
505079 X 107 J T
200232
5291 77X 10" m
" 7.297 35 X 10°
1.09737X 10’ m™

9.806 65 m s
6.672 59 X 10" Nm? Xg?

= 1X1073

= 96 485 kJ mol’
c d k M G
centi deci kilo mega giga
10* 10"

100 108 10
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