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INSTRUCTIONS

Answer any Four (4) Questions. Each
Question Carries 25 Marks

A periodic table and other useful data have been provided with this paper.
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Question 1 (25 marks)

(a) Discuss the significance/advantages of the modern instrumental methods of analysis in
modern day environmental studies. [5)

(b) During the analysis of a given environmental sample, ‘Selection of the appropriate method’
and ‘Sampling’ are of utmost importance.

(i) Briefly discuss the major figures of merit (or performance characteristics), that would

enable you to select an appropriate method for such analysis. [11]
(ii) Sate other useful factors that can be employed in the method selection process.  [2]
(iii) Explain the terms ‘Sampling’ and ‘Sample pretreatment’. : 2]
(iv) Why is sample pretreatment essential here? Give four common examples. [5]
Question 2 (25 marks)

(a) With the help of a labeled schematic diagram, identify the basic components of an

instrument for environmental analysis. Give one function of each of the components
indentified. (7

(b) During the analysis of a species, X, in an aqueous solution, the following calibration data
were obtained

Concentration No. of Replicate Average Analytical Standard
(mg/L) Readings, N Signal, S Deviation,
s
0.00 25 0.0371 0.0079
2.00 5 0.173 0.0094
6.00 5 0.442 0.0084
10.00 5 0.702 0.0084
14.00 5 0.956 0.0085
18.00 5 1.248 0.0110
For this method, calculate:

(i) The analytical sensitivity at each concentration 3

(ii) The minimum analytical signal, Sg.

(1ii)The Calibration sensitivity, m

(iv) The detection limit, cyp.

(v) The % r; (percentage relative standard dev1at10n) for each of the replicate sets of reading.

[18]
(Take k=3)



Question 3 (25 marks)

(a) Sate the mathematical expression of Beer’s law and give the S.I units of all the parameters
involved in it. What assumptions are made in deriving this law? (71

(b) Explain or discuss the following:

(i) Positive and negative deviation from Beer’s law. [4]
(ii) The causes and correction/minimization of real and instrumental deviations from Beer’s
law. ' [6]

() A694x1 9‘1 M solution of a complex compound-contained-in a-1.00-cm cell had-apercent
* transmittance of 31.4 at a given wavelength. Calculate the following:
(i) Absorbance of the solution.
(i) Molar absorptivity of the complex.
(iii) Absorbance of the same solution in a 5.00-cm cell.
(iv) The cell path that will give a percent transmittance of 20.0

(8]
Question 4 (25 marks)
(@
(i) What is a spectrophotometer? [2]
(ii) Identify four of the basic components of a spectrophotometer and the corresponding
function/s of each of them. [6]
(b) With regards to the monochromator system for a spectrophotometer :
(i) List the components and give the respective functions/s of each of them. [6]
(ii) What are the advantages and weaknesses of ‘diffraction gratings’ when compared with a
‘glass prism’? {31
(i1i) Explain the term ‘dispersion of a prism’. Hence briefly discuss the working principles of
a prism as a monochromator. [4]

(iv). Sate the factors that enhance the resolution of a ‘prism’ and the ‘diffraction gratings’
(4]



Question S (25 marks)

The hollow cathode lamp is a vital primary source of radiation in atomic absorption
spectrometry. Discuss:

(a) Its features as a sharp line radiation source. 31
(b) Its structure (configuration) plus a schematic diagram of it. 7
(c) Its working principles. | [10]
(d) The composition and short comings of multielement hollow cathode lamps. [31
(e) The essence of the cylindrical structure of the cathode tube. 2]
Question 6 (25 marks)

For the elecrothermal atomic absorption spectrophotometry (EAAS), Discuss/Describe:

(a) Its main structural (configurational) features, using a schematic diagram as support. [7]

(b) The stages involved in the atomization process. [9]
(c) Absorbance measurement and use of matrix modifiers. [3]

(d) Its advantages and weakness when compared with the flame atomic absorption

spectrometry. [6]



Quantity Symbol

Value General data and
Speed of lightt ¢ T 2.29792438%10° m s~ Tundam?ntal
Elementary———=- 2= * — -+ TTB0ZITT 0= gm0~ ——eonstants:

charge . :
Faraday F=eN, 8.6485 x 10*C mol™

constant .
Boltzmann 3 1.38066 x 10" P yK~!

constant - :
Gas constant A=kN,

8.31451 JK™" mol™!
- ) 8.20878x 1072
dm? atm K~ mol™
' §2.364 L Torr K™ mol™ "
Planck constant h 6.62608x107*Js

h=h/2x 1.05457 x 10" J s

Avogadgro N 5.02214 X 10¥ mol™*
constant

Atomic mass v 1.88054 X 107% kg
unit : T

Mass of
electron m, " 8.10833 x 10" kg
proton  _._ . .m, 1.672-62 X 1077 kg -
neutron My C T T UTUIIET493 % 107 kg

Vacuum . U

4z x107732C I m Y
..~ permeabilityf . P

4x %1077 Ty m?
8.85419x 1072y~ i~

Vacuum

o= 1/c%uq
. permittivity

d1eq

111285 x 107° J= G2t - TR T ;
Sohr magneton ug = ehf2m, 89.27402x 107 T
Nuclear - un=eh/2m, 5.05078 %X 10~ 7 J T
magneon '
Electron g C.
value

2.00222
Sonr radius 3, = 4xe.h¥ Myt 523777 x 101 m

Rydberg R.=m,=2*/8R%c: 1.08737x 10%cm ™!
constant v
Fine strucsure = poale/2h 7.297 35 x 10™?
cansiant . ) ;
Gravitational G 6.67259x 107" N m?kg™?
constant :
‘Standard g .. .. _.. _880665r0s%
acceleration

of free fall+

ot Exad (defined) values
f P n u m c d x M G
fernto  pico

Prefixes
centi dect Xilo .

nano micro  milli mega giga
S307% 10T 107 107 1077 107 107! 0% 10t gt
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