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Question I (20 marks)

(a)

(b)

D

State the factors that would guide you in selecting an appropriate method
for the analysis of an environmental sample. ).

Explain the term ‘sampling’ of an environmental sample for analysis, What
steps should be taken to ensure that appropriate sampling has been carried
out? 3).

Why is sample pretreatment usually a necessary step prior to the actual
analysis of the sample? Give four of such pretreatment steps often
employed for samples in environmental/analytical laboratories. 3)

Using a labeled diagram, identify the basic components of a typical
instrument for chemical analysis. State the functions of any one of the
components and give an example in a named instrument. 8)

Question 2 (20 marks)

(a).

(b)

(©).

).

explain the term ‘deviation from Beer’s law’. Using a graphical illustration
distinguish between a positive and a negative deviation from Beer’s law.

@

Briefly discuss the causes and possible corrections of real (true) deviation
from Beer’s law. Y

The combined absorbance, A., when a beam of radiation, made up of two
wavelengths A and A' with molar absorptivities of € and €' respectively,
pass through an absorbing solution is given by:

Ac = log{P, + Po'} - log{P10> + P,110°™}
). Assuming Beer’s law applies, obtain this expression. 3)

(ii). What type of deviation from Beer’s law (if any), occurs when:
€ =€, € > €, and € < €’ 3)

Stray radiations have been identified as one of the instrumental causes of

deviation from Beer’s law during spectroscopic analysis:

@) What are their main features? €

(ii) Give the expression for the measured absorbance, A, due to them,
and define all the parameters involved in it. ()]



Question 3 (20 marks)

(a)

(b)-

(©)-

Briefly describe how you would prepare a KBr pellet for the IR
spectroscopic analysis of a sample. 3)

Categorize the following spectroscopic methods as either ‘absorption’ or
‘emission’ and state the quantity measured in each case.

() FAES, (i) FAAS, (iii) FAFS. 3)

Identify at least one difference in the setup or design of the following pairs
of instruments:

(i) FAES and FAAS, (ii) FAFS and FAES,
(iii) FAAS and FAFS. 3)

(d) Attached on the next page is the unlabelled diagram of a double beam in time

configuration spectrophotometer:
(i) Label the diagram. ®)
(i)  Briefly discuss its working principles. 3)
(iii)  Give its advantages over a single beam spectrophotometer. (2)
(iv)  What is its advantage over a double beam in space configuration?

1)
Question 4 (20 marks)
(@). For the ‘Flame Atomic Absorption Spectroscopic technique:
)] State the basic components of the instrumental set up. A3)
(i)  Give a brief account of its working principles. €))
(iii)  Give two examples of environmental analysis for which it can be
employed. @)
(b).  The ‘Hollow Cathode Lamp’ is a vital part of a number of atomic
spectroscopic instruments:
@) Give two examples of such instruments. )]
(ii)  Using a schematic diagram as an additional illustrative discuss its
configuration and working principles. 8

(iii)  What are the weaknesses of ‘multi-element’ types relative to the
single element series? 3}



This page should be removed and attached to the answer script after labeling.




Question 5 (20 marks)

(a) 1) Explain the term ‘source’ with regard to Atomic Spectroscopic
Methods. 1)
(ii)  Give two commonly employed ‘sources’ in atomic spectroscopy and the
instruments/methods in which they are used. )
(iii)  State four of the idealized goals of any such sources. “4)
(b)  What is an interference with regard to chemical analysis? How is an interference
generally countered or corrected? 2)
© In the case of ‘Vapourization’ (or ‘Chemical’) interference commonly associated
with flames and furnaces during spectroscopic analysis:
() Discuss its cause/origin. (1)
(ii)  Using illustrative examples, discuss the methods usually employed for its
correction/reduction. (10)
Question 6 (20 marks)
(a) State the Nernst distribution law. Give mathemathecal expression for it and define
all the parameters involved in it. 3)
®) Distinguish between distribution coefficient, Kp and distribution ratio, D, used
during solvent extraction analysis. Illustrate this difference with an example.
G
© For the extraction f 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

(ii)  Give two of the factors that influence the value of D. )

A solute being extracted from water with carbon tetrachloride has a
distribution ratio, D, of 85.0
(i) 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? )
(i)  Would you have preferred employing two successive extractions, each
with 25.0mL carbon tetrachloride? Explain.. 3

Question 7 (20 marks)

(a) What is a chromatogram? Using an illustrative diagram, show how it is employed

for both qualitative and quantitative analysis of a sample. ©6)




() () What is ‘Temperature programming’ of a chromatographic column?

)

(ii))  Discuss the effects of ‘Temperature programming’ on the performance of
a chromatographic column. CY)
© What is column efficiency with regards to gas chromatography? 1)

(d) A column produces an elution peak after 148s. Given that the width of the peak at
half its height (wy), is 3.30s:

() Calculate N, the number of theoretical plates in the column. ()]
(ii)  If the column is 6ft 4in long, calculate the column efficiency, H(the
H.E.T.P.) A3)
Question 8 (20 marks)
@ Define Rt value, with regards to qualitative analysis in planar
chromatography. )
(b)  For the analysis of a polar compound using the TLC method, give a brief
procedure for the:
@) Preparation of the TLC plate 6)

(ii)  Identification of the separated components/spots on the TLC plate. (6)

© Compare and contrast ‘Thin Layer Chromatography’ with the ‘Paper
Chromatography’ with respect to:
(i) - the nature of the stationary phases
(ii)  the nature of the mobile phases
(iii)  resolution and sensitivity. ©6)
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D

Quantity

Speed of lightt

Elementary——-e-- - —

charge

Faraday
constant

Boltzmann
constant

Gas constant

Planck constant

Avogadro
constant

Atomic mass
unit

Mass of
electron
proton . _._. .

neutron
Vacuum

.- permeabiiity§

Vacuum
permittivity
8ohr magneton

Nuclear
magneIon

Electron g
value

Sonr radius

Rydberg
constant

Fine structure
consant

Grevitational
constant

Standard
acceleration
of free fallt

f P
femto pico

10—!5 10-—\!

n

10~®

Symbol

c

Vialue

F=eN,4

>

go = 1/c%uo

d:xe,:
ug=eh{2m,
Kn=efi/2m,

Se
2, =dxe,ht/m,e
R.=m,2'/8hc
c=uge’c/2h

G

g ..

M m
nano micro milli
j0~¢ 107?

10~ 107!

2.987 924 58 x 10° s
R =10 V2 7 200k o St o g

9.6485 X 10* C mol™

1.380 66 X 10~ J K~!

8.31451 1K~ mol™!

8.20578 x 1072

dm?® atm K~ mol™!
62.364LTorr K~

Y mol™""

6.52608 X 107 J 5
1.05457 X 107> Js
8.022 14 X 10 mal™'

1.660 54 X 107 kg

8.10933x 10" kg
-1.67262x 1077 kg - -

TTTTTTTTI67483%107¥kg T T o

4z X1077)s2CimmY

4xx 1077 T2 7!

m:l

8.85419 % 10~2 J=' C*m™!

1.11265x 10~ J=" 2
9.27402%x 107 J T
5.05079x 1077 J 1!

2002322

5.29177x10"" m -
1.09737%x 10%5cm™!

7.29735x 10™?

6.67259x 10™" N m? kg~?

_9.80665m.s?

c d k
centi deci kilo
107

M G

mega giga
10°  10°

General data'at
"~ fundamental
--—constants-

t Exact [defined) values

Prefixes



