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Question 1 ( 20 marks ).

a)  State the steps ( in sequential form ), that should be followed in solving a
typical analytical problem. (6)
b) (i) Using a labeled schematic diagram, identify the basic components of a
typical analytical instrument )
(ii)  Discuss briefly the functions of any two of these components and give
an example in a named instrument ®)
b)  State the salient performance characteristics (selection criteria) for an
analytical instrument. )
Question 2 ( 20 marks )

a)

Give one type of radiation source for each of the following wavelength regions of
the electromagnetic spectrum. '
(i) Visible (il UVand (ii) IR. ?3)

b) State the necessary precautions in the handling and maintenance of a sample cuvet for

UV spectrophometric analysis.

c)

“@

The amount of iron in an aqueous sample was determined spectrophotometrically
by preparing the 1.10-phenathroline complex with a Apgax of 508 nm. The Fe(Il)
stock solution was prepared by transferring 0.702g of Fe(NHj; ),. (SO4),. 6H,0 into
1-L volumetric flask originally containing 2.5 mL H>SO,, and then diluted to
mark with distilled water. The working standards were prepared by transferring
1.00-, 2.00-, 5.00- and 10.00- mL portions of the stock solution to separate 100.00
mL volumetric flasks. 10.00 mL of the sample was put in another 100 mL flask,
and equal amounts of hydroxyl ammonium chloride followed by phenanthroline
solution were added to each flask and then diluted to mark with water. A blank
was prepared in a similar way in another 100 mL volumetric flask. The following
table shows the absorbance readings obtained for both standards and sample when
measured in a 1cm cuvette against the blank at 508 nm.

Solution

Standard §

Standard 2

Standard 3

Standard 4

Sample

Absorbance

0.041

0.081

0.205

0.420

0.232

®

Calculate the amount of iron in the sample in ppm.

10



(ii)  What would be the absorbance of the sample if a 4 cm cuvette was used?

(3)
Question 3 (20 marks)

a) For a spectrophotometer, list the components of its monochromator system , and
give the respective functions of each named component. 6)

¢)  For the prism as a component of the monochromator system:

(7). State the spectral region where it works best and why.
(ii). State the factors that increase its resolution. 4)

c () State the factors that increase the resolution of ‘diffraction gratings’ as
a component of the monochromator system of a spectrophotometer.

(ii) Give example of a spectrophotometer which uses the diffraction grating
monochromator.
(iii) What advantage/s does it have over the prism monochromator system?
)
d) What monochromator prism material would you recommend for the following
spectral regions:
@) Visible. @) UV (Gi) IR?
Account briefly for your choice. &)
Question 4 (20 marks)

a) What is meant by “interference” with regards to flames and furnances? (1)

b) For the ‘chemical’, ‘ionization’ and ‘spectral’ types of interferences.
)] Explain their causes
(ii)  Discuss the steps normally taken to correct or eliminate each of them.
(iii). Discuss the steps usually taken to correct or eliminate ‘ionization
interference. (12)

¢) () Givetwo examples each of a ‘cool flame’ and a hot flame’
(ii) Offer an explanation for the following observation. “Although chemical
interferences are more prevalent in ‘cool’ flames, yet this flame is
preferred for the analysis of alkali metals” )]



Question S (20 marks)

a)

b)

Detail the basic principles of solvent extraction of metals as metal chelates and
give an example of a chelating agent. )

State the expression for the distribution ratio, D, of a metal between an aqueous
and an organic phase during solvent extraction using a chelating agent. What
conclusions can be drawn from this expression? , (5

A 1.0 x 10”7 M aqueous Cu (IT) was being extracted into CCl4 by 0.1mM
dithizone. Given that Kpy, = 1.1 x 10% Kpy = 7.0 x 104, Ka=3.0x 10%;, K¢= 5.0
x10%and n = 2. Calculate:
@) The distribution ratio for this extraction at pH =1.0 ’)
(ii)  The fraction of Cu(11) remaining in the aqueous phase when 100ml of
the 1.0 x 10”7 M aqueous Cu(11) is extracted once with 50ml of the
CCliatpH=1.0. %)

Question 6 (20 marks)

a)

b)

d)

In gas chromatography (GC) what is column efficiency? How is its value
affected by N, the number of theoretical plates, and H, the plate height? What
other factors affect it? )

What is temperature programming in GC? Use a graphical illustration to show
how it affects the resolution, R, the retention time, t, and the number of solutes
eluted during a GC analysis. )

What are the functions and the ideal properties of the liquid stationary phase for
GC analysis? )

Give four general applications of ‘Gas Chromatographic analysis’. Give an
example of an industry in Swaziland where this method is being used on routine
basis. - 5)
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Vacuum
nermittivity

Bohr magneton

Nuclear
magneon

Electron g
value

3onr radius

Rydberg
constant

Fine structure
constant

Gravitational
constant

Standard
acceleration
of free fallt

f P

femto pico

107" 107'* 107° 107°

o= 1/c%u,

dte,
He = eh/2m,
un=eh/2m,

S

3, =4aeg,At/ Mt
R.=m,=2'/8h%c:

=_U.oezC/2h
G
g . -
n u m
nano micro milli
1072

Quantity Symbol Value seneral data and
Speed of lightt ¢ 298792458 % 10 ms™ Tundamfntal
Elementary————" &+ ———= -~ =1602177 %10 ¢~ T~ ~—constants:

charge
Faraday F=eN, 9.6485 x 10* C mol™’

constant :
Boltzmann k 1.38066x 1072y K™

constant
Gas constant A=kN, 8.31451 J K~ mol™"

8.20578 x 1072 .
dm?atm K~} mol~!
62.364 LTorr K™' mot™""
Planck constant h 6.62608x 107> J s
fi=h/2x 1.054'57 x 10™*%.J-<

Avogadro Ni 6.022 14 x 10 mol™’

constant
Atomic mass u 1.66054 % 10" kg

unit . :
Mass of

electron m, 9.10939x 107" kg

proton m, .1.672-62x 10~ kg -

neutron m. c T UTU.67493 X 107 Kg i
Vacuum U 4xX1077Js*CTim™Y
.. permeabiiityy : '

4z x 1077 T2J7'm?
8.85419x%x107'*J-'C*m™!
1.11265x 10~ )=V G2 m="
9.27402% 107 J T
5.05079%x 10~7J T

2.002322

5.29177% 10" " m
1.08737 % 10°cm ™"

7.297 35 x 1073
6.67253 x 10~"" N m?kg~?

_9.806 65 .52

T €xact (defined) values

c d k M G Prefixes
centi deci kilo mega giga
1072 107" 10° 10°  10° ~



