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QUESTION ONE
a. Name three characteristics of inductively coupled plasma that make them suitable’
for atomic emission spectrophotometry. [ 6Marks]
b. Describe how a deuterium lamp can be used to provide a background correction
for an atomic absorption spectrum. _ [ SMarks]
c. At 580 nm, the Apey of Fe (SCN)?* has a molar absorptivity of 7.00 x10% Lem™
mol . Calculate;
(i) The absorbance of a 4.47 x10”° M solution of the complex at 580 nm, in a
1.0 cm cell
(i)  The absorbance of the solution in (i) in a 2.5 cm cell
(iii)  The %T of the solution in scenarios described in (i) and (ii).
{3 x 3 Marks]
d. Briefly describe the working principles of diffraction gratings as
monochromators. [5 Marks]
QUESTION TWO
a. Why are lines from a hollow cathode lamp generally narrower than lines emitted
by atoms in a flame? [5 Marks]
b. Differentiate between chemical and instrumental noise. [6 Marks]
c.

The absorbencies of solutions containingK,CrQ4 (in 0.05M KOH) were measured

in a 1.0 cm cell at 375 nm. The following results were obtained;

Concentration of CrO,*M Absorbance (a.u) at 375 nm
0.0050 0.123
0.0100 0.247
0.0200 0.494
0.0300 0.742
0.0400 0.991

Calculate the average molar absorptivity of CrO42in Lmol'cm™.

[10 marks]
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d. What is the consideration that should be made for a cell’s material choice before it

can be used for a particular region? : [4 Marks]

QUESTION THREE
a. A solution containing 3.92 mg/100mL of A (Mw= 335 g/mol) has a %
transmittance of 65.1% in a 1.5 cm at 425 nm. Calculate the molar absorptivity of
A at this wavelength. [7 Marks]
b. A highly concentrated analyte can result in deviations from Beer’s law. Give a
reason(s) why this happens and suggest a corrective measure. [4 Marks]

c. Why do qualitative and quantitative analyses often require different

monochromator slit widths [6 Marks]
d. Describe how to prepare a KBr pallet for IR spectroscopy. [8 Marks]
QUESTION FOUR

a. Clearly illustrate transitions associated with the following regions of the
electromagnetic spectrum
(i) Infrared
(i) UVivis

[6Marks]
b. What is the function of the reference beam in a double beam AAS instrument?

[5 Marks]
c. Why is the nebulization of liquid samples important in AAS? [3 Marks]
d. Draw and label hollow cathode lamp. [6 Marks]

e. Explain how flame temperature affects the sensitivity of a flame atomic

absorption spectrophotometer. [5 Marks]
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QUESTION FIVE
a. Describe an ideal detector for spectrophotometry. [10 Marks]

b. In a table similar to the one below, match the terms on column 1 with the suitable

terms on column 2,

Column 1 Column 2
(i) ICP atomisation Concentration uncertainty
(ii) Flame Uniform cross sectional temperature
(iii) Diffraction grating Inert chemical environment
(iv) Plasma _ Secondary combustion zone
v) Instrument noise Reflective monochromator
[1¢ Marks]

c. What are the implications of having a signal to noise ratio of 10 for a given

signal? [5 Marks]
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General data and fundamental constants

Quantity Symbol
Speed of light c
Elementary charge €
Faraday constant F=N,e
Boltzmann constant k
Gas constant R=N,k
Planck constant h
h=h2n

Avogadro constant Na
Atomic mass unit v
Mass

electron m,

proton m,

neutron m,
Vacuwun permittivity g, = 1/c%p,

: 4ne,

Vacuum permeability TR
Magneton

Bohr fp = eff2m,

nuclear . By = eN/2m,

: g value ge . .
Bohr radius a, = 4ng Him, &*
Fine-structure constant o = pelc/zh i
Rydberg constant ' R..=m,e'/8h’ce?
Standard accelewation
of free fall

4
Gravitational constant G

Conversion factors

lecal = 4.184 joules (1)

leV = 1.6022X 1077

Prefixes 1 P n
femto pico pano
0% 10" 107

lerg
1 eV/molecule

p m-
micro milli
10 107

Yalue

299792458 X 10* m s
1.602 177X 10" C

9.6485 X 10° C mol™
138066 X 10°P T K
231451 JX' mol?

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

1.054 57 X-10%J s

6.022 14 X 10” mot"

1.660 54 X 107 Kg

9.109 39 X 10 Kg

1672 62X 107 Kg

1.674 93 X 107 Kg
8.854 19X 102 C* m™
1.11265 X 101 C* m?
4n X107 C*m?
4nX 100 T '’

9,274 02 X 10*J T
505079 X107 1 T!
200232

5291 77X 10" m
7.297 35X 107
1.097 37 X 10’ m™

9.806 65 ms?
6.672 59 X 10" Nm* Kg?

= 1X107J

= 96 485 kJ mol”
¢ d k M G
centi deci kilo mega giga
10* 10!

1 1080 1w’
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