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QUESTION ONE

a.

Draw and label a schematic diagram of an atomic absorption spectroscopy
instrument, [ SMarks]

b. State the mathematical expression of Beer’s law and give the SI units of all the
parameters, [7 Marks]

¢. Briefly describe the working principles of diffraction gratings as
monochromators. [6 Marks}

d. The molar absorptivity for aqueous solutions of phenol at 211 nm is 6.7 % 10°
Lem™'mol?, Calculate the permissible range of phenol concentrations if
transmittance is to be less than 85% and greater than 7% when the measurements
are made in 1.5 cm cells. [7 Marks]

QUESTION TWO
a. Why is a hollow cathode lamp considered as a sharp line radiation source?
[4 Marks]
b. Explain why compounds containing the same chromophore will have different
maximum absorbance wavelengths. [7 Marks]
c. Discuss the effect of a wide slit width on the resolution of a spectrophotometer
and the adherence to Beer’s law. Compare it with the spectral slit width.
7 [8 marks]
d. What are the necessary precautions that should be taken in the handling of a
cuvette/cell, during a UV spectrophotometric analysis? [6 Marks]
QUESTION THREE

a. A wastewater effluent sample known to contain para nitrophenol (abbreviated as

PNP, Mw139.11 g mol_l) was analysed using UV/Vis spectrometer, in a 1.0 cm
cuvette. It was found to transmit 57% of the incident light at 318 nm (PNP’s
maximum absorbance wavelength). If the molar absorptivity of this substance at
this wavelength is 17.9 em™g'L, what is the concentration of the substance in

moles/L?

[8 Marks]
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b. Explain the term interference with regards to flames and furnaces. [6 Marks]

¢. What are the characteristics of stray radiations that cause deviations from Beer’s
law during spectroscopic analysis? [6 Marks]

d. What is the function of the reference beam in a double beam AAS instrument?

{5 Marks]

QUESTION FOUR

a. For each of the following spectral regions, suggest an appropriate monochromator

and state the reasons for each choice:

) X-ray
(i)  Visible
(iiiy UV

(iv) Microwave
[12Marks]
b. Partial ionization of an analyte can result in deviations from Beer’s law. Discuss
how this happens and suggest corrective measures. [7 Marks)
c. Explain how flame temperature affects the sensitivity of a flame atomic

absorption spectrophotometer. [6 Marks]

QUESTION FIVE

a. A 0.11 M solution contained in a 1.0 cm cell had a %T of 31.4% at 324.7 nm
wavelength. Calculate;
Q)] Absorbance
(ii)  Molar absorptivity
(iif)  The cell path that will give a %T of 20 %
(iv)  Energy of a photon of radiation at the specified wavelength.

| [12 Marks]

b. What is the requirement for a cell’s materiél before it can be used for a particular
region? {5 Marks]

c. Describe the procedure for preparing a KBr pallet for IR spectroscopy.

| | [8 Marks]
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General data and fundamental constants

Quantity * Symbol Value
Speed of light e 299792458 X 10*m ™
Elementary charge s 1.602 177 X107 C
Faraday constant F=N,e 9.6485 X 10 C mool"!
Boltzmann constant k 1,380 66 X 10 1K
Gas constant R=Nk 8.314 51 JK' mol?
’ 8.205 78 X 10 dm® atm X* mol!
‘ : 62364 X 10 L Torr K' mot”
Planck constant ’ h 6626 08 X 10 Js
h=h/2n 1.054 571 X-10MJs
Avogadro constant N, 6.022°14 X 10® mol"
Atomic mass unit n 1.660 54 X 107 Kg
Mass . .
electron m, 9.109 39 X 10 Kg
proton m, 1.672 62X 10¥ Kg
neutron . m, 167493 X 10 Kg
- Vacuum permittivity 8, = o'y, 8.854 19X 102 Cur?
dne, C LH265X10P T Cm?
Vacuum permeability Ho X107 C¥m?
' 4 X100 m?
Magneton o
Bobhr g = elV2m, 9274 02X 10°* 3T
nuclear. B=eham, - 5050 X 10% 1T
: g value ge _ 200232
Bohr radius 1, ™ 4ng.him e 520177 X10%m
Fine-structure constant o= ye'c/Zh “7.29735X10°
Rydberg constant R.=meY8h%e? 1.09737X10m"
Standard acceleration
of free fall g 9.806 65 m s? -
Gravitational constant G 6.67259 X 10" Nm* Xg*
Conversion factors
lcal =  4184joules()) leg - 1X107F
ley = 1.6022X 10%) 1 eV/molecule - = 96 485 k7 mol?

Prefixes £ p n B m- ¢ d k M G

femmto pico nano mijcro mild centi deci kilo mega giga
0% 10" 10" 1wt 107 10 1w 1w 10° 10
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