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Question 1 (25 marks)

(a)

(b)

()

(d)

State the factors that would help you in selecting the appropriate method for
carrying out an analysis on a given environmental sample. [5]

Define the term ‘sampling’ of a sample for analysis.
Discuss very briefly the steps that should be taken to ensure that appropriate
sampling has been carried out. (3]

Why is sample pre - treatment necessary before carrying out the actual
analysis on a given sample? Give four examples of pre-treatment steps
commonly employed for samples in analytical laboratories. {5]

With the help of a labeled diagram, identify the basic components of an instrument for
chemical analysis. Discuss the functions of any two of the components and give an
example in a named instrument. [12]

Question 2 (25 marks)

(2)

(b)

Sensitivity and detection limit are two of the numerical criteria for selecting
analvtical methods:

@ Explain these two terms. [2]
(i1) Identify and distinguish between the two types of sensitivities associated
with instrumental techniques. (4]

(iii)  State four other numerical criteria that can be employed for selecting an
analytical method. (4]

The aqueous solution of a sample, A, was analyzed using an instrumental method.

The calibration data obtained are shown in the following table:

Concentration 0.00 2.00 6.00 10.00 14.00 18.00
(ppm)
No. of 25.0 5.00 5.00 5.00 5.00 5.00
Replications, N
Mean Analytical 0.031 0.173 0.442 0.702 0.956 1.248
Signal, S
Standard 0.00779 0.0094 0.0084 0.0084 0.0085 0.0110
Deviation, s J




For this method, calculate:
(1) The minimum analytical signal, Sp-
(i)  The calibration sensitivity, m and
(iii)  The detection limit, Cp. [15]

[Question 3 (25 marks)
(a) Explain the term ‘deviation from Beer’s law’. Using a graphical illustration, distinguish
between positive and negative deviation from Beer’s law. (4]

b Briefly discuss the causes and the possible corrections of true (real), deviation from
Beer’s law. (5]

(©) The combined absorbance, A., when a beam of radiation made up of two wavelengths A
and A, with molar absorbances of € and €* respectively, passes through an absorbing
solution is given by:

A, = log(P, + Py - log(P, 107+ P,'107%)

(1) Assuming Beer’s law holds, obtain this expression. 4]
(i)  What type of deviation from Beer’s law (if any), occurs when:

€ = €t e > € and € < € 7 [6]

(d) Stray radiations have been identified as one of the instrumental causes of deviation from
Beer’s law during spectroscopic analysis:

1) What are the characteristics of these radiations? [4]
(1) Give the expression for the measured absorbance, Ay, due to them and state
the type of deviation they cause i.e. positive or negative. 2]
Question 4 (25 marks)
(a) What is a monochromator? (2]

(b) For a spectrophotometer, list the components of a monochromator system and state the
respective functions of each component given. [6]




(c)  For each of the following spectral regions, suggest an appropriate monocromator prism
material :

(@) Visible () UV (iii) IR (51
Give an appropriate reason for your choice.

(d) What are the advantages and disadvantages of “diffraction gratings” when compared with a
“glass prism” as monochromators for spectrophotometers?

(4]
(e)

(1) Explain the term ‘Disperson of a prism’. Hence, briefly describe the working principles
of a prism as a monochromator.

(1) List are the factors that increase the resolution of a ‘prism’ and ‘diffraction gratings’

(8]

Question 5 (25 marks)
(a) Using the 'Spectronic 20" as a typical example of a single beam spectrophotometer;

() Draw and label the sketchy diagram of its optical train.
(if) State the material used for its source of radiation, the wavelength dispersing medium,
and the detector. (9]

(b) Attached is the unlabelled diagram of a double beam in time configuration
spectrophotometer:

(1) Label the diagram

(i1) Give a brief description of its working principles.

(ii1) What advantages does it have over a single beam spectrophotometer

(iv) State one advantage it has over a double beam in space type off the
Spectrophotometer.

(11]

(c) With an accompanying and appropriate figure, briefly describe how to make a Beer’s law
calibration curve. Show how the concentration of an analyte can be obtained from the
curve. [5]
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Question 6 (25 marks)
For the elecrothermal atomic absorption spectrophotometry (EAAS), Discuss/Describe:

(2) 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]
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