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Instructions:

1) Answer any Four (4) questions

2) Each question is weighted 25 marks

3) Write neatly and clearly

4) A periodic table and other useful data have been provided with this paper.
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Question1 (25 marks)

(@

(b)

(c)

(d

(e)

®

Distinguish between the following terms:
(i) Precision and Accuracy, (ii) Precision and Bias. 4)

What are the factors you would take into consideration before choosing an appropriate
method for the analysis of a given sample? 4

Why is sample pretreatment necessary before carrying out the actual analysis on a given
sample? Give four examples of such pretreatment steps often employed in analytical
laboratories. %)

Why should the chemical environment of a sample be properly controlled during
analysis? Give one such control measures that could be taken to assure accuracy of
obtained data. 3)

State, sequentially, the steps that should be followed in solving a given analytical
problem (i.e. in the analysis of a given sample). 5)

Define the' detection limit' of an analytical method.
Using a labeled figure, illustrate the useful concentration range of an analytical method.

(4)

Question 2 (25 marks)

(a)

(b)

(©)

When a molecule absorbs a photon or radiation,

(1) Discuss the possible types of transitions it can undergo

(1)  Define the type of energy involved in each transition,

(i)  Arrange the energies involved in the transitions in decreasing order of their

magnitudes. 8
(1) State Beer's law
(1)  State the mathematical expression for Beer's law, define all the terms in it
and give their respective S.I. units. &)

The molar absorptivity, €, of the solution of a compound is 9.32 x 10°M™cm™ at

508nm. Calculate:

@) The absorbance of a 3.12x 10™M solution of the compound at 508nm in a
2.00 - cm cell.

(ii))  The %T of the solution described in c(i), above,

(ii1))  The absorbance and the %T of the solution described in c(i) above when a
4.00 - cm cell is used, with the measurement also taken at 508nm. Based
on Beer's law, account for the difference in the two absorbance values.

(12)







Question 3 (25 marks)

(a)
(b)
(©)

(d

(e

Explain the expression "deviation from Beer's law". Use a graphical figure to
differentiate between a positive and a negative deviation from Beer's law. 4)
Discuss the causes and possible correction of real deviation from Beer's law.

4)
A beam of polychromatic light consisting of two wavelengths A, and A', to which Beer's
law is applicable is made to pass through an absorbing solution.

) Give an expression for the combined absorbance, A, for the beam of light.
(i)  With appropriate explanation, what type of deviation from Beer's law occurs
when: € = €, € > €' and € < €' respectively? @)

Occurrence of stray radiations within the instrument is a common feature during

spectroscopic analysis.

@) State the main characteristics of such radiations

(ii) Give the expression for the measured absorbance, A,, in the presence of such
radiations in terms of P, (radiant power of stray radiation), P, and P.

(ii1))  How is the value of A, affected when the solution is highly concentrated and
Py=P +Pg? @)

Give three 'poor performance signals' of an instrument that can result in deviation
from Beer's law. 3)

Question 4 (25 marks)

(@

(b)

(©

Differentiate between a selective detector and nonselective detector,
Give an example of each type. 3)

Briefly discuss the design, the regions of application and operating principles of the
following types of detectors:

1 The photomultiplier tube.

(i)  The Thermocouple.

Give one major disadvantage of (ii). (15)

1) State the essential precautions that must be adhered to when using a
cuvett/cell for UV Spectrophotometric measurements. Why are these steps
important? “)

(i)  Briefly describe how you would prepare a KBr pellet for IR Spectroscopic
analysis of a sample. 3)




Question 5 (25 marks)

(a) Give at least one difference in the instrumental design for the following atomic
spectroscopic methods of analysis.
(i) AAS and FES; (ii) AAS and AFS;  (iii) AFS and FES. 5)
(b) Which is more sensitive to flame temperature stability, AAS or FES and why?
. @)
(©) @A) Give five advantages of ICP (Inductively Coupled Plasma) spectroscopic method
of analysis over the other conventional spectroscopic methods. &)
(ii) Briefly describe the working principles of ICP. (10)
Question 6 (25 marks)
(a) For the 'Hollow Cathode Lamp' of an Atomic Absorption Spectrophotometer:
(1) With the aid of a schematic diagram, give details of its configuration.
6)
(ii) Briefly describe its working principles. (6)
(iii)  What are the disadvantages associated with the use of a multi-element ‘Hollow
Cathode Lamp'? 2)
(b) For the Electrothermal Atomic Absorption Spectrophotometer (EAAS):
) List three of its advantages over the Flame AAS. 3)
(ii) Discuss the stages involved in the atomization of a sample when using this
method. (7)
(iil)  Account for the use of a 'Matrix Modifier' during analysis involving the use of
this method. 2)
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i H He
I 2
I 6ot | 9.012 Atomic mass —) 10811 [ 12001 [ 14.007 | 15.999 T 18.998 | 20.160
2 || Li Be Symbel —{p B C N 0 F Ne
_ 3 4 Atemic No. ™| 5 6 7 3 9 0
) (1 22.990 | 24,305 76982 | 28.086 | 30.974 | 3206 | 35.453 | 39.948
3 Na | Mg TRANSITION ELEMINTS Al Si i S Cl Ar
K] 12 13 14 15 I6 17 18
390K | 40.078 | 14956 | 4788 /.,_cb...N 51.996 T_.......wv ,um‘a.: 58933 ua.mm 61546 | 05.39.{ 69723 72.61 14922 FRIG [ 79904 LER {¢]
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{ ) indicates the mass number of the isotope with the langest half-tife.




