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TIME ALLOWED : Three(3) Hours

INSTRUCTIONS : Answer any FOUR(4) questions. Each

question carries 25 marks.

A periodic table and other useful data have been provided with this paper

You are not supposed to open this paper until permission to do so has been
granted by the Chief Invigilator.




Question 1(25 marks)

(a) For the following two terms: cell constant, K, and equivalent conductance, A, for
a conductivity cell

6)) Define each of them and state their S.I. Units [3]
(ii)  Derive a relationship between the two of them. 2]

(b)  Account for the difference in the variation patterns of molar/equivalent
conductances of strong and weak electrolytes with concentration. Show how this
phenomenon is employed for the determination of 4°, (Equivalent conductance at
infinite dilution), for strong electrolytes while it is not applicable in the case of

weak electrolytes. (61
(©) Given the Table below:
Conc" : A(S cm” mol™)
(Equiv/L) HCl1 NaCl
0.0005 422.74 124.50
0.001 421.36 123.74
0.005 415.80 120.65
0.010 412.00 118.51
0.020 407.24 115.76
0.050 399.09 116.06
0.100 391.32 106.74
(i) Comment on the general variation of A with concentration [1]

(ii) For which of these salt solutions does A vary more rapidly and why?  [2]

(iii) If conductivity data of aqueous solutions of 4CaCl, and %.CaSO, of some
concentrations were included in the above data, arrange the two salts in
decreasing order of rapidity of variation of A with concentration 1

(d) A given solution of acetic acid has a concentration of 2.414x 10* M and molar
conductance of 32.22 S cm” mol™. Calculate:
(i) The degree of dissociation of acetic acid at this concentration.
(i) The ionization constant, K;. [10]

%" =349.6 S cm® mol™? ; 2°%0ac” =409 S cm?® mol™)

Question 2 (25 marks)

(@) In carrying out a conductometric titration, what are the necessary precautionary
steps that need to be taken in order to maximize accuracy of data? 3]

(b) Give three advantages of conductometric titration and explain why measurements
near equivalent points are not necessary. [4]




(c) Sketch the general form of the titration curve for the following conductometric
titrations indicating the equivalent points.
(i) Titration of HCl with 1.0 M KOH
(i1) Titration of HCI with 1.0 NH;OH
Briefly explain the difference in the shapes of the two curves. [6]

(d) The following relative conductance readings, corrected for titrant volume, were

obtained when a 0.10M solution of acetic acid was titrated with 1.0M solution of
NaOH.

Buret

Reading:(mL) | 0.20 060 1100 {121 1140 {2.00 1220 {240 }2.60|3.00
A,

(Sem’ mol ™) | 0.23 056 1092 {1.10 |1.28 221 {271 |3.21 |3.70 14.70

Determine the concentration of acid. [12}

(A0 = 349.6; A0 = 76.4; A" = 73.5; Aoon = 198.6; A0 yus” = 73.3, S cm’mol ™)

Question 3 (25 marks)

(a) What are the main properties of an ideal reference electrode? [4]

®d) @A) Describe the constructions of simple bottle-type saturated
calomel

electrode. Give the half-cell line notation and the reaction for
the SCE. [6]

(ii) Given a saturated calomel electrode and a 0.1M calomel
Electrode,

- 'Which would you prefer for analysis and why?

- Which has a higher cell potential at a given temperature?
Justify your answer. [41

(c) Sate the advantages and disadvantages of a Ag/AgCl electrode over
saturated calomel electrode. [4]

(d) Given the following half reactions :

Mg®* +2¢ =Mg, :E°=-2.36V
Mg(OH)y) + 26" = Mg+ 20H : E® =-2.69 V




Calculate : (i) AG®
(ii)  The solubility product, K, of Mg(OH)y.

(F = 96485 Coul/mol). [7]
Question 4 (25 marks)

(a) What is an indicator electrode? Give the main features of an ideal indicator :
electrode. [2]

(b) For a metallic indicator electrode of the first kind, use a specific illustrative
example to describe its :

@) setup, (ii)  operating principles,
(iii)  cell potential Ejpg, (iv)  variation of the Ei,g with pX (where X is
the activity of the ion being analyzed)
{12]
(¢) Explain why certain metals cannot be employed as electrodes of the first kind. Give
two examples of such metals. K]

(d) In preparing a cell, a copper wire and SCE were dipped into a 0.100 M CuSO,
solution. The copper wire was connected to the positive terminal of a potentiometer
while the SCE was connected to the negative terminal.

(i) Write the half-cell reaction for the Cu-electrode
(i) Write the Nernst equation for the Cu-electrode.
(iii) Calculate the cell voltage.

(Cu** +2¢ = Cugy: E°=0337 V) [8]
Question 5 (25 marks)
(@) Give five favourable features of ion selective electrodes (ISE). [5]

(b) State the specific type and class of ISE you would employ for the determination of
the following ions in solutions: H*, K*, Na* and Ca**. [4]

(c) L.S.E’s are designed to respond to the activity of a solution (and not to

concentration). How would you plan your experiment so that the electrode would
measure the concentrations of your solutions directly? (1]

(d) For the fluoride ISE.
(i) Draw a labeled schematic diagram.




(i) Give an outline of its working principles (including establishment of potential

difference across the membrane).

(iif) State the major interfering ion and its selectivity coefficient. 71

(e)

A Ca?* LS E was employed for the determination of [Ca®"] in a water sample. A
10.00-ml sample was transferred to 100-ml volumetric flask and diluted to volume.
A 50.00-m! aliquot of the latter sample was placed in a beaker containing a Ca®" -
ISE and S.C.E, and the measured potential was -0.05290V. When a 1.00-ml aliquot
of 5.00x107 M standard Ca®* solution was added, the potential changed to -
0.04417V. Calculate the molar concentration of Ca’* in the original water sample.

(8]

(Take B = 100)
Question 6 (25 marks)
@ @ What are the usual functions of a supporting electrolyte during
polarographic analysis of an ion? Give three examples. [5]
(ii)  Why should the concentration of a supporting electrolyte be at least 1000
— fold that of the analyte ion? 31

®)
(©)

(d).

Enumerate the sources of residual current during linear scan polarography. [2]

® Discuss briefly how current maxima and oxygen affect polarographic data.

(ii)  What steps should be taken to minimize their effects during a polarograpic
analysis. [8]

The half-wave potential, Eyp, for the uncomplexed reduction of a metal ion, M?*
on a DME in 0.1M NaClO4 was -0.74 V. On being complexed with a ligand, L with
concentration Cy, = 2.0x10* M, the half-wave potential shifted to -0.930 V. If both

polarograms are reversible and given that the metal —to- ligand ratio of the complex
is unity, calculate K¢ for the complex. {71



1 2 |3 4 5 6 | 7 8 |
PERIODS [ IA A | 1B | IvB | _vB | VIB | VIB =
i 1.008
1 H
— .
6.941 | 9.012 orhic miass
2° | Li Be Symbol
3 4 ‘Atomic No.. ™
22.990 | 24.305 . ) | ,
3 Na Me TRANSITION ELEMENTS
T 39,098 | 40.078 | 44.956 | 47.88 | 50.942 | 51.996 | 54.938 | 55.847 B
4 K Ca Sc Ti \'% Cr Mn Fe
19 20 21 22 23 24 25 | 26
85.468 | 87.62 | 88.906 | 91.224 | 92.906 | 95.94 | 98.907 | 101.07
5 Rb Sr Y Zr Nb | Mo | Tc | Ru
37 38 39 | 40 | I 42 | 43 44
132.91 | 137.33 | 138.91 | 178.49 | 180.95 | 183.85 | 18621 | 190.2
6 Cs Ba *La Hf Ta W. Re Os
|55 56 57 72 73 74| 715 76
223 | 22603 | @27) | (261) | @62) | (263) | (262) | (265)
7 Fr | Ra | **Ac| Rf | Ha s Unh | Uns | Uno
87 88 89 j04 | 105 | 106-| 107 | 108
. 3
' 140.12 | 14091 | 144.24 | (145) cﬁw
*anthanide Scries Ce Pr Nd Pm Sm
. 58 s9 |60 | 61 1 62
** A otinide Serics 232.04 | 231.04 | 238.03 | 237.05 | (244)
_ Th Pa U | Np Pu | 7An
90 91 92¢ | 93 | 94 [.795

! () indicates the mass number of the isotope 1 ith the-longest half-life.
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