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A periodic table and other useful data have been provided with this paper.
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Question 1 (25 marks)

(a) State and briefly discuss the factors that influence the conductivity of an electrolyte.
From the list of stated factors, pick the one you consider as the most important and state
the factors that affect even its own value., [5]

(®) (i) Define the terms ‘cell constant’ and ‘equivalent conductance’
(ii) State the S.I. units of the two terms and obtain an expression relating the two
(3]

(c) Employing the concept of ionic atmosphere, discuss (with an illustrative example), the
variation of limiting ionic conductance, A°4, of cations of elements from the same group
in the periodic table. [51

(d) A weak monobasic acid, HB, (F.W. 122), weighing 560.75mg was dissolved in
250 mL of dionized water at 25°C., If the measured resistance of the solution is 557C at
25°C, and the cell constant of the conductivity cell is 0.075 cm™,
calculate the following for the acid:

(i) The molar conductance.
" (ii)  The degree of dissociation.
(iii)  The ionization constant, ‘ 10}

(A°,.=349.6,Scm’mol™, A, = 40.9Scm’mol™")

Question 2 (25 marks)

{(a)  What are the precautionary steps you would take in order to maximize accuracy of data
during a conductometric titration? [4]

-

{b) Briefly discuss the general procedure for end point determination during a conductometric
titration. Why are measurements near the equivalent point unnecessary? [3]

(c) Using specific examples with illustrative diagrams, explain why the titration of a weak
acid with a weak base is preferred to the titration of a weak acid with a strong base.
[4]
(d) Sketch the general forms of the titration curves for the following conductometric titrations
and indicate the equivalent point in each case;
(i)  Titration of HC1 with 0.50 M NaOH.



(e) A solution containing a mixture of an aliphatic acid and an aromatic sulphonic acid was

titrated conductometrically with a 0.200 M NH; solution (as titrant). The conductance data

obtained (after correction for the titrant volume) are as follows:

Burette 0.00 | 1.00 | 2.00 | 2.50 | 30.. | 3.20 | 3.50 | 4.20 |{ 450 | 5.00 | 6.00 { 8.00
Reading\mL
VS cm’equiv’ | 2.01 | 1.75 | 147 [ 133 | 1.19 | 1.19 | 1.26 | 147 | 1.51 | 1.51 | 1.52 ] 1.53
()] Calculate the number of equivalents of each acid present in the mixture.
(i) Comment briefly on the shape of the titration curve. [10]
Question 3 (25 marks)
(a) What are the salient properties of an ideal reference electrode? [4]
(b) For the Ag/AgCl reference electrode:
(i) Write the half-cell reaction and its shorthand notation. [2]
(ii) 'Write the Nernst equation for its potential and show that the potential depends on
the [KCI], the filling solution, [3]
(iil) Draw a labeled schematic diagram of this electrode and briefly describe its
preparation. ' ' [5]
(iv) Give one advantage and one disadvantage of this electrode when compared with
the saturated calomel electrode (SCE). [2]
(v) Which is more temperature dependent — the one prepared using saturated KCl or
the one prepared using 3.5M KCI? Explain. 4]

(¢) A cell was prepared by dipping a Pt wire(indicator electrode), and a S.C.E into a solution
containing a 0.2M Fe** and 0.1M Fe®* and the two were connected to a potentiometer so
that the Pt-wire is the cathod€ while the S.C.E is the anode.

Calculate the theoretical cell voltage, given that:

Fe** + e = Fe*t E° = +0.771V
Eof = 0.245V(i.e. Fye = 0.245V)
Ej = 0, and Activity Coefficient = 1.0 {5]
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Question 4 (25 marks)
(a)  Give a brief discussion of the make up, the half - cell line notation and the half cell

reaction of a saturated calomel electrode. [6]
(b). The potential (in volts), of some reference electrodes vs SHE, as a function of
~ temperature are as tabulated below :
Ag/AgCI
Temp (°C) Calomel(0.1MKU) | Calomel(Saturated KCL) (Saturated KCT)
10 0.3362 0.2543 0.2138
20 0.3359 0.2479 0.2040
25 0.3356 0.2444 0.1989
30 0.3351 0.2411 0.1939
40 . 0.3336 02340 0.1835

(i) Which of the electrodes has the poorest potential stability towards temperature variation,

and how does this affect its performance as a reference electrode? [4)
(ii) Arrange the electrodes in the increasing order of their potential— temperature

coefficient(or gradient). [2]
(ili) Which would you choose for an analysis: a saturated calomel electrode or a 0.1M

KCI calomel electrode? Explain. [3j
(c)  State the advantages of Ag/AgCl reference electrode over a SCE [2]

(e) A cell consisting of a SCE (E = 0.25V), and an electrode of unknown potential, has a cell
potential of 0.62 V. Calculate the potential of the unknown electrode if

the polarity of the SCE is: (i) positive, (ii) Negative 8]
Question 5 (25 marks)
(a)  Classify ion selective electrodes and give an example in each case. 6]
(b)  State three favourable features of ion selective electrodes. [3]
4
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(c) Generally, H'" ions intetfere during the use of other types of glass membrane electrodes.
What steps would you take to avoid serious H' ion interference during the measurement
of other cations using a glass membrane electrode? - [2)

(d (i) Withthe aid of a diagram, describe the construction, the working mechanism, the

electrode response and the major interfering ion of a fluoride ISE. (6]
(if) State the class of the ISE to which it belongs. [1]
(iii) Explain why the membrane of this electrode is dopped with Eu(iI). [2]

(¢) A lithium ion — selective electrode has a selectivity coefficient, Ky;+ ca2+ = 5.0x 107, On
being laced ina 3.44 x 10”*M Li* solution, its potential, versus SCE, was -0.333V.
Calculate its potential when Ca®" is added to give 0.100 M Ca”", (5]

Question 6 (25 marks)

(a) Distinguish between
(i) Voltammetry and potentiometry,
(ii) Voltammetry and coulometry. [4]

(b) Offer a brief but appropriate explanation for the following:
(i) Highly reproducible current-potential data are usually obtained from polarographic
analysis.
(i) H' reduction does not interfere with most reductions at the Hg electrode.
(iii) Alkali metals (with lower standard potentials) can be reduced more easily than H' at a

DME.
(iv) A DME is preferred for cathodic reactions during amperometric titrations while a Pt
electrode is preferred for anodic reactions. [10]

(c) The iodate ion undergoes the following reaction at the DME

I0; + 6H + 66 = T + 3H;0

When a 1.41mM solution of KIO; in a 0.1M perchloric acid was

reduced polarographically at a DME with a drop time of 2.18s and Hg

flow rate of 2.67mg/s, the diffusion current was 37.1pA.Determine the

diffusion coefficient of the iodate ion in 0.1M perchloric acid. [11]
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i 6ns arrangcd m ordcr car' dccrcasmg
nd izgeful !’or sclcctmg reaccnt systems. L 2 '

By

CH J0; + 2H* & 2
~-MnO; -i-'!\H+ +3e”

Ce(IV) + e~

HJIO + HE 20

. Bi;0, (blsmuthatn) +

" BiO + 6HY 45"
. MnO7 + H* 4 Se
- PbO, + 4H" + 2=

-'.'.. CI‘ +2€ . -
'--"Cr,_Oz' +. !4H* + ﬁc :

 MaOy{s) + 4H* £ 2e
- Oy(g) + 4H™ + 4e”
107 + 6H* + Se™
Bry{l} + 2¢

ICI; + ¢~

YOI + 2H* + &
HNO, + H* + ¢
NO; +3H* 4 2¢
2Hg™ + 2e”

Cul* 1" + 2~
Agt + e~

Hgd* + 2¢-

Felﬂ' _+E—

O,(g) + 2H* + 2e~
2HgCl, + 2e
He,S0,.(s) + 2¢-
Sb,04 + 6H*Y 4 4™

H,AsO, + 2H* + 2¢~

13 4 2

Cu* + ¢~

YO 4 2HY 4 o
FelCNJI™ + £~
Cu?* & 2¢”
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RHOE '21-1""4»'"2( L e
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5,08 + 267
. _?;_Ag“ +¢ N

2HF .-

zsoi- . o TS
Ag S R
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= Ce(llf)(in 1M HGOJ 161 .
A © =107 + 3H, 00 o L6 B
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L =B R3H,0 0 T T sy
L= Mo 440 T 1S ;
; ‘_é._Pb’f-rZH, '145:_'
=207 1.36 ’
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'= Mn?* +2H o’.‘,- PR & B
="2H,0 = 1220
= {l; + 3H,0 1.20
= 232r- ~ 1.065
= {1, +2C1- 1.06°
= VO** +H,0 1.00
= NO(g) + H,0 1.00
= HNO, + H,0 0.94
= Hgi* 0.92
= Cul{s) 0.86
= Ag 0.799
= 2Hg 079
= Fel* 0.771
= H,0, 0.682
= Hg,Cl,(s) + 2C1~ 0.63
= 2Hg + SO?- 0.615
= 25b0* + 3H,0 0.581
= HAsO, + 2H,0 - 0.559
= 3. 0.545
= Cu 0.52
= V¥* + H,0 0.337
= Fe(CN)i~ 0.36
= Cu 0.337
= U** +2H.0 0.334
{continued)
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APPENDIX C {continued) : 21" - 3
" Half-reaction o CTE )
. He,CLi(s) + 22 - ‘= 2Hg+ 2C1% " 102676 .
. BiO* +2H* + 3¢ = Bi+H,0 032
- ARCH+ e o L = Ag + CI*.. ¥ 20 3
§bO* +2H" 4 3¢~ = Sb+ H,0 S012
CCuCHTr e T= Cu+3Qr L 0.178
SO2" 4 4H* +2¢” = 50,(ag) + 2H,;0 0.17
Sn** +2e” =S¥ - . o5
S 4+2H” + 2~ " = H,S(g) - 0.14
L TIOM +2HY 4 e = Ti** + H,0 .10 .
S0} %2 = 35,037 0.08
AgBrls) + ¢~ = Ag+ Br” . 0.071
2H* +2e” = H,. 0.0000 - ~
Pb¥* + 2e” = Ph ~0.126
Sn* 4 2¢” = Sn ~0.136
Aglls} + e~ =~ Ag+ 1" =182
Mo** + 3™ =. Mo approx. —0.2
"N, +SH” +de” .=, H,NNH; —0.23
NI 4207 = Ni —0.246
VI g =y —0.255
Co?* + 2¢™ = Co -0277
Ag(CN); +¢” = Ag+ 2CN™ -031
Cd?* + 2¢~ = Cd —0.403
Ce2* e = Cr* —~0.41
Fel* & Ze~ = Fe -~ Q.440
2C0, + 2H* + 2¢” = H,C,0, —0.49
H,PO,; + 2H* + 2~ = HPH,0, + H,0 —-0.50
Ut +e” . = U : ~0.61
Zn®* + 2¢” = Zn < ~0763
Cri* + 2e~ = Cr ' —091
Mn2* + 2e~ ="Mn i —~1.18
Zrtt + de” = Zr ~1.53
Ti** + 3¢ = Ti - 163
Al*Y 4 3e” = Al ~1.66
Th* + 4™ = Th —-190
Mg + 2e” = Mg ~2.37
La** + 3¢~ = La ~2.52
Na* + e = Na ~2714
Ca?* + 2¢” = Ca —2.387
Se?* 4 3~ = 8r —289
K™ +e” = K -2925
Li* +¢” = Li -3.045



