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Question 1 (25 marks) 

(a) 	 Account for the variation in the conductances ofan electrolyte and that ofa metallic 
conductor as temperature increases. [4] 

(b) 	 Given the following terms: 
specific conductance k, conductance, G, and cell constant, K. 
Define each of the terms and state their S.I units. Obtain an expression relating all the 
terms together. [6] 

(c) 	 Given the following table of limiting molar conductances ofions in water as 25°C: 

Cations Lt Na+ K+ Rb+ Mgz+ C.tT Ba.tT 

AO IScm1morl 
+ 

38.6 50.1 73.5 77.8 53.1 59.5 63.6 

Based on the concept of ionic atmosphere in solutions, account for the variation in ;to values of 
the cations. [3] 

(d) 	 Suppose that 0.5M solutions ofHCI and CH3COOH were diluted serially in severa1stages 
to 0.00 1M. Ifthe molar conductance at each stage was recorded, show a plot ofthe 

expected variation of A with JC. Offer an explanation for the expected shapes and state 

how any useful information can be obtained from either ofthe curves. [7] 

(e) 	 During the determination ofthe solubility ofAgCI, the specific conductance of the 
specially purified water used was found to be 8.1 x 10.7 Scm' 1 at 25°C. Solid AgCI was 
added to the same water unto saturation at 25°C and the specific conductance was 26.2 x 
10.7 Scm'I. Calculate the solubility product ofAgCl. 	 [5] 

2 1
(;t°Ag+ =61.9,and ;t~r = 76.4Scm mor ) 
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Question 2 (25 marks) 

(a) 	 What are the salient properties ofan ideal reference electrode? [4] 

(b) 	 For the Ag/AgCI reference electrode: 
(i) 	 Write the half-cell reaction and its shorthand notation. [2] 
(ii) 	 Write the Nemst equation for its potential and show that the potential depends on the 

[KCI], the filling solution. [3] 

(iii) 	 Draw a labelled 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 KCI or the 
one prepared using 3.5M KCI? Explain. [4] 

(c) 	 A cell was prepared by dipping a Pt wire(indicator electrode), and a S.C.E into a solution 
containing a 0.2M Fe3 

+ and O.lM Fe2 
+ and the two were connected to a potentiometer so 

that the Pt-wire is the cathode while the S.C.E is the anode. 
Calculate the theoretical cell voltage, given that: 
Fe3+ + e- = Fe2+ EO = +O.771V 

= 0.245V(Le. Esce = 0.245V) 


= 0, and Activity Coefficient = 1.0 [5] 


Question 3 (25 marks) 

(a) 	 Which would you prefer for the analysis of iron in a sample - an electrochemical or a 

spectrophotometric method, and why? [2] 


(b) 	 Discuss the function and working principles ofa salt bridge in an electrochemical cell 
[3] 

(c) 	 What is ohmic potential? How does it affect: 
(i) 	 The observed potential ofa galvanic cell, and 
(ii) 	 The potential required to operate an electrolytic cell? [3] 
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(d) 	 Given the following reactions: 

CuI(s) 	 = CU+(aq) + r(aq) 


-
CU2+ 	 + e Cu+ EO +O.153V 
-Cu2+ + r(aq) + e = CU(s) + Y2I2 EO =+O.S6V 


Calculate the solubility product constant, Ksp, for Cl1I(s) [5] 


(e) 	 Given the following half- reactions ofa cell: 

VO+2 + 2W + e = V02+ + H20 EO = l.OOV 

u02\ + 4W + 2e- = It+ +2H20 EO = 0.334V 

(i) 	 Obtain the net cell reaction. [1] 

(ii) 	 Determine AG and the equilibrium constant, K. [6] 

(iii) 	 If[VO+2] = O.IM; [U02\] = O.OIM and [uti = O.lM. 

Determine the Ecell ; write the cell notation and indicate the direction of 

spontaneous reaction. Assume that the Pt-electrodes are used in the half- cells. [5] 

Question 4 (25 marks) 

(a) 	 Define the 'selectivity coefficient' ofan Ion Selective Electrode (ISE). Suppose that an 
ISE designed for measuring A + has the following selectivity coefficients for ions B, C, D, 

&E 

KA+,B+ = 0.01: K %,c+ = O.OS: KA+,D+ = 0.04; KA+,F' = 0.1 

Arrange the ions in an increasing order ofthe electrode's sensitivity to them. How is this 
interpreted in terms oftheir relative interference with the ion A+, using this electrode? 

[4] 

(b) 	 If you were to determine W, Na+, and K+ in separate solutions, which of the following 

glass electrodes would you employ for the measurement ofeach ofthem respectively: 

The pH type, the cation sensitive type, Sodium sensitive type. Why? [4] 

(c) 	 With a diagrammatic support, describe the construction, the working principles and the 
potential ofa Ca2+ ion selective electrode. Give two interfering ions of this electrode. [9] 
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(d) 	 When a Na+- I.S.E with a selectivity coefficient, kNa+,H+ = 36, was immersed in 1.00 x 10-3 M 

NaCI at a pH 8, a potential of -38mV (vs)SCE was recorded. Assuming unit activity 
coefficients and that p= 1. Calculate the potential when 

(i) The electrode was immersed in 5.00 x 1O-3M NaCI at a pH 8 [4] 

(ii) 	 [NaCI] = 1.00 x 10-3 at pH 3.87 [4] 

(iii) From the results obtained in (i) & (ii), comment on the importance ofpH in the use ofa 
Na+ ISE. [2] 

Question 5 (25 marks) 

(a) 	 What are the requisite physical properties that assure adequate electrodeposition of a 
metal during an electro gravimetric analysis? What factors influence the physical 
characteristics of such deposits? [4] 

(b) What is a potentiostat? Draw a well labeled diagram ofa typical one. 	 [6] 

(c) 	 Explain how controlled cathode electrolysis is more selective than constant cell-
voltage electrolysis. Discuss the application of this unique feature (advantage) of 
controlled cathode potential electrolysis. [6] 

(d) 	 A solution containing Mn2+ and a second metal ion, M3+was placed in an electrolysis 
cell in which the electrodes, Pt and Mn are connected to the power supply. The two 
reactions occurring in the cell are: 

M.n(s) 	 -+ Mn2+ + 2e- and M3+ + 3e- ---+ M(s) 

The initial volume ofthe filled cell was 1.00L, and the initial concentration of M2+ was 
2.50 x 10·2M. 

(i) 	 Identify the anode and the cathode among the electrodes. [2] 
(ii) 	 On passing a constant current of 2.60 A through the cell for 18.00min; 0.504g ofthe 

metal M was deposited on the Pt electrode. Determine the atomic weight of M. 
[4] 

(iii) What will be the concentration ofMn2+ in the cell at the end of the experiment? 
[3] 
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Question 6 (25 marks) 

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

(b) 	 Offer a briefbut appropriate explanation for the following: 
(i) 	 Highly reproducible current-potential data are usually obtained from polarographic 

analysis. 
(ii) 	 :It" reduction does not interfere with most reductions at the Hg electrode. 
(iii) 	 Alkali metals (with lower standard potentials) can be reduced more easily than:It" at a 

DME. 
(iv) 	 A DME is preferred for cathodic reactions during amperometric titrations while a Pt 

electrode is preferred for anodic reactions. [8] 

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

When a 1.41mM solutionofKI03 in a O.lM perchloric acid was 

reduced polarographically at a DME with a drop time of2.18s and Hg 

flow rate of2.67mgls, the diffusion current was 37.1J.tA.Determine the 

diffusion coefficient of the iodate ion in O.lM perchloric acid. [13] 
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VO; + 2H+ + e=: VO l + +~HlO 1.00 
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NOi + 3H+· + 2e- = RN0 1 + HIO 0.94 
2Hgl+ + 2e- == Rd+ 0.92

CuH + 1- + e== Cul{s) 0.86 

Ag,+ + e- == Ag 0.799 
Hd+ + 2e- == 2Hg 0.79 

FeB :+- e~ =: FcH 0.771 
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Ii + 2e- 31- - 0.545== 
Cu+ + e- Cu 0.52== 
VOH + 21:t+ + e. == V3 

+ + ~lO 0.337 

Fe{CN)~- + e- . == Fe{CN)t 0.36 

Cul+ + 2e- Cu 0.337 

UHUOi+ + 4H+ + 2c- + 2H!O 0.334 
(COlltiIIued I 
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SO!.:., + 4H'" + 2e
Sn""·: -+ 2e- . 
"" . 

S +2W +2e-' 
. Ti02+ :;.. 2H'" + e

s",oi- +2e-" 

AgBr(s) + e

2H'" +2e
Pba++ 2e

Sn.i~· + 2e

AgI(s) + e
Mo3+ +Je

, N z +.5H.+ + 4e

'Ni l + + le

. V H +e-
CoH +2e
Ag{CN)i + e
Cd t + + 2e

Cr l 
- + e-

Fe:+ + 2e

2CO l + 2H'" + 2e
H l P0 3 +2H+ + 2e
U"'" + t!-
Znl+ + le-
Cr:'" + 2e
Mn1+ + 2e
ZrH +4e

Ti3 + + 3e
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Th..... +4e
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La.l'f> + Je-
Na.... + e-
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Sr:!'" +2e

K'" + e-
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...··5n,2+ 
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'= Ag+ Br- 0.071 


= H 1 · 0.0000· 
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== 

U 1 ... · -0.61 


== Zn ~ -0.763 

== 

· 
== Cr -0.91 
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== 11 -1.63 


= Al -1.66 


== Th -1.90 

... Mg -2.37 


== La -2.5Z 


= N~ -2.714 

Ca -2.87 


'= Sr -2.89 


== K -2.92$ 


== 
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