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Question 1 (25 marks) 

(a) 	 Explain the observed difference in the variation of the conductivity ofan electrolyte and 
that ofa metallic conductor as temperature increases. [4] 

(b) 	 For the following terms: 
specific conductance, k, conductance, G, and cell constant, K. 
Define each ofthem, state their respective S.I units and obtain an expression relating the 
three terms together. [6] 

The following table contains limiting molar conductances of ions in water at 25°C: 

Cations Lt Na.... K+ Rb.... M~.... Ca:l+ Ba:l+ 

A°/Scm2morl+ 
38.6 50.1 73.5 77.8 53.1 59.5 63.6 

.. 
Employing the concept of iomc atmosphere in solutions, account for the variation in A.° values 
of these cations. [3] 

(c) 	 Consider that O.lM solutions ofHCI and CH3COOH were each diluted serially in several 
stages to O.OOlM. If the molar conductance at each stage was recorded, show a plot ofthe 

expected variation of A with ~ . Account for the respective shapes and state how any 

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

(e) 	At 25°C, the specific conductance ofa saturated solution ofAgCI was 26.2 x 10.7 Scm- 1. 

The specific conductance of the specially purified water used to prepare the solution was 
found to be 8.1 x 10.7 Scm- 1 Calculate the solubility product ofAgCI at 25°C. [5] 

(A.0 
+ ::::;61.9,and A~r = 76.4 Scm2morl)

Ag

Question 2 (25 marks) 

(a) 	 Give two favourable features ofelectrochemical methods ofanalysis. [2] 

(b) . 	 Define and differentiate between the following tenns: 
(i) A galvanic cell and an electrolytic cell 
(ii) A faradaic and a non-faradaic process, 
(ill) 	 A chemically reversible and an irreversible cell. [6] 
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(c) 	 Using a specific cell set up and reactions as illustration, describe how a 
galvanic cell can be converted into an electrolytic cell. [5] 

(d) For the following cell: 

CuICu(N03)2(0.2M)IIFe(N03)2(0.05M)IFe 
(i) Write the cell reaction 
(ii) Determine the cell potential 
(iii) Indicate the polarities ofthe electrode 
(iv) Give the direction ofspontaneous reaction 
(v) Calculate the IlGo and K 

(Cu2+ + 2e- =Cu(s)) : EO = 0.337V 
F2+ + 2e- =Fe(s) : EO = -O.44V) [12] 

.. 
Question 3 (25 marks) 

(a). 	 Define an indicator electrode. [1] 

(b) 	 Differentiate between an indicator electrode ofthe first kind and an indicator electrode of 
the second kind. Give an example and state the expression for the cell potential in each 

case. [7] 

© 	 Not all metals can be used as indicator electrodes of the first kind. Account for this 
observation and give four examples metals that cannot be so used. [5] 

(d). 	 Given the following reaction: 

CuSCN(s) + = Cu(s) + sm 
(i) 	 Estimate the standard potential for this reaction. 

(ii) 	 Write the line notation for the cell in which the Cu indicator electrode is the cathode and 
a SCE as the anode that could be used fo the determination of SCN". 

(iii) 	 Ifthere is no liquid junction potential, obtain an expression relating the observed 
potential in (ii) to pSCN. 

(iv) 	 With reference to the cell in (ii) above, calculate the pSCN for a solution saturated with 
CuSCN when the resulting cell potential is- 0.076V. [12] 

(Ksp =4.8 x 10-15 for CUSCN) 
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Question 4 (25 marks) 

(a) 	 Give four favourable features ofpotentiometric titration. [2] 

(b) 	 (i) Explain the term 'concentration polarization' 

(ii) 	 How can it be minimized during an electrochemical analysis? 

(iii) 	 Demonstrate graphically the effects ofconcentration polarization on the current ~ 
potential behaviour ofgalvanic and electrolytic cells. [9] 

(c) 	 A 247.9Omg sample ofNa2PtC4 was being analyzed for its chloride content. The Pt(lV) 

was reduced to Pt metal using hydrazine sulphate. The liberated cr was titrated 
potentiometrically with 0.2314M AgN03 solution, using a Ag indicator electrode and a 
SCE reference electrode. The data obtained are tabulated below: 

Vol. of AgN03 (mL) EvsSCE (V) 

00.00 0.072 
13.00 0.140 
13.20 0.14 
13.40 0.152 
13.60 0.160 
13.80 0.172 
14.00 0.196 
14.20 0.290 
14.40 0.326 
14.60 0.340 

(i) 	 By using any ofthe conventional methods for 'end - point determination', 
estimate the end point of this titration. [7] 

(ii) 	 Calculate the apparent percent of the cr in the sample, and the expected percent 

in a pure sample of this compound. [7] 
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Question 5 (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: KA+,c+ = 0.08: KA+,D+ = 0.04; KA+,Ir = 0.1 

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

[4] 

(b) 	 Ifyou 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 or the 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 interferingions of this electrode. [7] 

(d) 	 When a Na+· I.S.E with a selectivity coefficient, kNa+,H+ 36, was immersed in 1.00 x 10-3M 

NaCI at a pH 8, a potential of -38mV (vs)SCE was recorded. Assuming unit activity 
coefficients and that 13 = 1, calculate the potential when 

(i) The electrode was Immersed in 5.00 x 10-3M NaCI at a pH 8 and in 	 [4] 

(ii) [NaCI] = 1.00 x 1O-3M at pH 3.87 	 [4] 

From the results obtained in (i) & (ii), comment on the importance ofpH in the use ofa 

~~ 	 ~ 

Question 6 (25 marks) 

(a) 	 Differentiate between the following methods: 
(i) Voltammetry and coulometry. 
(ii) Voltammetry and potentiometry 	 [4] 

(b) 	 For the dropping mercury electrode (DME), polarographic method ofanalysis: 
(i) 	 Sunnnarize its salient features and working principles. [7] 
(ii) 	 Why is the use ofa supporting electrolyte essential when using it for the analysis 

ofa sample? Give two examples ofsuch electrolytes. [3] 
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(iii) Justify the use ofgreatly enhanced concentration of the supporting electrolyte (by 
at least 1000 - fold), relative to that of the analyte ion. [2] 

© (i) 
(n) 

Give the expression for the Dkovic equation. Define all the terms in it. [3] 
A TeOl- sample was reduced polarographically in a 1.000M NaOH solution. The 
DME used for the analysis has the following parameters: m =1.5Omg/s, 
Lt =61.9 ~ t =3.15s, D = 0.75 X 10-5 cm2s­ 1 

, for a 4.0 x 10-3 M tellurium ion 
solution. Determine the oxidation state to which the tellurium has been reduced 
during this analysis? [6] 
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