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DEPARTMENT OF CHEMISTRY
UNIVERSITY OF SWAZILAND

C 404 ' Electroanalytical Chemistry

May 2005 Final Examinaﬁon

Time Allowed: Three (3) Hours

Instructions:

1. This examination has six (6) questions and one data sheet. The total number of pages is four
(4) excluding this page.

2. Answer any four (4) questions fully; diagrams should be clear, large and properly labeled.
Marks will be deduced for improper units and lack of procedural steps in calculations.

3. Each question is worth 25 marks.

Special Requirements;

1. Data Sheet

YOU ARE NOT SUPPOSED TO OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS
BEEN GIVEN BY THE CHIEF INVIGILATOR.

Some Useful Physical Constants:

h=6.626X10*7Ts

¢=2.998 X 10° m sec’

N=6.02X 102

k=1381 X102 JK?!

1eV=1602X10"7J

R =8.314 JK! mol*

Atomic weights: Fe = 55.85; S = 32.06; O = 16.00; H = 1.008; N = 14.01; C = 12.01
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QUESTION 1 [25]

(a) Calculate the input impendance of an electrochemical cell whose measured voltage is 10V allowing 30mA to flow
through it [3]
(b) In potentiometry, potentials are measured relative to the Standard Hydrogen Electrode (SHE) potential.
i) Draw the SHE and label] all its components [3]

i) Write down the electrochemical equation taking place within the SHE, and state its standard electrode
potential [2]

(c) With regards to the pH glass membrane electrode, describe:
i) The structure of the electrode membrane with the aid of diagrams [3]

ii)The concept of “selectivity coefficient” using equations to illustrate [3]

(d) Consider a cell in which one electrode is composed of a cadmium wire dipped in a 0.0167M CdC]; solution, and
the other composed of a silver wire coated with AgCl and dipped in a 0.0468M KClI solufion. Both electrodes are

separated by a salt bridge. :

i) Write down the cell notation assuming the reduction takes place in the Cd balf cell. [2]
ii) Calculate the potential of the Cd electrode [2]

iit) Calculate the potential of the AgCl electrode [2]

iv) Calculate the cell potential [2]

v) Would the cell be galvanic as written? Give a reason for your answer [2}

(e) Calculate the concentration (in ppm) of Cu®* solution in a 25-ml. water sample, given that the voltage recorded in a
cell made up of a Cu wire dipped in the sample was 0.241 V measured against the SCE, assuming the SCE is the
anode [4]

QUESTION 2 [25]

(a) When reference ¢lectrodes are used in potentiometry, electrical contact is made by slow leakage of electrolyte, and
this introduces errors to the measured cell potential.

i) Use diagrams to explain the origins of this error [3]
) ii) Comment on the magnitude and direction of this error [2]
iil) How is this error eliminated? [1]
(b) Discuss any four (4) disadvantages of using the pH glass electrode for pH measurements [4]

(c) The fluoride ion electrode is probably the most selective solid state electrode.

i) Draw and label the components of a fluoride ion electrode [3]

ii} Write down the Nernst expression relating the measured voltage to the fluoride concentration in a sample
measured by the fluoride ion electrode [2]

iii) Describe any two (2) disadvantages of fluoride ion eiectrodes [2]
(d) Draw and label an electrode suitable for measurements of NH;. Use chemical equations to explain how it works [4]

(e) Draw the first and second derivative plots of an indirect potentiometric measurement of a mixture of 3 weak acids

(4]



A%
2
QUESTION 3 [25]

(a) Describe each of the three modes of mass transport in polarography, indicating if each is desired, and if not, what
means are put in place to eliminate it {4]

(b) Briefly discuss éach of the four (4) advantages of performing voltammetry at the dropping mercury electrode [4]
(c) In polarography, what is meant by

i) the anodic limit? [2]

ii) the cathodic limit? [2]

(d) Use equations to describe what sets
i) the anodic limit in polarography [2]
if) the cathodic limit in polarography [3]
{(e) Write down the Heyrovsky-Ilkovic equation of polarography and explain all terms appearing in it [3]

(f) Use the Nernst equation to derive an equation that relates the dependence of the measured current { on the
impressed voltage E on the rising portion of a polarographic wave, and show how it can yield values of n and E °

5]

QUESTION 4 [25]

(2) Modemn polarographic methods seek to reduce capacitive current in order to improve the detection limit.
i} Define “signal-to-noise ratio” in eletcroanalytical techniques {2]
ii) Define “detection limit” in eletcroanalytical techniques [2]
iii) Define “resolution” in eletcroanalytical techniques [2]

iv) For each of the following modern polarographic techniques, draw the shape of the current-voltage curve,
state its detection limit, and state its resolution.
iv-1) classic polarography (DC) [3]
iv-2) differential pulse polarography (DPP) [3]
iv-3) alternating current (AC) polarography [3]

(b) Describe the principle behind amperometric titrations with one polarized electrode using diagrams to iltustrate [4]

(c) It takes 3.562 min to titrate a sample of Na,CO; coulometrically in an electrolytic cell with electrogenerated
hydrogen ions. The generating current is 248.32 mA in a system incorporating Pt electrodes. Assuming that the end
point occurs when all CO;> has been converted to H,COs;, calculate the weight of Na,COQs in the sample [6]
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QUESTION 5 [25]

(a) Cyclic voltammetry involves the application of a potential to a chemical system in the form of a triangular ramp.
i) Write down the Randles-Sevcik equation for cyclic voltammetry, and explain all terms appearing in it [3]
ii) Explain the difference between the Randles-Sevcik equation of cyclic voltammetry and the Ilkovic-
Heyrovsky equation for polarography [2]
(b) The cyclic voltammogram of the Pb*" + 2%  <——>Pb?* system shows that it is a reversible system.
i) Draw the cyclic voltammogram of this system [2]
ii) Use the Randles-Sevcik equation to explain the shape of voltamograms obtained for reversible systems [3]

iii) Use equations to explain how the observed peak potentials in cyclic voltammetry of reversible systems are
related to the polarographic half wave potentials [3]

iv) Use equations to explain how the anodic and cathodic peak currents are separated by 37 z mV for a
reversible system [4]

(c) The cyclic voltammogram of the N, N-Dimethylaniline oxidation process on a glassy carbon electrode shows that
it is an irreversible system.

i) Draw the cyclic voltammogram of this system [2]
ii) Write down the Randles-Sevcik equation for this irreversible system, and explain all terms appearing in it

(3]

iii) Use equations to explain how peak potentials in cyclic voltammetry of irreversible systems are dependent
on the scan rate [3]

QUESTION 6 [25]

(a) The measurement of electrical current passing through a solution is a very versatile and accurate analytical method
known as coulometry.

1) Describe the principle behind constant current coulometry [3]

il) Describe how the constant current coulometric titration of Fe* would result in a positive error, and how Tit
used as an intermediate would eliminate this error [4]

-

(b) One variant of coulometry is when the potential is kept constant throughout the analysis.
i) Use diag;ramé to describe the principle behind constant potential coulometry [3]
ii) Using chemical equations, explain the process that takes place in the constant potential coulometric analysis
of Br in a solution of bromide salt with Ag at +0.16V vs SCE as the anode, and Pt as the cathode [4]

iii) Suppose the OH produced in part b(ii) is titrated with 0.0325M HCI after the coulometric reaction with

bromide is complete, and that 10.68 mL were required to reach the end point. How much Br was in the
sample? {3]

(¢) Amperometric titrations can also be conducted on a Rotating Disk Electrode (RDE). With regards to the RDE,

i) Use diagrams to describe the hydrodynamic movement of solution in the vicinity of the electrode [3]

ii) Explain how detection limits in the RDE are up to an order of magnitude higher as compared to stationary
electrodes {2]

iii) Write down the Levich equation of the RDE, and describe all the terms appearing in it [3]
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