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JULY 2018 SUPLEMENTARY EXAMINATION

Time Allowed: Three (3) Hours

1. This examination has six (6) questions and one data sheet. The total number of pages is five (5) including
this page.

2. Aanswer any four (4) questions fully; diagrams should be clear, large and properly labeled. Marks will be
deducted 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.



QUESTION 1 [25]

a) In Polarography, what is meant by:

b)

i) The over potential , 2]
ii) The charging current (use a diagram to illustrate) [3]

Describe migration as one of the main mass transfer processes in polarography, state whether the
process is desired, and what means are put in place to eliminate it if undesired. [3]

Use Fick’s Law and the Cottrell equation to derive the Ilkovic equation for quantitative polarography.

[5]
With the aid of a large, labeled diagram, explain how the dropping mercury electrode (DME) works. [4]
Discuss‘three (3) properties of mercury that makes it suitable for polarographic work. [3]

The standard addition method in Polarography is most useful when the sample matrix is complex. A
50ml waste water sample from a Nickel mine dump gave a wave height of 5.38pA in a polarographic
analysis. When 0.500 ml of solution containing 25 mM Ni** was added, th wave height measured 8.25
pA. Calculate the concentration of nickel in the unknown (in ppm), given that supporting electrolyte
alone gave a residual current of 0.05 pA. [5]

QUESTION 2 [25]

a)

b)

c)

d)

Apart from migration, how else do electroactive ions in solution move towards the mercury electrode in
polarography? (2]

In polarography, the current is sometimes observed to “overshoot” the diffusion current before settling
back down at the plateau. What causes these current maxima, and how are they eliminated? [2]

In polarography, analyses are conducted within an electrochemical window governed by the anodic and
cathode limits. Discuss the origins of these limits with the aid of chemical equations. 4]

Oxygen waves are a nuisance in the polarographic determinations of heavy metals. However, levels of
dissolved oxygen in water samples can be measured polarographically.

(i) Explain the origins of oxygen waves in polarography using supporting chemical equations. [4]

(ii)  How is oxygen experimentally removed in polarography? [1]

(iii)  Suppose tap water is scanned in a polarograph without deaeration, and the following is
observed: E 2 = 0.05 V; ig ave = 1.81nA, when the rate of flow of mercury is 2.00 mg/sec and

the drop interval is 5 sec. Calculate the concentration of oxygen in the tap water in ppm units
(diffusion coefficient =2.12 x 10 ~° cm%/sec). [5]
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e) Sometimes useful information can be derived from the rising portion of the polarographic wave, for
example, the number of electrons involved in the reduction. For benzoquinone, the following data were
obtained in the rising portion of a polarographic wave:

E vs SCE (V) [uA
+0.210 0.591
+0.190 0.146
+0.170 4.646
+0.150 6.299
Calculae the value of n if Iy max = 7.008 pA. [7]

QUESTION 3 [25]

b) Describe the three (3) main requirements that enable an electrode to be considered a “reference
electrode” [3]

c) A reference electrode encountered frequently in analytical measurements is abbreviated “SCE”.

(1) What does the acronym SCE stand for? [1]
(ii) Use a diagram to describe the components of the SCE. [3]
(iii) Write down the electrode reaction of the SCE and state its potential. [2]
(iv) State one disadvantage of the SCE [1]

d) Unless it is to be measured, the liquid junction potential is undesirable in direct potentiometry. Explain
the origin of a liquid junction potential in potentiometry, and indicate how it is eliminated. [3]

e) With regards to the Orion fluoride ion selective electrode,
i) Describe the structure of the electrode with the aid of a diagram. [4]
ii) Calculate electromotive force of the electrode. [2]

iii) Explain the role of each of three (3) components of TISAB used in conjunction with the fluoride
electrode [6]

QUESTION 4 [25]

a) Consider an amperometric titration of Pb ** with titrant Titr > to form PbTitr using one polarized
electrode.

i) On one plot, sketch the current/volatage curves (Ey, pp = -0.4V vs SCE) at the points at which the
titration is 0%, 50%, 100%, 110% complete. [4]

ii) If the dropping mercury electrode is held constant at -1.0V vs SCE, plot the resultant titration curve,
assuming that the titrant is not electroreducible. [3]
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iii) Sketch the current/voltage curve that you would expect if Titr **, being non-electrodeducible, were to
be titrated with Pb ** instead, at the points indicated in a (i) above. [4]

iv) Sketch the shape of the titration curve that would result if Titr = were to be electroreducible as well.
) (3]
b) Consider a biamperometric titration in which Fe **is titrated with Ce ** according to the reaction:
Fe " +Ce"™ ———> Fe** + Ce*. Given that the Fe** / Fe’* couple gets reduced at more negative

potentials than the Ce**/Ce*" couple,

i) Sketch the current-potential curves for points at which the fraction titrated is 0.1, 0.5, 1.0 and 1.2,

assuming an impressed voltage of 100 mV across the electrodes [4]

ii) Sketch the biamperometric titration curve for this system. [2]

¢) Explain how the pH glass electrode works using equations to support your answer. [5]
UESTION 5 [25]

(a) Write down the Nernst equation, and explain all the terms appearing in it. [3]

(b) In potetiometry, potentials are measured relative to the standard hydrogen electrode (SHE) potential.
i) Draw the SHE, and label all its components [4]

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

(c) For the electrochemical cell:

Cd (s)/ Cd Cl, (aq, 0.0538 M) // Ag NO; (aq, 0.0320M) / Ag (s)

i) What component is represented by the symbol “//”? 1]
il How is it constructed? [2]
iii) How does it work? [2]
iv) Would the cell be galvanic as written? [4]

(d) With regards to the pH glass membrane electrode, describe

i) The terms k;; and B in the equation: E = kys— P (0.05916) 1og Ai+ iner (4]
AH+, outer

ii) The “alkaline error” (1

iii) How the glass membrane can be modified to produce a sodium ion electrode [1]

iv) The “acid error” (1]



QUESTION 6 [25]

a) Modern methods in polarography seek to reduce capacitive current. Use a diagram to explain the origins
of capacitive currents in polarography V [3]

b) Use diagrams to explain the difference in time behavior between capacitive current and Faradaic current,
and their resulting superposition at the dropping mercury electrode. [3]

c) Use diagrams to show the dependence of Faradaic and charging current on concentration. [3]

d) Explain how the current is sampled in Tast Polarography, and compare the:

i) Resolution ' (1]
ii) Detection limits ‘ [1]
iii) Appearance of the polarogram [1]

between Tast Polarography and Classical Polarography.

e) Explain how the current is sampled in Differential Pulse Polarography (DPP), and compare the:

i) Resolution [1]
ii) Detection limits [1]
iii} Appearance of polarogram [1]

between DPP and DC Polarography.

f) Anodic Stripping Voltammetry (ASV) surpasses flame atomic absorption spectroscopy in the
determination of ultra trace levels of lead in drinking water in terms of detection limits.

i) With the aid of a diagram, explain the instrumentation used in ASV. [4]
ii) Use a diagram and equations to describe the deposition step in ASV. [2]
iii) Use a diagram and equation to describe the stripping step in ASV. [2]

iv) Explain why it is more sensitive than FAAS in terms of detection limits. [2]
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