DEPARTMENT OF CHEMISTRY
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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}
inchuding this page.

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

3. Tach question is worth 25 marks.

Special Requirements

1. Data sheet
2. Graph paper

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




QUESTION 1 [25] 1

- ay 1) With the aid of a diagram, use the ion exchange theory to explain how a pH glass membrane electrode works.  [5]
ii) Explain how a pH glass electrode can be used to measure Na" ions [3]

iii) Write the Nernst expression for an ideal pH glass electrode, and show that unit calibrations in the readout are in
~ increments of 59 mV. [5]

b) The data below was obtained when a ion-selective electrode was immersed in a series of standard solutions of
fluoride buffered in TISAB.

[F 1 (M) E (mV)

1.01x 107 -74.8

0.98 x 10” -48.4

0.96 10 -18.7

1.11x 107 -10.0

1.05x 10" +37.7

i)  Describe each component of TISAB and explain its function in this analysis [6]
ii) What is the concentration of F in the sample if it gave a reading of -50.3mV [6]

QUESTION 2 |25]

a) For the UQ,**/ U*" system in acid,
i) Write down the balanced redox half cell reaction. 4]

ii) Write down the Nernst expression. [3]

iii) Calculate the concentration of U*" at pH=3 if the potential measured for a 0.2351M UQ,*" solution is 0.562V.
[6]

b) Use equations to describe the anodic and cathodic reactions taking place during electrodeposition in the
measurement of copper in an unknown solution. f6]

¢) A dilute solution of mixture of reduced and oxidized forms of Vanadium is subjected to controlled potential
electrolysis. At -0.255 V vs SHE, 90.52 coulombs are required to complete electrolysis of the oxidised form V**.
The potential is then shifted to -0.325V vs SHE, where controlled potential electrolysis requires 144.8 coulombs.
Caloulate the concentration of V¥ and V*' in the original 100-mL solution. 6]

QUESTION 3 [25]

a) What is the role of a reference electrode in potentiometry? [1]

b} Describe and state the Nernst response equations for the following:

i) Electrode of the First Kind 2]

ii) Electrode of the Second Kind 31

iii) Electrode of the Third Kind [3]
¢) Discuss each of the two (2) main requirements of reference electrodes in potentiometry. [4]

d) i) With the aid of a diagram, explain how a saturated calomel electrode is fabricated, and explain the role of each
component in the electrode. 3}

if) Write down its half cell reaction and Nernst expression. [3]




2

iii) State its standard electrode potential and typical input impendance. 2]

iv) State two advantages, and two disadvantages of using this reference electrode over the other commonly used
onies 41

QUESTION 4 ]25]

a) Describe the term “overpotential” in relation to the polarography technique, and explain why overpotential is
desirable in this electroanalytical technique. (4]

b) Voltammetry in the upper right quadrant can be complicated by the presence of dissolved oxygen in solution.

i) Use chemical equations to explain the origin of oxygen waves. [4]
ii) Describe two (2) ways by which oxygen waves eliminated in voltammetry? 21
¢) 1) Use diagrams to explain the origins of “non-faradaic” current in polarography: [2]

if} Use a diagram to illustrate the dependence of “non-faradaic” current on time during the lifetime of a mercury
drop in polarogeaphy. : [2]

iif) Use a diagram to illustrate the dependence of “faradaic” current on time during the lifetime of a mercury drop
in polarography. [2]

iv) Use a diagram to illustrate the effect of concentration on “non-faradaic” cument during the lifetime of a
mereury drop in polarography. 2]

d) 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:

Evs SCE (V)| I{uA)

+0.210 1 0.591

+0.190 0.146

+0.170 4.646

+0.150 6.299
i) Calculate the value of 1 if ig e = 7.008 pA. [6]
i) What is E°? [1]

QUESTION 5 [25]

a) (i) What is the origin of polarographic maxiina in voltammetry? [23
(ii) How are polarographic maxima eliminated in polarography? [2]

b) For each of the following techniques, indicate, on a voltage-time plot, when sampling of the signal is carried out.
Draw the shape of the resultant voltammogram, and indicate the typical resolution (in Volts) and detection limit (in

mol/L).

i} Tast polarography. [4]
i) Differential pulse polarography. [4]

¢) 1) Draw a schematic diagram of the apparatus used in Anodic Stripping Voltametry (ASV). - I3]
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if) Assume that ASV is being carried out on an environmental sample containing the toxic element cadmium. Use
equations to describe the chemical processes taking place at gach of the four steps involved in the ASV of the
sample, [4]

i) Explain why ASV is considered superior over most analytical techniques in terms of detection limits. [2]
iv) Suppose tap water is scanned in a polarographic cell without deaeration, and the following is observed:

Ep=— 005V ;ig = 2.54 pA, when the rate of flow of mercury is 4.00 mg/see and the drop interval is 3 sec.
Calculate the concentration of oxygen in the tap water in the ppm units (diffusion coefficient - 2. 12 x 10 7

cm?/sec. . [4]

QUESTION 6 [25]

a) A solution of 0.5M Ag'in IM H', resistance 0.5 €2, is to be electrodeposited to 99.9999% completion with 4A in
an open cell (partial pressure of O, in air = 0.2 atm). In the equation Euy = Beaese T IR + @ used to ascertaiq the
potential at which electrodeposition will occur: .

iy Caleulate Ecaode. (3]
i) Calculate Euoge. (3]
iji) Calkculate the IR drop. 3]
iv) Describe the term o, and explain its origins in electrogravimetry using suitable equations. [4]

b) Explain the origins of electromotive efficiency in pH glass membrane electrodes. [2]

¢) Consider a biamperometric titration in which Fe? is titrated with Ce"™ according to the reaction:

Fe*' + Ce* ———p Fe* + Ce™. Given that the Re®*/Fe” couple gets reduced at more negative potential
than the Ce**/Ce® couple,

) Sketch the current-potential curves for point 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. . [8]

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