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UNIVERSITY OF ESWATINI

MAIN EXAMINATION 2019/2020

TITLE OF PAPER: ANALYTICAL CHEMISTRY II
COURSE NUMBER: CHE 411

TIME ALLOWED: THREE (3) HOURS

INSTRUCTIONS: ANSWER ANY FOUR (4) QUESTIONS

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) For the VOV system in acid, calculate the concentration of V¥ at pH=3 if the potential measured
for 2 0.0625M VO solution is 0.562V vs SCE (5]

b) Explain, using diagrams and equations, how the seleétivity cocfficient and ion exchange principles
enable fabrication of a pNa electrode. : [5]

c) i) With the aid of a diagram, explain how a Saturated Calomel Electrode (SCE) is fabricated, and

explain the role of each component in the electrode. [6]}
ii) Write down its half cell reaction and Nernst expression. 4]
iii) Calculate the standard electrode potential for the SCE. [3]
iv) Under what conditions will the SCE not work. 2]

QUESTION 2 1251

(a) Describe, giving examples of as well as drawings and half cell reactions of, indicator electrodes of

(i) The First Kind {31
(ii) The Second Kind [3]
(iif) The Third Kind (3]
(b) Write down the Nernst equation, and explain all the terms appearing in it, 131

(c) In potetiometry, potentials are measured relative to the standard hydrogen electrode (SHE) potential.

i) Draw the SHE, and label all its components [4]

i) Write down the electrochemical equation taking place within the SHE and state its standard
electrode potential (2}

(d) The data below were obtained when a ion-selective electrode was immersed in a series of standard
solutions whose ionic strength was constant at 2.0M.,

[F1vD) B (mVY)
235x% 107 -74.8
2.62x 107 484
2.13x 107 -18.7
1.99 x 107 -10.0
248 % 107 +37.7

What is the concentration of F in the sample if it gave a reading of -22.5mV (7]
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QUESTION 3 [25] ’
(a) For the electrochemical cell:
Cu (s) / Cu Clz (0.0256M) /! Ag (CNY (0.0355M) / CN° (0.0435M) / (Ag (s)-
i) What component is represeﬁted by the symbol “//”? . !
ii} Use a diagram to explain its role in potentiomentry [3]
iiiyUse drawings to show how it is constructed (4]
iv) Use illustrations to explain how it works (2]
v) Calculate AG for this cell [5]
vi) Would the cell described above be galvanic as written? 4]
(b) Use equations to describe the role of Ti* intermediate in the coulometric titration of Fe'. [5]

(c) Use diagrams and equations to describe how an amperometric titration of metal ion M** can be carried

out with a one-polarized electrode system. (4]
QUESTION 4 [25]

a) Indicator and reference clectrodes are now combined in compact units to produce an instrument that
measures voltages in electroanalytical instruments.

i) With the aid of a diagram, use the ion exchange theory to explain how a compact pH glass membrane
electrode works. [5]

if) Write the Nernst expression for an ideal pH glass electrode, and show that unit calibrations in the
readout are in increments of 59mV per decade change of H concentration. 51

iii) Explain, using diagrams and equations, how the selectivity coefficient and ion exchange principles

enable fabrication of a pNa electrode. [5]
b) i) Outline the steps involved in the calibration of pH glass electrodes. [3]
ii) List two (2) sources of standards used in the calibration of pH glass electrodes. (2]

¢) It takes 9.085 minutes to titrate a 10,053g sample of NaxCOs coulometrically in an electrolytic cell with
clectrogenerated hydrogen ions. The generating current is 205.16 mA in a system incorporating Pt

electrodes. Assuming that the endpoint occurs when all COs” has been converted to H;COs, calculate

the concentration NaxCQj3 in the sample in % units. 5]
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QUESTION 5 [25]

a) Describe the term “gyerpotential” in relation to the polarography technique, and explain why

overpotential is desirable in this electroanalytical techmique. (31

b) Draw and label the electrode used in classical polarography and explain how it works. [6]

¢) i) Explain why inert electrolyte such as KNO; is added to solutions in large quantities prior to
measurement by classical polarography [2]

ii) Explain why nitrogen gas is bubbled through aqueous solutions prior to polarographic measurements

(2]

d) 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. 14}
ii) Normal Pulse Polarography. (4l
i) Differential Pulse Polarography (41
QUESTION 6 [25]

a) i) Use a diagram to illustrate the dependence of “non-faradaic” current on time during the lifetime of a
mercury drop in polaragraphy. 31

if) Use a diagram 10 illustrate the dependence of “faradaic” current on time during the lifetime of a
mercury drop in polaragraphy. 131

iii)Use a diagram to iilustrate the effect of concentration on «“non-faradiac” current during the lifetime
of a mercury drop in polaro graphy. {3]

b) A solution of 0.200M Cu?tin 1M H', resistance 0.5 £, is to be electrodeposited to 99.995% completion

with 1A in an open cell (partial pressurc of O, in air = 0.2 atm}. In the equation Bqpp = Eeathode T IR T W
used to ascertain the potential at which electrodeposition will occur:

i) Calculate Ecathode. [l
ii) Calculate Eanode. i1
iii) Calculate the IR drop. [

iv) Describe the term (D, and explain its origins in electrogravimetry using suitable equations.  [3]

a) Consider the voltametric titration of Tt with electrochemically generated Br according to the reaction

TI' + B, < TP +2Br, where

TPt 42 T E® = -0.78V  vsSCE
Br, +2¢ <>  2Br B = -1.08V  vs SCE
i) Draw the current-voltage curves of this titration at the following stages of the titration: [8]
=0 f=10.5; =10 f=1.5

ii) Plot the titration curve expected for this system using a single indicator electrode. [2]
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