UNIVERSITY OF SWAZILAND
SUPPLEMENTARY EXAMINATION, 2006/2007

TITLE OF PAPER : Advanced Analytical Chemistry
COURSE NUMBER : C404

TIME ALLOWED : Three Hours

INSTRUCTIONS : Answer any FOUR(4) questions.

Each question carries 25 marks.

A periodic table and other useful data have been provided with this
paper.

You are not supposed to open this paper until permission to do so has
been granted by the Chief Invigilator.



Question 1(25 marks).

a) " Account for the variation in the conductance of an electrolyte and that of a
metallic conductor as temperature increases 4)

b) Given the following terms:
Specific conductance, k, conductance, G, and cell constant, K.
Define each of the terms and state their S.I units. Obtain an expression relating all

the terms together (6)
c) Given the following Table of Limiting molar conductance of ions in water at
25°C:
Cations Li" |[Na® |K' Rb"™  [Mg” [Ca®® |Ba™

A°/Scm’mol™”  [38.6 | 50.1 73.5 778 |53.1 59.5 |63.6

Based on the concept of ionic atmosphere in solutions, account for the variation in A°
values of the cations ?3)

d) Suppose that 0.5M solutions of HCI and CH;COOH were diluted serially in
several stages to 0.001M. If the molar conductance at each stage was recorded,
show a plot of the expected variation of A with.Vc. Offer an explanation for the
expected shapes and state how any useful information can be obtained from either
of the two curves. @)

e) During the determination of the solubility of AgCl, the specific conductance of
the specially purified water used was found to be 8.1 x 107 Scm™ at 25°C. Solid
AgCl was added to the same water unto saturation at 25°C and the specific
conductance was 26.2 x 107 Sem™.

Calculate the solubility product of AgCL

(Aagr = 61.9,and A’ = 76.4 Scm’mol ™) (5)
Question 2(25 marks)
a) What are the salient properties of an ideal reference electrolyte? @)

b) For the Ag/AgCl reference electrode:

@) Write the half-cell reaction and its shorthand rotation. 2

(ii)  Write the Nernst equation for its potential and show that the potential
depends on the [KCL], the filling solution

(iii) Draw a labeled schematic diagram of this electrode and briefly
describe its preparation (5)

(iv)  Give one advantage and one disadvantage of this electrode when
compared with the saturated calomel electrode ( SCE ) (2)

.



(v).  Which is more temperature dependent — the one prepared using saturated
KCl or the one prepared using 3.5M KCI? Explain. [4]

©. A Cell was prepared by dipping a Pt-wire(indicator electrode), and a S.C.E. into a
solution containing a 0.2M Fe** and 0.1M Fe?* and the two were connected to a
potentiometer so that the Pt-wire is the cathode while the S.C.E. is the anode.
Calculate the theoretical cell voltage, given that:

Fe* + & E° = 0771V

Eer = 0.245V (i.e. Ege = 0.245V)
Ej = 0, and Activity Coefficient = 1.0) [5]
Question 3(25 marks) ,
(a) Which would you prefer for the analysis of iron in a sample — an electrochemical
or a spectrophotometric method, and why? [2]

(b). Discuss the function and working principles of a salt bridge in an electrochemical
cell. [3]

©. What is ohmic potential? How does it affect:
@), The observed potential of a galvanic cell, and

(ii). The potential required to operate an electrolytic cell? 31
(d). Given the following reactions:
Culy = Cu'e+ Tw
o + e = C" E° = 40153V
cu* + e = Cug + W, E° = +086V
Calculate the solubility product constant, Kg,, for Cul). [5]

(e) Given the following half — reactions of a cell:
VO, + 2H + € =  VO* + H,0 E° = 1.00V

Uo*, + 4H" + 2¢ = UY + 2H,0: E° = 0.334V

@). Obtain the net cell reaction.
(ii). Determine AG and the equilibrium constant, K.
(iii). If[VO;] = 0.IM; [U0O*;] = 0.01M and [U*] = 0.IM.

Determine the E;; write the cell notation and indicate the direction of
spontaneous reaction. Assume that Pt-electrodes are used in the
half — cells. [12]



Question 4(25 marks).

a)

b)

c)

Define the ‘selectivity coefficient’ of an Ion Selective Electrode(ISE). Suppose
that an ISE designed for measuring A" has the following selectivity coefficients
forions B,C,D & E

KA+,B+= 0.01: KA+,C+= 0.08 : KA+,D+= 0.04 5 KA+,E+= 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)

If you were to determine H', Na*, and K" in separate solutions, which of the
following glass electrodes would you employ for the measurement of each of
them respectively:

The pH-type, the cation-sensitive type, Sodium sensitive type. Why?  (4)

With a diagrammatic support, describe the construction, the working principles
and the potentials of a Ca* ion selective Electrode. Give two interfering ions of
this electrode €))

When a Na'™- L.S.E with a selectivity coefficient, KNa+ 1+ = 36,was immersed in
1.00 x 10°M NaCl ata pH 8, a potential of ~38 mV (vs SCE) was recorded.
Assuming unit activity coefficients and that f = 1. Calculate the potential when

i) The electrode was immersed in 5.00 x 10° M NaCl at a pH 8
ii)  [NaCl] = 1.00x 107at pH 3.87

From the results obtained in (i) & (ii), comment on the importance of pH in the
use of a Na* ISE. ' (8)

Question 5 (25 marks)

a)

b)

d)

What are the requisite physical properties that assure adequate
electrodeposition of a metal? What factors influence the physical
characteristics of such deposits? (4)

What is a potentiostat? Draw a well labeled diagram of a typical one (6)

Explain how controlled cathode potential electrolysis is more selective than
the constant cell-voltage electrolysis. Discuss the application of this unique
feature (advantage) of controlled cathode potential electrolysis. (6)

A solution containing Mn** and a second metal ion, M was placed in an
electrolysis cell in which the electrodes, Pt and Mn are connected to the power
supply. The two reactions occurring in the cell are:



Mn(s) > Mn® +2¢ and T M +3e D M(s)

The initial volume of the filled cell was 1.00L, and the initial concentration of
Mn?* was 2.50 X 10° M

i) Identify the anode and the cathode among the electrodes.

i) On passing a constant current of 2.60 A through the cell for18.00
min; 0.504g of the metal M was deposited on the Pt electrode.
Determine the atomic weight of M.

iif) What will be the concentration of Mn*" in the cell at the end of the
experiment? )]

Question 6 (25 marks)

2)

b)

d)

Distinguish between
i) A limiting current and residual current
ii) Differential pulse polarography and square wave polarography.

Explain the occurrence a polarographic wave (i.e. the oscillating current), in a

polarogram. 4)
Discuss the effects of the following factors on the polarogram’s shape and hence on
the polarographic data.

i) Current maxima

i1) Presence of Oxygen
State steps usually taken to minimize their effects &)

Briefly discuss the working principles of differential pulse polarography. Account for
its enhanced sensitivity over the conventional (d.c.) polarography. (8)

In using the polarographic method for the estimation of the oxygen level in water, the
limiting current for the first 2-electron oxygen reduction was 2.11 pA. The capillary
used had m=2.0 mgs™ and t=5.00s at —0.05 V. If the diffusion coefficient, D=2.12 X
10%cm®s™, calculate the oxygen level in the water in

1) mM (millimoles/L)

ii) p.p-m. (5)
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APPENDIX C- POTENTIALS OF SELECTED HALF~REACTIONS AT 25°C

A summary of oxidation/reduction half-reactions arramzcd in order of dccreasmg

oxidation strength and useful for selecting reagent systems.

= .
" Half-reaction A ' E° (\'j
Filg) + 2H + 2¢” = 2HF- e 306
Oy +2H* + 2 = 0,+ H,0 T 207
. S,03" 4+ 2¢ =.250%" 201
Agdt + e = Ag* 2.00
‘H,05 + 2H" + 2¢~ = 2H,0 I
MnOJ + 4H* + 3¢~ = MnO,(s) + 2H,0 1.70
Ce(IV) + &~ = Ce(IlI) (in IM HCIO,) 1.61
H,10, + H* + 2¢~ = 105 + 3H,0 1.6
Bi,O, (bismuthate) + 4H* + 2¢~ = 2BiO* + 2H,0 , 159
B:O; + 6H* + 5e” = {Br, + 3H,0 1.52
MnO; + §H* + S~ = Mn?* + 4H,0 151
PbO, + 4H* + 2¢~ = Pb** +2H,0 1455 -
Cl, + 22~ =201~ 136
'Cr,0%" + 14H* + 6¢~ = 2C0** + TH,0 133
MnO,(s) + 4H* + 2e~ = Mn?* +2H,0 1.23
0,(9) + 4H™* + 4e” = 2H,0 1.229
105 + 6H* + Se” = 1, +3H,0 1.20
Br,(l) + 22~ = 2Br~ 1.065
IC; + e = {I, +2C1° 1.06
VO: +2H* + ¢ = VO?* +H,0 1.00
HNO, + H* 4+ ¢~ = NO(g} + H.O 1.00
NO3 + 3H* + 22~ = HNO, + H,0 0.94
2Hg?* + 2¢” = Hg* 092
Cu** + 1" +¢” = Cul(s) 0.86
Ag*t + e = Ag 0.799
Hgd* + 2~ = 2Hg 0.79
Fe3* + e = Fe?* 0.77%
O,(g) + 2H* + 2¢~ = H,0, 0.682
2HgCl, + 2e~ = Hg,Cl,(s) + 2C1~ 0.63
Hg,SO.(s) + 2~ = 2Hg + SO2~ 0.615
SbyOs + 6H* + 4e” = 25bO* + 3H,0 0.581
H;AsO, + 2H* + 2e” = HAsO, + 2H,0 0.559
I3 + 2" = 3I-. 0.545
Cu* + e~ = Cu 0.52
VO?* 4+ 2H* + ¢” = V3 4+ H,0 0.337
Fe(CN)2™ + ¢ = Fe(CN})i~ 0.36
Cu?* 4 2¢” = Cu 0.337
UOI* + 4H" + 2: = U** +2H.0 0.334

{conrinued)

~.



~ APPENDIX C _{continued)

Half-reacion N A
 Hg,Cly(s) + 2¢~ = 2Hg + 2CI- “ 702676 -
BiO* + 2H* + 3¢~ = Bi + H,0 t 032
. AgCl(s) + e~ = Ag+Cl™ . . 02222
SbO™ +2H* + 3¢~ = Sb+ H.0 0212
CuCli~ +e = Cu+3Q" 1 0.178
SO +4H* + 2¢ = SO,(ag) + 2H,0 017
Sn** +2e” = Sa?* ) _ 0.15
S +2H* + 2¢” = H,S{g) - ‘ 0.14
- TiO* + 2H* + &~ = Ti** + H,0 0.10
S.03" + 2¢” . = 25,02~ _ 0.08 -
AgBr{s) + e~ = Ag+ Br~ . 0.071
2H* +2e” = H, 0.0000
Pb2* + 2e” = Pb —0.126
Sn?* + 2e” = Sn ~0.136
Agl(s) + e~ = Ag+I° . —0.152
Mo** + 3¢~ _ = Mo approx. —~0.2
"N, +5H” + 4e” = H,NNH] -0.23
Ni** 4+ 2¢~ = Ni —0.246
V3t 4 e = V2 —0.255
Co?* + 2e~ = Co —-0277
Ag(CN)7 + e~ = Ag+ 2CN~ -0.31
Cd?* + 2e” = Cd —~0.403
Cr* + ¢ = Cr?* -0.41
Fe?* + 2e~ = Fe —-0.440
2C0, + 2H* + 2¢” = H,C,0. —-0.49
H,PO, + 2H* + 2¢~ = HPH,0, + H,0 -0.50
U*t + e : = U —0.61
Zn** +2e” = Zn - =0763
Cr2* + 2e- : = Cr ' —091
Mn?* + 2e” ="Mn ) ~1.18
Zrtt + de” = Zr T ~1.53
Ti3* + 3e” =Ti . —~1.63
AIP* + 3e” = Al —1.66
Th** + de” = Th —~1.50
Mgt + 2e” = Mg -2.37
La’* + 3e” = La ~2.52
Na* + e~ = Na ~2714
Ca?* + 2¢” = Ca ~287
Se* 4 2e” = Sr -289
K™ +e =K —2925

Li* + e = Li —3.045




