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INSTRUCTIONS

Answer question one and any other two.

Useful data are provided.
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General data and fundamental constants

Quantity Symbol Value Power of ten Units
Speed of light c 2.997 925 58* 10 ms~!
Elementary charge € 1.602 176 10719 C
Faraday’s constant F=N,e 9.648 53 10* C mol™
Boltzmann’s constant k 1.380 65 1072 JEK™
Gas constant R=N,k 8.31447 J K~ mol!
8.314 47 102 dm® bar K~! mol™!
8.205 74 10~ dm’ atm K~' mol™
6.236 37 10 dm’® Torr K~! mol!
Planck’s constant h 6.626 08 1057 Is
fi=hi2n 1.054 57 1034 Is
Avogadro’s constant N, 6.022 14 10 mol™’
Atomic mass constant iy, 1.660 54 1077 kg
Mass
electron i, 9.109 38 107! kg
proton m, 1.672 62 10+ kg
neutron m, 1.674 93 107 kg
Vacuum permittivity £o= 1/, 8.854 19 1072 e
4Me, 1.112 65 1071° ' m!
Vacuum permeability Uy 4 107 1s$2C I m (=T2] ' m?)
Magneton
Bohr Hp=¢eh/2m, 9.274 01 1024 JT-!
nuclear My =ehf2m, 5.050 78 1077 7T
gvalue g 2.002 32
Bohr radius ay= 4nehim, e 5.29177 107! m
Fine-structure constant a=pe’c/2h 7.297 35 1073
o 1.370 36 10°
Second radiation constant ¢, =helk 1.438 78 102 m K
Stefan—Boltzmann constant o=2mkY 15k 5.670 51 107 Wm K
Rydberg constant R=me" I8 ce] 1.097 37 10° cm™!
Standard acceleration of free fall g 9.806 65* ms?
Gravitational constant G 6.673 107! Nm* kg™

*Exact value

QUESTION ONE (30 MARKS)

a) Briefly describe the following types of corrosion

(DCrevice corrosion (3 marks)
(IT) Pitting corrosion (3 marks)
b) (1)Outline the advantages and limitations of E-pH diagram. (3 marks)
(11) Predict whether or not Sn will dissolve spontaneously in hydrochloric acid.
Sn +2HCl — SnCly + Hy  Eeey = 0.138V (2 marks)
(ii1) Calculate the tendency for corrosion to occur in the following metal electrolyte systems:
(a) Silver in cupric acid and (1 mark)
(b) Nickel in silver nitrate. (1 mark)
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(iv) Tin is immersed in a solution of CuCl, with activity of Cu?"=0.2. Determine the
concentration of Sn*>* at which the corrosion will stop. (2 marks)
¢) (1) What is the selectivity coefficient? Discuss its significance and how you would determine its
value. (2 marks)
(i1) Describe the different types of ion-selective electrodes. Include in your discussion the
construction of the electrodes, differences in membranes, and their usefulness. (3 marks)
(ii1) A potassium ion-selective electrode is used to measure the concentration of potassium ion in
a solution that contains 6.0 x 1073M cesium (activity). From Table 13.3, the electrode responds
equally to either ion (Kxcs = 1). If the potential versus a reference electrode is —18.3mV for a 5.0
x 103 M KClI solution and +20.9 mV in the sample solution, what is the activity of K" in

the sample? Assume Nernstian response. (2 marks)

lalle 13.3

Typical Properties of Some Commercial lon-Selective Electrodes

Concentration
Electrode Range (M) Principal Interferences”

Liquid—liquid ion
exchange electrodes

Ca™* 10°-107° Zn®*(3); Fe™ (0.8); Pb*(0.6); Mg (0.1); Na*(0.003)

cl- 1071-107? I~ (17); NO;~(4); Br™(2); HCO;~(0.2); SO,2~, F~(0.1)

Divalent cation 10°-107% Fe’*, Zn?* (3.5); Cu™(3.1); Ni*(1.3); Ca*, Mg™* (1); Ba’*(0.94);
S (0.54); Na® (0.015)

BF,~ 107'-107? NO;~(0.1); Br=(0.04); OAc™, HCO,~(0.004); CI(0.001)

NO;~ 107'-1073 CIO, ™ (1000); I7(20); Br™(0.1); NO, ™ (0.04): CI1™ (0.004):
€047 (0.0002); F~(0.00006); SO,>(0.00003)

Clo,~ 107'-107° I-(0.01); NO;~, OH™ (0.0015); Br™(0.0006); F~, CI~(0.0002)

Kt 10°-1073 Cst(1): NH,T(0.03): HF(0.01); Na*(0.002); Ag*, Lit(0.001)

Solid-state electrodes”
F- 10° - 107° Maximum OH™ < 0.1 F~
Ag*or % 10°-1077 Hg*™ <107'M

d) (1) The sulfide content in a pulp plant effluent is determined with a sulfide ion-selective
electrode using the method of standard additions for calibration. A 10.0-mL sample is diluted to
25.0 mL with water and gives a potential reading of —216.4 mV. A similar 10.0-mL sample plus
1.00 mL of 0.030 M sulfide standard diluted to 25.0 mL gives a reading of —224.0 mV. Calculate

the concentration of sulfide in the sample. (3 marks)

Page 3 of 12



CHIN 428

(i1) The limiting current of lead in an unknown solution is 5.60 pA. One milliliter of a 1.00 x
1073 M lead solution is added to 10.0 mL of the unknown solution and the limiting current of the

lead is increased to 12.2 pA. What is the concentration of lead in the unknown solution?

(2 marks)
e) Distinguish between
(1) Faradaic impedance and double-layer capacitance, (1 mark)
(i1) A limiting current and a diffusion current, (1 mark)
(ii1) Laminar flow and turbulent flow (1 mark)

QUESTION TWO (20 MARKS)
a)(i)

Determine the corrosion potential, the corrosion rate, and the protective current of zinc in
I N hydrochloric acid. Assume that the entire zinc surface acts as a cathode, Tafel slopes are
b,= 0.1 V/decade and b.= — 0.1 V/decade, and the exchange current densities for zinc
. . . . . _5 _8 2 .
dissolution and for hydrogen evolution on zinc are 10 " and 10~ A/cm”, respectively.
Additional information:

¢° = —0.762Vvs. SHE ¢°_  =0.00Vvs.SHE

Zn2¥ Zn H™ Hy

i, =10 5;’-\;’{1'1112 "{1113 =10 SA;’fcmz

(3 marks)
(i1)Explain how galvanic corrosion can be minimized. (3 marks)
b)(i)Discuss amperometric sensors with reference to oxygen sensor. (3 marks)
(i1)Outline the advantages and limitations of electrochemical sensors. (4 marks)

(ii1) . Iron(III) is polarographically reduced to iron(II) at potentials more negative than about +0.4
V versus SCE and is further reduced to iron(0) at —1.5 V versus SCE. Iron(II) is also reduced to
the metal at —1.5 V. A polarogram is run (using a DME) on a solution containing Fe** and/or Fe**
.A current is recorded at zero applied volts, and its magnitude is 12.5 pA. A wave is also
recorded with E12 equal to —1.5 V versus SCE, and its height is 30.0 pA. Identify the iron

species in solution (3+ and/or 2+) and calculate the relative concentration of each. (2 marks)
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¢) A solution containing Cd>" was analyzed voltammetrically using the standard addition method.
Twenty-five milliliters of the deaerated solution, which was 1M in HNO3, produced a net limiting
current of 1.78 pA at a rotating mercury film working electrode at a potential of

-0.85 V (versus SCE). Following addition of 5.00 mL of a 2.25 x 10-3 M standard Cd** solution,

the resulting solution produced a current of 4.48 pA. Calculate the concentration of Cd*" in the

sample. (2 marks)
d) (i) What arc the advantages of performing voltammetry with microelectrodes? (1.5 marks)
(i1) Is it possible for an electrode to be too small'? Explain your answer. (1.5 marks)

QUESTION THREE (20 MARKS)
a) Describe and explain the shape of the voltammogram given below

(i)
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FIGURE 25-25 Cychic wailammagram of tha insecticide
parathion in 0.5 M pH 5 sodium acetate buffer in 50% eth-
anal. Hanging mancury drop alectrode, Scan rate: 200 m
W, (From W R Hemerman and P T, Kissmgers, Amer. Lab.,
1982 no. 11, 34, Copyright 1982 by Internaticnal
Scsankilic Communicaticns, Bnc.)

(2 marks)

b) The working curve for the determination of dopamine at a nanoneedle electrode

hy l:||Elrrl.1='ll-1 -pulse waliammetry [Figure 13- ]EH-?H o ruse Lzl Trom Wb [l -
krwing Lablo of data.
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(1)Use the least-squares analysis of the data to determine the slope, intercept, and regression
statistics, including the standard deviation about regression. (3 marks)
(i1) Use your results to find the concentration of dopamine in a sample solution that produced a
peak current of 3.62 nA. This value is the average of duplicate experiments. (1 mark)

(ii1) Calculate the standard deviation of the unknown concentration and its 95% confidence

interval assuming that each of the data in the table was obtained in a single experiment.(2 marks)

Current, mi

0.4 - 2 LLLT [
Eopgtr ¥ v AglagCl

FIGURE &5-38 Detection of dopamime al a multiwall carbon nanotubebased nencneadla
clectrode. Differential-pulse voltarmemograms of dopamineg at the nanonesdio alectrode
varows concantrations from 100 to 1000 ub. Inset i the caibration curve. (From H. Boo

el al, Armal. Ceen, 2006, 78, 617 With permission. Copyright 2006 Americar Chermical
Society.)

c) Account for the following features of cyclic voltammograms:

(1) Why is it expected that peak current is proportional to the square root of scan rate? (2 marks)
(i1) Why is the peak current less in the limit of slow electrode kinetics? (2 marks)
(111) Why does altering the diffusion coefficient of the product (Dg) for a given diffusion

coefficient of the reactant (Da) affect the forward peak potential but not the forward peak

current? (2 marks)

(iv) Why, in practice, does a plot of Iyt vs. c* often not go through the origin? (3 marks)
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QUESTION FOUR (20 MARKS)

a) (1)Briefly discuss electrochemical impedance spectroscopy. (5 marks)
(i)

Suppose that a spherical electrode can be fabricated from a single nano onion,
Car—C o Capi T Creno= Ca v Cavan=Uigas— Cagine shown here, Nano onions

comprise concentric fullerenes of increasmgly larger size as indicated in the Tor-

mula. Assume that the nano onion has been syndhesized with a carbon namnoiube

tail of sufficient size and strength that it can be electrically connected o a1 pm
tungsten needle and that the needle and nanotube tail can be propery insulated

50 that only the surface of the nano onion is exposed,

{a) Given that the radius of the nano onion 15 3,17 mm, find the surface arca in
cm”, meglecting the area of the nanotube attachimont

(b} L the diffusion coeficient of analvte A is 8 > 107" m s, caloulate the con-
centrafion gradicnt and the current for A at a conceniration of 140 mh at
the following times after the application of a voltage at which A s reduced:
Lo 1 Bs, 1 = 10 "5, 1= B0 %s. L = 10 s, L= M0 Fs L= 10 Ys, 1 = 107 s,
1= 107 s, s and 10s

() Find the steady-siate current.

{d) Find the time required for the electrode 1o achieve steady-state current
following the application of the voltage step

() Fepeat these caleulations for a 3-pm spherical platinum clectrode and for a
spherical iridium clectrode with a surface area of O.783 mm™,

(61 Compare the results for the thoee electrodes, and discuss any differences
that vou find.

a)6 marks ,b) 1 mark ,c) 1 mark d) 1 mark e) 1 mark, f) 1 mark
c) Suggest how Equation 25-13 could be used to detcrmine the number of electrons n involved
in a reversible reaction at an electrode. (1 mark)

(10592 :
N s - (25-13)
Eun = L1 " log i - |

c)State and explain the advantages of microelectrodes. (3 marks)
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Table 2.2 Standard Electrode Potentials at 25 °C and Their Isothermal Temperature Coefficients [12]

e’ (V vs. (dE ) % 103 (OL)
Electrode Reaction SHE) dr C

Li"|Li Li'+e =Li —3.045 | —0.534
Rb"|Rb Rb"+e =Rb —2925 | —1.245
Cs' | Cs Cs" +e =Cs —2923 | —1.197
K"K K'+e =K —2925 | —1.080
Ra™ |Ra Ra’" +2¢ =Ra ~2916 | —0.59
Ba’"|Ba Ba’*+2e¢ =DBa ~2.906 | —0.395
Ca™" | Ca Ca” +2¢ =Ca ~2.866 | —0.175
Na" |Na Na'+e =Na —2714 | —0.772
La>" |La La*" +3e =La —2522 | +0.085
Mg Mg Mg™ +2e =Mg ~2363 | +0.103
Be®" | Be Be?t +2e =Be —1.847 | +0.565
APPY|Al APY 43¢ = Al —1.662 | +0.504
Ti** | Ti Ti** +2e =Ti —1.628 |-

zg‘” | Zr z;‘” t4e =Zr —1.529 |-
VTV VT 42e =V —1.186 |-
Mn”" | Mn Mn** +2¢ =Mn —1.180 | —0.08
Zn** |Zn Zn*t +2e =Zn —0.762 +0.09
Crt|Cr Crt+3e =Cr —0.744 | +0.468
SbO, |Sb SbO, +2H,O + 3¢ =Sh+40OH —0.670 | -

G2113+ |Ga Ga™* 3¢ =Ga —0.529 | +0.67
SIS S+2e =87 —0510 |-

Fe?" | Fe Fe? 4+ 2¢ —Fe —0.440 | +0.052
Crt,Crt P |Gt e =Cr —0.408 |-

Cd* |Cd Cd*" +2¢ =Cd —0.402 | —0.093
T, T2 | Pe | T +e =Ti%° —0.369 |-

T | Tl T +e =TI —0.336 | —1.327
Co> | Co Co>"+2¢ =Co —0.277 | +0.06
Ni*" | Ni Ni*"+2e” = Ni —0.250 | +0.06
Mo™* | Mo Mo" +3e” =Mo —0.20 -
Sn”"|Sn Sn*"+2¢ =Sn —0.138 | —0.282
Pb*" | Pb Pb*" +2¢ =Pb —0.126 | —0.451
TiY, 1" | Pe | TiY e =T —0.040 |-

H', H,| Pt H +e =% H, +0.000 | +0.000

(+0.871)"

Sn** ST P | SntT 4 2e =Sn*T +0.015 |-

Cu?", Cu™|Pt | Cu® +e =Cu” +0.153 | +0.073
Cu”"|Cu Cu” 42 =Cu +0.337 | +0.008
Fe(CN)%_, Fe | Fe(CN)2 +e¢ =Fe(CN)e~ +0.360 | -

(CN)g | Pt
OH ", O5|Pt | ¥ O+ H,O+2¢ =20H " +0.401 | —0.440
Cu'|Cu Cu' +e =Cu +0.521 | —0.058
[ |, Pt [+2e =2I" +0.535 | —0.148
MnQy, i MnQOy, +e :MHOE_ +0.564 -
MnOy™ | Pt

Continued
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Table 2.2 Standard Electrode Potentials at 25 “C and Their Isothermal Temperature
Coefficients [12]—cont'd

i dE° SV
e’ (V vs. (dT) x 10 (OC)
Electrode Reaction SHE)
Fe*, Fe*" |Pt | Fe’ +e =Fe*" +0.771 |+ 1.188
Hgs' |Hg Hg3" +2¢” =2Hg +0.788 |-
Ag'|Ag Ag't+e =Ag +0.799 | —1.000
Hg¢*" |Hg Hg®" +2¢~ =Hg +0.854 |-
Hg*" He |Pt |Hg™ +e =Hg" +0.910 |-
pPd**|Pd Pd* +2¢ =Pd +0.987 |-
Br | Br,, Pt Bry+2e” =2Br +1.065 | —0.629
P | Pr P +2e =Pt +1.200 |-
Mn®", H™| MnO, +4H" +2¢ =Mn*" +2H,0 +1.230 | —0.661
MnQ,, Pt
cr’, Cr,O7 + 14H" +6e =2Cr"" + 7H,O +1.330 | —1.263
Cr,OF
H" | Pt
Cl | Cl,, Pt Cl,+2¢ =2C1 +1.359 | —1.260
P>, HY | PbO,+4H " +2¢” =Pb*" +2H,0 +1.455 | —0.238
PbO,, Pt
Au’" | Au Au’" 43¢ =Au +1.498 | -
MnO4, H'| | MnO,; +4H" + 3¢ =MnO,+2H,0 +1.695 | —0.666
MnQO,, Pt
Ce'™, Ce™| Ce' " te =Ce™" +1.610 |-
Pt
SO; , HY| PbO,+SOF +4H" +2¢” =PbSO,+2H,O | +1.682 | +0.326
PbhSO,,
PbOs,, Pb
Au’|Au Au’+e =Au +1.691 -
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