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ELECTROANALynCAL CHEl'-/USTRY 

MAY 2018 FINAL EXAMINATION 

Time Allowed : 	 Three (3) Hours 

Instructions: 

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

2. 	 Answer 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 



2 
Q1!JESTION 1 [25] 

a) i) With the aid of a diagram, use ion exchange theory to explain how a pH glass membrane electrode 
works. [3] 

ii) Write the Nernst expression for an ideal pH glass electrode, and show that unit calibrations in the 
readout are in increments of 5 9m V. 	 [3] 

iii) Explain, using diagrams and equations, how the selectivity coeffiCient and ion exchange principles 
enable fabrication of a pNa electrode. [3] 

b) i) With the aid of a diagram, explain how an SCE electrode is fabricated, and explain the role of each 
component in the electrode. [4] 

ii) Write down its half cell reaction and Nemst expression. [2] 

iii) State the standard electrode potential for the SCE. [2] 

iv) 	Under what conditions will the SCE not work. [2] 

c) 	 In the analysis of fluoride ion in tap water using the LaF3 solid state electrode, TISAB is almost always 
added to both standards and unknown samples. List all the components that make up "TISAB" and 
explain briefly the role of each. (6] 

QUESTION 2 [25] 

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

c) Discuss each of the two (2) main requirements of reference electrodes in potentiometry. [2] 

d) i) With the aid of a diagram, explain how an AgCIIAg electrode is fabricated, and explain the role of 
each component in the electrode. [ 4] 

ii) Write down its half cell reaction and Nernst expression. [2] 

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

iv) Under what experimental conditions will this electrode 110t work? [2] 

e) For the Crz 0/+ I Cr3+ system in acid, calculate the concentration of Crz 0/- at pH=3 if the potential 
measured for a 0.0625M Cr3 

+ solution is 0.562V. vs SCE [6] 

f) The data below were obtained when a Caz+ ion-selective electrode was immersed in a series of standard 
solutions whose ionic strength was constant a 2.0M. 

[Ca2+] eM) E(m~ 

3.4 X 10-5 -74.8 
3.6 X 10-4 -48.4 
3.2 X 10-3 -18.7 
3.0 X 10-2 -10.0 
3.5 X 10-1 +37.7 

What is the reading concentration ofCa 2+ in the sample ifit gave a reading of -22.5mV 	 [6] 



a) 	 In the coulometric titration of , describe the role of Ti4
+ intennediate added at the begilming of the 

analysis. [2] 

b) i) Use diagrams and equations to describe how an amperometric titration ofPb2 
+ can be carried out with 

a one-polarized electrode system using sol- as titrant cPb2+ is electroreducible at potentials more 
negative than -l.OV vs SCE). [3] 

ii) Plot the titration curve expected for an amperometric titration with one polarized electrode for each of 
the following: 

sol- (non-electroreducible at -l.OV vs SCE) with Pb2 
+as titrant. 	 [2] 

Pb2+ titrated with a ligand that is also electro reducible at -l.OV vs SeE. 	 [2] 

c) i) Describe how an· amperometric titration of with Ce4+ can be carried out with two indicator 
electrodes. [2] 

ii) Draw the current-voltage curve for the / system mentioned in c (i) above at the following 
stages of titration. [4] 

f=O; f=0.5; l.0; f 1.5 

iii) Draw the expected titration curve for the system described in c (i) and c (ii) above. [2] 

d) 	 Consider the voltametric titration ofItwith electrochemically generated Br2 according to the reaction 

0+It + Br2 <==> II-' + 2Br", where 

EO = -0.7SV vsSCE 

EO = -1.0SV vs SCE 

i) Draw the current-voltage curves of this titration at the following stages of the titration: [4] 

f= 0; [=0.5; f= 1.0; l.5 

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

iii) Plot the titration curve expected for this system using a two-indicator electrode system. [2] 

[25] 

a) 	 It takes 9.805 minutes to titrate a sample of Na2C03 coulometrically in an electrolytic cell with 
electrogenerated hydrogen ions. Ihe generating current is 191.95 mA in a system incorporating Pt 
electrodes. Assuming that the endpoint occurs when all col- has been converted to calculate 
the weight ofNa2C03 in the sample. [6] 
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b) equations to explain the role of a depolarizer in electrogravimetry. 	 [3] 

c) 	 Use equations to describe the anodic and cathodic reactions taking place during electrodeposition in the 
measurement of copper in an unknown solution. [4] 

d) 	 A solution of 0.200M Cu2 
+ in 1M W, resistance 0.5 Q, is to be electrodeposited to 99.995%completion 

with IA in an open cell (partial pressure of O2 in air 0.2 atm). In the equation Eapp Ecathode + IR + CU 
used to ascertain the potential at which electrodeposition will occur: 

i) Calculate Ecathode. [1] 
ii) Calculate [1] 
iii) Calculate the IR drop. [1 ] 

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

d) 	 i) Outline the steps involved in calibration ofpH glass electrodes. [2] 

ii) List two (2) sources of standards used in the calibration ofpH glass electrodes. [2] 

iii) Scratched membranes make electrodes difficult to calibrate. Explain how scratched membranes are 
regenerated in potentiometry. 	 [2] 

QUESTION 5 [25] 

a) In voltammetry, what do the following acronyms stand for? [3] 

i)HMDE ii) 1\TPP iii) RDE 

b) Describe the term "overpotential" in relation to the polarography technique, and explain why 
overpotential is desirable in this electroanalytical technique. [2J 

c) Dravv? and label tI1e clectrod·~ used in classical polar"ograplry" e~~plall1 hovv it \vorl~s, and use chemical 
equations to explain the shape of the polarogram ofPb2 

+. [4] 

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

g) Use chemical equations to explain the origin of oxygen waves. [3J 

ii) How are oxygen waves eliminated in voltammetry? [1] 

e) i) Use diagrams to explain the origins of "non-faradaic" current in polaragraphy. [2] 

ii) Use a diagram to illustrate the dependence of "non-faradaic" current on time during the lifetime of a 
mercury drop in polaragraphy. [2] 
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iii) Use a diagram to illustrate the dependence of "faradaic" cunent on time during lifetime of a 

mercury drop in polaragraphy. [2] 

iv) Use a diagram to illustrate the effect of concentration on "non-faradiac" current during the lifetime 
of a mercury drop in polarography. [2] 

f) Use equations to explain the processes that dictate the useful range of potentials in polarography. [4] 

QUESTION 6 [25] 

a) 	 For each of the following modem variants of the polarographic technique, draw the shape of the 
voltammogram: 

i) Alternating CUlTent polarography. [1] 
ii) Fast linear sweep polarography. [1] 
iii) Cyclic sweep voltammetry. [1] 

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

i) Tast polarography. [3] 
ii) Normal pulse polarography. [3] 
iii) Differential Pulse Polarography [3] 

c) 	 i) Draw a schematic diagram of the apparatus used in Anodic Stripping Voltametry (ASV). [3] 

ii) Assume that ASV is being calTied out on an environmental· sample containing the toxic element 
cadmium. Use equations to describe the chemical processes taking place at each of the three steps 
involved in theASV of the sample. [4] 

iii) Explain why ASV is considered superior over most analytical techniques in terms of detection limits. 
. [2] 

d) 	 Cyclic voltametry is a very useful analytical tool in thermodynamic studies. Explain how you would 
differentiate between reversible and ilTeversible systems on the basis of the peak cunent and peak 
potentials observed in cyclic voltametry? [4] 



. <:~ 
l' ,:', 

~~ 

2 

3 

6.941 

3 

22.990 

Na 
II 

39.098 

19 

85.468 

n.b 

132.91 

G 

7 

55 
22] 

Fr
87 

9.012 

Dc 
4 

24.305 

12 

40.078 

Ca 
20 

87.62 

38 
137.J3 

Da 
56 

226.03 

88 

thaniuc S 

>I< *Actin icl c Series 

44.956 47.88 
Ti 

21 22 
88.906 91.224 

Y 

138.9 

* Hf 
57 72 

. (227) I) 

** Ac Rf 
89 104 

140.12 

Cc 
58 

232.04 
Th 
90 

50.942 

V 
23 

92.906 

Nb 

1'H 
73 

------

(262) 

Ha 
I 

140.91 

PI' 
59 

231.04 
Pn 
91 

. I r.::, .. ;.·.·.;:·:· '" :".-.:. . 

PERIODIC TAB.LE:OF .ELE~ENTS:. '.' :~. 

GROUPS' 

'. 

,,',.' , .. 

TRANSITION ELEMENTS:.
." ." ",. . 

.. 

51.996 54.938 55:847158.933 
Cr Mn Fe . Co. 
24 25 26 

95.94 98.907 . 10 1.07 

Mo' Te Ru 
42 43 44 

\90.2 

W. I Rc I Os 

14'\.24 (145) 150.36 

Nd Pm Sm 
60 61 62 

238,03 237.05 (244 

U~" Np. Pu 
92 93 94 

I 

.',~ , 

; 

',', . '. . .muss 
,::'Symbo!'" 

... A!oinic No. 

.:~ \ :~ :;,"": 

'65.39. 

.: Z3"'0
n

:';.1' .. :G
J 

'I'~~ .;' 
• "t • ~'," •• ~, 

lo·j':87r·J-~1·· .[14.82' 
, .".. '. • .t·

Cd:' ':IIi :-r 
. 48: .' 49' . 

() indicales;lJw mass number ojtJie'isClfqpe:w/lhthe}oj;gt/i;'!: hcrljJije:..:....' ;.>:.';'.. :-. '.,' '<:~."........:.. '", ..... .: .... ~. .: V 
J 

u' ...i ~ . 
.:: i.... ..':. 

' ... . 
',:~:' . 

. ,,'" 

L'~ 

.. 



,' .. 

- -.," 

ct.u~np( Symbol· V:,diJ€:., .. : Ge:1·,z.r:a! dai::iand .. · 
. ,'. ',.. .. .' ", ...... . ..--.' .'. -'~-- - ~-ft.Jf1da·rri'ent21'· .. 
:.~.~~ ~·pe:e~~((fght-J;~.:-r~,· '. ,". 22s79,2458xio& rri,;. 

. t::l .' . .. . . • .,.----....:. --c-"'~-:-J:EiQTT7T~ :10..:~rc- '7-::'. ---.Co.RStants~· ,~~--,:",-~, .--'-'',.' .:--:~.~~a.~;gt.;~..:.. ~ :. '. "'~~" ..."....'" .' ..::'. '" .. ....::"'.. .. '. 

"F2f2day' F~ eN'..... 9.~ x ltf''c~Qt-1 
.~;:c~r.stim·~:';'· .. ' .. : j 

, " .....: ,.... 
ECit:rri~nn" . ,::': k -. . 
. , ..c;onsi'ant "' 

. ' .. 

..8.314-51 J K7! rndl-::-' ,'-- . :'; ,,',.. ' 
. . ...... '., , . 

,". : ::" .", . 8.2057B :<:;0:"'1 . ' . 
. ;: . 

.'.~. . :: ' '- . '. ,qml'atril 'K-:' inal~1 
. ..' '. 

.: ..'  ~E2:.354·LTarrK-1 mol-l..:·,,' 
:. ...... j 

Pla'rid:: constant- 'rl 6_62608 X l'6:";;"":J S 
. : ... , -.' 

.. n=h/1::: 1.05457 X'1 0-;"<' J s, ' 
.•_' . ':>:1'" '-iA;"~~a'dro' c.022 14 'X 1Q mol 


:cans,'ant . 

-. .' , . 

, Atomic ·rr':as.s' " u 


:'unif . ",: 


~. :". .
;V,;:ss of 
. . el~c-..ron m.:· ~: "9.109:!9 x'1O-:lt kg 

~.' - . 

p·rmon ,·157262'x -io-:-r. kg· 
" ~ . 

, ni;.utrcin· :- '.' '~,- 177:' - . --:::,-.57.a.S3 x ~O-Z7 kg' 

vacuiim " ,I.L;; .. t!:-;: x' 1a-:7·j,i!·C'-:- m-::'· 
p~r;-neabi1ityT 

4:::'x 10-'Tz'r' m:l 

B.RS419 X 10-1
:;' J-' C1 '11.;..t 


. permiu:iv!Ly 

1.1126.5 x 10-'Q J-' c:t ~-l 


Vacuum 

. L:::e" 
I' 

::ohrmagnetcn ~~ = efI/2m. 927G 02 x 10-1 -< J i' 

. Nuc!ear P'N == ef11Zm-;z . 5.0SQ 79 x 1O-rrJ i'. ". 


magne::on 


Elecuon g 

value 


Sahr radius 1!-, = t!:::E.?fl:!lm,! 5.2.51 Tl x 10- 11 m 

Rydberg R_ := m,!!~ISh' c::. 1.Q97 37 x iQ" C,.""'-' 
cons~Qnt: 

Fine struC::::l,lre 
=ri~ant 

G~vit2tional G 
constant 


Standard i. . ___ g _. ________ ._9.BQ6..E5...m s~~. 

2c;:e!·er.ztio n' 

or f,e;::, falIt.t O';:ac:: (COfl.I'.tKl) value,,; 


, 
? n J.l m c d G Prefixes 

f;::r;-;to pic.o nzno mic;-o miIli centi deci 1::110 me<;a giga 

10-' 10--5 .10-2 10-2 10- 1 1~ 106.1Q..~ 

http:9.BQ6..E5


.... ·~·;·~:,";F;(~} +21{<+ 2e/:< 
, '. + ' 

I _~ ... ...". OJ + 2H._* 
. .... S' Ol':" • 2':':'· 

........ c.; 2' £ 'T' e. ;;"-::!':" 

. . !~"...~; Agl+ '+ e.-.·. '. ..~. Ag!;·.. : ,".' " , .. .'- '.' '.' . .: " . \ .,:: ... ~ -':,,"' ." "',". 

. : ..~:H202 +2!i:. \. :,;;; .. ~HJO.·; '. '.';" . .r-7] ': :'" ':: :.: "~ .' 

"~.~{ 0'-:; 4·H.+~3 -.' ",' ..J>.n. 4:'"1: " e =: Mri02 {s)':' 2H,Q·." i •. c : f.70 ""._'.' 
•• ' i .,' /.' 

~:···'~CC(IV) :;:~_\.,': .:: .. C~(~H){i~ 1M.HOG,,·) !.61 .' :.::.: 
. ..... . +\.. ' , 

HsIO G + H, +'2e":' .'. = ',rOj' + 3H:lO·': .. ': ": ' L6 :~ "'"'': , 

.. (~9 ~,. .. ..' ··Bi,D.: (bisrr111thate) +4W + ~. 2Bid+. +.2H'~0 
" ..-: ~' 

': ~., ..... - 1 +- '- ",  :='·.LBr"'..j.: 3H 0 ".; 'L5i :.... :.. .: ' ... BrOJ -:-. 6l:i·. + 5e 1 . 2. 2...\:, 
',', 

.... :s. . ~,','.' . '. ·h;f~OI +8H~+ . ·}.i~2:"" 4H 2 0 "1:5i '.,:,.' 

.,;' ....,. 


";,'t. ·.. ,.Pb9~.+A1{+'':'2e-:''. ," .Pl/:+ 2H1D .:".:. '1.455·' .: " ;... ~ . • ..._.: 

~,..:,.·"CI, +2f'-,. ' = ·:2Ci:;··' .. . ';' .. '" .' '13'('·;
..! ',' 

.... :',- '," 

, ·6 0 2 - -+ .+ 6~-.'. .. :. ~·.2C;l~:+ ?H·~O.·.<'>::~· ..: <'S:3:r ~::~.' ...:, . 2 7. .' . ,... :-,. . ..... " "., , .=' }.'H;2+ +2H 6' ., .. .; 1.23 .Mn,02{sl +4W: + 2e- .. .... ,l., , ... , 

02(g) + 4H+ + 4e "" 2H 20 1.2~9 


roj' +.6H+ + 5e tl; + 3H 20 120 

-= Br2(J) + le- 2Br- 1.065 


KI; + e- + 2CI- 1.06' 


vor + 2H+ + e +~H~O 1.00
VO H 

HNO l + H+ +e NO(g) + H,P 1.00 


NO;- + 3H+· + 2~- := HNO l + H2 O 0.94 


2Hg:l+ + 2e- Hg~+ 0.92 


Cu H + 1- + e CuI(s} 0:86 


Ag+ + e- Ag 0.799 


Hgi+ + 2e- 2Hg 0.79 


F::.H ;1- e- FeU 0.771 


O 2 (9) ,+ 2H+ + 2e- = H 2 0 2 0,682 


2HgCIl + 2e- = H&2CI2('» + 2CI- 0,63 


'Hg2SO ..{s) + 2e 2Hg + 0.615 


Sb~05 + 5H+ +4e 2SbO+ + 3H 2O 0.581 


H)As04 + 2H+ + 2e- .BAsOl + 2H 2O . 0.559 


1;- + 2,- 31 - . 0.545 


Cu+ + e- Cu 0.52 


V0 1+ + 2lj+ + e y3+ + H 2O 0.337 


F:::(CN)~ + e FelCN)~- 0.36 


Cu H + 2e- Cu 0.337 


uot + 4H+ + 2e- u'+ +- 2H:0 0.334 


(cellI irwed) 

http:FelCN)~-0.36
http:2CI-1.06


',,:," .". 

~ '.. 
'::~- ,'·'Cw'.'" .. ;" 

'," . 
"'. ";''';:; -. ,::~: "-. ' '.. ". ~ . 

Hg;a~(s) + 2[ 

Sib" + 2H+ + 3e
. ::., :"" AgO'(s)+ e-. , . 

"SbO+ +<2H"+ + 3e

.". C~O~-:-"~' e- . 

SO~.:, + 4H"'" + 2e
"sri:':'"" +2e~ 

3 + 2H"'" + 2e-' . '." 
. Ti02 ",: +- 2H+ + e

s...Oi.- +- 2e- . " 
AgBr{s) + e

2H+ +2e

'Pbl +"+ 2e

Sn2~" + 2e

A.gI(s) + e

M o3 T +Je

. Nl +"5H'" +4e

Ni 2 ';' + le

"yH + e

Co 2 " + 1£

Ag{CN}; + e:

Cd2 '" + 2e

CrJ
• + e


FeH + 2e

2C02 + 2H+ + 2e


H.P03 +2H+ + 2e

U H + e-

ZnH + 2t!-

Cr""'" + 2e
Mn!+ + 1£-

ZrH + 4e

Ti3T + 3e-:
AIH + 3e"-

ThH + 4e

Mg2 '" + 2e
LaJ '" + 3e
N2.*+e
Ca:!"" + 2e

Sr 2 -<- + 2e

K~ +e
Li+ +e

= 2.Hg + 20';-" .:- . : fi.267 Ii ". 

"= Bi+HP . '. 032 


",=: Ag.+Cli-..:. : . O.22?"?· 
. . .'"~ 

Sb + H~O " " ".: ':. 6~212 " 
, ..... . -.,", :.Cu + ;30~ " . 0.173 

S02{aq) + :lH10 0.17 

'"Snl+ ".... " 
 0.15' 
H 2S(g) .O.1~ 


Til-> +.RlO 0.10 

= 2S~Oi~' . " 0.08 .'". 


- Ag + Br (}.07I 


H2 · 0.0000· . 


PQ -0..ri6 " 

Sn .,...0.136 


. Ag+ r':' -0.152 

=.Mo· appro:c: -0.2 


. = )'l~NNHi" "-0.23 

Ni -0..145 

yH 
 -0..155 

Co -0277 

Ag + 2CN -0.31 

Cd -0.403 


== Cr l '- -0.41 
:= Fe -Q.440 

HlClO.. -0.49 


"" HPHl O2, + H2 0 -Q.50 

U 3 " " -D.Dj 

~ Zn . -0.763 
Cr -0.91 

='Mn -1.18 


Zr -1.53 


11 -L63 

Al 1.66
"" 

10 -L90 

M'" -2.37


'" 
La -2.5~ 


Na, -2.714 


Ca -2.87 


Sr -2.89 


K -2.925 


Li -3.045 


http:2CN�-0.31

