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HOLYDAYPACKAGE
CHEMISTRYS6MCB1,2
GSSTPHILIPPENERI

UNIT12.ELECTROCHEMICALCELLS&APPLICATIONS

PART1.

1. Usethedatabelow,whereappropriate,toanswerthequestionswhichfollow.

Standardelectrodepotentials E /V

2H+(aq)+2e– H2(g) 0.00

Br2(aq)+2e– 2Br–(aq) +1.09

(aq)+12H+(aq)+10e– Br2(aq)+6H2O(l) +1.52

Eachoftheabovecanbereversedundersuitableconditions.

(a) Statethehydrogenionconcentrationandthehydrogengaspressurewhen,at298K,thepotentialof
thehydrogenelectrodeis0.00V.

(b) Theelectrodepotentialofahydrogenelectrodechangeswhenthehydrogenionconcentrationis
reduced.Explain,usingLeChatelier’sprinciple,whythischangeoccursandstatehowtheelectrode
potentialofthehydrogenelectrodechanges.

(c) AdiagramofacellusingplatinumelectrodesXandYisshownbelow.
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(i) Usethedataabovetocalculatethee.m.f.oftheabovecellunderstandardconditions.

(ii) Writeahalf-equationforthereactionoccurringatelectrodeXandanoverallequationforthe
cellreactionwhichoccurswhenelectrodesXandYareconnected.

2. Usethedatagivenbelow,whereappropriate,toanswerthequestionswhichfollow.

Standardelectrodepotentialsinacidsolution E /V

Mg2+(aq)+2e–Mg(s) –2.37

Zn2+(aq)+2e–Zn(s) –0.76

Sn4+(aq)+2e–Sn2+(aq) +0.15

VO2+(aq)+2H+(aq)+e– V3+(aq)+H2O(l) +0.34

(aq)+2H+(aq)+e–VO2+(aq)+H2O(l) +1.02

Ce4+(aq)+e–Ce3+(aq) +1.70
(a) Givethecomponentsofthestandardreferenceelectrodeusedindeterminingthestandardelectrode

potentialsabove.Statetheconditionsunderwhichthisstandardreferenceelectrodehasapotential
of0.00V.

(b) Adiagramofacellisshownbelow.

(i) Calculatetheoverallstandardpotentialofthiscell.

(ii) Statethepolarityofthezincelectrode.

(c) Adiagramofacellisshownbelow.
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(i) Calculatetheoverallstandardpotentialofthecell.
(ii) Deducethedirectionofelectronflowintheexternalcircuitwhentheinertelectrodesare

connectedtogether.
(d)Usingdatafromthetableonpage6,deriveanequationfortheoverallredoxprocess whichoccurs

whenasolutioncontainingCe4+,(aq)isaddedtoasolutioncontaining

V3+(aq).

(e) Which,ifany,ofthefourvanadium-containingspecies,V2+(aq),V3+(aq),VO2+(aq)andVO2+(aq),

willconvertSn2+(aq)intoSn4+(aq)inacidsolution?

3. Whereappropriate,usethestandardelectrodepotentialdatainthetablebelowtoanswerthequestions
whichfollow.

Eο/V

Zn2+(aq) + 2e– → Zn(s) –0.76

V3+(aq) + e– → V2+(aq) –0.26

+2H+(aq) + 2e- → + H2O(l) +0.17

VO2+(aq)+2H+(aq) + e– → V3+(aq) + H2O(l) +0.34

Fe3+(aq) + e– → Fe2+(aq) +0.77

+2H+(aq) + e– → VO2+(aq) + H2O(l) +1.00

Cl2(aq) + 2e– → 2Cl–(aq) +1.36

(a) Fromthetableaboveselectthespecieswhichisthemostpowerfulreducingagent.
(b) Fromthetableaboveselect

(i) aspecieswhich,inacidicsolution,willreduce toVO2+(aq)butwillnotreduce

VO2+(aq)toV3+(aq),

(ii) aspecieswhich,inacidicsolution,willoxidiseVO2+(aq)to .

(c)Thecellrepresentedbelowwassetupunderstandardconditions.
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Pt|Fe2+(aq),Fe3+(aq)||Tl3+(aq),Tl+(aq)|Pt Celle.m.f.=+0.48V
(i) Deducethestandardelectrodepotentialforthefollowinghalf-reaction

Tl3+(aq)+2e–→Tl+(aq)
(ii) Writeanequationforthespontaneouscellreaction.

4. Thestandardelectrodepotentialsforsomeredoxsystemsinvolvingvanadiumareshownbelow.
ThesearelabelledA,B,CandD.

Eο/V

A VO2
++2H++e– VO2++H2O +1.00

B V3++e– V
2+

–0.26

C V2++2e– V –1.20

D VO2++2H++e– V
3+
+H2O +0.34

(a) WhichofthevanadiumspeciesshowninA,B,CandDisthemostpowerfuloxidisingagent?

(b) Astudentwishestosetupacellwithastandardcellpotentialof0.60V.

(i) Whichtwooftheredoxsystems,A,B,CorD,shouldhechoose?

(ii) Completethelabellingofthefollowingdiagramwhichshowsthecellwithastandardcell
potentialof0.60V.

(iii)Theemfofthiscellisonly0.60Vunderstandardconditions.Whatdoyouunderstandbythe
expressionstandardconditions?
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PART2.

1.(a)Definethetermoxidisingagentintermsofelectrons.
2. Usethedatainthetablebelow,whereappropriate,toanswerthequestionswhichfollow.

Standardelectrodepotentials Eο/V

Fe3+(aq)+e–  F22+(aq) +0.77

Cl2(g)+2e
–  2Cl–(aq) +1.36

+12H+(aq)+10e–  Br2(aq)+6H2O(l) +1.52

O3(g)+2H
+(aq)+2e–  O2(g)+H2O(l) +2.08

F2O(g)+2H
+(aq)+4e–  2F–(aq)+H2O(l) +2.15

Eachoftheabovecanbereversedundersuitableconditions.
(a) (i) Identifythemostpowerfulreducingagentinthetable.

(ii) Identifythemostpowerfuloxidisingagentinthetable.

(iii)IdentifyallthespeciesinthetablewhichcanbeoxidisedinacidicsolutionbyBrO (aq).

(b) Thecellrepresentedbelowwassetup.

Pt|Fe2+(aq),Fe3+(aq)||BrO (aq),Br2(aq)|Pt

(i) Deducethee.m.f.ofthiscell.
(ii) Writeahalf-equationforthereactionoccurringatthenegativeelectrodewhencurrentistaken

fromthiscell.

(iii) DeducewhatchangeintheconcentrationofFe3+(aq)wouldcauseanincreaseinthee.m.f.of
thecell.Explainyouranswer.

3. Usethedatabelow,whereappropriate,toanswerthefollowingquestions.

Standardelectrodepotentials

S2O (aq)+2e–  (aq) +2.01

(aq)+8H+(aq)+5e–  Mn2+(aq)+4H2O(l) +1.51

Cl2(aq)+2e–  2Cl–(aq) +1.36

(aq)+14H+(aq)+6e–  2Cr3+(aq)+7H2O(l) +1.33

(aq)+3H+(aq)+2e–  HNO2(aq)+H2O(l) +0.94

Fe3+(aq)+ e–  Fe2+(aq) +0.77
(a) Fromthetableabove,selectthespecieswhichisthemostpowerfulreducingagent.
(b) Deducetheoxidationstateof

(i) chromiumin

(ii) nitrogeninHNO2

(c) (i) Calculatethee.m.f.ofthecellrepresentedby

Pt|Mn2+(aq),MnO (aq)|| (aq), (aq)|Pt

(ii) Deduceanequationforthereactionwhichoccurswhenanexcessof (aq)isaddedtoan

aqueoussolutionofMn2+(aq)ions.
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4. Usethestandardelectrodepotentialdatagiveninthetablebelow,whereappropriate,toanswer
the questionswhichfollow.

Eachoftheabovecanbereversedundersuitableconditions.
(a) Thecellrepresentedbelowwassetupunderstandardconditions.

Pt|H2SO3(aq),SO (aq),||Fe3+(aq),Fe2+(aq)|Pt

(i) Calculatethee.m.f.ofthiscell.
(ii) Writeahalf-equationfortheoxidationprocessoccurringatthenegativeelectrode ofthiscell.

(b) Thecellrepresentedbelowwassetupunderstandardconditions.

Pt|H2O2(aq),O2(g)||IO (aq),I2(aq)|Pt

(i) Writeanequationforthespontaneouscellreaction.
(ii) Giveonereasonwhythee.m.f.ofthiscellchangeswhentheelectrodesareconnected anda

currentflows.
(iii) Statehow,ifatall,thee.m.f.ofthisstandardcellwillchangeifthesurfaceareaof each

platinumelectrodeisdoubled.

(iv) Statehow,ifatall,thee.m.f.ofthiscellwillchangeiftheconcentrationofIO ions is

increased.Explainyouranswer.

(c) Anexcessofacidifiedpotassiummanganate(VII)wasaddedtoasolutioncontainingV2+(aq)ions.
Usethedatagiveninthetabletodeterminethevanadiumspeciespresentin thesolutionattheendof
thisreaction.Statetheoxidationstateofvanadiuminthisspecies andwriteahalf-equationforits

formationfromV2+(aq).

5. Usethetableofstandardelectrodepotentialsgivenbelowtoanswerthefollowingquestions.

E /V

Cl2(g)+2e
–2Cl–(aq) +1.36

Br2(l)+2e
–2Br–(aq) +1.07

(aq)+3H+(aq)+2e–HNO2(aq)+H2O(1) +0.94

Fe3+(aq)+e–Fe2+(aq) +0.77

I2(aq)+2e
–2I–(aq) +0.54

VO2+(aq)+2H+(aq)+e–V3+(aq)+H2O(1) +0.34

V3+(aq)+e–V2+(aq) –0.26

Fe2+(aq)+2e–Fe(s) –0.44
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(a) Intermsofelectrontransfer,definethetermoxidisingagent.

(b) (i) GivetheconditionsunderwhichtheelectrodepotentialforCl2(g)/2Cl
–(aq)is

+1.36V.
(ii) Giveachangeinoneoftheseconditionswhichwouldresultintheelectrodepotential

becomingmorepositive.Explainyouranswer.
(c) (i) Whichofthereducingagentsinthetableistheweakest?

(ii) IdentifyallthespeciesinthetablewhichcouldconvertI–aq)intoI2(aq)butwhichcouldnot

convertBr–(aq)intoBr2(l).

(iii)Identifythemetalionswhichwouldbeleftinsolutionifanexcessofpowderedironmetal

wasaddedtoanacidifiedsolutioncontainingVO2+(aq)ions.
6. Usethestandardelectrodepotentialdatainthetablebelowtoanswerthequestionswhichfollow.

E /V
_____________________________________________________________

Ce4+(aq)+e– Ce3+(aq) +1.70

MnO–(aq)+8H+(aq)+5e– Mn2+(aq)+4H2O(l) +1.51

Cl2(g)+2e
– 2Cl–(aq) +1.36

VO2
+(aq)+2H+(aq)+e– VO2+(aq)+H2O(l) +1.00

Fe3+(aq)+e– Fe2+(aq) +0.77

SO4
2–(aq)+4H+(aq)+2e– H2SO3(aq)+H2O(l) +0.17

(a) Namethestandardreferenceelectrodeagainstwhichallotherelectrodepotentialsaremeasured.

(b) WhenthestandardelectrodepotentialforFe3+(aq)/Fe2+(aq)ismeasured,aplatinumelectrodeis
required.
(i) Whatisthefunctionoftheplatinumelectrode?

(ii) WhatarethestandardconditionswhichapplytoFe3+(aq)/Fe2+(aq)whenmeasuringthis
potential?

(c) Thecellrepresentedbelowwassetupunderstandardconditions.

Pt|H2SO3(aq),SO4
2–(aq)||MnO4

–(aq),Mn2+(aq)|Pt

Calculatethee.m.f.ofthiscellandwriteanequationforthespontaneouscellreaction.
(d) (i) Whichoneofthespeciesgiveninthetableisthestrongestoxidisingagent?

(ii) WhichofthespeciesinthetablecouldconvertFe2+(aq)intoFe3+(aq)butcouldnotconvert

Mn2+(aq)intoMnO4
–(aq)?

(e) Usedatafromthetableofstandardelectrodepotentialstodeducethecellwhichwouldhavea
standarde.m.f.of0.93V.Representthiscellusingtheconventionshowninpart(c).

7. Largeblocksofmagnesiumareboltedontothehullsofironshipsinanattempttopreventtheironbeing
convertedintoiron(II),oneofthestepsintherustingprocess.
Usethedatabelow,whereappropriate,toanswerthequestionswhichfollow.

E /V

Mg2+(aq)+2e– Mg(s) –2.37

Fe2+(aq)+2e– Fe(s) –0.44

O2(g)+2H2O(l)+4e
– 4OH–(aq) +0.40

(a) Calculatethee.m.f.ofthecellrepresentedbyMg(s)|Mg2+(aq)||Fe2+(aq)|Fe(s)understandard
conditions.Writeahalf-equationforthereactionoccurringatthenegativeelectrodeofthiscellwhen
acurrentisdrawn.

(b) Deducehowthee.m.f.ofthecellMg(s)|Mg2+(aq)||Fe2+(aq)|Fe(s)changeswhentheconcentrationof

Mg2+isdecreased.Explainyouranswer.
(c) Calculateavalueforthee.m.f.ofthecellrepresentedby
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Pt(s)|OH–(aq)|O2(g)||Fe
2+(aq)|Fe(s)anduseittoexplainwhyironcorrodeswhenincontactwith

waterwhichcontainsdissolvedoxygen.

8. Thetablebelowshowssomevaluesforstandardelectrodepotentials.

Electrode Electrodereaction E /V

A Mn2+(aq)+2e– Mn(s) –1.18

B Fe2+(aq)+2e– Fe(s) –0.44

C Ni2+(aq)+2e– Ni(s) –0.25

D Sn2+(aq)+2e– Sn(s) –0.14

E 2H+(g)+2e– H2(g) ?

(a) (i) GivethenameofelectrodeEandindicateitsroleinthedeterminationofstandardelectrode
potentials.

(ii) WhatisthevalueofthestandardelectrodepotentialforelectrodeE?

(b) TheelectrochemicalcellsetupbetweenelectrodesCandDcanberepresentedbythecelldiagram:

(i) Calculatethee.m.f.ofthiscell.
(ii) Statewhichwouldbethepositiveelectrode.
(iii)Writeanequationtoshowtheoverallreactioninthecell.

(c) Usethestandardelectrodepotentialdatagiveninthetableabove:
(i) toexplainwhetherornotyouwouldexpectareactiontooccurifapieceoftinweretobe

addedtoatesttubecontainingaqueousiron(II)sulphate;
(ii) topredictandexplaintwoobservationsyouwouldexpecttomakeifasmallpieceof

manganeseweretobeaddedtoatesttubecontaininghydrochloricacidofconcentration1mol

dm–3.

9. Usethedatabelowtoanswerthequestionsthatfollow

Reactionat298K E /V

Ag+(aq)+e– Ag(s)+ +0.08

AgF(s)+e– Ag(s)+F–(aq) +0.78

AgCl(s)+e– Ag(s)+Cl–(aq) +0.22

AgBr(s)+e– Ag(s)+Br–(aq) +0.07

H+(aq)+e– ½H2(g) 0.00

D+(aq)+e– ½D2(g) –0.004

AgI(s)+e– Ag(s)+I–(aq) –0.15

ThesymbolDdenotesdeuterium,whichisheavyhydrogen, H.

(a) Byconsideringelectrontransfer,statewhatismeantbythetermoxidisingagent.

(b) Statewhichofthetwoions,H+(aq)orD+(aq),isthemorepowerfuloxidisingagent.Writean
equationforthespontaneousreactionwhichoccurswhenamixtureofaqueous

H+ionsandD+ionsareincontactwithamixtureofhydrogenanddeuteriumgas.Deducethee.m.f.
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ofthecellinwhichthisreactionwouldoccurspontaneously.

(c) WriteanequationforthespontaneousreactionwhichoccurswhenaqueousF–ionsandCl–ionsare
incontactwithamixtureofsolidAgFandsolidAgCl.Deducethee.m.f.ofthecellinwhichthis
reactionwouldoccurspontaneously.

(d) Silverdoesnotusuallyreactwithdilutesolutionsofstrongacidstoliberatehydrogen.
(i) Statewhythisisso.
(ii) Suggestahydrogenhalidewhichmightreactwithsilvertoliberatehydrogeninaqueous

solution.Writeanequationforthereactionanddeducethee.m.f.ofthecellinwhichthis
reactionwouldoccurspontaneously

10. (a) Thefollowingreactionoccursinaqueoussolution.

5S2O +Br2+6H2O2BrO +12H++10SO

Identifythereducingagentinthisreactionandwriteahalf-equationforitsaction.
(b) Theelectrodepotentialforthehalf-equation

Co2+(aq)+2eCo(s)
ismeasuredbyreferencetoastandardhydrogenelectrode.

(i) StatethetemperatureatwhichthestandardelectrodepotentialE ismeasured,andgivethe

concentrationofCo2+(aq)thatmustbeused.
(ii) Electrodepotentialsareusuallymeasuredbyreferencetoasecondarystandardelectrode.

Identifyasecondarystandardelectrodeandgiveareasonwhyitisusedratherthanastandard
hydrogenelectrode.

(c) Cobaltinoxidationstates+2and+3formscomplexionswithwater,ammoniaandcyanideligands.
Use,whereappropriate,thedatagivenbelowtoanswerthequestionswhichfollow.

[Co(H2O)6]
3+(aq)+e–  [Co(H2O)6]

2+(aq) E =+1.81V

O2(g)+2H
+(aq)+2e–  H2O(l) E =+1.23V

[Co(NH3)6]
3+(aq)+e–  [Co(NH3)6]

2+(aq) E =+0.10V

2H+(aq)+2e–  H2(g) E =0.00V

[Co(CN)6]
3–(aq)+e–  [Co(CN)6]

4–(aq) E =–0.80V

(i) Whichofthesixcobaltspeciesshownaboveisthemostpowerfuloxidisingagent?
(ii) Identifyacobalt(II)specieswhichcannotbeoxidisedbygaseousoxygen.

(iii)Hydrogenisevolvedwhenasaltcontainingthecobaltspecies[Co(CN)6]
4–(aq)isreactedwith

adiluteacid.Usetheelectrodepotentialsgivenabovetoexplaintheformationofthe
hydrogengas.

11. Thetablebelowshowssomevaluesforstandardelectrodepotentials.Thesedatashouldbeused,where
appropriate,toanswerthequestionsthatfollowconcerningthechemistryofcopperandiron.

Electrodereaction E /V

Fe2+(aq)+2e– Fe(s) –0.44

2H+(aq)+2e– H2(g) 0.00

Cu2+(aq)+2e– Cu(s) +0.34

O2(g)+2H2O(l)+4e
– 4OH–(aq) +0.40

NO (aq)+4H+(aq)+3e– NO(g)+2H2O(l)
+0.96

(a) Writeanequationtoshowthereactionthatoccurswhenironisaddedtoasolutionofacopper(II)
salt.

(b) Asimilaroverallreactiontothatshownin(a)wouldoccurifanelectrochemicalcellwassetup
betweencopperandironelectrodes.
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(i) Writedownthecelldiagramtorepresenttheoverallreactioninthecell.
(ii) Calculatethee.m.f.ofthecell.

(c) (i) Usethestandardelectrodepotentialdatagiventoexplainwhycopperreactswithdilutenitric
acidbuthasnoreactionwithdilutehydrochloricacid.

(ii) Writeanequationforthereactionbetweencopperanddilutenitricacid.
(d) Althoughironisawidelyusedmetal,ithasamajordisadvantageinthatitreadilycorrodesinthe

presenceofoxygenandwater.Thecorrosionisanelectrochemicalprocesswhichoccursonthe
surfaceoftheiron.
(i) Usethestandardelectrodepotentialdatagiventowriteanequationfortheoverallreaction

thatoccursintheelectrochemicalcellsetupbetweeniron,oxygenandwater.
(ii) State,withareason,whethertheironactsastheanodeorcathodeofthecell.
(iii) Predictandexplainwhetherornotyouwouldexpectasimilarcorrosionreactiontooccurwith

copperinthepresenceofoxygenandwater.
12. (a) Namethestandardreferenceelectrodeagainstwhichelectrodepotentialsaremeasuredand,forthis

electrode,statetheconditionstowhichthetermstandardrefers.
(b) Thestandardelectrodepotentialsfortwoelectrodereactionsaregivenbelow.

S2O (aq)+2e–2SO (aq) E =+2.01V

Ag+(aq) +e–Ag(s) E =+0.80V
(i) Acellisproducedwhenthesetwohalf-cellsareconnected.

Deducethecellpotential,E ,forthiscellandwriteanequationforthespontaneousreaction.

(ii) Statehow,ifatall,theelectrodepotentialoftheS2O /SO equilibriumwouldchangeif

theconcentrationofSO ionswasincreased.

Explainyouranswer.

13. Foreachofthereactionslistedbelow
(i) identifywhichspecies,ifany,areactingasoxidisingagents;
(ii) determinetheoxidationstatesbeforeandafterreactionofanyspeciesthatareoxidised;
(iii) writehalf-equations,includingstatesymbols,forallredoxreactionsthatoccur.

2Cu2+(aq)+4I–(aq)2CuI(s)+I2(aq)

5H2O2(aq)+2Mn2+(aq) (aq)+6H+(aq)+2H2O(l)

Cr2O (aq)+H2O(l) (aq)+2H+(aq)

Cl2(aq)+2OH
–(aq)Cl–(aq)+ClO–(aq)+H2O(l)


