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1 Iodide ions, I–, and persulfate ions, S2O8
2–, react according to the following equation.

2I–(aq)  +  S2O8
2–(aq) I2(aq)  +  2SO4

2–(aq)

  The rate of reaction between these ions can be determined from the time it takes for a certain 
amount of iodine, I2(aq), to be produced.

 Ɣ  $ Pi[ture oI solutions is prepared, containing NnoZn YoluPes oI
 ż aTueous aPPoniuP persulIate, �1+4)2S2O8(aq),
 ż aTueous sodiuP tKiosulIate, 1a2S2O3(aq),
 ż starcK indicator.
 Ɣ  $ NnoZn YoluPe oI aTueous potassiuP iodide, .I�aT�, is added to tKis Pi[ture and a tiPer is 

started.
 Ɣ  $Iter tKe reactants are Pi[ed, tKe\ react sloZl\ to produce iodine, I2(aq).
 Ɣ  $n\ iodine initiall\ produced is rePoYed E\ a reaction ZitK tKiosulIate ions.

I2(aq)  +  2S2O3
2–(aq)   2I–(aq)  +  S4O6

2–(aq)

 Ɣ  ,odine, I2�aT�, is continuousl\ rePoYed until all oI tKe tKiosulIate ions KaYe Eeen used up.
 Ɣ  $Iter tKat tiPe an\ I2(aq) that is produced turns the starch indicator blue.
 Ɣ  7Ke tiPe oI tKe ¿rst appearance oI tKe Elue colour is recorded.
 Ɣ  7Kis procedure is repeated ZitK diIIerent YoluPes oI reactants, Neeping tKe total YoluPe oI tKe 

reaction Pi[ture constant E\ adding tKe reTuired YoluPe oI distilled Zater.

  <ou are to plan a series oI e[periPents to deterPine tKe eIIect oI cKanging tKe concentration oI 
iodide ions on the rate of reaction.

  <ou are proYided ZitK tKe IolloZing Paterials.

  solid aPPoniuP persulIate, �1+4)2S2O8(s)
  0.20 mol dm–3 aTueous .I, a source of I–(aq)
  0.0050 mol dm–3 aTueous 1a2S2O3, a source of S2O3

2–(aq)
  starch indicator

(a) (i) Calculate the mass of �1+4)2S2O8(s) that would be required to prepare 250 cm3 of a 
standard solution of concentration 1.00 mol dm–3.

[Ar Yalues� 1, ��.��  +, �.��  6, ��.��  2, ��.�@

Pass oI �1+4)2S2O8�s�   .............................. g  >�@
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(ii) Describe how, after weighing the mass calculated in (i), \ou Zould prepare tKis standard 
solution Ior use in \our e[periPent.

 *iYe tKe naPe and capacit\, in cP3, oI an\ apparatus used.

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  >�@

(iii)  ([plain KoZ tKe use oI starcK solution iPproYes tKe accurac\ oI tKe e[periPent.

 .............................................................................................................................................

 .............................................................................................................................................

 .......................................................................................................................................  >�@

(b)  $ student planned ¿Ye e[periPents to inYestigate tKe eIIect oI iodide concentration, >I–@, on tKe 
rate oI reaction. 7Ke taEle sKoZs tKe YoluPes used in e[periPent 1.

  &oPplete tKe taEle Ior e[periPents 2 to 5.

e[periPent

YoluPe oI
1.00 mol dm–3

�1+4)2S2O8(aq)
/ cm3

YoluPe oI 
0.20 mol dm–3

.I(aq)
/ cm3

YoluPe oI
water

/ cm3

YoluPe oI 
0.0050 mol dm–3

1a2S2O3(aq)
/ cm3

YoluPe oI 
starch solution

/ cm3

1 25.0 10.0 0.0 5.0 1.0

2 5.0 1.0

3 5.0 1.0

4 5.0 1.0

5 5.0 1.0

>�@
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(c)  ,n a diIIerent e[periPent, a student Pi[ed tKe IolloZing solutions and Peasured tKe tiPe taNen 
for the reaction.

 Ɣ ��.� cP3 of 1.00 mol dm–3 �1+4)2S2O8(aq)
 Ɣ �.� cP3 of 0.0050 mol dm–3 1a2S2O3(aq)
 Ɣ �.� cP3 of 0.20 mol dm–3 .I(aq)
 Ɣ �.� cP3 of starch indicator

(i) The time taken for the blue colour to appear was 134 seconds (to the nearest second).

 Calculate the rate of production of moles of I2, in mol dm–3 s–1.

rate of production of moles of I2 = ............................................................ mol dm–3 s–1  >�@

(ii)  :Kat sKould tKe student KaYe done to PaNe sure tKat tKe results Zere reliaEle"

 .............................................................................................................................................

 .......................................................................................................................................  >�@

(iii)  The 5.0 cm3 of 0.0050 mol dm–3 1a2S2O3(aq) was measured using a 50 cm3 burette which 
Kad graduations eYer\ �.� cP3.

 &alculate tKe Pa[iPuP percentage error in tKe Peasured YoluPe oI tKis solution.

percentage error   .............................. �  >�@

(d)  $ second student tried to perIorP tKe saPe e[periPent Eut Iound tKat tKe reaction Pi[ture 
turned Elue iPPediatel\ aIter .I(aq) was added.

  State what error the student had made.

  ....................................................................................................................................................

  ..............................................................................................................................................  >�@
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(e)  7Ke IolloZing inIorPation giYes soPe oI tKe Ka]ards associated ZitK tKe cKePicals used in tKe 
procedure.

Ammonium persulfate Solid is oxidising and hazardous to the environment.
&ontact ZitK coPEustiEle Paterial Pa\ cause ¿re. ,t is 
classi¿ed as health hazard, is harmful if swallowed and is 
irritating to e\es, respirator\ s\steP and sNin.

Solutions equal to or more concentrated than 0.2 mol dm–3

should be labelled health hazard and hazardous to the 
environment. Solutions equal to or more concentrated than 
0.05 mol dm–3 but less concentrated than 0.2 mol dm–3 should 
be labelled health hazard.

Potassium iodide $ll solutions are loZ Ka]ard.

Sodium thiosulfate $ll solutions are loZ Ka]ard.

  Describe one releYant precaution, otKer tKan e\e protection and a laE coat, tKat sKould Ee 
taNen to Neep tKe risN associated ZitK tKe cKePicals used to a PiniPuP. ([plain \our ansZer.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  >�@

>7otal� ��@
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2  Dilute sulIuric acid, +2SO4�aT�, can Ee electrol\sed using platinuP electrodes and a direct current.
+\drogen gas is produced at tKe catKode and o[\gen gas is produced at tKe anode. 7Ke tZo gases 
are collected separatel\ in Eurettes ¿lled ZitK dilute sulIuric acid placed oYer eacK electrode.

– +

0.0cm3 mark

50.0 cm3 mark

burette 1 burette 2

dilute sulfuric acid

platinum electrode

reaction at electrode in burette 1� �++(aq)  +  2e–   +2(g)
reaction at electrode in burette 2� +2O(l) 1

2O2�g�  �  �++(aq)  +  2e–
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  7Ke production oI K\drogen gas oYer tiPe can Ee Peasured, and tKe data used to deterPine tKe 
cKarge oI one Pole oI electrons, NnoZn as tKe )arada\ constant, F.

(a)  7Ke YoluPes oI K\drogen gas produced during tKe electrol\sis process are recorded in tKe 
table.

  3rocess tKe results to calculate tKe YoluPe oI K\drogen gas produced, in cP3, and the charge 
passed, in coulombs, C.

cKarge �&�   current �$� × time (s)

  7Ke current Zas Nept constant at �.�� $.

time / s reading on
burette 1 / cm3

YoluPe oI K\drogen 
gas produced / cm3

charge passed
/ C

0 46.20 0.00

50 41.20

100 36.20

150 31.45

200 25.80

250 20.80

300 16.40

350 11.45

400 6.80

450 1.50

>�@
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(b)  3lot a grapK on tKe grid to sKoZ tKe relationsKip EetZeen YoluPe oI K\drogen gas produced 
and charge passed.

 Use a cross (×� to plot eacK data point. DraZ tKe straigKt line oI Eest ¿t.
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(c)  Do \ou tKinN tKe results oEtained in (a) are reliaEle" ([plain \our ansZer.

  ....................................................................................................................................................

  ....................................................................................................................................................

  ..............................................................................................................................................  >�@

(d) (i)  7Ke gradient oI tKe line oI Eest ¿t giYes tKe YoluPe oI K\drogen gas produced per couloPE.

 8se tKe grapK to deterPine tKe gradient oI tKe line oI Eest ¿t.

 6tate tKe co�ordinates oI EotK points \ou used in \our calculation.

co-ordinates 1 ..............................................  co-ordinates 2  .............................................

gradient = .............................. cm3 C–1

>�@

(ii)  &alculate tKe nuPEer oI Poles oI K\drogen gas produced per couloPE.

If you were unable to obtain an answer for (d)(i), you may use the value 0.148 cm3 C–1, but 
this is not the correct answer.

 >7Ke Polar YoluPe oI gas   ��.� dP3 at rooP tePperature and pressure.@

.............................. mol C–1  >�@

(iii)  8se \our ansZer to (ii) and tKe KalI�eTuation Ior tKe production oI +2(g) to calculate a 
nuPerical Yalue Ior tKe )arada\ constant �tKe cKarge oI � Pole oI electrons�.

�++(aq)  +  2e–   +2(g)

.............................. C mol–1  >�@
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(e) (i)  7Ke grapK EeloZ sKoZs tKe relationsKip EetZeen YoluPe oI +2(g) produced at the cathode 
and tiPe, in a siPilar e[periPent.

 DraZ a line on tKe grapK to sKoZ tKe relationsKip EetZeen YoluPe oI 22(g) produced at 
tKe anode and tiPe in tKis e[periPent.

20.0

16.0

12.0

8.0

4.0

0.0
0 50 100 150

time / s

volume of
gas produced
/ cm3

200 250 300

H2(g)

>�@

(ii)  6uggest ZK\ tKe YoluPe oI 22�g� Peasured in tKis e[periPent PigKt Ee less than that 
sKoZn E\ \our draZn line.

 $ssuPe tKat no gas is lost IroP leaNs.

 .............................................................................................................................................

 .......................................................................................................................................  >�@ 

(f)  ,n tKese e[periPents, tKe pressure oI tKe gas inside tKe Eurette is assuPed to Ee atPospKeric 
pressure, Patm.

  +oZeYer, tKe presence oI Zater Yapour and tKe Pass oI tKe solution in tKe Eurette cKange tKe 
pressure of the gas to Pnew.

  7Ke e[pression EeloZ sKoZs tKe relationsKip EetZeen Pnew and Patm.

Pnew = Patm  –  2.81  –  (9.81 × height of solution in burette)

(i)  8se tKe e[pression to sNetcK a grapK on tKe a[es EeloZ to sKoZ tKe relationsKip EetZeen 
Pnew and the height of solution in the burette.

height of solution

Pnew

>�@

PMTPMT



12

9701/51/O/N/17© UCLES 2017

Permission to reproduce items where third-party owned material protected by copyright is included has been sought and cleared where possible. Every reasonable 
effort has been made by the publisher (UCLES) to trace copyright holders, but if any items requiring clearance have unwittingly been included, the publisher will 
be pleased to make amends at the earliest possible opportunity.

To avoid the issue of disclosure of answer-related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge International 
Examinations Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download at www.cie.org.uk after 
the live examination series.

Cambridge International Examinations is part of the Cambridge Assessment Group. Cambridge Assessment is the brand name of University of Cambridge Local 
Examinations Syndicate (UCLES), which is itself a department of the University of Cambridge.

(ii) State how Pnew cKanges tKe Yalue oI tKe )arada\ constant calculated at Patm in (d)(iii).

 ([plain \our ansZer.

 .............................................................................................................................................

 .......................................................................................................................................  >�@

(g)  $ student¶s teacKer suggested it Zould Ee cKeaper to use copper ratKer tKan platinuP electrodes 
in tKe electrol\sis oI dilute sulIuric acid.

half-equation E o / V

�++(aq)  +  2e–   +2(g) 0.00

Cu2+(aq)  +  2e–   Cu(s) +0.34
1
2O2�g�  �  �++(aq)  +  2e–   +2O(l) +1.23

  8sing tKe inIorPation in tKe taEle, suggest ZKat eIIect, iI an\, tKe use oI copper electrodes 
Zould KaYe on tKe YoluPe oI gas produced at each electrode. ([plain \our ansZer.

 cathode  ......................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................

 anode  .........................................................................................................................................

  ....................................................................................................................................................

  ....................................................................................................................................................
>�@

>7otal� ��@
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