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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.

    i ture o  solutions is prepared, containing no n olu es o
  a ueous a oniu  persul ate, 4)2S2O8(aq),
  a ueous sodiu  t iosul ate, a2S2O3(aq),
  starc  indicator.
    no n olu e o  a ueous potassiu  iodide, I a , is added to t is i ture and a ti er is 

started.
   ter t e reactants are i ed, t e  react slo l  to produce iodine, I2(aq).
   n  iodine initiall  produced is re o ed  a reaction it  t iosul ate ions.

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

2–(aq)

   odine, I2 a , is continuousl  re o ed until all o  t e t iosul ate ions a e een used up.
   ter t at ti e an  I2(aq) that is produced turns the starch indicator blue.
   e ti e o  t e rst appearance o  t e lue colour is recorded.
   is procedure is repeated it  di erent olu es o  reactants, eeping t e total olu e o  t e 

reaction i ture constant  adding t e re uired olu e o  distilled ater.

  ou are to plan a series o  e peri ents to deter ine t e e ect o  c anging t e concentration o  
iodide ions on the rate of reaction.

  ou are pro ided it  t e ollo ing aterials.

  solid a oniu  persul ate, 4)2S2O8(s)
  0.20 mol dm–3 a ueous I, a source of I–(aq)
  0.0050 mol dm–3 a ueous a2S2O3, a source of S2O3

2–(aq)
  starch indicator

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

[Ar alues  , .   , .   , .   , .

ass o  4)2S2O8 s   .............................. g  
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(ii) Describe how, after weighing the mass calculated in (i), ou ould prepare t is standard 
solution or use in our e peri ent.

 i e t e na e and capacit , in c 3, o  an  apparatus used.

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

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

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

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

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

(iii)  plain o  t e use o  starc  solution i pro es t e accurac  o  t e e peri ent.

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

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

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

(b)   student planned e e peri ents to in estigate t e e ect o  iodide concentration, I– , on t e 
rate o  reaction. e ta le s o s t e olu es used in e peri ent 1.

  o plete t e ta le or e peri ents 2 to 5.

e peri ent

olu e o
1.00 mol dm–3

4)2S2O8(aq)
/ cm3

olu e o  
0.20 mol dm–3

I(aq)
/ cm3

olu e o
water

/ cm3

olu e o  
0.0050 mol dm–3

a2S2O3(aq)
/ cm3

olu e o  
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 di erent e peri ent, a student i ed t e ollo ing solutions and easured t e ti e ta en 
for the reaction.

  .  c 3 of 1.00 mol dm–3 4)2S2O8(aq)
  .  c 3 of 0.0050 mol dm–3 a2S2O3(aq)
  .  c 3 of 0.20 mol dm–3 I(aq)
  .  c 3 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)  at s ould t e student a e done to a e sure t at t e results ere relia le

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

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

(iii)  The 5.0 cm3 of 0.0050 mol dm–3 a2S2O3(aq) was measured using a 50 cm3 burette which 
ad graduations e er  .  c 3.

 alculate t e a i u  percentage error in t e easured olu e o  t is solution.

percentage error  ..............................   

(d)   second student tried to per or  t e sa e e peri ent ut ound t at t e reaction i ture 
turned lue i ediatel  a ter I(aq) was added.

  State what error the student had made.

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

  ..............................................................................................................................................  
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(e)  e ollo ing in or ation gi es so e o  t e a ards associated it  t e c e icals used in t e 
procedure.

Ammonium persulfate Solid is oxidising and hazardous to the environment.
ontact it  co usti le aterial a  cause re. t is 

classi ed as health hazard, is harmful if swallowed and is 
irritating to e es, respirator  s ste  and s in.

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 lo  a ard.

Sodium thiosulfate ll solutions are lo  a ard.

  Describe one rele ant precaution, ot er t an e e protection and a la  coat, t at s ould e 
ta en to eep t e ris  associated it  t e c e icals used to a ini u . plain our ans er.

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

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

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

otal  
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2  Dilute sul uric acid, 2SO4 a , can e electrol sed using platinu  electrodes and a direct current.
drogen gas is produced at t e cat ode and o gen gas is produced at t e anode. e t o gases 

are collected separatel  in urettes lled it  dilute sul uric acid placed o er eac  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–

PMTPMT



8

9701/51/O/N/17© UCLES 2017

  e production o  drogen gas o er ti e can e easured, and t e data used to deter ine t e 
c arge o  one ole o  electrons, no n as t e arada  constant, F.

(a)  e olu es o  drogen gas produced during t e electrol sis process are recorded in t e 
table.

  rocess t e results to calculate t e olu e o  drogen gas produced, in c 3, and the charge 
passed, in coulombs, C.

c arge   current  × time (s)

  e current as ept constant at .  .

time / s reading on
burette 1 / cm3

olu e o  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)  lot a grap  on t e grid to s o  t e relations ip et een olu e o  drogen gas produced 
and charge passed.

 Use a cross (×  to plot eac  data point. Dra  t e straig t line o  est t.
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(c)  Do ou t in  t e results o tained in (a) are relia le  plain our ans er.

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

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

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

(d) (i)  e gradient o  t e line o  est t gi es t e olu e o  drogen gas produced per coulo .

 se t e grap  to deter ine t e gradient o  t e line o  est t.

 tate t e co ordinates o  ot  points ou used in our calculation.

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

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

(ii)  alculate t e nu er o  oles o  drogen gas produced per coulo .

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.

 e olar olu e o  gas  .  d 3 at roo  te perature and pressure.

.............................. mol C–1  

(iii)  se our ans er to (ii) and t e al e uation or t e production o  2(g) to calculate a 
nu erical alue or t e arada  constant t e c arge o   ole o  electrons .

+(aq)  +  2e–   2(g)

.............................. C mol–1  
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(e) (i)  e grap  elo  s o s t e relations ip et een olu e o  2(g) produced at the cathode 
and ti e, in a si ilar e peri ent.

 Dra  a line on t e grap  to s o  t e relations ip et een olu e o  2(g) produced at 
t e anode and ti e in t is e peri ent.

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)  uggest  t e olu e o  2 g  easured in t is e peri ent ig t e less than that 
s o n  our dra n line.

 ssu e t at no gas is lost ro  lea s.

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

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

(f)  n t ese e peri ents, t e pressure o  t e gas inside t e urette is assu ed to e at osp eric 
pressure, Patm.

  o e er, t e presence o  ater apour and t e ass o  t e solution in t e urette c ange t e 
pressure of the gas to Pnew.

  e e pression elo  s o s t e relations ip et een Pnew and Patm.

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

(i)  se t e e pression to s etc  a grap  on t e a es elo  to s o  t e relations ip et een 
Pnew and the height of solution in the burette.

height of solution

Pnew
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(ii) State how Pnew c anges t e alue o  t e arada  constant calculated at Patm in (d)(iii).

 plain our ans er.

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

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

(g)   student s teac er suggested it ould e c eaper to use copper rat er t an platinu  electrodes 
in t e electrol sis o  dilute sul uric 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

  sing t e in or ation in t e ta le, suggest at e ect, i  an , t e use o  copper electrodes 
ould a e on t e olu e o  gas produced at each electrode. plain our ans er.

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

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

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

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

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

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