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1 Sodium thiosulfate reacts with acid to produce a pale yellow precipitate of sulfur.

S2O3 (aq)  +  2H+(aq)   S(s)  +  SO2(aq)  +  H2O(l)

  You will investigate how the rate of this reaction varies with the concentration of thiosulfate ions.
  o do this ou ill easure the ti e ta en or a fi ed a ount o  sul ur to e or ed.

FB 1 is 0.10 mol dm–3 sodium thiosulfate, Na2S2O3.
FB 2 is 1.00 mol dm–3 hydrochloric acid, HCl.

(a) Method

  ead through the instructions and prepare a ta le on page  or our results e ore starting 
any practical work. You will need to include volume of FB 1, volume of water, reaction time and 
rate o  reaction or each o  the fi e e peri ents.

  Experiment 1

   se the larger easuring c linder to trans er  c 3 of FB 1 into the 100 cm3 ea er.
   se the s aller easuring c linder to easure  c 3 of FB 2.
   our the FB 2 into the FB 1 in the ea er and start ti ing immediately.
   tir the i ture in the ea er once and place the ea er on top o  the printed insert 

provided.
   oo  do n through the solution in the ea er at the print on the insert.
   top ti ing as soon as the precipitate o  sul ur a es the print on the insert just in isi le.
   ecord the reaction ti e to the nearest second.
   pt , rinse and dr  the ea er so it is read  or use in Experiment 2.
   inse the sin  ith tap ater to ash a a  the products o  the reaction.

Experiment 2

   se the larger easuring c linder to trans er  c 3 of FB 1 into the 100 cm3 ea er.
   se the sa e easuring c linder to add  c 3 o  distilled ater to the ea er.
   se the s aller easuring c linder to add  c 3 of FB 2 to the i ture in the ea er and 

start timing immediately.
   tir the i ture in the ea er once and place the ea er on top o  the printed insert 

provided.
   oo  do n through the solution in the ea er at the print on the insert.
   top ti ing as soon as the precipitate o  sul ur a es the print on the insert just in isi le.
   ecord the reaction ti e to the nearest second.
   pt , rinse and dr  the ea er so it is read  or use in Experiment 3.
   inse the sin  ith tap ater to ash a a  the products o  the reaction.
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Experiment 3

  Repeat Experiment 2 using 20 cm3 of FB 1, 20 cm3 o  distilled ater and  c 3 of FB 2.

 Experiments 4 and 5

  Choose suita le olu es that ill ena le ou to in estigate urther the e ect o  changing the 
concentration of thiosulfate ions on the rate of the reaction. You should not use a volume of less 
than 10 cm3 of FB 1.

Results

  he rate o  the reaction can e calculated as sho n.

rate =
1000

reaction time

  Calculate the rate o  reaction or each e peri ent and co plete the ta le.

[10]
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(b) On the grid plot a graph of rate of reaction (y a is  against olu e o  FB 1 (x a is .
  Circle an  points that ou consider ano alous and dra  a line o  est fit to sho  ho  the rate 

of the reaction depends on the volume of FB 1.

[3]

(c) Use your graph to calculate the time that the reaction would have taken if 8 cm3 of FB 1 had 
een used. ho  on the grid ho  ou o tained our ans er.

time = .............................. s  [2]
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(d) (i)  A student ro e the  c 3 ea er hen carr ing out the e peri ent and decided to use 
a petri dish instead. This has a different shape.

beaker petri dish

 tate and e plain hat e ect this ould ha e on the student s results.

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

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

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

(ii)  Another student suggested that the e peri ent could e i pro ed  using a less 
concentrated solution of sodium thiosulfate.

 plain hether this suggestion ould i pro e the accurac  o  the results.

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

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

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

(e)  Calculate the a i u  percentage error in the reaction ti e or Experiment 1. Show how you 
o tained our ans er.

a i u  percentage error  .............................   

(f)  sing a si ilar ethod to (a), e plain ho  ou ould in estigate ho  the rate o  the reaction 
varies with changes in the concentration of hydrochloric acid.

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

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

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

  ..............................................................................................................................................  [3]
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(g)  An e peri ent to in estigate the e ect o  changing the concentration o  h drochloric acid ga e 
results that could e plotted to produce a graph.

  n the a es, s etch the graph that ould sho  that:

(i) the rate of reaction was directly proportional to the concentration of acid,

rate of
reaction

concentration of acid

(ii) the rate of reaction did not depend on the concentration of acid.

rate of
reaction

concentration of acid

[2]

otal: 
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2 Qualitative Analysis

  At each stage o  an  test ou are to record details o  the ollo ing:

● colour changes seen;
● the formation of any precipitate;
●  the solu ilit  o  such precipitates in an e cess o  the reagent added.

  Where reagents are selected for use in a test, the name or correct formula of the element or 
co pound ust e gi en.

  here gases are released the  should e identified  a test, described in the appropriate place 
in your observations.

  You should indicate clearly at what stage in a test a change occurs.
No additional tests for ions present should be attempted.

If any solution is warmed, a boiling tube MUST be used.
  inse and reuse test tu es and oiling tu es here possi le.

(a)  FB 3, FB 4, FB 5 and FB 6 are aqueous solutions each containing one cation and one anion.

(i)  Carr  out the ollo ing tests  adding, to a  c  depth o  each solution in a test tu e, a 
 c  depth o  the other solution. ecord our o ser ations in the ta le.

test
observations

FB 4 FB 5 FB 6

FB 3

FB 4

FB 5

PMTPMT
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(ii) FB 3 and FB 4 oth contain the sa e anion.

 se our o ser ations ro  (i) to suggest the identity of this anion.

anion: .....................................

(iii)  uggest and carr  out a test to confir  the identit  o  the anion ou identified in (ii). You 
should include the test and your result.

 test  ......................................................................................................................................

result  ...................................................................................................................................

(iv) FB 5 contains one cation from those listed in the Qualitative Analysis Notes.

 se our o ser ations in (i) to suggest two cations that could e present in FB 5.

cations present ..................................................... or  .........................................................

(v) Suggest and carry out a test to identify which of the cations you suggested in (iv) is 
present in FB 5.

test  ......................................................................................................................................

result  ...................................................................................................................................

cation present in FB 5  ........................................................................................................
[9]
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(b) FB 7, FB 8 and FB 9 are aqueous solutions.

(i)  Carr  out the ollo ing tests and record our o ser ations.

test
observations

FB 7 FB 8 FB 9
To a 1 cm depth of 
solution in a test tu e 
add a 1 cm depth of 
aqueous potassium 
iodide, then

add aqueous starch.

To a 1 cm depth of 
solution in a test tu e 
add a 1 cm depth of 
aqueous iodine.

To a 1 cm depth of 
solution in a test tu e 
add a few drops of 
a ueous ariu  nitrate 
or a ueous ariu  
chloride.

(ii)  ro  our o ser ations in (i) suggest two anions from those listed in the Qualitative 
Anal sis otes that could e present in FB 9.

anions present ..................................................... or  ..........................................................

(iii)  Suggest and carry out a test to identify which of the anions you suggested in (ii) is present 
in FB 9.

test  ......................................................................................................................................

result  ...................................................................................................................................

anion present in FB 9  .........................................................................................................
[6]

otal: 
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Qualitative Analysis Notes

1 Reactions of aqueous cations

ion
reaction with

NaOH(aq) NH3(aq)

aluminium,
Al 3+(aq)

white ppt.
soluble in excess

white ppt.
insoluble in excess

ammonium,
NH4

+(aq)
no ppt.
ammonia produced on heating –

barium,
Ba2+(aq)

faint white ppt. is nearly always
observed unless reagents are pure no ppt.

calcium,
Ca2+(aq) white ppt. with high [Ca2+(aq)] no ppt.

chromium(III),
Cr3+(aq)

grey-green ppt.
soluble in excess

grey-green ppt.
insoluble in excess

copper(II),
Cu2+(aq)

pale blue ppt.
insoluble in excess

blue ppt. soluble in excess
giving dark blue solution

iron(II),
Fe2+(aq)

green ppt. turning brown on contact 
with air
insoluble in excess

green ppt. turning brown on contact 
with air
insoluble in excess

iron(III),
Fe3+(aq)

red-brown ppt.
insoluble in excess

red-brown ppt.
insoluble in excess

magnesium,
Mg2+(aq)

white ppt.
insoluble in excess

white ppt.
insoluble in excess

manganese(II),
Mn2+(aq)

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

off-white ppt. rapidly turning brown
on contact with air
insoluble in excess

zinc,
Zn2+(aq)

white ppt.
soluble in excess

white ppt.
soluble in excess

PMTPMT
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2 Reactions of anions

ion reaction

car onate,
CO3

2–

CO2 li erated  dilute acids

chloride,
Cl –(aq)

gives white ppt. with Ag+ a  solu le in 3(aq))

ro ide,
Br –(aq)

gives cream ppt. with Ag+ a  partiall  solu le in 3(aq))

iodide,
I –(aq)

gives yellow ppt. with Ag+ a  insolu le in 3(aq))

nitrate,
NO3

–(aq)
NH3 li erated on heating ith –(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 li erated on heating ith –(aq) and Al foil;
N  li erated  dilute acids
(colourless NO  pale  ro n 2 in air)

sulfate,
SO 2–(aq)

gives white ppt. with Ba2+ a  insolu le in e cess dilute strong acids

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+ a  solu le in e cess dilute strong acids

3 Tests for gases

gas test and test result

ammonia, NH3 turns da p red lit us paper lue

car on dio ide, C 2 gives a white ppt. with limewater (ppt. dissol es ith e cess C 2)

chlorine, Cl 2 leaches da p lit us paper

hydrogen, H2 pops  ith a lighted splint

o gen, 2 relights a glowing splint

PMTPMT
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