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1	� In this experiment you will determine the relative formula mass of a copper salt by titration.

	 �A solution of the copper salt reacts with excess acidified potassium iodide, producing iodine. This 
iodine is then titrated with aqueous sodium thiosulfate, using starch indicator.

	� FA 1 is an aqueous solution of the copper salt prepared by dissolving 26.0 g of the salt to make 
1.00 dm3 of solution.

	� FA 2 is dilute sulfuric acid, H2SO4.
	� FA 3 is aqueous potassium iodide, KI.
	� FA 4 is 0.110 mol dm–3 sodium thiosulfate, Na2S2O3.
	� starch indicator

	 (a)	 Method

	 •	� Fill the burette with FA 4.
	 •	 �Pipette 25.0 cm3 of FA 1 into a conical flask.
	 •	 �Use the measuring cylinder to add approximately 10 cm3 of FA 2 to the same conical flask.
	 •	 �Use the measuring cylinder to add approximately 20 cm3 of FA 3 to the mixture in the conical 

flask. The mixture will now be a brown colour, due to iodine produced in the reaction.
	 •	 �Begin your rough titration by adding FA 4 from the burette until the mixture becomes light 

brown.
	 •	 �Add 10 drops of starch indicator. The mixture will become darker.
	 •	 �Continue titrating until the mixture becomes an off-white colour. This is the end-point.
	 •	� Add one drop of starch indicator to check that no traces of dark colour are produced.
	 �If the mixture stays off-white, the titration is finished. If some dark colour is produced, 

because iodine is still present, continue the titration.
	 •	 �Record your burette readings and the rough titre in the space below.

The rough titre is ............................. cm3.

	 •	 �Carry out as many accurate titrations as you think necessary to obtain consistent results.
	 •	 �Make sure any recorded results show the precision of your practical work.
	 •	 �Record in a suitable form below all of your burette readings and the volume of FA 4 added 

in each accurate titration.

	 �Keep FA 3 and starch indicator for use in Question 3.

[7]

	 (b)	 �From your accurate titration results, obtain a suitable value for the volume of FA 4 to be used 
in your calculations.

	� Show clearly how you obtained this value.

The iodine produced required ............................. cm3 of FA 4.  [1]
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	 (c)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	 �Calculate the number of moles of sodium thiosulfate, Na2S2O3, in the volume of FA  4 
calculated in (b).

moles of Na2S2O3 = ............................. mol

	 (ii)	� Balance the equation for the reaction of iodine with sodium thiosulfate. State symbols are 
not required.

......I2  +  ........Na2S2O3    ........Na2S4O6  +  ........NaI

	 (iii)	 �Using your answer to (ii), calculate the number of moles of iodine that reacted with the 
number of moles of Na2S2O3 calculated in (i).

moles of I2 = ............................. mol

	 (iv)	 �Iodine, I2, is produced in the reaction between FA 1 and FA 3. FA 3 is in excess.

2Cu2+(aq)  +  4I–(aq)    2CuI(s)  +  I2(aq)

	 �Using your answer to (iii), calculate the number of moles of copper(II) ions in 25.0 cm3 of 
FA 1.

moles of Cu2+ ions = ............................. mol 

	 (v)	 �Using your answer to (iv) and the information on page 2, calculate the relative formula 
mass of the copper compound in FA 1.

Mr of copper compound = .............................
[4]

[Total: 12]
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2	� Malachite is a basic form of copper carbonate in which copper hydroxide is also present.
	 �The accepted chemical formula of malachite is CuCO3.Cu(OH)2.H2O.

	 �When malachite is heated, it decomposes as shown.

CuCO3.Cu(OH)2.H2O(s)    2CuO(s)  +  CO2(g)  +  2H2O(g)

	 �In this experiment, you will heat malachite to decompose it and use your results to obtain evidence 
about the accepted formula of malachite.

	� FA 5 is malachite, CuCO3.Cu(OH)2.H2O.

	 (a)	 Method

	 �Read through the method before starting any practical work.
	� In the space below prepare a single table for your results of Experiments 1 and 2.

	 Experiment 1

	 •	 �Weigh a crucible with its lid and record the mass.
	 •	 �Add between 2.5 g and 3.0 g of FA 5 to the crucible. Weigh the crucible with FA 5 and lid 

and record the mass.
	 •	 �Place the crucible on the pipe-clay triangle.
	 •	 �Heat the crucible and contents gently for about two minutes, with the lid on.
	 •	 �Remove the lid and continue heating gently for about three minutes.
	 •	 �Replace the lid and leave the crucible and residue to cool for at least five minutes. Then 

reweigh the crucible and contents with the lid on. Record the mass.
	 •	 �While the crucible is cooling, you may wish to begin work on Question 3.
	 •	� Calculate and record the mass of FA 5 used and the mass of residue obtained.
	 •	 �State the observation(s) you made while the reaction was taking place.

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

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

	 Experiment 2

	� Repeat the method used in Experiment 1, using between 1.5 g and 2.0 g of FA 5 in the second 
crucible.

	 Results

[6]
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	 (b)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	� Use your results from Experiment 1 to calculate the number of moles of copper oxide, 
CuO, obtained as residue.

	 �Use the Periodic Table on page 12 for any data you may require.

moles of CuO obtained in Experiment 1 = ............................. mol  

	 (ii)	� Use your answer to (i), the equation on page 4 and the mass of FA  5 you used in 
Experiment 1, to calculate the relative formula mass, Mr, of malachite.

Mr of malachite (from Experiment 1) = .............................

	 (iii)	� Use your results from Experiment 2 to calculate another value for the relative formula 
mass, Mr, of malachite.

Mr of malachite (from Experiment 2) = .............................

	 (iv)	 �Use data from the Periodic Table to calculate the relative formula mass, Mr, of malachite 
from its accepted formula, CuCO3.Cu(OH)2.H2O.

Mr of malachite (from formula) = .............................

	 (v)	� If the relative formula mass of malachite obtained from either of your experiments 
is within 2.5% of the answer in (iv), this is good evidence that the accepted formula,  
CuCO3.Cu(OH)2.H2O, is correct.

	� Show by calculation whether either of your experiments supports the accepted formula.

[5]
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	 (c)	 (i)	� State one way of improving the accuracy of the experimental method, using the same 
masses of FA 5.

	 �Explain the benefit of your improvement.

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

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

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

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

	 (ii)	� Explain why you would expect Experiment 1 to be more accurate than Experiment 2.

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

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

	 ..............................................................................................................................................
[3]

[Total: 14]
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3	� Qualitative Analysis

	 �At each stage of any test you are to record details of the following.

	 ●	 �colour changes seen
	 ●	� the formation of any precipitate
	 ●	 �the solubility of such precipitates in an excess of the reagent added

	 �Where reagents are selected for use in a test, the name or correct formula of the element or 
compound must be given.

	 �Where gases are released they should be identified by 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.
	 �Rinse and reuse test-tubes and boiling tubes where possible.

	 (a)	 �FA  6 is another salt of copper. The anion present is one of those listed in the Qualitative 
Analysis Notes.

	 (i)	 �Transfer a small spatula measure of FA 6 into a hard-glass test-tube.
	 �Heat gently at first, then heat strongly, until no further change occurs.

	� Record all your observations below.

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

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

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

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

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

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

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

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

	 (ii)	 �Suggest the chemical formula of FA 6.

	 ..............................................................................................................................................
[3]
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	 (b)	 (i)	� Dissolve the remainder of FA 6 in an approximately 10 cm depth of distilled water in a 
boiling tube.

	� FA 7 is a solution of a salt containing one anion from those listed in the Qualitative Analysis 
Notes.

	 �Two cations are also present.

	 �Carry out the tests described below using separate portions of solutions FA 6 and FA 7.
	� Record your observations in the table.

test
observations

FA 6 FA 7
To a 1 cm depth of solution in a 
test-tube, add an equal volume 
of FA 3, aqueous potassium 
iodide, followed by a few drops 
of starch indicator.

To a 1 cm depth of solution in 
a boiling tube, add aqueous 
sodium hydroxide, then

heat gently and carefully.

To a 1 cm depth of solution in 
a test-tube, add a few drops of 
aqueous silver nitrate.

To a 1 cm depth of solution 
in a test-tube, add aqueous 
ammonia.

To a 1 cm depth of solution in 
a test-tube, add a folded 3 cm 
length of magnesium ribbon.

	 (ii)	� What can you deduce about solution FA 7 from its reaction with magnesium?
	� Explain your answer.

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

	 ..............................................................................................................................................
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	 (iii)	� Give the ionic equation for the reaction of the metal cation in FA 7 with aqueous sodium 
hydroxide. Include state symbols.

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

	 (iv)	� What type of reaction took place when aqueous potassium iodide was added to FA 7?
	� Use your observations to help you explain your answer.

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

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

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

	 (v)	 �The observation you made when aqueous silver nitrate was added to FA 7 does not allow 
the anion in FA 7 to be identified with certainty.

	� Explain why you cannot be certain about the identity of the anion.

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

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

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

	 (vi)	 �A student suggested that the anion in FA 7 could be identified with more certainty if excess 
ammonia solution was added after the aqueous silver nitrate.

	 �Explain why this suggestion is not correct.

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

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

	 ..............................................................................................................................................
[11]

[Total: 14]
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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
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2	 Reactions of anions

ion reaction

carbonate,
CO3

2–

CO2 liberated by dilute acids

chloride,
Cl 

–(aq)
gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br 

–(aq)
gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I 

–(aq)
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–(aq) and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids)

3	 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater (ppt. dissolves with excess CO2)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint
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1	� HA is an organic acid where A– is the anion. You will determine the relative formula mass, Mr, of 
HA by titration with sodium hydroxide of known concentration and so identify the anion, A–. The 
equation for the reaction is shown.

HA(aq)  +  NaOH(aq)    NaA(aq)  +  H2O(l)

	� FB 1 is a solution of organic acid, HA, containing 12.60 g dm–3.
	� FB 2 is 0.100 mol dm–3 sodium hydroxide, NaOH.
	� thymol blue indicator

	 (a)	� Method

	 ●	 �Fill the burette with FB 1.
	 ●	 �Pipette 25.0 cm3 of FB 2 into a conical flask.
	 ●	 �Add approximately 10 drops of thymol blue indicator. This indicator is blue in alkaline 

solutions and yellow in acidic solutions.
	 ●	 �Perform a rough titration and record your burette readings in the space below.

The rough titre is ............................ cm3.

	 ●	 �Carry out as many accurate titrations as you think necessary to obtain consistent results.
	 ●	 �Make certain that any recorded results show the precision of your practical work.
	 ●	 �Record, in a suitable form below, all of your burette readings and the volume of FB 1 

added in each accurate titration.

[7]

	 (b)	 �From your accurate titration results, obtain a suitable value for the volume of FB 1 to be used 
in your calculations. Show clearly how you obtained this value.

25.0 cm3 of FB 2 required ............................ cm3 of FB 1.
[1]
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	 (c)	� Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	 �Calculate the number of moles of sodium hydroxide present in 25.0 cm3 of FB 2 pipetted 
into the conical flask.

moles of NaOH = ............................ mol

	 (ii)	� Use your answers to (b) and (c)(i) to determine the concentration of the organic acid HA, 
in FB 1, in mol dm–3.

concentration of HA in FB 1 = ............................ mol dm–3 

	 (iii)	� Use your answer to (ii) and the information given on page 2 to determine the relative 
formula mass, Mr, of the organic acid, HA.

Mr of HA = ............................

	 (iv)	� The organic acid was known to have one of the following structural formulae.

CH3COOH        CH2Cl COOH        CHCl 2COOH        CCl 3COOH

	� Use your answer to (iii) and the Periodic Table on page 16 to identify the anion, A–.

anion, A– = ............................
[4]
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	 (d)	 �A student carried out the same procedure accurately but was supplied with a solution of less 
concentrated sodium hydroxide by mistake.

	 (i)	� What effect would this have on the calculated value of the relative formula mass, Mr? 
Explain your answer.

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

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

	 (ii)	 �Explain how this would affect the identification of the acid.

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

	 ..............................................................................................................................................
[2]

[Total: 14]
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2	 �You are to determine the enthalpy change of neutralisation for a different acid from that used in 
Question 1. The acid is represented by HB where B– represents the anion.

HB(aq)  +  NaOH(aq)     NaB(aq)  +  H2O(l)

	� FB 3 is 2.00 mol dm–3 acid, HB.
	� FB 4 is 72.00 g dm–3 sodium hydroxide, NaOH.

	 (a)	 Method

	 �Read through the method before starting your practical work and prepare a table below for 
recording your results.

	 Experiment 1

	 ●	 �Place the plastic cup in the 250 cm3 beaker.
	 ●	 �Pour 25 cm3 of FB 3 into the larger measuring cylinder.
	 ●	 �Measure and record the temperature of FB 3.
	 ●	 �Rinse and dry the thermometer.
	 ●	 �Use the smaller measuring cylinder to transfer 25 cm3 of FB 4 into the plastic cup.
	 ●	 �Measure and record the temperature of FB 4.
	 ●	 �Add the 25 cm3 of FB 3 to FB 4 in the plastic cup and stir the mixture. Measure and record 

the highest temperature reached.
	 ●	 �Calculate and record the average initial temperature of the solutions.
	 ●	 �Calculate and record the temperature rise.
	 ●	 �Empty the plastic cup, rinse it with water and shake it to remove excess water.

	 Experiment 2	

	 ●	 �Repeat the method given for Experiment 1 using 50 cm3 of each solution.
	 ●	 �Use the larger measuring cylinder for FB 3 and the smaller measuring cylinder for FB 4.

	� Results

[4]

I

II

III

IV
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	 (b)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	� Show by calculation that in Experiment 1, the number of moles of acid was in excess of 
the number of moles of sodium hydroxide.

	 (ii)	 �Calculate the heat energy evolved in Experiment 1.
	 �[Assume that 4.2 J of heat energy changes the temperature of 1.0 cm3 of solution by 

1.0 °C.]

heat energy evolved = ............................ J

	 (iii)	 �Calculate the enthalpy change, in kJ mol–1, for Experiment 1.

enthalpy change = ......  ............................. kJ mol–1

	 (sign)	 (value)

	 (iv)	 �Calculate the number of moles of sodium hydroxide neutralised in Experiment 2.

moles of NaOH = ............................ mol

	 (v)	 �Calculate the enthalpy change, in kJ mol–1, for Experiment 2.

enthalpy change = ......  ............................. kJ mol–1

	 (sign)	 (value)
[5]
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	 (c)	 (i)	 �The accuracy of the larger measuring cylinder is ± 0.5 cm3.
	 �The accuracy of the smaller measuring cylinder is ± 0.25 cm3.

	 �Calculate the maximum percentage error in the measurement of the volume of FB 3 used 
in Experiment 2 and the measurement of the volume of FB 4 used in Experiment 2.

	� Show your working.

maximum % error in volume of FB 3 ............................

maximum % error in volume of FB 4 ............................

	 (ii)	� Suggest a change to the method used in (a) that would improve the accuracy of your 
results.

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

	 ..............................................................................................................................................
[3]

[Total: 12]
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3	� Qualitative Analysis

	� At each stage of any test you are to record details of the following.

	 ●	� colour changes seen
	 ●	 �the formation of any precipitate
	 ●	 �the solubility of such precipitates in an excess of the reagent added

	� Where reagents are selected for use in a test, the name or correct formula of the element or 
compound must be given.

	 �Where gases are released they should be identified by 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.
	 �Rinse and reuse test-tubes and boiling tubes where possible.

	 (a)	� FB 5 and FB 6 are solutions of acids of equal concentration in mol dm–3. One solution is a weak 
acid and the other is a strong acid.

	 (i)	 �Devise and carry out a chemical test to find out which of FB 5 and FB 6 is the weak acid. 
Record your test, observations and conclusion in the space below.
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	 (ii)	� Another acid, FB 7, is a dilute solution of one of hydrochloric, nitric or sulfuric acids.

	 �Carry out the tests in the order given in the table below until you are able to identify FB 7. 
Record your observations. If any test is unnecessary write ‘not needed’.

test observations
To a 1 cm depth of FB 7 in a test-tube 
add aqueous silver nitrate.

To a 0.5 cm depth of FB 7 in a 
boiling tube add a 1 cm depth of 
aqueous sodium hydroxide and a small 
piece of aluminium foil and warm.

To a 1 cm depth of FB 7 in a test-tube  
add aqueous barium chloride or 
aqueous barium nitrate.

	 FB 7 is ............................................... acid.
[6]
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	 (b)	� FB 8 contains a cation listed in the Qualitative Analysis Notes. FB 9 is a solution of an organic 
salt. Carry out the following tests and record your observations.

test observations
(i)	 �To a 1 cm depth of FB 8 in a 

test-tube add aqueous sodium 
carbonate.

(ii)	 �To a 1 cm depth of FB 8 in a  
test-tube add a 1 cm depth of 
aqueous potassium iodide, then

	� add aqueous sodium thiosulfate 
until in excess.

(iii)	 �To a 2 cm depth of FB 8 in a 
test-tube add a 1 cm depth of 
concentrated hydrochloric acid 
(CARE). Keep this solution for test 
(iv).

(iv)	 �To a 2 cm depth of distilled water in 
a boiling tube add all the contents 
of the test-tube from test (iii). Keep 
this solution for tests (v) and (vi).

	 �Pour a 1 cm depth of the contents 
of the boiling tube into three 
separate test-tubes for use in tests 
(v) and (vi). One tube is to be 
used for comparing colours in 
your observations.

(v)	 �To one of the test-tubes add 
aqueous ammonia until in excess.

(vi)	 �To a second test-tube add FB 9 
until in excess.
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	 (vii)	 �Identify the cation in FB 8.

	 cation ...............................................

	 (viii)	� Write an ionic equation for a precipitation reaction you observed during your experiments 
with this cation.

	 �Include state symbols.

	 ..............................................................................................................................................
[8]

[Total: 14]
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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
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2	 Reactions of anions

ion reaction

carbonate,
CO3

2–

CO2 liberated by dilute acids

chloride,
Cl 

–(aq)
gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br 

–(aq)
gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I 

–(aq)
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–(aq) and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids)

3	 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater (ppt. dissolves with excess CO2)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint
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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.
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1	� Sodium hydrogencarbonate, NaHCO3, is used as baking soda in cooking. Baking soda may also 
contain small amounts of other chemicals.

	� In this experiment, you will determine the percentage purity by mass of an impure sample of 
NaHCO3 by titration with sulfuric acid.

	� FA 1 is 0.0500 mol dm–3 sulfuric acid, H2SO4.
	� FA 2 is impure NaHCO3.
	� methyl orange

	 (a)	 Method

	� Preparing a solution of FA 2

	 ●	 �Weigh the stoppered container of FA 2. Record the mass in the space below.
	 ●	 �Tip all the FA 2 into the beaker.
	 ●	 �Reweigh the container with its stopper. Record the mass.
	 ●	 �Calculate and record the mass of FA 2 used.
	 ●	 �Add approximately 100 cm3 of distilled water to the FA 2 in the beaker.
	 ●	 �Stir the mixture with a glass rod until all the FA 2 has dissolved.
	 ●	 �Transfer this solution into the 250 cm3 volumetric flask.
	 ●	 �Wash the beaker with distilled water and transfer the washings to the volumetric flask.
	 ●	 �Rinse the glass rod with distilled water and transfer the washings to the volumetric flask.
	 ●	 �Make up the solution in the volumetric flask to the mark using distilled water.
	 ●	 �Shake the flask thoroughly.
	 ●	 �This solution of impure NaHCO3 is FA 3. Label the flask FA 3.

	 Results

	 Titration

	 ●	 �Fill the burette with FA 1.
	 ●	 �Pipette 25.0 cm3 of FA 3 into a conical flask.
	 ●	 �Add several drops of methyl orange.
	 ●	 �Perform a rough titration and record your burette readings in the space below.

The rough titre is ............................. cm3.



3

9701/33/M/J/17© UCLES 2017 [Turn over

	 ●	� Carry out as many accurate titrations as you think necessary to obtain consistent results.
	 ●	 �Make sure any recorded results show the precision of your practical work.
	 ●	� Record in a suitable form below all of your burette readings and the volume of FA 1 added 

in each accurate titration.

	 �Keep FA 1 for use in Question 2.

[8]

	 (b)	 �From your accurate titration results, obtain a suitable value for the volume of FA 1 to be used 
in your calculations.

	� Show clearly how you obtained this value.

25.0 cm3 of FA 3 required ............................. cm3 of FA 1.  [1]

	 (c)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	� Calculate the number of moles of sulfuric acid present in the volume of FA 1 calculated 
in (b).

moles of H2SO4 = ............................. mol

	 (ii)	� Balance the equation for the reaction of sulfuric acid and sodium  hydrogencarbonate. 
State symbols are not required.

.......NaHCO3  +  .......H2SO4    .......Na2SO4  +  .......CO2  +  .......H2O

	 (iii)	� Using your answers to (i) and (ii), calculate the number of moles of sodium 
hydrogencarbonate used in each titration.

moles of NaHCO3 = ............................. mol

I

II

III

IV

V

VI

VII

VIII
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	 (iv)	� Using your answer to (iii), calculate the mass of sodium hydrogencarbonate present in the 
mass of FA 2 used to prepare FA 3.

mass of NaHCO3 = ............................. g

	 (v)	� Calculate the percentage purity by mass of the impure sodium hydrogencarbonate sample, 
FA 2.

percentage purity by mass of impure NaHCO3, FA 2 = ............................. %

	 (vi)	 �What did you assume about the impurities in FA 2 when you calculated the percentage 
purity?

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

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

	 (vii)	 �A volumetric flask was labelled 250.0 ± 0.10 cm3.

	 �Calculate the maximum percentage error when using this volumetric flask.

maximum percentage error = ............................. %
[7]

[Total: 16]
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2	 �When baking soda is heated, carbon dioxide is produced. In this experiment you will investigate the 
reaction taking place when the sodium hydrogencarbonate in baking soda is thermally decomposed.

	� FA 4 is baking soda (impure NaHCO3). Its composition is the same as that of FA 2.

	 (a)	 Method

	� Record all your readings in the space below.

	 ●	 �Weigh the crucible with its lid.
	 ●	 �Transfer all the FA 4 from the container into the crucible.
	 ●	 �Weigh the crucible, lid and FA 4.
	 ●	 �Calculate and record the mass of FA 4 used.
	 ●	 �Place the crucible and contents on a pipe-clay triangle.
	 ●	 �Heat gently, with the lid on, for approximately one minute.
	 ●	 �Heat strongly, with the lid off, for a further three minutes.
	 ●	 �Replace the lid and leave the crucible to cool for at least five minutes.

	� While the crucible is cooling you may wish to begin work on Question 3.

	 ●	 �When it is cool, weigh the crucible with its lid and contents.
	 ●	 �Heat strongly, with the lid off, for a further two minutes.
	 ●	 �Replace the lid and leave the crucible to cool for at least five minutes.
	 ●	 �When it is cool, weigh the crucible with its lid and contents.
	 ●	 �Calculate and record the mass of residue obtained.
	 ●	 �This residue is FA 5. Keep this for use in 2(d).

	� Results

[4]

I

II

III

IV
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	 (b)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	 (i)	� Use the percentage purity by mass of FA 2 you calculated in 1(c)(v), to calculate the mass 
of sodium hydrogencarbonate in the sample of FA 4 that you weighed out.

	� (If you were unable to carry out the calculation in 1(c)(v), assume that the percentage 
purity by mass of FA 2 is 95.8%.)

mass of NaHCO3 in FA 4 weighed out = ............................. g

	 (ii)	� Calculate the mass of impurity present in your sample of FA 4. 

mass of impurity = ............................. g

	 (iii)	 �The impurity in FA 4 does not decompose when it is heated.
	 �This means that the residue, FA 5, contains the mass of impurity calculated in (ii) together 

with the solid decomposition product of sodium hydrogencarbonate.

	� Calculate the mass of the solid decomposition product.

mass of solid decomposition product = ............................. g

	 (iv)	� Use your answers to (i) and (iii) to calculate the mass of solid decomposition product that 
would be obtained if 84.0 g of pure sodium hydrogencarbonate were heated.

mass of solid decomposition product = ............................. g

	 (v)	 �A student carried out the experiment by heating to constant mass and calculated that 
heating 84.0 g of pure NaHCO3 would produce 52.3 g of the solid decomposition product. 
The student then suggested the following equation for the thermal decomposition of 
sodium hydrogencarbonate.

NaHCO3(s)    NaOH(s)  +  CO2(g)

	 �Use data from the Periodic Table on page 12 to explain why the student’s suggestion 
cannot be correct.

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

	 ..............................................................................................................................................
[4]
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	 (c)	 (i)	 �Why was the lid put on while the crucible and its contents cooled?

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

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

	 (ii)	 �The experiment could be made more accurate by heating to constant mass or using a 
more accurate balance. Suggest a further improvement to make the experiment more 
accurate.

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

	 ..............................................................................................................................................
[2]

	 (d)	 (i)	 �Pour a 1 cm depth of sulfuric acid, FA 1, into a test-tube.
	 �Add some FA 5 from the crucible to the acid in the test-tube.
	� Record all your observations.

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

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

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

	 (ii)	� Use your observation(s) in (i) to identify an anion present in FA 5.
	� Explain your answer.

	 identity ...........................................................

	 explanation ..........................................................................................................................

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

	 (iii)	� Steam is one of three products obtained when sodium hydrogencarbonate is thermally 
decomposed.

	� Use your answer in (ii) to complete and balance the equation for the thermal decomposition 
of sodium hydrogencarbonate. Include state symbols.

........NaHCO3(s)    ........H2O(g)  +  ........CO2(g)  +  .........................

	 (iv)	� State whether the balanced equation in (iii) agrees with the student’s results given  
in 2(b)(v).

	� Show working in order to explain your answer.

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

	 ..............................................................................................................................................
[4]

[Total: 14]
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3	� Qualitative Analysis

	 �At each stage of any test you are to record details of the following.

	 ●	� colour changes seen
	 ●	� the formation of any precipitate
	 ●	� the solubility of such precipitates in an excess of the reagent added

	 �Where reagents are selected for use in a test, the name or correct formula of the element or 
compound must be given.

	 �Where gases are released they should be identified by 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.
	 �Rinse and reuse test-tubes and boiling tubes where possible.

	 (a)	 (i)	� FA 6 and FA 7 are aqueous solutions.
	� Each solution contains one cation and one anion from those listed in the Qualitative 

Analysis Notes.

	 �Use 1 cm depths of FA 6 or FA 7 in test-tubes for the following tests.
	� Complete the table by recording your observations.

test
observations

FA 6 FA 7
Add a few drops 
of aqueous barium 
chloride or aqueous 
barium nitrate, then
add dilute nitric acid.

Add a few drops of 
aqueous silver nitrate.

Add a small spatula 
measure of sodium 
carbonate. Shake the 
mixture.

	 (ii)	 �From your observations, deduce which solution, FA 6 or FA 7, has the lower pH.
	� Give your evidence.

	� solution with lower pH .....................

	 evidence ..............................................................................................................................

	 ..............................................................................................................................................
[4]
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	 (b)	� Choose two reagents that would allow you to identify the cations in FA 6 and FA 7.

	 reagents .............................................................  and  ...............................................................

	� Use these reagents to test solutions FA 6 and FA 7.
	� Record all your observations in the space below.

[4]

	 (c)	� Deduce the chemical formulae of FA 6 and FA 7.

	 FA 6 .............................................

	 FA 7 .............................................
[2]

[Total: 10]
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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
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2	 Reactions of anions

ion reaction

carbonate,
CO3

2–

CO2 liberated by dilute acids

chloride,
Cl 

–(aq)
gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br 

–(aq)
gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I 

–(aq)
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–(aq) and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids)

3	 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater (ppt. dissolves with excess CO2)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint
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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.
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1	� Strong acids, such as hydrochloric acid, HCl, are completely ionised in aqueous solution. Weak 
acids, such as ethanoic acid, CH3COOH, are partially ionised in aqueous solution.

	� You will investigate the enthalpy change for the reaction of an excess of each of these acids with 
magnesium and hence determine the energy needed to cause the weak acid to ionise completely.

	 (a)	 Reaction 1   Enthalpy change of a weak acid

	� FB 1 is ethanoic acid, CH3COOH.
	� FB 2 is magnesium, Mg.

	� Method 1

	 •	� Weigh the strip of magnesium and record the balance reading in the space below.
	 •	� Support the plastic cup in the 250 cm3 beaker.
	 •	� Coil the magnesium ribbon loosely so that it fits into the bottom of the plastic cup and then 

remove the ribbon.
	 •	� Use the measuring cylinder to transfer 25 cm3 of the acid, FB 1, into the plastic cup.
	 •	� Place the thermometer in the acid and read the initial temperature. This is the temperature 

at time zero (t = 0).
	 •	� Start timing and do not stop the clock until the whole experiment has been completed.
	 •	� Read the temperature of the acid every half minute for two minutes.
	 •	� At time t = 2 12 minutes drop the magnesium, FB 2, into the acid and stir the mixture.
	 •	� Measure and record, in the table below, the temperature of the mixture at t = 3 minutes 

and then every half minute until t = 10 minutes. Stir the mixture continuously between 
thermometer readings.

	 •	� Rinse the plastic cup for use in Method 2. Shake to remove excess water.

	 Results

	 Mass of magnesium

	 Temperature

time / minutes 0 1
2 1 112 2 2 12 3 3 12 4 4 12 5

temperature / °C

time / minutes 5 12 6 6 12 7 7 12 8 8 12 9 9 12 10

temperature / °C

[4]
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	 (b)	� Plot a graph of temperature on the y-axis against time on the x-axis on the grid below.
	� The scale for temperature should extend 10 °C above your highest recorded temperature.
	� You will use this graph to determine the theoretical maximum temperature rise at 2 12 minutes.

	 �Draw two lines of best fit through the points on your graph. The first line should be for the 
temperature before adding FB 2 and the second for the cooling of the mixture once the reaction 
is complete.

	� Extrapolate the two lines to 2 12 minutes, draw a vertical line between the two and determine the 
theoretical rise in temperature at this time.

theoretical rise in temperature at 2 12 minutes = ............................. °C  [5]

I

II

III

IV

V
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	 (c)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	� Magnesium reacts with ethanoic acid according to the equation shown.

Mg(s)  +  2CH3COOH(aq)    Mg(CH3COO)2(aq)  +  H2(g)

	 (i)	� Use your answer to (b) to calculate the heat energy, in joules, given out when FB 2 is 
added to the acid.

	� [Assume 4.2 J of heat energy raises the temperature of 1.0 cm3 of the mixture by 1.0 °C.]

heat energy evolved = ............................. J

	 (ii)	� Use the Periodic Table on page 16 and your answer to (i) to calculate the enthalpy change, 
in kJ mol–1, when 1 mole of FB 2, Mg, reacts with ethanoic acid.

enthalpy change, ∆H = ......  ............................. kJ mol–1

	 (sign)	 (value)
[3]
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	 (d)	� Reaction 2   Enthalpy change of a strong acid.

	� FB 3 is hydrochloric acid, HCl.
	� The tube labelled FB 4 contains two strips of magnesium, Mg. One strip is longer than the 

other strip.

	 Method 2

	� Read the whole method before starting any practical work and prepare a table for your results 
in the space below.

	 ●	 �Weigh the longer strip of magnesium and record the balance reading.
	 ●	 �Support the plastic cup in the 250 cm3 beaker.
	 ●	 �Coil the magnesium ribbon loosely so that it fits into the bottom of the plastic cup and then 

remove the ribbon.
	 ●	 �Use the measuring cylinder to transfer 25 cm3 of the acid, FB 3, into the plastic cup.
	 ●	 �Place the thermometer in the acid and measure and record the initial temperature of the 

acid.
	 ●	 �Add the piece of magnesium into the acid in the cup.
	 ●	 �Stir constantly until the maximum temperature is reached.
	 ●	 �Measure and record the maximum temperature.
	 ●	 �Rinse the plastic cup for use in the next experiment.
	 ●	 �Calculate and record the temperature rise.

	 ●	 �Repeat this experiment using the shorter strip of magnesium and record all results.

[3]
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	 (e)	 Calculations

	 �Show your working and appropriate significant figures in the final answer to each step of your 
calculations.

	� Use your results from (d) for the longer strip of magnesium and the Periodic Table on page 16 
to calculate the enthalpy change, in kJ mol–1, when 1 mole of FB 4, Mg, reacts with hydrochloric 
acid.

	� [Assume 4.2 J of heat energy changes the temperature of 1.0 cm3 of the mixture by 1.0 °C.]

enthalpy change, ∆H = ......  ............................. kJ mol–1

	 (sign)	 (value)
[2]

	 (f)	 (i)	� A student suggested that the experiment carried out in (d) could be improved by using a 
catalyst.

	� Would the use of a catalyst improve the accuracy of the results in this experiment? Give a 
reason for your answer.

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

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

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

	 (ii)	 �Another student could not find the hydrochloric acid, FB 3, so used sulfuric acid, H2SO4, 
instead. He used the same volume and the same concentration as the hydrochloric acid 
in FB 3.

	� What effect would this change have on the temperature rise in the experiment? Give a 
reason for your answer.

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

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

	 ..............................................................................................................................................
[2]
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	 (g)	� Ethanoic acid is a weak acid. It is partially ionised in aqueous solution.

CH3COOH(aq)    CH3COO–(aq)  +  H+(aq)

	� You are to determine the energy needed to cause the molecules of ethanoic acid to ionise 
completely.

CH3COOH(aq)    CH3COO–(aq)  +  H+(aq)

	� Hydrochloric acid is a strong acid; it is fully ionised in aqueous solution.

	� The values for the enthalpy changes you obtained in (c)(ii) and (e) could be used to calculate 
the energy change for the ionisation but more accurate experiments give the results in Table 1.

Table 1

reaction equation ∆H / kJ mol–1

1 Mg(s)  +  2CH3COOH(aq)    Mg(CH3COO)2(aq)  +  H2(g) – 460.3

2 Mg(s)  +  2HCl (aq)    MgCl 2(aq)  +  H2(g) – 464.1

	 (i)	� Write the ionic equation, including state symbols, for the reaction of magnesium with 
aqueous hydrochloric acid.

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

	 (ii)	� Use the data in Table 1 to calculate the enthalpy change for the ionisation of ethanoic acid.

CH3COOH(aq)    CH3COO–(aq)  +  H+(aq)

	� Show clearly how you obtained your answer.

∆H = ......  ............................. kJ mol–1

	 (sign)	 (value)
[4]
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	 (h)	� The experiment in (a) was repeated using trichloroethanoic acid instead of ethanoic acid.

	 Mg(s)  +  2CCl 3COOH(aq)    Mg(CCl 3COO)2(aq)  +  H2(g)	 reaction 3

	� Trichloroethanoic acid, CCl 3COOH, is a weak acid that is however stronger than ethanoic acid.

	� The enthalpy change for reaction 3 is between the two values given in Table 1.

Table 1

reaction equation ∆H / kJ mol–1

1 Mg(s)  +  2CH3COOH(aq)    Mg(CH3COO)2(aq)  +  H2(g) – 460.3

2 Mg(s)  +  2HCl (aq)    MgCl 2(aq)  +  H2(g) – 464.1

	 (i)	� Explain why the enthalpy change for reaction 3 is more exothermic than the enthalpy 
change for reaction 1.

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

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

	 (ii)	� Explain why the enthalpy change for reaction 3 is less exothermic than the enthalpy 
change for reaction 2.

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

	 ..............................................................................................................................................
[2]

[Total: 25]
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2	� Qualitative Analysis

	� At each stage of any test you are to record details of the following.

	 ●	� colour changes seen
	 ●	� the formation of any precipitate
	 ●	� the solubility of such precipitates in an excess of the reagent added

	� Where reagents are selected for use in a test, the name or correct formula of the element or 
compound must be given.

	 �Where gases are released they should be identified by 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.
	� Rinse and reuse test-tubes and boiling tubes where possible.

	 (a)	 (i)	� FB 5, FB 6 and FB 7 each contain one anion and one cation.

	� Carry out the following tests and record your observations.

test
observations

FB 5 FB 6 FB 7
To a 1 cm depth of solution 
in a test-tube, add a few 
drops of aqueous silver 
nitrate, then

add aqueous ammonia.

To a 1 cm depth of solution 
in a test-tube, add a few 
drops of aqueous barium 
nitrate, or barium chloride, 
then

add dilute nitric acid.

To a 1 cm depth of solution 
in a test-tube, add a 
spatula measure of solid 
sodium carbonate.
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	 (ii)	� What cation is present in FB 5, FB 6 and FB 7?

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

	 (iii)	 �Suggest another test that you could carry out to confirm the presence of the cation you 
identified in (ii).

	� Carry out this test on one of FB 5, FB 6 or FB 7 and record your observation.

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

	 observation ..........................................................................................................................

	 (iv)	� Complete the table to identify, as far as possible, the anions present in FB 5, FB 6 and 
FB 7. If you are not able to identify the anion from the tests you carried out in (i), write 
‘unknown’.

FB 5 FB 6 FB 7

ion present

	 (v)	� For any one anion that you were unable to identify in (iv) you are to devise a test or tests 
that will enable you to identify it. You can assume that it is one of the anions listed in the 
Qualitative Analysis Notes.

	� Carry out the test(s), record the observation(s) you obtained and identify the unknown 
anion.

	 test(s) ...................................................................................................................................

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

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

	 observation(s) ......................................................................................................................

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

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

	 Anion present in ............................. is ............................. .
[10]
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	 (b)	� FB 8 is an aqueous solution of a mixture containing two anions and two cations.

	� Carry out the following tests and record your observations.

test observations
To a 1 cm depth of FB 8 
in a test-tube, add a 1 cm 
depth of dilute hydrochloric 
acid, then
add a few drops of 
hydrogen peroxide, then

add a few drops of starch.

To a 1 cm depth of FB 8 in 
a test-tube, add aqueous 
sodium hydroxide.

To a 1 cm depth of FB 8 
in a test-tube, add a 
3 cm depth of aqueous 
copper(II) sulfate, then
add a 1 cm depth of dilute 
hydrochloric acid, then

add aqueous sodium 
thiosulfate.

	� From these observations, identify two ions present in FB 8.

	� ions present in FB 8 .....................................................  and  ....................................................
[5]

[Total: 15]
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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
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2	 Reactions of anions

ion reaction

carbonate,
CO3

2–

CO2 liberated by dilute acids

chloride,
Cl 

–(aq)
gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br 

–(aq)
gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I 

–(aq)
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–(aq) and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids)

3	 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater (ppt. dissolves with excess CO2)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint
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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.
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1	� Sulfur forms the peroxodisulfate anion, S2O8
2–. This ion can oxidise iodide ions, I–, to iodine, I2, as 

shown in the equation.

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

2–(aq)

	� You will carry out a series of experiments to investigate how the rate of this reaction is affected by 
changing the concentration of the solutions.

	� The rate can be measured by adding thiosulfate ions, S2O3
2–, and starch indicator. As the reaction 

between S2O8
2– and I– occurs iodine is produced, but it reacts immediately with the thiosulfate.

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

2–(aq)

	� When all the thiosulfate has reacted, the iodine will remain in the mixture and cause the starch 
indicator to turn blue-black. The rate of reaction may be determined by timing how long it takes the 
reaction mixture to turn blue-black. 

	� FA 1 is 0.0200 mol dm–3 potassium peroxodisulfate, K2S2O8.
	� FA 2 is 1.00 mol dm–3 potassium iodide, KI.
	� FA 3 is 0.00500 mol dm–3 sodium thiosulfate, Na2S2O3.
	� starch indicator

	� Read through the instructions carefully and prepare a table for your results on page 4 before 
starting any practical work.

	 (a)	 Method

	� Experiment 1
	 ●	� Fill the burette labelled FA 1 with FA 1.
	 ●	� Use the pen to label one of the 100 cm3 beakers ‘A’ and the other 100 cm3 beaker ‘B’.
	 ●	� Run 20.00 cm3 of FA 1 from the burette into beaker A.
	 ●	� Use the measuring cylinder to add 20.0 cm3 of FA 2 into beaker B.
	 ●	� Use the measuring cylinder to add 10.0 cm3 of FA 3 to beaker B.
	 ●	� Add 10 drops of starch indicator to beaker B.
	 ●	� Add the contents of beaker A to beaker B and start timing immediately.
	 ●	� Stir the mixture once and place the beaker on a white tile.
	 ●	� Stop timing as soon as the solution turns blue-black.
	 ●	� Record this reaction time to the nearest second in your results table.
	 ●	� Wash out both beakers and shake to remove excess water.

	� Experiment 2
	 ●	� Fill a second burette with distilled water.
	 ●	� Run 10.00 cm3 of FA 1 into beaker A.
	 ●	� Run 10.00 cm3 of distilled water into beaker A.
	 ●	� Use the measuring cylinder to add 20.0 cm3 of FA 2 into beaker B.
	 ●	� Use the measuring cylinder to add 10.0 cm3 of FA 3 to beaker B.
	 ●	� Add 10 drops of starch indicator to beaker B.
	 ●	� Add the contents of beaker A to beaker B and start timing immediately.
	 ●	� Stir the mixture once and place the beaker on a white tile.
	 ●	� Stop timing as soon as the solution turns blue-black.
	 ●	� Record this reaction time to the nearest second in your results table.
	 ●	� Wash out both beakers and shake to remove excess water.
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	 �Experiments 3-5

	 ●	� Carry out three further experiments to investigate how the reaction time changes with 
different volumes of potassium peroxodisulfate, FA 1.

	� Note that the combined volume of FA 1 and distilled water must always be 20.00 cm3.
	� Do not use a volume of FA 1 that is less than 6.00 cm3.

	 Keep FA 1, FA 2, FA 3 and the starch indicator for use in (e).

	� Calculating the rate of the reaction

	� The rate of the reaction can be represented by the formula shown.

rate = 500
reaction time in seconds

	 �Use this formula to calculate the rate for each of your five experiments.

	� Record all your results in a single table. You should include the volume of FA 1, the volume of 
distilled water, the reaction time and the reaction rate for each of your five experiments.

[10]

	 (b)	� On the grid on page 5, plot the rate (y-axis) against the volume of FA 1 (x-axis). Include the 
origin in your plot.  Draw a straight line of best fit and circle any clearly anomalous points.

I

II

III

IV

V

VI

VII

VIII

IX

X



5

9701/35/M/J/17© UCLES 2017 [Turn over

[4]

I

II

III

IV



6

9701/35/M/J/17© UCLES 2017

	 (c)	� The volume of FA 1 is directly related to the concentration of potassium peroxodisulfate.

	� From your results, what can be stated about the relationship between the rate of reaction and 
the concentration of potassium peroxodisulfate?

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

	 ...............................................................................................................................................  [1]

	 (d)	 (i)	� Use your graph to calculate the reaction time you would expect to measure if you carried 
out an experiment using 5.00 cm3 of FA 1.

	� Show your working.

reaction time = ............................ s

	 (ii)	� Assume that the error in the time measured for each reaction was ± 0.5 s in total.
	� Calculate the maximum percentage error in the reaction time you measured in 

Experiment 1.
	� Show your working.

maximum percentage error = ............................ %

	 (iii)	� A student suggested that this error could be reduced if 0.0100 mol dm–3 sodium thiosulfate 
were used in place of FA 3.

	 Do you agree with this student? Explain your answer.

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

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

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

	 (iv)	� A student repeated Experiment 1 but used 0.100 mol dm–3 sodium thiosulfate in place of 
FA 3. The student found that the reaction mixture never turned blue-black.

	� Explain why.

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

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

	 ..............................................................................................................................................
[5]
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	 (e)	 (i)	� Using the same method as in (a), carry out an additional experiment to record the reaction 
time to the nearest second when the following solutions are mixed together.

	 ●	 10.00 cm3 of FA 1
	 ●	 20.0 cm3 of FA 2
	 ●	 5.0 cm3 of FA 3
	 ●	 15.00 cm3 of distilled water
	 ●	 10 drops of starch indicator

reaction time = ............................

	 (ii)	� Use your answer to (i) to estimate the reaction time that would be measured if the following 
solutions were mixed together.

	 DO NOT CARRY OUT THIS EXPERIMENT

	 ●	 10.00 cm3 of FA 1
	 ●	 20.0 cm3 of FA 2
	 ●	 20.0 cm3 of FA 3
	 ●	 10 drops of starch indicator

	� Explain your answer.

estimated reaction time = ............................

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

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

	 ..............................................................................................................................................
[4]

[Total: 24]
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2	� Qualitative Analysis

	� At each stage of any test you are to record details of the following.

	 ●	� colour changes seen
	 ●	� the formation of any precipitate
	 ●	� the solubility of such precipitates in an excess of the reagent added

	� Where reagents are selected for use in a test, the name or correct formula of the element or 
compound must be given.

	 �Where gases are released they should be identified by 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.
	� Rinse and reuse test-tubes and boiling tubes where possible.

	 (a)	� FA 4 and FA 5 are aqueous solutions. Each solution contains two different cations and the 
sulfate anion.

	 (i)	� Carry out the following tests and record your observations.

test
observations

FA 4 FA 5
To a 1 cm depth of 
solution in a  
boiling tube, add 
aqueous sodium 
hydroxide, then

warm the tube 
carefully.

To a 1 cm depth of 
solution in a  
test-tube, add 
aqueous ammonia.

	 (ii)	� Identify as many as possible of the cations in FA 4 and FA 5.

	� FA 4 contains the cation(s) .......................................................  .

	� FA 5 contains the cation(s) .......................................................  .
[7]
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	 (b)	� FA 6 is a salt containing either the sulfate anion or sulfite anion. You will first make a solution 
of FA 6.

	 ●	� Rinse one of the 100 cm3 beakers with distilled water.
	 ●	� Place all the sample of FA 6 into the beaker and add approximately 40 cm3 of distilled 

water.
	 ●	� Stir the mixture until the solid has dissolved.

	� Select reagent(s) and carry out tests to identify the anion in FA 6. Record your results in the 
space below.

The formula of the anion in FA 6 is ............................ .  [3]

	 (c)	� FA 7 is a solution containing one cation and the sulfate anion.
	� FA 8 is a solution containing the sodium cation and one of the anions from those listed in the 

Qualitative Analysis Notes.

	 (i)	� Carry out the following tests to determine the formulae of FA 7 and FA 8.

test observations
To a 2 cm depth of FA 7 in a 
test-tube, add a 2 cm strip of 
magnesium.

To a 1 cm depth of FA 7 in a 
test-tube add a 1 cm depth of 
FA 8 and shake the tube.

	 (ii)	� The formula of FA 7 is .................................................... .

	� The formula of FA 8 is .................................................... .

	 (iii)	� Give the ionic equation for the reaction that takes place when magnesium is added to 
FA 7. Include state symbols.

	 ..............................................................................................................................................
[6]

[Total: 16]
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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
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2	 Reactions of anions

ion reaction

carbonate,
CO3

2–

CO2 liberated by dilute acids

chloride,
Cl 

–(aq)
gives white ppt. with Ag+(aq) (soluble in NH3(aq))

bromide,
Br 

–(aq)
gives cream ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide,
I 

–(aq)
gives yellow ppt. with Ag+(aq) (insoluble in NH3(aq))

nitrate,
NO3

–(aq)
NH3 liberated on heating with OH–(aq) and Al foil

nitrite,
NO2

–(aq)

NH3 liberated on heating with OH–(aq) and Al foil;
NO liberated by dilute acids
(colourless NO  (pale) brown NO2 in air)

sulfate,
SO4

2–(aq)
gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids)

sulfite,
SO3

2–(aq)
gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids)

3	 Tests for gases

gas test and test result

ammonia, NH3 turns damp red litmus paper blue

carbon dioxide, CO2 gives a white ppt. with limewater (ppt. dissolves with excess CO2)

chlorine, Cl 2 bleaches damp litmus paper

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint
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