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CHEMISTRY 9701/31

Paper 3 Advanced Practical Skills 1 May/June 2025

 2 hours

You must answer on the question paper.

You will need: The materials and apparatus listed in the confidential instructions

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 40.

 ● The number of marks for each question or part question is shown in 

brackets [ ].

 ● The Periodic Table is printed in the question paper.

 ● Important values, constants and standards are printed in the  

question paper.

 ● Notes for use in qualitative analysis are provided in the  

question paper.
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 You will determine the percentage purity of a sample of calcium carbonate by reacting it with 

excess hydrochloric acid and measuring the volume of carbon dioxide produced.

CaCO3 (s)  +  2HCl (aq)    CaCl 2(aq)  +  H2O(l)  +  CO2(g)

 FA 1 is impure calcium carbonate, CaCO3. 

 FA 2 is 0.500 mol dm–3 hydrochloric acid, HCl .

 (a) Method

• Weigh the container with FA 1. Record the mass in the space for results.

• Fill the tub with water to a depth of approximately 5 cm.

• Fill the 250 cm3 measuring cylinder completely with water. Holding a piece of paper towel 

firmly over the top, invert the measuring cylinder and place it in the water in the tub.

• Remove the paper towel and clamp the inverted measuring cylinder so the open end is 

in the water just above the base of the tub.

• Using the 50 cm3 measuring cylinder, transfer 50.0 cm3 of FA 2 into the flask labelled X. 

Check that the bung fits tightly into the neck of flask X, clamp flask X and place the end 

of the delivery tube into the inverted 250 cm3 measuring cylinder.

• Remove the bung from the neck of the flask. Tip all of the FA 1 into the acid in the flask 

and replace the bung immediately. Remove the flask from the clamp and swirl it to mix 

the contents.

• Replace the flask in the clamp and leave until the fizzing stops. Swirl the flask 

occasionally.

• Weigh the container with any residual FA 1. Record the mass.

• Calculate and record the mass of FA 1 that is added to the acid.

• When no more gas is collected, record the final volume of gas.

  You may wish to start Question 2 or Question 3 while the gas is being collected.

  Results

 [3]
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 (b) Calculations

  (i) Calculate the amount, in mol, of carbon dioxide collected in the measuring cylinder (at 

room conditions).

 amount of CO2 = .............................. mol

   Hence, deduce the amount, in mol, of calcium carbonate present in the FA 1 used.

 amount of CaCO3 = .............................. mol 

 [1]

  (ii) Use your answer to (b)(i) and the mass of FA 1 used to calculate the percentage purity 

of calcium carbonate. Show your working.

 purity of calcium carbonate = .............................. % [1]

 (c) A student carries out the experiment described in (a) using 25.0 cm3 of 1.00 mol dm–3 

hydrochloric acid. The mass of FA 1 is not changed.

  Suggest the consequence of this change on the percentage purity of calcium carbonate 

calculated by placing one tick (3) in Table 1.1.

Table 1.1

The percentage purity calculated would increase.

The percentage purity calculated would stay the same.

The percentage purity calculated would decrease.

  Explain your answer.

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

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

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

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

 [2]
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 (d) The student repeats the method in (a) but the hydrochloric acid is not used in excess.

  (i) State an observation that shows that the acid is not used in excess. 

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

  (ii) Explain what effect, if any, this would have on the percentage purity of calcium carbonate 

calculated in (b)(ii).

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

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

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

 

 [Total: 10]
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2 You will determine the percentage purity of another sample of calcium carbonate, CaCO3, by 

titration.

 The experiment involves three steps.

step 1 A known mass of the same impure calcium carbonate, FA 1, is reacted with an excess of 

hydrochloric acid to form FA 3. This step has been done for you. 

step 2 You will dilute the products of step 1 to a known volume.

step 3 You will carry out a titration to find out how much acid remains after the reaction in step 1.

 FA 3 has been prepared by reacting 19.0 g of FA 1 with 250 cm3 of 2.00 mol dm–3 hydrochloric 

acid, HCl .

 FA 5 is 0.0900 mol dm–3 sodium hydroxide, NaOH. 

 FA 6 is bromophenol blue indicator.

 (a) Method

  step 2

• Pipette 25.0 cm3 of FA 3 into the 250 cm3 volumetric flask.

• Make the solution up to 250 cm3 with distilled water.

• Thoroughly mix the contents of the volumetric flask. This solution is FA 4.

  step 3

• Fill the burette with FA 5.

• Rinse the pipette with distilled water and then with FA 4.

• Pipette 25.0 cm3 of FA 4 into a conical flask.

• Add several drops of FA 6.

• 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 sure any recorded results show the precision of your practical work.

• Record, in a suitable form in the space below, all your burette readings and the volume 

of FA 5 added in each accurate titration.

  Results

 [7]
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 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FA 4 required .............................. cm3 of FA 5. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii), (c)(iv) and (c)(v) to an appropriate number of 

significant figures. [1]

  (ii) Calculate the amount, in mol, of sodium hydroxide in the volume of FA 5 in (b).

 amount of NaOH = .............................. mol [1]

  (iii) Use your answer to (c)(ii) to calculate the amount, in mol, of hydrochloric acid in 250 cm3 

of FA 4.

 amount of HCl in 250 cm3 of FA 4 = .............................. mol

   Hence, calculate the amount, in mol, of hydrochloric acid present in 250 cm3 of FA 3.

 amount of HCl in 250 cm3 of FA 3 = .............................. mol

 [1]

  (iv) Calculate the amount, in mol, of hydrochloric acid used to prepare FA 3.

 amount of HCl = .............................. mol [1]
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  (v) Use your answers to (c)(iii) and (c)(iv) to calculate the amount, in mol, of hydrochloric 

acid that reacted with the FA 1 in step 1.

 amount of HCl that reacted with FA 1 = .............................. mol [1]

  (vi) Use your answer to (c)(v) to calculate the amount, in mol, of calcium carbonate present 

in FA 1.

CaCO3 (s) +  2HCl (aq)    CaCl 2(aq)  +  H2O(l)  +  CO2(g)

 amount of CaCO3 in FA 1 = .............................. mol [1]

  (vii) Use your answer to (c)(vi) and the mass of FA 1 used to calculate the percentage purity 

of calcium carbonate. Show your working.

 purity of calcium carbonate = .............................. % [1]

 (d) The percentage purity of calcium carbonate in FA 1 has been determined by two different 

methods, gas collection and titration. The gas collection method used in Question 1 is less 

accurate.

  (i) Suggest two reasons why the gas collection method is less accurate.

1  ........................................................................................................................................

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

2  ........................................................................................................................................

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

 [2]

  (ii) Describe a change to the gas collection method that would improve the accuracy of the 

percentage purity determined in Question 1.

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

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

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

 [Total: 18]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard-glass test-tube must 

be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) FA 7 is a solution containing two cations and one anion. All of the ions are listed in the 

Qualitative analysis notes.

  (i) Carry out the following tests and record your observations in Tables 3.1 and 3.2. For 

each test use a 1 cm depth of FA 7 in a test-tube unless the solution requires heating.

Table 3.1

test observations

Test 1

Add aqueous ammonia.

Test 2

To a 1 cm depth of FA 7 in a boiling tube, add 

aqueous sodium hydroxide,  

then

warm the mixture carefully.

Test 3

Add a few drops of silver nitrate.

* 0000800000008 *
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Table 3.2

test observations

Test 4

Add a 1 cm depth of aqueous barium chloride or 

aqueous barium nitrate.

Test 5

Add a 1 cm depth of dilute nitric acid, 

then

leave to stand for a few minutes.

Test 6

Add a 1 cm depth of aqueous potassium iodide, 

then

add a few drops of starch solution.

 [5]

  (ii) Write an ionic equation for a reaction in (a)(i) that resulted in the formation of a precipitate. 

Include state symbols.

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

  (iii) Give the formula of each ion present in FA 7. If you cannot identify an ion, write ‘unknown.’

   cations ..................... and ..................... 

   anion .....................

 [2]

* 0000800000009 *
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 (b) FA 8 is an anhydrous sodium compound.

  (i) Transfer a spatula measure of FA 8 to a hard-glass test-tube. Heat the test-tube gently at 

first, then more strongly until no further change occurs. Record your observations.

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

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

  (ii) The FA 9 provided is a sample of the residue obtained from heating FA 8.

   To a 2 cm depth of nitric acid in a test-tube, slowly add a small spatula measure of FA 9.

   Record your observations.

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

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

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

 

  (iii) Deduce the formula of FA 8.

   FA 8 is ......................... . [1]

 [Total: 12]
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Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 

giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+

* 0000800000014 *
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Acids donate H+ in aqueous solution. The number of moles of H+ donated per mole of acid is the 

proticity of the acid. For example, sulfuric acid is diprotic as it donates two moles of H+ per mole 

of acid.

 In this experiment you will carry out a titration to determine the proticity of citric acid, C6H8O7. 

 FB 1 is aqueous citric acid containing 7.50 g dm–3 C6H8O7. 

 FB 2 is aqueous sodium hydroxide containing 4.50 g dm–3 NaOH. 

 FB 3 is thymolphthalein indicator.

 (a) Method

• Fill the burette with FB 2.
• Pipette 25.0 cm3 of FB 1 into a conical flask.
• Add a few drops of FB 3 to the conical flask.

• 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 sure any recorded results show the precision of your practical work.

• Record, in a suitable form in the space below, all your burette readings and the volume 

of FB 2 added in each accurate titration.

  Results

 [7]

 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

25.0 cm3 of FB 1 required .............................. cm3 of FB 2. [1]

I

II

III

IV

V

VI

VII
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 (c) Calculations

  (i) Calculate the amount, in mol, of citric acid in 25.0 cm3 of FB 1. 

   Show your working.

amount of C6H8O7 = .............................. mol [2]

  (ii) Calculate the amount, in mol, of sodium hydroxide in the volume of FB 2 in (b).

 

amount of NaOH = .............................. mol [1]

  (iii) Citric acid is triprotic.

   Show whether your results in this experiment support this statement.

 [1]

  (iv) Complete the equation for the reaction of citric acid, C6H8O7, with sodium hydroxide.

    C6H8O7 + …… NaOH    .............................. + .............................. . [1]

  (v) Citric acid does not contain a chiral carbon atom.

   Draw a possible structural formula of a molecule of citric acid.

 [1]

 (d) A student uses a pipette labelled 25.0 ± 0.06 cm3 to measure FB 1.

  The student suggests that it is more accurate to measure the volume of FB 1 with a burette 

instead of the pipette.

  State whether the student’s suggestion is correct. Explain your answer.

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

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

 [Total: 15]
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2 You will determine the enthalpy change for the reaction of aqueous citric acid with aqueous sodium 

hydroxide to form aqueous sodium citrate. 

 The procedure involves two experiments using solid citric acid. 

 FB 4 is citric acid, C6H8O7. Use this for Experiment 1.

 FB 5 is citric acid, C6H8O7. Use this for Experiment 2. 

 FB 6 is 2.00 mol dm–3 sodium hydroxide, NaOH.

 (a) Experiment 1 is the determination of the enthalpy change of solution, ΔH1, for citric acid.

  This is the enthalpy change when one mole of citric acid dissolves in water.

    C6H8O7(s) + aq  C6H8O7(aq)   ΔH1

  Method

• Support one of the cups in the 250 cm3 beaker.

• Use the 50 cm3 measuring cylinder to transfer 30.0 cm3 of distilled water into the cup.

• Measure the temperature of the water in the cup. Record this temperature in the space 

for results.

• Weigh the container with FB 4. Record the mass.

• Tip all of the FB 4 into the water in the cup.

• Stir the mixture until the minimum temperature is obtained. Record this temperature.

• Weigh the container with any residual FB 4. Record the mass.

• Calculate and record the mass of FB 4 used.

• Calculate and record the temperature change.

  Results

 [3]

 (b) Calculations

  (i) Calculate the energy change, in J, in your experiment.

energy change = .............................. J [1]

  (ii) Calculate the enthalpy change of solution, ΔH1, in kJ mol–1, for dissolving 1.00 mol of 

solid citric acid, C6H8O7, in water. Show your working.

 ΔH1 = ...... ..................... kJ mol–1 [2]

 sign value

I

II

III
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 (c) Experiment 2 is the determination of the enthalpy change, ΔH2, for the reaction of one 

mole of solid citric acid with aqueous sodium hydroxide. In this experiment, aqueous sodium 

hydroxide, FB 6, is used in excess.

  Method

• Support the second cup in the beaker.

• Add 4.80–5.00 g of FB 5 to the cup. Record your weighings.

• Measure and record the temperature of FB 6 in its container.

• Use the 50 cm3 measuring cylinder to transfer 50.0 cm3 of FB 6 into the cup with FB 5. 

• Stir the mixture until the maximum temperature is obtained. Record the maximum 

temperature.

• Calculate and record the mass of FB 5 used.

• Calculate and record the temperature change.

  Results

 [3]

 (d)  Calculations

  Calculate the enthalpy change of reaction, ΔH2, in kJ mol–1, for the reaction of 1.00 mol of 

solid citric acid, C6H8O7, with aqueous sodium hydroxide.

  Show your working.

 ΔH2 = ...... ..................... kJ mol–1 [2]

 sign value

 (e) Use your values for ΔH1 and ΔH2 to calculate the enthalpy change, ΔHr , in kJ mol–1, for the 

reaction of 1.00 mol of aqueous citric acid with aqueous sodium hydroxide.

 ΔHr = ...... ..................... kJ mol–1 [1]

 sign value

 [Total: 12]

I

II

III

* 0000800000005 *
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Qualitative analysis 

For each test you should record all your observations in the spaces provided. 

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the  reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test. 

You should record clearly at what stage in a test an observation is made. 

Where no change is observed, you should write ‘no change’. 

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given. 

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard-glass test-tube must 

be used.

Rinse and reuse test-tubes and boiling tubes where possible. 

No additional tests should be attempted.

* 0000800000006 *
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3 (a) Solutions FB 7 and FB 8 each contain one cation and one anion. All of the ions are listed in 

the Qualitative analysis notes.

  (i) Carry out the following tests and record your observations in Table 3.1. Use a 1 cm depth 

of FB 7 or FB 8 in a test-tube for each test.

Table 3.1

test
observations 

FB 7 FB 8

Test 1

Add an equal volume of 

aqueous potassium iodide, 

then

add excess aqueous sodium 

thiosulfate.

Test 2

Add a small spatula 

measure of zinc powder.

Leave the mixture to stand.

Test 3

Add a few drops of aqueous 

silver nitrate.

Test 4

Add aqueous ammonia.

 [6]

  (ii) Deduce the formula of FB 8.

   FB 8 is .......................... . [1]

  (iii) For FB 8, state the numbers of all the tests from Table 3.1 that involve a redox reaction.

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

  (iv) Give the ionic equation for one of the reactions in Test 4. Include state symbols.

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

* 0000800000007 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



8

9701/32/M/J/25© UCLES 2025

 (b) (i) Carry out tests to identify the anion in FB 7. The anion does not contain sulfur.

   Record your tests and observations in a suitable form in the space below. 

   You must use a boiling tube if any liquid is heated.

 [3]

  (ii) Deduce the formula of FB 7.

   FB 7 is ……………… . [1]

 [Total: 13]
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BLANK PAGE
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Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 

giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Hydrogen peroxide, H2O2, reacts rapidly with acidified potassium manganate(VII), KMnO4.

5H2O2(aq)  +  2MnO4
–(aq)  +  6H+(aq)    5O2(g)  +  8H2O(l)  +   2Mn2+(aq)

 You will determine the concentration of a solution of hydrogen peroxide. You will first dilute the 

solution and then carry out a titration with acidified potassium manganate(VII).

 FA 1 is aqueous hydrogen peroxide, H2O2.

 FA 2 is 0.0300 mol dm–3 potassium manganate(VII), KMnO4.

 FA 3 is 1.0 mol dm–3 sulfuric acid, H2SO4.

 (a) Method

  Dilution of FA 1

• Pipette 25.0 cm3 of FA 1 into the 250 cm3 volumetric flask.

• Add distilled water to make 250 cm3 of solution.

• Shake the flask thoroughly.

• Label this diluted solution of hydrogen peroxide FA 4.

  Titration

• Fill the burette with FA 2.

• Rinse the 25.0 cm3 pipette with distilled water and then with FA 4.

• Pipette 25.0 cm3 of FA 4 into a conical flask.

• Use the 25 cm3 measuring cylinder to add 10 cm3 of FA 3 to the conical flask.

• 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 sure your recorded results show the precision of your practical work.

• Record, in a suitable form in the space for results, all your burette readings and the 

volume of FA 2 added in each accurate titration.

Keep FA 1 for use in Questions 2 and 3.

Keep FA 2 for use in Question 3.

* 0000800000002 *
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  Results

 [7]

 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FA 4 required .............................. cm3 of FA 2. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to an appropriate number of significant 

figures. [1]

  (ii) Calculate the amount, in mol, of manganate(VII) ions in the volume of FA 2 in (b).

 amount of MnO4
– = .............................. mol [1]

  (iii) Calculate the amount, in mol, of hydrogen peroxide in 25.0 cm3 of FA 4.

 amount of H2O2 = .............................. mol [1]

  (iv) Calculate the concentration, in mol dm–3, of hydrogen peroxide in FA 1.

 concentration of H2O2 in FA 1 = .............................. mol dm–3 [1]

I

II

III

IV

V

VI

VII
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 (d) A student suggests that the experiment would be more accurate if a 10 cm3 pipette is used to 

measure FA 3 in place of the measuring cylinder.

  State whether the student’s suggestion is correct. Explain your answer.

  Include a calculation as part of your explanation.

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

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

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

 [2]

 [Total: 14]
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2  You will now determine the concentration of a solution of hydrogen peroxide by a different method.

 Hydrogen peroxide decomposes slowly into water and oxygen at room temperature. This reaction 

is exothermic. When a catalyst is added, the decomposition is fast and there is a measurable 

temperature rise.

 

H2O2(aq)    H2O(l) + 
1

2
O2(g)    ΔH = −98.2 kJ mol−1

 FA 1 is aqueous hydrogen peroxide, H2O2. 

 FA 5 is manganese(IV) oxide, MnO2.

 (a) Method

  Experiment 1

• Support one of the cups in the 250 cm3 beaker.

• Use the 50 cm3 measuring cylinder to add 25.0 cm3 of FA 1 to the cup.

• Place the thermometer in the FA 1 and tilt the cup, if necessary, so that the bulb of the 

thermometer is fully covered. Record the temperature in the space for results.

• Add a heaped spatula measure of FA 5 to the solution in the cup.

• Stir constantly until the maximum temperature is reached. Record this temperature.

• Calculate and record the temperature rise.

• Rinse and dry the thermometer. 

  Experiment 2

• Support the second cup in the 250 cm3 beaker.

• Use the 50 cm3 measuring cylinder to add 40.0 cm3 of FA 1 to the second cup.

• Measure and record the initial temperature of the solution.

• Add a heaped spatula measure of FA 5 to the solution in the second cup.

• Stir constantly until the maximum temperature is reached. Record this temperature.

• Calculate and record the temperature rise.

Keep FA 5 for use in Question 3.

  Results

 [5]

I

II

III

IV

V
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 (b) Calculations

  (i) Calculate the energy change, in J, in Experiment 2.

 energy change = .............................. J [1]

  (ii) Use the information given and your answer to (b)(i) to calculate the concentration, in 

mol dm–3, of hydrogen peroxide in FA 1.

 concentration of H2O2 in FA 1 = .............................. mol dm–3 [2]

 (c) The concentration of hydrogen peroxide in FA 1 calculated using the method given for 

Question 1 is more accurate than that using the method given for Question 2.

  (i) Heat loss is a large source of error when carrying out the method for Question 2.  

Describe and explain the effect of heat loss on the value of the concentration of hydrogen 

peroxide calculated.

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

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

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

  (ii) A student suggests that calculating the concentration of hydrogen peroxide using the 

method in Question 2 would be less accurate when the concentration is lower.

   Suggest whether the student is correct. Explain your answer.

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

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

 [Total: 10]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard-glass test-tube must 

be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) (i) Transfer a 2 cm depth of FA 2, KMnO4, into a test-tube. Add the same volume of 

aqueous sodium hydroxide followed by a small spatula measure of FA 5, MnO2. Stir for 

approximately 30 seconds then filter the mixture into a second test-tube.

observations  ......................................................................................................................

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

   Add dilute sulfuric acid to the filtrate until no further change.

observations  ......................................................................................................................

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

 [2]

  (ii) Transfer a 1 cm depth of aqueous iron(II) sulfate into a boiling tube. Add the same depth 

of dilute sulfuric acid followed by a very small spatula measure of FA 5, MnO2. Carefully 

warm the mixture using a Bunsen burner for about 20 seconds. Filter the warm mixture 

into a test-tube.

observations  ......................................................................................................................

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

   Add aqueous sodium hydroxide dropwise to the filtrate until no further change.

observations  ......................................................................................................................

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

 [2]
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  (iii) Suggest a conclusion about the chemical behaviour of FA 5 using your observations in 

(a)(ii).

FA 5 is acting as  ..........................................................................................................  [1]

  (iv) Write an ionic equation for the reaction between aqueous sodium hydroxide and the 

filtrate in (a)(ii). Include state symbols.

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

Question 3 continues on page 10.
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 (b) FA 6 and FA 7 are both aqueous solutions of salts. Neither solution includes an ion that 

contains sulfur.

  FA 6 contains two cations and one anion. Two of the ions are listed in the Qualitative analysis 

notes.

  FA 7 contains one cation and one anion. One of the ions is listed in the Qualitative analysis 

notes.

  (i) Carry out the following tests and record your observations in Table 3.1.

   Use a 1 cm depth of FA 6 or FA 7 in a boiling tube for Test 1. Use a 1 cm depth of FA 6 or 

FA 7 in a test-tube for Tests 2, 3 and 4. 

Table 3.1

test
observations

FA 6 FA 7

Test 1

Add aqueous sodium 

hydroxide, 

then

warm gently.

Test 2

Add acidified aqueous KMnO4 

dropwise until no further 

change.

Test 3

Add an equal volume of FA 1, 

H2O2,  

then

add a few drops of starch 

solution.

Test 4

Add aqueous sodium 

carbonate.

 [6]
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  (ii) The anion in FA 6 does not contain nitrogen. Select one further reagent to identify the 

anion present in FA 6.

   Carry out a test with this reagent and record your observations in Table 3.2.

 Table 3.2

reagent observations

 [1]

  (iii) Give the formulae of the ions present in FA 6 and FA 7. If you are unable to identify an 

ion from your tests, write ‘unknown.’

   The ions present in FA 6 are ......................... and ......................... and ......................... .

   The ions present in FA 7 are ......................... and ......................... .

 [3]

 [Total: 16]

* 0000800000011 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



12

9701/33/M/J/25© UCLES 2025

BLANK PAGE

* 0000800000012 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



13

9701/33/M/J/25© UCLES 2025

BLANK PAGE

* 0000800000013 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



14

9701/33/M/J/25© UCLES 2025

Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 

giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+

* 0000800000014 *
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000015 *
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CHEMISTRY 9701/34

Paper 3 Advanced Practical Skills 2 May/June 2025

 2 hours

You must answer on the question paper.

You will need: The materials and apparatus listed in the confidential instructions

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 40.

 ● The number of marks for each question or part question is shown in  

brackets [ ].

 ● The Periodic Table is printed in the question paper.

 ● Important values, constants and standards are printed in the  

question paper.

 ● Notes for use in qualitative analysis are provided in the  

question paper.
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Iron is an element that is essential in the human diet. Some people need to take iron supplement 

tablets to ensure an adequate intake of iron.

 You will investigate the mass of iron in an iron supplement tablet by titrating a solution with 

potassium manganate(VII).

Fe2+(aq)  Fe3+(aq) + e–

MnO4
–(aq) + 8H+(aq) + 5e–  Mn2+(aq) + 4H2O(l)

 FB 1 is an aqueous solution of iron supplement tablets made by dissolving 14 tablets in 1.00 dm3 

of solution. The iron in each tablet is iron(II) sulfate, FeSO4•7H2O.

 FB 2 is 0.0100 mol dm–3 acidified aqueous potassium manganate(VII), KMnO4.

 FB 3 is dilute sulfuric acid, H2SO4.

 (a) Method

• Fill a burette with FB 2.

• Pipette 25.0 cm3 of FB 1 into a conical flask.

• Use the 25 cm3 measuring cylinder to add 10.0 cm3 of FB 3 to the conical flask.

• 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 sure any recorded results show the precision of your practical work.

• Record, in a suitable form in the space below, all your burette readings and the volume 

of FB 2 added in each accurate titration.

 Rinse the burette with distilled water and leave to drain while you continue Question 1.

  Results

 [7]

I

II

III

IV

V

VI

VII
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 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FB 1 required .............................. cm3 of FB 2. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to an appropriate number of significant 

figures. [1]

  (ii) Calculate the amount, in mol, of manganate(VII) ions in the volume of FB 2 in (b).

 amount of MnO4
– = .............................. mol [1]

  (iii) Use your answer to (c)(ii) and the equations at the start of the question to calculate the 

concentration, in mol dm–3, of iron(II) ions in FB 1.

 concentration of Fe2+ = .............................. mol dm–3 [1]

  (iv) Use your answer to (c)(iii) to calculate the concentration, in g dm–3, of iron(II) ions in FB 1.

 concentration of Fe2+ = .............................. g dm–3 [1]

  (v) The manufacturer of the iron supplement tablets used to make FB 1 claims that each 

tablet contains a minimum of 150 mg of Fe2+.

   Use your answer to (c)(iv) and the information given about FB 1 to determine whether 

this claim is correct. Show your working.

 [1]

 (d) A student used all the FB 3 and suggests that dilute hydrochloric acid would be a suitable 

replacement.

  Suggest whether the student is correct or not. Explain your answer.

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

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

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

 [Total:14]

* 0000800000003 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



4

9701/34/M/J/25© UCLES 2025

2 The reaction between an acid and an alkali is exothermic. You will carry out a neutralisation 

experiment to determine the enthalpy change involved.

 You will mix different volumes of an acid with a fixed volume of an alkali and measure the 

temperature rises that occur.

 FB 4 is aqueous sodium hydroxide, NaOH.

 FB 5 is 2.00 mol dm–3 hydrochloric acid, HCl .

 (a) Method

• Use the thermometer to measure the initial temperature of FB 4. Record this initial 

temperature in the space for results.

• Support the cup in the 250 cm3 beaker.

• Fill one burette with FB 5. Label the burette FB 5.

• Fill the other burette with distilled water.

  Experiment 1

• Use the 10 cm3 pipette to transfer 10.0 cm3 of FB 4 into the cup.

• Add 9.00 cm3 of distilled water from the burette to the same cup.

• Add 1.00 cm3 of FB 5 from the other burette to the same cup.

• Stir the mixture and use the thermometer to measure the maximum temperature. If 

necessary, tilt the cup so that the solution covers the bulb of the thermometer.

• Record the maximum temperature in Table 2.1.

• Empty, rinse and dry the cup ready for use in further experiments.

  Further experiments

  Repeat this method for Experiments 2–5, using 10.0 cm3 of FB 4 and the volumes of water 

and FB 5 shown in Table 2.1. In each case, measure and record the maximum temperature.

  Carry out two further experiments, Experiments 6 and 7, which will enable you to determine 

more precisely the volume of FB 5 that gives the largest maximum temperature. Record your 

measurements in Table 2.1.

  Results

  initial temperature of FB 4 = .............................. °C

Table 2.1

experiment
volume of water

/ cm3
volume of FB 5

/ cm3
maximum 

temperature / °C

1 9.00 1.00

2 7.00 3.00

3 5.00 5.00

4 3.00 7.00

5 1.00 9.00

6

7

 [4]

I

II

III

IV
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 (b) (i) Plot a graph of the maximum temperature (y‑axis) against the volume of FB 5 (x‑axis) on 
the grid. The scale on the y‑axis should be suitable for temperature readings to be 2 °C 
above the largest maximum temperature.

   Label any points you consider to be anomalous.

   Draw two lines of best fit, the first for the increase in maximum temperature and the 
second for after the largest maximum temperature has been reached. Extrapolate both 
lines so that they intersect.

 [4]

I II III IV
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  (ii) Use the intersection on your graph in (b)(i) to determine the volume of FB 5 required to 

neutralise 10.0 cm3 of FB 4.

 volume of FB 5 = .............................. cm3 [1]

 (c) Calculations

  (i) Calculate the amount, in mol, of hydrochloric acid in the volume of FB 5 in (b)(ii).

   (If you were unable to determine an answer to (b)(ii), use 5.10 cm3 as the volume of 

FB 5. This may not be the correct answer.)

 amount of HCl = .............................. mol

   Deduce the amount, in mol, of sodium hydroxide in 10.0 cm3 of FB 4.

 amount of NaOH = .............................. mol

 [1]

  (ii) Calculate the energy change, in J, when the amounts of reagents in (c)(i) neutralise 

each other. Show your working.

 energy change = .............................. J [1]

  (iii) Use your answer to (c)(ii) to calculate the enthalpy change, in kJ mol–1, when one mole 

of FB 4 is neutralised by one mole of FB 5.

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

 sign value

 [Total: 12]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard‑glass test‑tube must 

be used.

Rinse and reuse test‑tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) (i) FB 6, FB 7 and FB 8 are aqueous solutions of different compounds that each contain at 

least one oxygen atom.

   Carry out the following tests and record your observations in Table 3.1. Three of the tests 

have been done for you. Use a 1 cm depth of solution in a test‑tube for each test.

Table 3.1

test
observations

FB 6 FB 7 FB 8

Test 1

Add a small 

spatula measure 

of manganese(IV) 

oxide.

No change. No change.

Test 2

Add a 1 cm length 

of magnesium. No change.

Test 3

Add a few drops 

of aqueous iron(II) 
sulfate.

 [4]
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  (ii) Use your observations in Table 3.1 to suggest a possible formula for each of FB 6, FB 7 

and FB 8.

   FB 6 ..............................

   FB 7 ..............................

   FB 8 ..............................

 [2]

 (b) FB 9 contains two anions and two cations, three of which are listed in the Qualitative analysis 

notes.

  (i) To a small spatula measure of FB 9 in a test‑tube, add a 2 cm depth of dilute nitric acid. 

Record your observations.

   Keep the resulting solution for the test in (b)(ii).

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

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

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

  (ii)  To the solution from (b)(i), add a few drops of aqueous silver nitrate. Then add excess 

aqueous ammonia. Record your observations.

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

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

 .....................................................................................................................................  [1]
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  (iii) Make an aqueous solution of FB 9 by adding a 5 cm depth of distilled water to a spatula 

measure of FB 9 in a test‑tube. Carry out the following tests on the aqueous solution of 

FB 9 and record your observations in Table 3.2.

Table 3.2

test observations

Test 1

To a 1 cm depth in a boiling tube, add 

aqueous sodium hydroxide,

then

warm.

Test 2

To a 1 cm depth in a test‑tube, add a few 

drops of dilute hydrochloric acid,

then add a few drops of aqueous chlorine.

Empty and rinse the test‑tube with water 

immediately after use.

 [2]

  (iv) Use your observations in (b)(i), (b)(ii) and Table 3.2 to deduce the formulae of the cations 

and anions in FB 9. If you are unable to identify an ion, write ‘unknown’.

   cations .............................. and ..............................

   anions .............................. and ..............................

 [2]

  (v) Write an ionic equation for the reaction in (b)(ii). Include state symbols.

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

 [Total:14]
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Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey‑green ppt. soluble in excess 

giving dark green solution

grey‑green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off‑white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off‑white / pale yellow ppt. slowly with H+

* 0000800000010 *
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue‑black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000011 *
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Group 1 metal carbonates react with dilute acids to form a salt, water and carbon dioxide. The 

identity of the metal, M, can be determined by measuring the volume of carbon dioxide produced 

when excess acid is added to a known mass of the carbonate, M2CO3.

 FA 1 is the metal carbonate, M2CO3.

 FA 2 is 0.250 mol dm−3 sulfuric acid, H2SO4.

 (a) Method

• Weigh the container with FA 1. Record the mass in the space for results.

• Fill the tub with water to a depth of approximately 5 cm.

• Fill the 250 cm3 measuring cylinder completely with water. Holding a piece of paper towel 

firmly over the top, invert the measuring cylinder and place it in the water in the tub.

• Remove the paper towel and clamp the inverted measuring cylinder so the open end is 

in the water just above the base of the tub.

• Use the 50 cm3 measuring cylinder to transfer 50.0 cm3 of FA 2 into the flask labelled X. 

Check that the bung fits tightly into the neck of flask X, clamp flask X and place the 

delivery tube into the inverted 250 cm3 measuring cylinder.

• Remove the bung from the neck of the flask. Add all of the FA 1 into the acid in the flask 

and replace the bung immediately. Remove the flask from the clamp and swirl it to mix 

the contents.

• Replace the flask in the clamp and leave until the fizzing stops. Swirl the flask 

occasionally.

• Weigh the container with any residual FA 1. Record the mass.

• Calculate and record the mass of FA 1 that is added to the acid.

• When no more gas is collected, record the final volume of gas.

You may wish to start Question 2 or Question 3 while the gas is being collected.

  Results

 [3]

I

II

III
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 (b) Calculations

  (i) Calculate the amount, in mol, of carbon dioxide collected in the measuring cylinder (at 

room conditions).

 amount of CO2 = .............................. mol [1]

  (ii) Write an equation for the reaction between sulfuric acid and the metal carbonate, M2CO3. 

Include state symbols.

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

  (iii) Use your answers to (b)(i) and (b)(ii) to deduce the amount, in mol, of the metal 

carbonate in the mass of FA 1 you used in your experiment.

 amount of M2CO3 = .............................. mol

   Hence, calculate the relative formula mass, Mr, of the metal carbonate.

 Mr of M2CO3 = ..............................

 [1]

  (iv) Use your answer to (b)(iii) to calculate the relative atomic mass, Ar, of metal M.

   Hence, identify metal M in FA 1.

   Ar of M = ................................

   M is .............................. .

 [2]

 (c) A student carries out a similar experiment on a powdered Group 2 carbonate. The student 

determines the relative atomic mass, Ar, to be 49.3 and concludes that the metal in the 

carbonate is calcium.

  Calculate the percentage error in the student’s result. Show your working.

 percentage error in Ar of Ca = .............................. % [1]

 (d) Suggest why the method you used in (a) would be unsuitable for use with small lumps of 

calcium carbonate.

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

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

 [Total: 10]
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2 The identity of a Group 1 metal in a metal carbonate may also be determined by titration with acid. 

Z2CO3 is a Group 1 metal carbonate. The metal may or may not be the same as that in FA 1. You 

will determine which metal is present in Z2CO3.

 FA 3 is 7.26 g dm−3 Z2CO3.

 FA 4 is 0.0500 mol dm−3 sulfuric acid, H2SO4.

 FA 5 is bromophenol blue indicator.

 (a) Method

• Fill the burette with FA 4.

• Pipette 25.0 cm3 of FA 3 into a conical flask.

• Add a few drops of FA 5 to the same conical flask.

• 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 sure any recorded results show the precision of your practical work.

• Record, in a suitable form in the space below, all your burette readings and the volume 

of FA 4 added in each accurate titration.

  Results

 [7]

 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FA 3 required .............................. cm3 of FA 4. [1]

I

II

III

IV

V

VI

VII
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 (c) Calculations

  (i) Calculate the amount, in mol, of sulfuric acid present in the volume of FA 4 in (b).

 amount of H2SO4 = .............................. mol [1]

  (ii) Use your answer to (c)(i) to calculate the amount, in mol, of Z2CO3 in 1.0 dm3 of FA 3.

 amount of Z2CO3 = .............................. mol [1]

  (iii) Use your answer to (c)(ii) to determine the identity of metal Z.

   Metal Z is .............................. . [2]

 (d) Z2CO3 also exists as the hydrated salt.

  State whether your titre will increase or decrease if 7.26 g of hydrated Z2CO3 is dissolved to 

prepare 1 dm3 of FA 3. Explain your answer.

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

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

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

 (e) A titration is a more accurate method of determining the relative atomic mass of the metal in a 

metal carbonate than gas collection.

  Give two reasons why titration is a more accurate method.

1  ................................................................................................................................................

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

2  ................................................................................................................................................

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

 [2]

 [Total: 15]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If any solid is heated, a hard‑glass test‑tube 

must be used.

Rinse and reuse test‑tubes and boiling tubes where possible.

No additional tests should be attempted.
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3 Half‑fill the 250 cm3 beaker with water and place it on a tripod and gauze. Heat the water until 

boiling then switch off your Bunsen burner. This is your hot water bath for use in (b).

 (a) FA 6 and FA 7 are aqueous solutions that each contain one cation and one anion. All the ions 

are listed in the Qualitative analysis notes. None of the ions contains nitrogen.

  (i) Carry out the following tests using a 1 cm depth of FA 6 or FA 7 in a test‑tube for each 

test. Record your observations in Table 3.1.

Table 3.1

test
observations

FA 6 FA 7

Test 1

Add aqueous sodium 

hydroxide.

Test 2

Add aqueous ammonia, 

then

let the mixture stand for 

5 minutes.

Test 3

Add hydrogen 

peroxide, mix well,  

then

add aqueous sodium 

hydroxide.

 [4]

* 0000800000007 *
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  (ii) Carry out tests to identify the anions in FA 6 and FA 7.

   Record your tests and observations in a suitable form in the space below.

 [4]

  (iii) Use your observations from (a)(i) and (a)(ii) to deduce the formulae of FA 6 and FA 7.

   FA 6 is  .............................. .

   FA 7 is  .............................. .

 [2]

* 0000800000008 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



9

9701/35/M/J/25© UCLES 2025

 Ensure your water bath is hot and the Bunsen burner is turned off before you start (b).

 (b) FA 8 is an organic liquid containing one functional group and only the elements C, H and O.

  You will carry out two tests to investigate FA 8.

  For each test you will record your observations and then conclude one of the following:

• at least two types of compound that FA 8 could be

  or

• one type of compound that FA 8 cannot be.

  (i) To a 1 cm depth of FA 8 in a test‑tube, add a few drops of acidified aqueous potassium 

manganate(VII), then place the test‑tube in the hot water bath.

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

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

conclusion  .........................................................................................................................

 [2]

  (ii) To a 1 cm depth of FA 8 in a test‑tube, add a small spatula measure of sodium carbonate.

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

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

conclusion  .........................................................................................................................

 [2]

  (iii) Suggest a further test you could carry out to identify one of the types of compound that 

you have concluded could be FA 8.

   State the reagent you would use. State what a positive result would indicate about the 

identity of FA 8.

   Do not carry out your test.

reagent  ..............................................................................................................................

conclusion from a positive result  .......................................................................................

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

 [1]

 [Total: 15]

* 0000800000009 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



10

9701/35/M/J/25© UCLES 2025

Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey‑green ppt. soluble in excess 

giving dark green solution

grey‑green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off‑white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off‑white / pale yellow ppt. slowly with H+

* 0000800000010 *
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue‑black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)

* 0000800000011 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



12

9701/35/M/J/25© UCLES 2025

To avoid the issue of disclosure of answer‑related information to candidates, all copyright acknowledgements are reproduced online in the Cambridge 

Assessment International Education Copyright Acknowledgements Booklet. This is produced for each series of examinations and is freely available to download 

at www.cambridgeinternational.org after the live examination series.

G
ro

u
p

T
h

e
 P

e
ri

o
d

ic
 T

a
b

le
 o

f 
E

le
m

e
n

ts

1 H
h

y
d

ro
g

e
n

1
.0

2

H
e

h
e

liu
m

4
.0

1
2

1
3

1
4

1
5

1
6

1
7

1
8

3
4

5
6

7
8

9
1
0

1
1

1
2

3 L
i

lit
h

iu
m

6
.9

4 B
e

b
e

ry
lli

u
m

9
.0

a
to

m
ic

 n
u

m
b

e
r

a
to

m
ic

 s
y
m

b
o

l

K
e
y

n
a

m
e

re
la

ti
v
e

 a
to

m
ic

 m
a

s
s

1
1

N
a

s
o

d
iu

m

2
3

.0

1
2

M
g

m
a

g
n

e
s
iu

m

2
4

.3

1
9 K

p
o

ta
s
s
iu

m

3
9

.1

2
0

C
a

c
a

lc
iu

m

4
0

.1

3
7

R
b

ru
b

id
iu

m

8
5

.5

3
8

S
r

s
tr

o
n

ti
u

m

8
7

.6

5
5

C
s

c
a

e
s
iu

m

1
3

2
.9

5
6

B
a

b
a

ri
u

m

1
3

7
.3

8
7

F
r

fr
a

n
c
iu

m

–

8
8

R
a

ra
d

iu
m

–

5 B
b

o
ro

n

1
0

.8

1
3

A
l

a
lu

m
in

iu
m

2
7

.0

3
1

G
a

g
a

lli
u

m

6
9

.7

4
9

In
in

d
iu

m

1
1

4
.8

8
1 T
l

th
a

lli
u

m

2
0

4
.4

6 C
c
a

rb
o

n

1
2

.0

1
4 S
i

s
ili

c
o

n

2
8

.1

3
2

G
e

g
e

rm
a

n
iu

m

7
2

.6

5
0

S
n

ti
n

1
1

8
.7

8
2

P
b

le
a

d

2
0

7
.2

2
2 T
i

ti
ta

n
iu

m

4
7

.9

4
0

Z
r

z
ir
c
o

n
iu

m

9
1

.2

7
2

H
f

h
a

fn
iu

m

1
7

8
.5

1
0

4

R
f

ru
th

e
rf

o
rd

iu
m

–

2
3 V

v
a

n
a

d
iu

m

5
0

.9

4
1

N
b

n
io

b
iu

m

9
2

.9

7
3

T
a

ta
n

ta
lu

m

1
8

0
.9

1
0

5

D
b

d
u

b
n

iu
m

–

2
4

C
r

c
h

ro
m

iu
m

5
2

.0

4
2

M
o

m
o

ly
b

d
e

n
u

m

9
5

.9

7
4

W
tu

n
g

s
te

n

1
8

3
.8

1
0

6

S
g

s
e

a
b

o
rg

iu
m

–

2
5

M
n

m
a

n
g

a
n

e
s
e

5
4

.9

4
3

T
c

te
c
h

n
e

ti
u

m

– 7
5

R
e

rh
e

n
iu

m

1
8

6
.2

1
0

7

B
h

b
o

h
ri
u

m

–

2
6

F
e

ir
o

n

5
5

.8

4
4

R
u

ru
th

e
n

iu
m

1
0

1
.1

7
6

O
s

o
s
m

iu
m

1
9

0
.2

1
0

8

H
s

h
a

s
s
iu

m

–

2
7

C
o

c
o

b
a

lt

5
8

.9

4
5

R
h

rh
o

d
iu

m

1
0

2
.9

7
7 Ir

ir
id

iu
m

1
9

2
.2

1
0

9

M
t

m
e

it
n

e
ri
u

m

–

2
8

N
i

n
ic

k
e

l

5
8

.7

4
6

P
d

p
a

lla
d

iu
m

1
0

6
.4

7
8

P
t

p
la

ti
n

u
m

1
9

5
.1

1
1

0

D
s

d
a

rm
s
ta

d
ti
u

m

–

2
9

C
u

c
o

p
p

e
r

6
3

.5

4
7

A
g

s
ilv

e
r

1
0

7
.9

7
9

A
u

g
o

ld

1
9

7
.0

1
1
1

R
g

ro
e

n
tg

e
n

iu
m

–

3
0

Z
n

z
in

c

6
5

.4

4
8

C
d

c
a

d
m

iu
m

1
1

2
.4

8
0

H
g

m
e

rc
u

ry

2
0

0
.6

1
1

2

C
n

c
o

p
e

rn
ic

iu
m

–

1
1

4

F
l

fl
e

ro
v
iu

m

–

1
1

6

L
v

liv
e

rm
o

ri
u

m

–

7 N
n

it
ro

g
e

n

1
4

.0

1
5 P

p
h

o
s
p

h
o

ru
s

3
1

.0

3
3

A
s

a
rs

e
n

ic

7
4

.9

5
1

S
b

a
n

ti
m

o
n

y

1
2

1
.8

8
3 B
i

b
is

m
u

th

2
0

9
.0

8 O
o

x
y
g

e
n

1
6

.0

1
6 S

s
u

lf
u

r

3
2

.1

3
4

S
e

s
e

le
n

iu
m

7
9

.0

5
2

T
e

te
llu

ri
u

m

1
2

7
.6

8
4

P
o

p
o

lo
n

iu
m

–

9 F
fl
u

o
ri
n

e

1
9

.0

1
7

C
l

c
h

lo
ri
n

e

3
5

.5

3
5

B
r

b
ro

m
in

e

7
9

.9

5
3 I

io
d

in
e

1
2

6
.9

8
5

A
t

a
s
ta

ti
n

e

–

1
0

N
e

n
e

o
n

2
0

.2

1
8

A
r

a
rg

o
n

3
9

.9

3
6

K
r

k
ry

p
to

n

8
3

.8

5
4

X
e

x
e

n
o

n

1
3

1
.3

8
6

R
n

ra
d

o
n

–

1
1

3

N
h

n
ih

o
n

iu
m

–

1
1

5

M
c

m
o

s
c
o

v
iu

m

–

1
1

7

T
s

te
n

n
e

s
s
in

e

–

1
1

8

O
g

o
g

a
n

e
s
s
o

n

–

2
1

S
c

s
c
a

n
d

iu
m

4
5

.0

3
9 Y

y
tt

ri
u

m

8
8

.9

5
7

–
7

1

la
n

th
a

n
o

id
s

8
9

–
1

0
3

a
c
ti
n

o
id

s

5
7

L
a

la
n

th
a

n
u

m

1
3

8
.9

8
9

A
c

la
n
th

a
n
o
id

s

a
c
ti
n
o
id

s
a

c
ti
n

iu
m

–

5
8

C
e

c
e

ri
u

m

1
4

0
.1

9
0

T
h

th
o

ri
u

m

2
3

2
.0

5
9

P
r

p
ra

s
e

o
d

y
m

iu
m

1
4

0
.9

9
1

P
a

p
ro

ta
c
ti
n

iu
m

2
3

1
.0

6
0

N
d

n
e

o
d

y
m

iu
m

1
4

4
.2

9
2 U

u
ra

n
iu

m

2
3

8
.0

6
1

P
m

p
ro

m
e

th
iu

m

– 9
3

N
p

n
e

p
tu

n
iu

m

–

6
2

S
m

s
a

m
a

ri
u

m

1
5

0
.4

9
4

P
u

p
lu

to
n

iu
m

–

6
3

E
u

e
u

ro
p

iu
m

1
5

2
.0

9
5

A
m

a
m

e
ri
c
iu

m

–

6
4

G
d

g
a

d
o

lin
iu

m

1
5

7
.3

9
6

C
m

c
u

ri
u

m

–

6
5

T
b

te
rb

iu
m

1
5

8
.9

9
7

B
k

b
e

rk
e

liu
m

–

6
6

D
y

d
y
s
p

ro
s
iu

m

1
6

2
.5

9
8

C
f

c
a

lif
o

rn
iu

m

–

6
7

H
o

h
o

lm
iu

m

1
6

4
.9

9
9

E
s

e
in

s
te

in
iu

m

–

6
8

E
r

e
rb

iu
m

1
6

7
.3

1
0

0

F
m

fe
rm

iu
m

–

6
9

T
m

th
u

liu
m

1
6

8
.9

1
0

1

M
d

m
e

n
d

e
le

v
iu

m

–

7
0

Y
b

y
tt

e
rb

iu
m

1
7

3
.1

1
0

2

N
o

n
o

b
e

liu
m

–

7
1

L
u

lu
te

ti
u

m

1
7

5
.0

1
0

3

L
r

la
w

re
n

c
iu

m

–

* 0000800000012 *

D
O

 N
O

T
 W

R
IT

E
 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN

  
  
  
  
  
  
  
  
  
D

O
 N

O
T

 W
R

IT
E

 I
N

 T
H

IS
 M

A
R

G
IN



This document has 16 pages. Any blank pages are indicated.

 [Turn over

Cambridge International AS & A Level

CHEMISTRY 9701/37

Paper 3 Advanced Practical Skills 1 May/June 2025

 2 hours

You must answer on the question paper.

You will need: The materials and apparatus listed in the confidential instructions

INSTRUCTIONS

 ● Answer all questions.

 ● Use a black or dark blue pen. You may use an HB pencil for any diagrams or graphs.

 ● Write your name, centre number and candidate number in the boxes at the top of the page.

 ● Write your answer to each question in the space provided.

 ● Do not use an erasable pen or correction fluid.

 ● Do not write on any bar codes.

 ● You may use a calculator.

 ● You should show all your working and use appropriate units.

INFORMATION

 ● The total mark for this paper is 40.

 ● The number of marks for each question or part question is shown in  

brackets [ ].

 ● The Periodic Table is printed in the question paper.

 ● Important values, constants and standards are printed in the  

question paper.

 ● Notes for use in qualitative analysis are provided in the  

question paper.

*
7

8
6

0
1

9
2

4
1

9
*

DC (KS) 357228

© UCLES 2025

Session

Laboratory

For Examiner’s Use

1

2

3

Total

* 0000800000001 *



2

9701/37/M/J/25© UCLES 2025

Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Hydrogen peroxide, H2O2, reacts rapidly with acidified potassium manganate(VII), KMnO4.

5H2O2(aq)  +  2MnO4
–(aq)  +  6H+(aq)    5O2(g)  +  8H2O(l)  +   2Mn2+(aq)

 You will determine the concentration of a solution of hydrogen peroxide. You will first dilute the 

solution and then carry out a titration with acidified potassium manganate(VII).

 FA 1 is aqueous hydrogen peroxide, H2O2.

 FA 2 is 0.0300 mol dm–3 potassium manganate(VII), KMnO4.

 FA 3 is 1.0 mol dm–3 sulfuric acid, H2SO4.

 (a) Method

  Dilution of FA 1

• Pipette 25.0 cm3 of FA 1 into the 250 cm3 volumetric flask.

• Add distilled water to make 250 cm3 of solution.

• Shake the flask thoroughly.

• Label this diluted solution of hydrogen peroxide FA 4.

  Titration

• Fill the burette with FA 2.

• Rinse the 25.0 cm3 pipette with distilled water and then with FA 4.

• Pipette 25.0 cm3 of FA 4 into a conical flask.

• Use the 25 cm3 measuring cylinder to add 10 cm3 of FA 3 to the conical flask.

• 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 sure your recorded results show the precision of your practical work.

• Record, in a suitable form in the space for results, all your burette readings and the 

volume of FA 2 added in each accurate titration.

Keep FA 1 for use in Questions 2 and 3.

Keep FA 2 for use in Question 3.

* 0000800000002 *
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  Results

 [7]

 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FA 4 required .............................. cm3 of FA 2. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to an appropriate number of significant 

figures. [1]

  (ii) Calculate the amount, in mol, of manganate(VII) ions in the volume of FA 2 in (b).

 amount of MnO4
– = .............................. mol [1]

  (iii) Calculate the amount, in mol, of hydrogen peroxide in 25.0 cm3 of FA 4.

 amount of H2O2 = .............................. mol [1]

  (iv) Calculate the concentration, in mol dm–3, of hydrogen peroxide in FA 1.

 concentration of H2O2 in FA 1 = .............................. mol dm–3 [1]

I

II

III

IV

V

VI

VII
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 (d) A student suggests that the experiment would be more accurate if a 10 cm3 pipette is used to 

measure FA 3 in place of the measuring cylinder.

  State whether the student’s suggestion is correct. Explain your answer.

  Include a calculation as part of your explanation.

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

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

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

 [2]

 [Total: 14]
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2  You will now determine the concentration of a solution of hydrogen peroxide by a different method.

 Hydrogen peroxide decomposes slowly into water and oxygen at room temperature. This reaction 

is exothermic. When a catalyst is added, the decomposition is fast and there is a measurable 

temperature rise.

 

H2O2(aq)    H2O(l) + 
1

2
O2(g)    ΔH = −98.2 kJ mol−1

 FA 1 is aqueous hydrogen peroxide, H2O2. 

 FA 5 is manganese(IV) oxide, MnO2.

 (a) Method

  Experiment 1

• Support one of the cups in the 250 cm3 beaker.

• Use the 50 cm3 measuring cylinder to add 25.0 cm3 of FA 1 to the cup.

• Place the thermometer in the FA 1 and tilt the cup, if necessary, so that the bulb of the 

thermometer is fully covered. Record the temperature in the space for results.

• Add a heaped spatula measure of FA 5 to the solution in the cup.

• Stir constantly until the maximum temperature is reached. Record this temperature.

• Calculate and record the temperature rise.

• Rinse and dry the thermometer. 

  Experiment 2

• Support the second cup in the 250 cm3 beaker.

• Use the 50 cm3 measuring cylinder to add 40.0 cm3 of FA 1 to the second cup.

• Measure and record the initial temperature of the solution.

• Add a heaped spatula measure of FA 5 to the solution in the second cup.

• Stir constantly until the maximum temperature is reached. Record this temperature.

• Calculate and record the temperature rise.

Keep FA 5 for use in Question 3.

  Results

 [5]

I

II

III

IV

V
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 (b) Calculations

  (i) Calculate the energy change, in J, in Experiment 2.

 energy change = .............................. J [1]

  (ii) Use the information given and your answer to (b)(i) to calculate the concentration, in 

mol dm–3, of hydrogen peroxide in FA 1.

 concentration of H2O2 in FA 1 = .............................. mol dm–3 [2]

 (c) The concentration of hydrogen peroxide in FA 1 calculated using the method given for 

Question 1 is more accurate than that using the method given for Question 2.

  (i) Heat loss is a large source of error when carrying out the method for Question 2.  

Describe and explain the effect of heat loss on the value of the concentration of hydrogen 

peroxide calculated.

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

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

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

  (ii) A student suggests that calculating the concentration of hydrogen peroxide using the 

method in Question 2 would be less accurate when the concentration is lower.

   Suggest whether the student is correct. Explain your answer.

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

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

 [Total: 10]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard-glass test-tube must 

be used.

Rinse and reuse test-tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) (i) Transfer a 2 cm depth of FA 2, KMnO4, into a test-tube. Add the same volume of 

aqueous sodium hydroxide followed by a small spatula measure of FA 5, MnO2. Stir for 

approximately 30 seconds then filter the mixture into a second test-tube.

observations  ......................................................................................................................

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

   Add dilute sulfuric acid to the filtrate until no further change.

observations  ......................................................................................................................

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

 [2]

  (ii) Transfer a 1 cm depth of aqueous iron(II) sulfate into a boiling tube. Add the same depth 

of dilute sulfuric acid followed by a very small spatula measure of FA 5, MnO2. Carefully 

warm the mixture using a Bunsen burner for about 20 seconds. Filter the warm mixture 

into a test-tube.

observations  ......................................................................................................................

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

   Add aqueous sodium hydroxide dropwise to the filtrate until no further change.

observations  ......................................................................................................................

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

 [2]
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  (iii) Suggest a conclusion about the chemical behaviour of FA 5 using your observations in 

(a)(ii).

FA 5 is acting as  ..........................................................................................................  [1]

  (iv) Write an ionic equation for the reaction between aqueous sodium hydroxide and the 

filtrate in (a)(ii). Include state symbols.

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

Question 3 continues on page 10.
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 (b) FA 6 and FA 7 are both aqueous solutions of salts. Neither solution includes an ion that 

contains sulfur.

  FA 6 contains two cations and one anion. Two of the ions are listed in the Qualitative analysis 

notes.

  FA 7 contains one cation and one anion. One of the ions is listed in the Qualitative analysis 

notes.

  (i) Carry out the following tests and record your observations in Table 3.1.

   Use a 1 cm depth of FA 6 or FA 7 in a boiling tube for Test 1. Use a 1 cm depth of FA 6 or 

FA 7 in a test-tube for Tests 2, 3 and 4. 

Table 3.1

test
observations

FA 6 FA 7

Test 1

Add aqueous sodium 

hydroxide, 

then

warm gently.

Test 2

Add acidified aqueous KMnO4 

dropwise until no further 

change.

Test 3

Add an equal volume of FA 1, 

H2O2,  

then

add a few drops of starch 

solution.

Test 4

Add aqueous sodium 

carbonate.

 [6]
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  (ii) The anion in FA 6 does not contain nitrogen. Select one further reagent to identify the 

anion present in FA 6.

   Carry out a test with this reagent and record your observations in Table 3.2.

 Table 3.2

reagent observations

 [1]

  (iii) Give the formulae of the ions present in FA 6 and FA 7. If you are unable to identify an 

ion from your tests, write ‘unknown.’

   The ions present in FA 6 are ......................... and ......................... and ......................... .

   The ions present in FA 7 are ......................... and ......................... .

 [3]

 [Total: 16]
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BLANK PAGE
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Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey-green ppt. soluble in excess 

giving dark green solution

grey-green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off-white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off-white / pale yellow ppt. slowly with H+

* 0000800000014 *
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue-black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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Quantitative analysis

Read through the whole method before starting any practical work. Where appropriate, prepare a table 

for your results in the space provided.

Show the precision of the apparatus you used in the data you record.

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

1 Iron is an element that is essential in the human diet. Some people need to take iron supplement 

tablets to ensure an adequate intake of iron.

 You will investigate the mass of iron in an iron supplement tablet by titrating a solution with 

potassium manganate(VII).

Fe2+(aq)  Fe3+(aq) + e–

MnO4
–(aq) + 8H+(aq) + 5e–  Mn2+(aq) + 4H2O(l)

 FB 1 is an aqueous solution of iron supplement tablets made by dissolving 14 tablets in 1.00 dm3 

of solution. The iron in each tablet is iron(II) sulfate, FeSO4•7H2O.

 FB 2 is 0.0100 mol dm–3 acidified aqueous potassium manganate(VII), KMnO4.

 FB 3 is dilute sulfuric acid, H2SO4.

 (a) Method

• Fill a burette with FB 2.

• Pipette 25.0 cm3 of FB 1 into a conical flask.

• Use the 25 cm3 measuring cylinder to add 10.0 cm3 of FB 3 to the conical flask.

• 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 sure any recorded results show the precision of your practical work.

• Record, in a suitable form in the space below, all your burette readings and the volume 

of FB 2 added in each accurate titration.

 Rinse the burette with distilled water and leave to drain while you continue Question 1.

  Results

 [7]

I

II

III

IV

V

VI

VII
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 (b) From your accurate titration results, calculate a suitable mean value to use in your calculations. 

Show clearly how you obtain the mean value.

 25.0 cm3 of FB 1 required .............................. cm3 of FB 2. [1]

 (c) Calculations

  (i) Give your answers to (c)(ii), (c)(iii) and (c)(iv) to an appropriate number of significant 

figures. [1]

  (ii) Calculate the amount, in mol, of manganate(VII) ions in the volume of FB 2 in (b).

 amount of MnO4
– = .............................. mol [1]

  (iii) Use your answer to (c)(ii) and the equations at the start of the question to calculate the 

concentration, in mol dm–3, of iron(II) ions in FB 1.

 concentration of Fe2+ = .............................. mol dm–3 [1]

  (iv) Use your answer to (c)(iii) to calculate the concentration, in g dm–3, of iron(II) ions in FB 1.

 concentration of Fe2+ = .............................. g dm–3 [1]

  (v) The manufacturer of the iron supplement tablets used to make FB 1 claims that each 

tablet contains a minimum of 150 mg of Fe2+.

   Use your answer to (c)(iv) and the information given about FB 1 to determine whether 

this claim is correct. Show your working.

 [1]

 (d) A student used all the FB 3 and suggests that dilute hydrochloric acid would be a suitable 

replacement.

  Suggest whether the student is correct or not. Explain your answer.

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

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

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

 [Total:14]
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2 The reaction between an acid and an alkali is exothermic. You will carry out a neutralisation 

experiment to determine the enthalpy change involved.

 You will mix different volumes of an acid with a fixed volume of an alkali and measure the 

temperature rises that occur.

 FB 4 is aqueous sodium hydroxide, NaOH.

 FB 5 is 2.00 mol dm–3 hydrochloric acid, HCl .

 (a) Method

• Use the thermometer to measure the initial temperature of FB 4. Record this initial 

temperature in the space for results.

• Support the cup in the 250 cm3 beaker.

• Fill one burette with FB 5. Label the burette FB 5.

• Fill the other burette with distilled water.

  Experiment 1

• Use the 10 cm3 pipette to transfer 10.0 cm3 of FB 4 into the cup.

• Add 9.00 cm3 of distilled water from the burette to the same cup.

• Add 1.00 cm3 of FB 5 from the other burette to the same cup.

• Stir the mixture and use the thermometer to measure the maximum temperature. If 

necessary, tilt the cup so that the solution covers the bulb of the thermometer.

• Record the maximum temperature in Table 2.1.

• Empty, rinse and dry the cup ready for use in further experiments.

  Further experiments

  Repeat this method for Experiments 2–5, using 10.0 cm3 of FB 4 and the volumes of water 

and FB 5 shown in Table 2.1. In each case, measure and record the maximum temperature.

  Carry out two further experiments, Experiments 6 and 7, which will enable you to determine 

more precisely the volume of FB 5 that gives the largest maximum temperature. Record your 

measurements in Table 2.1.

  Results

  initial temperature of FB 4 = .............................. °C

Table 2.1

experiment
volume of water

/ cm3
volume of FB 5

/ cm3
maximum 

temperature / °C

1 9.00 1.00

2 7.00 3.00

3 5.00 5.00

4 3.00 7.00

5 1.00 9.00

6

7

 [4]

I

II

III

IV
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 (b) (i) Plot a graph of the maximum temperature (y‑axis) against the volume of FB 5 (x‑axis) on 
the grid. The scale on the y‑axis should be suitable for temperature readings to be 2 °C 
above the largest maximum temperature.

   Label any points you consider to be anomalous.

   Draw two lines of best fit, the first for the increase in maximum temperature and the 
second for after the largest maximum temperature has been reached. Extrapolate both 
lines so that they intersect.

 [4]

I II III IV

* 0000800000005 *
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  (ii) Use the intersection on your graph in (b)(i) to determine the volume of FB 5 required to 

neutralise 10.0 cm3 of FB 4.

 volume of FB 5 = .............................. cm3 [1]

 (c) Calculations

  (i) Calculate the amount, in mol, of hydrochloric acid in the volume of FB 5 in (b)(ii).

   (If you were unable to determine an answer to (b)(ii), use 5.10 cm3 as the volume of 

FB 5. This may not be the correct answer.)

 amount of HCl = .............................. mol

   Deduce the amount, in mol, of sodium hydroxide in 10.0 cm3 of FB 4.

 amount of NaOH = .............................. mol

 [1]

  (ii) Calculate the energy change, in J, when the amounts of reagents in (c)(i) neutralise 

each other. Show your working.

 energy change = .............................. J [1]

  (iii) Use your answer to (c)(ii) to calculate the enthalpy change, in kJ mol–1, when one mole 

of FB 4 is neutralised by one mole of FB 5.

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

 sign value

 [Total: 12]
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Qualitative analysis

For each test you should record all your observations in the spaces provided.

Examples of observations include:

• colour changes seen

• the formation of any precipitate and its solubility (where appropriate) in an excess of the reagent 

added

• the formation of any gas and its identification (where appropriate) by a suitable test.

You should record clearly at what stage in a test an observation is made.

Where no change is observed, you should write ‘no change’.

Where reagents are selected for use in a test, the name or correct formula of the element or compound 

must be given.

If any solution is warmed, a boiling tube must be used. If a solid is heated, a hard‑glass test‑tube must 

be used.

Rinse and reuse test‑tubes and boiling tubes where possible.

No additional tests should be attempted.

3 (a) (i) FB 6, FB 7 and FB 8 are aqueous solutions of different compounds that each contain at 

least one oxygen atom.

   Carry out the following tests and record your observations in Table 3.1. Three of the tests 

have been done for you. Use a 1 cm depth of solution in a test‑tube for each test.

Table 3.1

test
observations

FB 6 FB 7 FB 8

Test 1

Add a small 

spatula measure 

of manganese(IV) 

oxide.

No change. No change.

Test 2

Add a 1 cm length 

of magnesium. No change.

Test 3

Add a few drops 

of aqueous iron(II) 
sulfate.

 [4]
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  (ii) Use your observations in Table 3.1 to suggest a possible formula for each of FB 6, FB 7 

and FB 8.

   FB 6 ..............................

   FB 7 ..............................

   FB 8 ..............................

 [2]

 (b) FB 9 contains two anions and two cations, three of which are listed in the Qualitative analysis 

notes.

  (i) To a small spatula measure of FB 9 in a test‑tube, add a 2 cm depth of dilute nitric acid. 

Record your observations.

   Keep the resulting solution for the test in (b)(ii).

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

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

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

  (ii)  To the solution from (b)(i), add a few drops of aqueous silver nitrate. Then add excess 

aqueous ammonia. Record your observations.

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

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

 .....................................................................................................................................  [1]
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  (iii) Make an aqueous solution of FB 9 by adding a 5 cm depth of distilled water to a spatula 

measure of FB 9 in a test‑tube. Carry out the following tests on the aqueous solution of 

FB 9 and record your observations in Table 3.2.

Table 3.2

test observations

Test 1

To a 1 cm depth in a boiling tube, add 

aqueous sodium hydroxide,

then

warm.

Test 2

To a 1 cm depth in a test‑tube, add a few 

drops of dilute hydrochloric acid,

then add a few drops of aqueous chlorine.

Empty and rinse the test‑tube with water 

immediately after use.

 [2]

  (iv) Use your observations in (b)(i), (b)(ii) and Table 3.2 to deduce the formulae of the cations 

and anions in FB 9. If you are unable to identify an ion, write ‘unknown’.

   cations .............................. and ..............................

   anions .............................. and ..............................

 [2]

  (v) Write an ionic equation for the reaction in (b)(ii). Include state symbols.

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

 [Total:14]
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Qualitative analysis notes

1 Reactions of cations

cation 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 warming

–

barium, Ba2+(aq) faint white ppt. is observed unless 

[Ba2+(aq)] is very low

no ppt.

calcium, Ca2+(aq) white ppt. unless [Ca2+(aq)] is very 

low

no ppt.

chromium(III), Cr3+(aq) grey‑green ppt. soluble in excess 

giving dark green solution

grey‑green ppt. insoluble in excess

copper(II), Cu2+(aq) pale blue ppt. insoluble in excess pale 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

2 Reactions of anions

anion 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 / off‑white ppt. with Ag+(aq) (partially soluble in NH3(aq))

iodide, I–(aq) gives pale 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;

decolourises acidified aqueous KMnO4

sulfate, SO4
2–(aq) gives white ppt. with Ba2+(aq) (insoluble in excess dilute strong acids);

gives white ppt. with high [Ca2+(aq)]

sulfite, SO3
2–(aq) gives white ppt. with Ba2+(aq) (soluble in excess dilute strong acids);

decolourises acidified aqueous KMnO4

thiosulfate, S2O3
2–(aq) gives off‑white / pale yellow ppt. slowly with H+
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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

hydrogen, H2 ‘pops’ with a lighted splint

oxygen, O2 relights a glowing splint

4 Tests for elements

element test and test result

iodine, I2
gives blue‑black colour on addition of starch solution

Important values, constants and standards

molar gas constant R = 8.31 J K–1 mol–1

Faraday constant F = 9.65 × 104 C mol–1

Avogadro constant L = 6.02 × 1023 mol–1

electronic charge e = –1.60 × 10–19 C

molar volume of gas Vm = 22.4 dm3 mol–1 at s.t.p. (101 kPa and 273 K)

Vm = 24.0 dm3 mol–1 at room conditions

ionic product of water Kw = 1.00 × 10–14 mol2 dm–6 (at 298 K (25 °C))

specific heat capacity of water c = 4.18 kJ kg–1 K–1 (4.18 J g–1 K–1)
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