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  Nickel is extracted from nickel oxide by reduction with carbon. 

 
0 2 

 

. 4 
 

Explain why carbon can be used to extract nickel from nickel oxide.   
  [2 marks] 

    

    

    

    
 
 
 
 

0 2 
 

. 5 
 

An equation for the reaction is:  
   
  NiO +  C    Ni  +  CO 
   
  Calculate the percentage atom economy for the reaction to produce nickel.  

 
Relative atomic masses (Ar):   C = 12     Ni = 59 
 
Relative formula mass (Mr):   NiO = 75 
 
Give your answer to 3 significant figures. 

   [3 marks] 
   

 
  

. 
  

 
  

 
  

 
  

 
  

Percentage atom economy =    % 
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Source: AQA 2018 Triple Award Paper 1, original question 02.5
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  Another student used the correct apparatus.  

 
This student measured the volumes of gases collected every minute for  
20 minutes.  
 
Figure 8 shows the student’s results.  

   
 

  Figure 8 
   
  

 
   

 
0 6 

 

. 4 
 

Describe the trends shown in the results. 
 
Use values from Figure 8.    

  [3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 

Source: AQA 2018 Triple Award Paper 1, original question 06 (Figure 8 dependency)
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The number of moles of each gas produced at the electrodes is the same. 
 
No gas escapes from the apparatus.    
 
Suggest one reason for the difference in volume of each gas collected.  

   
[1 mark] 
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. 6 
 

Calculate the amount in moles of chlorine collected after 20 minutes.  
 
Use Figure 8. 
 
The volume of one mole of any gas at room temperature and pressure is 24.0 dm3 
 
Give your answer in standard form.  

   
[3 marks] 

   
 

  
 

  
 

  
 

  
Moles of chlorine =   mol 

 
 
 

Turn over for the next question 
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Source: AQA 2018 Triple Award Paper 1, original question 06.5-06.6
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In Stage 2, 40 kg of titanium chloride was added to 20 kg of sodium. 
 
The equation for the reaction is: 
 

TiCl4  +  4 Na    Ti  + 4 NaCl 
 
Relative atomic masses (Ar):    Na = 23     Cl = 35.5     Ti = 48 
 
Explain why titanium chloride is the limiting reactant. 
 
You must show your working.   

  [4 marks] 
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. 8 
 

For a Stage 2 reaction the percentage yield was 92.3% 
 
The theoretical maximum mass of titanium produced in this batch was 13.5 kg.  
 
Calculate the actual mass of titanium produced.  

  [2 marks] 
   

   

   

  
Mass of titanium =   kg 
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Source: AQA 2018 Triple Award Paper 1, original question 08.8
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A student titrated 25.0 cm3 portions of dilute sulfuric acid with a  
0.105 mol/dm3 sodium hydroxide solution.  

 
0 9 

 

. 3 
 

Table 4 shows the student’s results.  
   

 
  Table 4 
   
   Titration 

1 
Titration 

2 
Titration 

3 
Titration 

4 
Titration 

5 

Volume of sodium 
hydroxide solution in cm3 23.50 21.10 22.10 22.15 22.15 

 

   
The equation for the reaction is:  
 

2 NaOH  +  H2SO4    Na2SO4  +  2 H2O 
 
Calculate the concentration of the sulfuric acid in mol/dm3 
 
Use only the student’s concordant results.  
 
Concordant results are those within 0.10 cm3 of each other.  

  [5 marks] 
   

 
   

   

   

   

   

   

   

   

   

  
Concentration of sulfuric acid = 

 
mol/dm3 

 

4.1

Source: AQA 2018 Triple Award Paper 1, original question 09.3
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Explain why the student should use a pipette to measure the dilute sulfuric acid and a 
burette to measure the sodium hydroxide solution. 

   
  [2 marks] 
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. 5 
 

Calculate the mass of sodium hydroxide in 30.0 cm3 of a 0.105 mol/dm3 solution.  
 
Relative formula mass (Mr):  NaOH = 40 

   
  [2 marks] 
   

 
  

 
  

 
  

 
  

Mass of sodium hydroxide =   g 
 
 
 
 

END  OF  QUESTIONS
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Source: AQA 2018 Triple Award Paper 1, original question 09.4-09.5
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The higher the concentration of a sample of dilute sulfuric acid, the greater the volume 
of sodium hydroxide needed to neutralise the acid. 
 
The student tested two samples of dilute sulfuric acid, P and Q. 
 
Describe how the student could use titrations to find which sample, P or Q, is more 
concentrated. 

[6 marks] 
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Source: AQA 2019 Triple Award Paper 1, original question 02.5
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  Sodium metal and chlorine gas are produced by the electrolysis of molten sodium 

chloride. 
   
   
0 7 

 

. 6 
 

Explain why sodium chloride solution cannot be used as the electrolyte to produce 
sodium metal. 

[2 marks] 
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Calculate the volume of 150 kg of chlorine gas at room temperature and pressure. 
 
The volume of one mole of any gas at room temperature and pressure is 24.0 dm3 

 
Relative formula mass (Mr):  Cl2 = 71 

[2 marks] 
  

 
  

 
  

 
  

 
  

        Volume =  dm3 
   

 
  

6.1

Source: AQA 2019 Triple Award Paper 1, original question 07.7
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The student repeated the investigation. 
 
The student used solutions that had different concentrations from the first 
investigation. 
 
The student found that 15.5 cm3 of 0.500 mol/dm3 dilute sulfuric acid completely 
reacted with 25.0 cm3 of potassium hydroxide solution. 
 
The equation for the reaction is: 
 

2 KOH  +  H2SO4  →  K2SO4  +  2 H2O 
 
Calculate the concentration of the potassium hydroxide solution in mol/dm3 and in 
g/dm3 
 
Relative atomic masses (Ar):  H = 1      O = 16        K = 39 

[6 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 Concentration in mol/dm3 =  mol/dm3 
  

     Concentration in g/dm3 =   g/dm3 
 
 

END  OF  QUESTIONS 
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Propane burns to form carbon dioxide and water. 
 
The equation for the reaction is: 
 

C3H8(g)  +  5 O2(g)  →  3 CO2(g)  +  4 H2O(l) 
 
3.60 dm3 carbon dioxide is produced when a sample of propane is burned in  
7.25 dm3 oxygen. 
 
 
Calculate the volume of unreacted oxygen. 
 
Give your answer in cm3 

[4 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

       Volume of unreacted oxygen =  cm3 
   

 
 
 

Turn over for the next question 
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Source: AQA 2019 Triple Award Paper 2, original question 05.4
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 This question is about reversible reactions and equilibrium. 
 
Hydrogen is used to produce ammonia in the Haber process. 
 
The hydrogen is made in two stages. 
 
Stage 1 is the reaction of methane and steam to produce carbon monoxide and 
hydrogen. 
 
The equation for the reaction is: 
 

CH4(g)  +  H2O(g)  ⇌  CO(g)  +  3 H2(g) 
   

 
 

1 0 
 

. 1 
 

Calculate the atom economy for the formation of hydrogen in stage 1. 
 
Relative atomic masses (Ar):     H = 1         C = 12      O = 16 

[2 marks] 
  

 
  

 
  

 
  

 
  

Atom economy =  % 
   

 
  

9.1

Source: AQA 2019 Triple Award Paper 2, original question 10.1
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Calculate the percentage atom economy for the production of silver iodide in  
this reaction. 
 
The equation for the reaction is: 
 

AgNO3(aq)  +  NaI(aq)  →  AgI(s)  +  NaNO3(aq) 

 
Give your answer to 3 significant figures. 
 
Relative formula masses (Mr):    AgNO3 = 170    NaI = 150    AgI = 235    NaNO3 = 85 
 

[4 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
   

  
Percentage atom economy (3 significant figures) = 

 
% 
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. 6 
 

Give one reason why reactions with a high atom economy are used in industry.   
 [1 mark] 
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10.2

Source: AQA 2020 Triple Award Paper 1, original question 03.5-03.6
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The energy needed for a car powered by a hydrogen fuel cell to travel 100 km is  
58 megajoules (MJ). 
 
The energy released when 1 mole of hydrogen gas reacts with oxygen is 290 kJ 
 
The volume of 1 mole of a gas at room temperature and pressure is 24 dm3 
 
 
Calculate the volume of hydrogen gas at room temperature and pressure needed for 
the car to travel 100 km 

[4 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Volume of hydrogen gas = 
 
 dm3 

 

 
 
 

Turn over for the next question 
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Source: AQA 2020 Triple Award Paper 1, original question 07.6
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  The student used a solution of citric acid to determine the concentration of a solution 

of sodium hydroxide by titration. 
 

 
0 9 

 

. 4 
 

The student made 250 cm3 of a solution of citric acid of concentration 0.0500 mol/dm3 
 
Calculate the mass of citric acid (C6H8O7) required. 
 
Relative atomic masses (Ar):     H = 1     C = 12     O = 16 

[3 marks] 
  

 
  

 
  

 
  

 
  

 
   

Mass = 
 
 g 

 

   
 
 
 

  This is part of the method the student used for the titration. 
  
1. Measure 25.0 cm3 of the sodium hydroxide solution into a conical flask 

using a pipette. 

2. Add a few drops of indicator to the flask. 

3. Fill a burette with citric acid solution. 

 
0 9 

 

. 5 
 

Describe how the student would complete the titration.  
[3 marks] 
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Source: AQA 2020 Triple Award Paper 1, original question 09.4-09.5
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Give two reasons why a burette is used for the citric acid solution. 
[2 marks] 

  
1  

  
 

  
2  
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13.3 cm3 of 0.0500 mol/dm3 citric acid solution was needed to neutralise 
25.0 cm3 of sodium hydroxide solution. 
 
The equation for the reaction is: 
 

3 NaOH  +  C6H8O7  →  C6H5O7Na3  +  3 H2O   
 
 
Calculate the concentration of the sodium hydroxide solution in mol/dm3 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
   

Concentration = 
 

mol/dm3 
 

   
 
 
 

END  OF  QUESTIONS 
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Carbon is used to extract tin (Sn) from tin oxide (SnO2). 
 
The equation for the reaction is: 
 

SnO2  +  C  →  Sn  +  CO2 

  
 
Calculate the percentage atom economy for extracting tin in this reaction. 
 
Relative atomic masses (Ar):     C = 12      O = 16       Sn = 119 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 

Percentage atom economy = 
 

% 
 
 
 
 
 
 
 

Question 3 continues on the next page

13.1

Source: AQA 2021 Triple Award Paper 1, original question 03.3
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Iron chloride is produced by heating iron in chlorine gas. 
 
The equation for the reaction is: 
 

2 Fe  +  3 Cl2  →  2 FeCl3 
 
Calculate the volume of chlorine needed to react with 14 g of iron. 
 
You should calculate: 

• the number of moles of iron used 

• the number of moles of chlorine that react with 14 g of iron 

• the volume of chlorine needed. 
 
Relative atomic mass (Ar):     Fe = 56 
 
The volume of 1 mole of gas = 24 dm3 

[3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
   

Volume of chlorine = 
 

dm3 
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Source: AQA 2021 Triple Award Paper 1, original question 05.6
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A student investigated the concentration of a solution of sodium hydroxide by titration 
with a 0.0480 mol/dm3 ethanedioic acid solution.  
 
 

  

This is the method used. 

1. Measure 25.0 cm3 of the sodium hydroxide solution into a conical flask using a 
25.0 cm3 pipette. 
 

2. Add two drops of indicator to the sodium hydroxide solution. 
 

3. Fill a burette with the 0.0480 mol/dm3 ethanedioic acid solution to the  
0.00 cm3 mark. 
 

4. Add the ethanedioic acid solution to the sodium hydroxide solution until the 
indicator changes colour. 
 

5. Read the burette to find the volume of the ethanedioic acid solution used. 
 

 
 

0 9 
 

. 3 
 

Suggest two improvements to the method that would increase the accuracy of the 
result. 

[2 marks] 
  1 

 

   

  2 
 

   

 
 
 
 
 

Question 9 continues on the next page 
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Source: AQA 2021 Triple Award Paper 1, original question 09.3
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Ethanedioic acid is a solid at room temperature. 
 
Calculate the mass of ethanedioic acid (H2C2O4) needed to make 250 cm3 of a 
solution with concentration 0.0480 mol/dm3 

 
Relative formula mass (Mr):     H2C2O4 = 90 

[2 marks] 
  

 
  

 
  

 
  

 
  

Mass = 
 

 g 
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. 5 
 

The student found that 25.0 cm3 of the sodium hydroxide solution was neutralised by  
15.00 cm3 of the 0.0480 mol/dm3 ethanedioic acid solution. 
 
The equation for the reaction is: 
 

H2C2O4  +  2 NaOH  →  Na2C2O4  +  2 H2O 
 
 
Calculate the concentration of the sodium hydroxide solution in mol/dm3 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

Concentration = 
 

mol/dm3 
 

 
 
 

END  OF  QUESTIONS 
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Source: AQA 2021 Triple Award Paper 1, original question 09.4-09.5



Further Quantitative Chemistry - AQA past paper questions

23 
 

*23* 

Turn over ► 
 

IB/M/Jun22/8462/1H 

 

Do not write 
outside the  

box 

 
15 
 

 
  Si2H6 is a covalent compound of silicon and hydrogen. 
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. 5 
 

Complete Figure 9 to show the outer shell electrons in a molecule of Si2H6 
 [1 mark] 

   
Figure 9 

   

 
 
 
 

0 7 
 

. 6 
 

Si2H6 reacts with oxygen. 
 
The equation for the reaction is: 
 

2 Si2H6(g)  +  7 O2(g)  →  4 SiO2(s)  +  6 H2O(g) 
 

30 cm3 of Si2H6 is reacted with 150 cm3 (an excess) of oxygen. 
 
 
Calculate the total volume of gases present after the reaction. 
 
All volumes of gases are measured at the same temperature and pressure. 

 [4 marks] 
   

   

   

   

   

   

   

   

  

Volume of gases =  

 

cm3 
 
  

16.1

Source: AQA 2022 Triple Award Paper 1, original question 07.6
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 This question is about acids and alkalis. 
 

0 8 
 

. 1 
 

Explain why the pH of an acid depends on: 

• the strength of the acid 

• the concentration of the acid. 
 [4 marks] 

   

   

   

   

   

   

   

   

 
 

0 8 
 

. 2 
 

A student titrated 25.00 cm3 of hydrochloric acid with 0.100 mol/dm3   

barium hydroxide solution. 
 
Table 2 shows the results. 

   
Table 2 

 
Titration number 1 2 3 4 5 

Volume of barium hydroxide 
solution used in cm3 23.90 23.45 23.55 23.55 23.45 

 

   
 

  The student calculated the volume of barium hydroxide solution to be used in the 
titration calculation as 23.50 cm3. 
 
Explain why the student used a volume of 23.50 cm3 of barium hydroxide solution in 
the titration calculation. 

[2 marks] 
   

   

   

   

  

17.1

Source: AQA 2022 Triple Award Paper 1, original question 08.2
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25.00 cm3 of the hydrochloric acid reacted with 23.50 cm3 of the 0.100 mol/dm3 
barium hydroxide solution. 
 
The equation for the reaction is: 
 

2 HCl(aq)  +  Ba(OH)2(aq)  →  BaCl2(aq)  +  2 H2O(l) 
 
 

Calculate the concentration of the hydrochloric acid in mol/dm3. 
 [4 marks] 

   

   

   

   

   

   

   

   

  

Concentration of the hydrochloric acid =  

 

mol/dm3 
 
 
 
 
 
 

Question 8 continues on the next page 
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Source: AQA 2022 Triple Award Paper 1, original question 08.3
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 Ammonia is produced in the Haber process. 
 
The raw materials for the Haber process are nitrogen and hydrogen. 
 

  The equation for the reaction is: 
 

N2(g)   +   3 H2(g)   ⇌   2 NH3(g) 
 

 
 

0 7 
 

. 1 
 

Give the sources of the nitrogen and of the hydrogen used in the Haber process.  
 [2 marks] 

  Nitrogen   

  Hydrogen   
 
 
 
 

0 7 
 

. 2 
 

How does the equation for the reaction show that the atom economy of the  
forward reaction is 100%?  

[1 mark] 
   

 
  

 
 
  

18.1

Source: AQA 2022 Triple Award Paper 2, original question 07.2
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 This question is about acids and alkalis. 
 
 

0 5 
 

. 1 
 

Ethanoic acid is a weak acid. 
 
What is meant by ‘weak acid’? 
 
Answer in terms of ionisation. 

[1 mark] 
   

 
  

 
 
 
 

0 5 
 

. 2 
 

The concentration of an acid can be measured in mol/dm3. 
 
Which combination of changes increases the concentration of an acid? 

 [1 mark] 
  Tick () one box. 
   

  

The mass of acid dissolved is halved and the volume of the  
solution is halved. 

 
 

The mass of acid dissolved is halved and the volume of the  
solution is doubled. 

 
 

The mass of acid dissolved is doubled and the volume of the solution 
is halved. 

 
 

The mass of acid dissolved is doubled and the volume of the solution 
is doubled. 

 
 

 

   
 
 
 

0 5 
 

. 3 
 

The concentration of an acid can be determined by titration. 
 
An indicator is added to an alkali in a flask. 
 
 
Name an indicator that can be used in this titration. 
 
Give the colour change of the indicator when acid from a burette is added to the alkali 
in the flask. 

 [2 marks] 
  

Name of indicator 
 

  
Colour change from 

 
to 
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Source: AQA 2023 Triple Award Paper 1, original question 05.2
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Sodium carbonate dissolves in water to produce an alkaline solution. 
 
Give the formula of the ion that makes a solution alkaline. 

 [1 mark] 
    

 
 
 
 

0 5 
 

. 5 
 

A student does a titration using sodium carbonate solution and nitric acid. 
   
  The equation for the reaction is: 
 

Na2CO3  +  2 HNO3  →  2 NaNO3  +  CO2  +  H2O 
   
  25.0 cm3 of 0.124 mol/dm3 sodium carbonate solution is neutralised by   

23.6 cm3 of nitric acid. 
   

 
  Calculate the concentration of the nitric acid. 

 
Give your answer to 3 significant figures. 

   
  You should calculate: 

• the number of moles of sodium carbonate in 25.0 cm3 of the solution 

• the number of moles of nitric acid in 23.6 cm3 of the nitric acid 

• the concentration of the nitric acid in mol/dm3. 
  [5 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Concentration (3 significant figures) =  mol/dm3 
 

  

19.2

Source: AQA 2023 Triple Award Paper 1, original question 05.5



Further Quantitative Chemistry - AQA past paper questions 30 
 

*30* 

 

IB/M/Jun23/8462/1H 

 

Do not write 
outside the  

box 
 

0 9 
 

. 6 
 

Metal X is extracted from an oxide of metal X by reaction with hydrogen. 
   
  The equation for the reaction is: 

 
XO3  +  3 H2  →  X  +  3 H2O 

 
  The percentage atom economy for obtaining metal X by this method is 77.3%. 
   

 
  Calculate the relative atomic mass (Ar) of metal X. 

 
Relative atomic masses (Ar):     H = 1     O = 16 

[4 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Relative atomic mass (Ar) =  
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Titanium is extracted from titanium dioxide in a two-stage process. 
  

  The equation for the first stage in the process is:  
 

TiO2  +  2 Cl2  +  2 C  →  TiCl4  +  2 CO 
   

 
  Calculate the volume of chlorine gas needed to react completely with  

100 kg of titanium dioxide. 
   
  Relative atomic masses (Ar):     O = 16     Ti = 48 

 
The volume of one mole of gas = 24 dm3 

[6 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Volume =  dm3 
 
 

END  OF  QUESTIONS 
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