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Copper is produced at the negative electrode (cathode). 
 

What does this tell you about the reactivity of copper? 
 [1 mark] 

  Tick one box. 
   

  

Copper is less reactive than hydrogen 
  

 

Copper is less reactive than oxygen 
 

 

Copper is more reactive than carbon 
 

 

Copper is more reactive than chlorine 
 

 

 

   
   
  Table 1 shows the student’s results. 
   
  Table 1 
   

 Total mass of copper produced in mg 

Time in mins Experiment 1 Experiment 2 Experiment 3 Mean 

1 0.60 0.58 0.62 0.60 

2 1.17 1.22 1.21 1.20 

4 2.40 2.41 2.39 2.40 

5 3.02 X 3.01 3.06 
 

   
   
   
0 1 

 

. 3 
 

Determine the mean mass of copper produced after 3 minutes. 
[1 mark] 

   
 

  
 

  
Mass =  

 
mg 

 

 
 
 
 

Question 1 continues on the next page 
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Copper is produced at the negative electrode (cathode). 
 

What does this tell you about the reactivity of copper? 
 [1 mark] 

  Tick one box. 
   

  

Copper is less reactive than hydrogen 
  

 

Copper is less reactive than oxygen 
 

 

Copper is more reactive than carbon 
 

 

Copper is more reactive than chlorine 
 

 

 

   
   
  Table 1 shows the student’s results. 
   
  Table 1 
   

 Total mass of copper produced in mg 

Time in mins Experiment 1 Experiment 2 Experiment 3 Mean 

1 0.60 0.58 0.62 0.60 

2 1.17 1.22 1.21 1.20 

4 2.40 2.41 2.39 2.40 

5 3.02 X 3.01 3.06 
 

   
   
   
0 1 

 

. 3 
 

Determine the mean mass of copper produced after 3 minutes. 
[1 mark] 

   
 

  
 

  
Mass =  

 
mg 

 

 
 
 
 

Question 1 continues on the next page 
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Copper is produced at the negative electrode (cathode). 
 

What does this tell you about the reactivity of copper? 
 [1 mark] 

  Tick one box. 
   

  

Copper is less reactive than hydrogen 
  

 

Copper is less reactive than oxygen 
 

 

Copper is more reactive than carbon 
 

 

Copper is more reactive than chlorine 
 

 

 

   
   
  Table 1 shows the student’s results. 
   
  Table 1 
   

 Total mass of copper produced in mg 

Time in mins Experiment 1 Experiment 2 Experiment 3 Mean 

1 0.60 0.58 0.62 0.60 

2 1.17 1.22 1.21 1.20 

4 2.40 2.41 2.39 2.40 

5 3.02 X 3.01 3.06 
 

   
   
   
0 1 

 

. 3 
 

Determine the mean mass of copper produced after 3 minutes. 
[1 mark] 

   
 

  
 

  
Mass =  

 
mg 

 

 
 
 
 

Question 1 continues on the next page 
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. 4 
 

Calculate the mass X of copper produced in Experiment 2 after 5 minutes. 
 
Use Table 1 on page 3 

[2 marks] 
   

 
  

 
  

 
  

 
  

Mass X =  
 

mg 
 

 
 
 

0 1 
 

. 5 
 

The copper chloride solution used in the investigation contained 300 grams per dm3 of 
solid CuCl2 dissolved in 1 dm3 of water. 
 
The student used 50 cm3 of copper chloride solution in each experiment. 
 
Calculate the mass of solid copper chloride used in each experiment. 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass =  
 

g 
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Calculate the mass X of copper produced in Experiment 2 after 5 minutes. 
 
Use Table 1 on page 3 

[2 marks] 
   

 
  

 
  

 
  

 
  

Mass X =  
 

mg 
 

 
 
 

0 1 
 

. 5 
 

The copper chloride solution used in the investigation contained 300 grams per dm3 of 
solid CuCl2 dissolved in 1 dm3 of water. 
 
The student used 50 cm3 of copper chloride solution in each experiment. 
 
Calculate the mass of solid copper chloride used in each experiment. 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass =  
 

g 
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 This question is about the halogens.  
   
0 4 

 

. 1 
 

Write the state symbol for chlorine at room temperature. 
[1 mark] 

   
 

 
Cl2  ( 

 
) 

 
 
 

0 4 
 

. 2 
 

Figure 4 represents one molecule of fluorine. 
 
Complete the dot and cross diagram on Figure 4 
 
You should show only the electrons in the outer shells. 

[2 marks] 
   
  Figure 4 
   
   
  

 
   

 
 
 

0 4 
 

. 3 
 A fluorine atom can be represented as 19

9  F 

 
What is the total number of electrons in a fluorine molecule (F2)? 

 [1 mark] 
  Tick one box. 
   

  9   14   18   38  
 

   
 
 
 

0 4 
 

. 4 
 

Aluminium reacts with bromine to produce aluminium bromide. 
 
Complete the balanced chemical equation for this reaction. 

 [2 marks] 
   

Al  +         Br2     2    
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 Group 2 metal carbonates thermally decompose to produce a metal oxide and a gas.  
   

 
0 6 

 

. 1 
 

Give the formula of each product when calcium carbonate (CaCO3) is heated. 
[2 marks] 

  
 and  

 

 
 
 

0 6 
 

. 2 
 

The relative formula mass (Mr) of a Group 2 metal carbonate is 197 
 
Relative atomic masses (Ar):   C = 12     O = 16 
 
Calculate the relative atomic mass (Ar) of the Group 2 metal in the metal carbonate. 
 
Name the Group 2 metal. 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

Relative atomic mass (Ar) = 
 

 

  
Metal 

 
 

   
 
 
 
 
 
 
 

Question 6 continues on the next page 
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 This question is about iron. 
 
Iron reacts with dilute hydrochloric acid to produce iron chloride solution and one  
other product.  

   
0 8 

 

. 1 
 

Name the other product. 
[1 mark] 

   
 

   
 

0 8 
 

. 2 
 

Suggest how any unreacted iron can be separated from the mixture.  
[1 mark] 

   
 

  
 

   
 

  Magnesium reacts with iron chloride solution. 
 

3 Mg  +  2 FeCl3   2 Fe  +  3 MgCl2 

   
0 8 

 

. 3 
 

0.120 g of magnesium reacts with excess iron chloride solution. 
 
Relative atomic masses (Ar): Mg = 24      Fe = 56 

 
Calculate the mass of iron produced, in mg 

[5 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass of iron =  
 

mg 
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 This question is about iron. 
 
Iron reacts with dilute hydrochloric acid to produce iron chloride solution and one  
other product.  

   
0 8 

 

. 1 
 

Name the other product. 
[1 mark] 

   
 

   
 

0 8 
 

. 2 
 

Suggest how any unreacted iron can be separated from the mixture.  
[1 mark] 

   
 

  
 

   
 

  Magnesium reacts with iron chloride solution. 
 

3 Mg  +  2 FeCl3   2 Fe  +  3 MgCl2 

   
0 8 

 

. 3 
 

0.120 g of magnesium reacts with excess iron chloride solution. 
 
Relative atomic masses (Ar): Mg = 24      Fe = 56 

 
Calculate the mass of iron produced, in mg 

[5 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass of iron =  
 

mg 
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Methane (CH4) is an alkane. 
 
What is the general formula for alkanes? 

 [1 mark] 
  Tick one box. 
   

  

CnHn 
 

 

CnH2n 
 

 

CnH2n–2 
 

 

CnH2n+2 
 

 

 

   
 
 

0 1 
 

. 5 
 

Alkanes burn in oxygen. 
 
Balance the equation for methane burning. 

[1 mark] 
   
   

CH4  +  O2   →  CO2   +  H2O 
 

   
   

 
0 1 

 

. 6 
 

Ethene is an alkene. 
 
Which reagent is used to test for alkenes? 

 [1 mark] 
  Tick one box. 
   

  

Anhydrous copper sulfate 
 

 

Bromine water 
 

 

Damp litmus paper 
 

 

Limewater 
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 Fertilisers are formulations.  
   
0 4 

 

. 1 
 

What is a formulation? 
[1 mark] 

   
 

  
 

 
 
 

0 4 
 

. 2 
 

A bag of fertiliser contains 14.52 kg of ammonium nitrate (NH4NO3). 
 
Relative formula mass (Mr): NH4NO3 = 80  
  
Calculate the number of moles of ammonium nitrate in the bag of fertiliser. 
 
Give your answer in standard form to 2 significant figures. 

[4 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Moles of ammonium nitrate = 
 

mol 
 

 
 
 

 
Question 4 continues on the next page 
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 Soluble salts are formed by reacting metal oxides with acids.   
 

0 1 
 

. 1 
 

Give one other type of substance that can react with an acid to form a soluble salt.  
  [1 mark] 
  

 
 
 
 
 

0 1 
 

. 2 
 

Calcium nitrate contains the ions Ca2+ and NO3
– 

 

Give the formula of calcium nitrate. 
  [1 mark] 
  

 
 
 
 
 

0 1 
 

. 3 
 

Describe a method to make pure, dry crystals of magnesium sulfate from a metal 
oxide and a dilute acid.   

   [6 marks] 
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 This question is about metals and metal compounds.   
 

0 2 
 

. 1 
 

Iron pyrites is an ionic compound.   
 
Figure 1 shows a structure for iron pyrites.  

   
  Figure 1 
   
  

 
   
  Determine the formula of iron pyrites.  

 
Use Figure 1.  

[1 mark] 
   

 
 
 
 

0 2 
 

. 2 
 

An atom of iron is represented as  Fe26
56   

   
  Give the number of protons, neutrons and electrons in this atom of iron.  

[3 marks] 

  Number of protons   

  Number of neutrons    

  Number of electrons   
 
 
 

0 2 
 

. 3 
 

Iron is a transition metal.   
 
Sodium is a Group 1 metal.  
 
Give two differences between the properties of iron and sodium.   

  [2 marks] 

  1  

    

  2  
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  Hydrogen fuel cells and rechargeable lithium-ion batteries can be used to power 

electric cars.  
 

0 3 
 

. 4 
 

Complete the balanced equation for the overall reaction in a hydrogen fuel cell.   
  [2 marks] 

 

    H2 +      H2O 
  
 
 
 
 

0 3 
 

. 5 
 

Table 1 shows data about different ways to power electric cars.  
   

 
  Table 1  
   
   

Hydrogen fuel cell Rechargeable  
lithium-ion battery 

Time taken to refuel or 
recharge in minutes 5 30 

Distance travelled before 
refuelling or recharging in miles Up to 415 Up to 240 

Distance travelled per unit of 
energy in km 22 66 

Cost of refuelling or recharging  
in £ 50 3 

Minimum cost of car in £ 60 000 18 000 
 

   
 
Evaluate the use of hydrogen fuel cells compared with rechargeable lithium-ion 
batteries to power electric cars.  
 
Use Table 1 and your own knowledge. 
 

   [6 marks] 
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Define the mass number of an atom. 
  [1 mark] 
   

 
  

 
 
 
 

0 4 
 

. 5 
 

Element X has two isotopes.  Their mass numbers are 69 and 71 
 
The percentage abundance of each isotope is:  

• 60% of 69X 

• 40% of 71X 

 
Estimate the relative atomic mass of element X.  

[1 mark] 
  Tick one box. 
   

  

< 69.5 
 

 

Between 69.5 and 70.0 
 

 

Between 70.0 and 70.5 
 

 

> 70.5 
 

 

 

   
 
 
 

0 4 
 

. 6 
 

Chadwick’s experimental work on the atom led to a better understanding of isotopes.  
 
Explain how his work led to this understanding. 

  [3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
   

 
8 
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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] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 
 
 
 

0 8 
 

. 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 

   
 
 
 
 
  

 
15 
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Give one reason for having a maximum allowed percentage of unburned 
hydrocarbons in exhaust fumes. 

  [1 mark] 
   

 
  

 
 
 

   
 
Oxides of nitrogen are also pollutants contained in exhaust fumes. 
 
 

0 7 
 

. 4 
 

Describe how oxides of nitrogen are produced when petrol is burned in car engines. 
  [2 marks] 
   

 
  

 
  

 
  

 
 
 
 
 
 

  Catalytic converters are fitted to car exhausts to reduce the amount of pollutants 
released into the atmosphere. 
 
 

0 7 
 

. 5 
 

  Nitrogen dioxide is an oxide of nitrogen. 
  
  Nitrogen dioxide reacts to produce nitrogen and oxygen in catalytic converters. 
  
Complete the equation for this reaction. 
 
The equation should be balanced. 

  [2 marks] 
   

 
  

  NO2 (g)  →    +   O2 (g)  
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 This question is about methanol. 
   

 
 

0 9 
 

. 1 
 

Methanol is broken down in the body during digestion. 
 
What type of substance acts as a catalyst in this process? 

[1 mark] 
  Tick one box. 
   

  

Amino acid 
 

 

Enzyme 
 

 

Ester 
 

 

Nucleotide 
 

 

 

 
 
 
 
 

  In industry, methanol is produced by reacting carbon monoxide with hydrogen. 
 
The equation for the reaction is: 

CO(g) + 2H2(g)  ⇌  CH3OH(g) 

 
 

 
0 9 

 

. 2 
 

How many moles of carbon monoxide react completely with 4.0 × 103 moles 
of hydrogen? 

[1 mark] 
  Tick one box. 
   

  

1.0 × 103 moles 
 

 

2.0 × 103 moles 
 

 

4.0 × 103 moles 
 

 

8.0 × 103 moles 
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 This question is about methanol. 
   

 
 

0 9 
 

. 1 
 

Methanol is broken down in the body during digestion. 
 
What type of substance acts as a catalyst in this process? 

[1 mark] 
  Tick one box. 
   

  

Amino acid 
 

 

Enzyme 
 

 

Ester 
 

 

Nucleotide 
 

 

 

 
 
 
 
 

  In industry, methanol is produced by reacting carbon monoxide with hydrogen. 
 
The equation for the reaction is: 

CO(g) + 2H2(g)  ⇌  CH3OH(g) 

 
 

 
0 9 

 

. 2 
 

How many moles of carbon monoxide react completely with 4.0 × 103 moles 
of hydrogen? 

[1 mark] 
  Tick one box. 
   

  

1.0 × 103 moles 
 

 

2.0 × 103 moles 
 

 

4.0 × 103 moles 
 

 

8.0 × 103 moles 
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  A student wants to make a fair comparison of the reactivity of the metals with 

hydrochloric acid. 
 

0 1 
 

. 2 
 

Name two variables that must be kept constant. 
 [2 marks] 

  1 
 

   

  2 
 

   

 
 
0 1 

 

. 3 
 

What is the independent variable in this reaction? 
 [1 mark] 

   
 

  
 

 
 
0 1 

 

. 4 
 

Predict the reactivity of beryllium compared with magnesium. 
  
Give a reason for your answer. 
 
Use the periodic table. 

 [2 marks] 
   

 

  Reason 
 

   

   

 
 
0 1 

 

. 5 
 

A solution of hydrochloric acid contains 3.2 g of hydrogen chloride in 50 cm3 
 
Calculate the concentration of hydrogen chloride in g per dm3 

 [3 marks] 
   

 
  

 
  

 
  

 
  

Concentration = 
 

g per dm3 
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 This question is about salts. 
 
Ammonium nitrate solution is produced when ammonia gas reacts with 
nitric acid. 

 
0 2 

 

. 1 
 

Give the state symbol for ammonium nitrate solution. 
 [1 mark] 

   
 

 
 
 

0 2 
 

. 2 
 

What is the formula of nitric acid? 
[1 mark] 

  Tick () one box. 
   

  

HCl 
 

 

HNO3 
 

 

H2SO4 
 

 

NH4OH 
 

 

 

 
 
 

0 2 
 

. 3 
 

Ammonia gas dissolves in water to produce ammonia solution. 
 
Ammonia solution contains hydroxide ions, OH–  

 
A student adds universal indicator to solutions of nitric acid and ammonia. 
 
What colour is observed in each solution? 

 [2 marks] 
  Colour in nitric acid 

 

  Colour in ammonia solution 
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0 4 

 

. 5 
 

Explain why neon is unreactive. 
 
Give the electronic structure of neon in your answer. 

 [2 marks] 
   

 
  

 
  

 
  

 
 
 
 

0 4 
 

. 6 
 

How many atoms are there in 1 g of argon? 
 
The Avogadro constant is 6.02 × 1023 per mole.  
 
Relative atomic mass (Ar): Ar = 40 

[2 marks] 
   

 
  

 
  

 
  

 
  

Number of atoms in 1 g = 
 

 

 
 
 
 

Turn over for the next question 
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 This question is about sodium.  
   
0 6 

 

. 1 
 

Sodium reacts with chlorine. 
 
What is the balanced equation for the reaction? 

[1 mark] 
  Tick () one box. 
   

  

Na  +  Cl  →  NaCl  

 

Na  +  Cl2  →  NaCl2 
 

 

2 Na  +  Cl2  →  2 NaCl  

 

2 Na  +  Cl  →  Na2Cl  

 

 

   
 
 

0 6 
 

. 2 
 

Hot sodium is put in a gas jar of chlorine. 
 
Describe the observations made before, during and after the reaction. 

 [3 marks] 
  Before reaction 

 

   

  During reaction 
 

   

  After reaction 
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 This question is about copper and fuels.  
   
0 4 

 

. 1 
 

Copper is extracted from low-grade ores by phytomining. 
 
Describe how copper metal is produced by phytomining. 

[4 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 
 
 

0 4 
 

. 2 
 

Another method of extracting copper from low-grade ores is bioleaching. 
 
A solution of copper sulfate (CuSO4) produced by bioleaching has a  
concentration of 0.319 g/dm3 

 
Relative atomic masses (Ar):     Cu = 63.5        O = 16        S = 32 
 
Calculate the number of moles of copper that can be produced from 1 dm3 of  
this solution. 

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

Number of moles of copper = 
 

mol 
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. 3 
 

Sulfur dioxide is an atmospheric pollutant. 
 
Sulfur dioxide pollution is reduced by reacting calcium oxide with sulfur dioxide to 
produce calcium sulfite. 

CaO  +  SO2   →  CaSO3 
 

7.00 g of calcium oxide reacts with an excess of sulfur dioxide. 
 
Relative atomic masses (Ar): O = 16       S = 32       Ca = 40 
 
Calculate the mass of calcium sulfite produced. 

[4 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass of calcium sulfite produced = 
 

g 
 

 
 
 
 

Turn over for the next question 
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 This question is about hydrocarbons and crude oil. 
 

0 7 
 

. 1 
 

Hydrocarbon fuels are produced from crude oil. 
 
Describe how crude oil is separated into fractions. 

 [4 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
 
 
 
 

  Butane is a hydrocarbon.  
 

0 7 
 

. 2 
 

Two equations for the combustion of butane are: 
 
• 2 C4H10   +  13 O2   →   8 CO2   +   10 H2O 
• 2 C4H10   +  5 O2   →   8 C   +   10 H2O 
 
Why are different products formed? 

[1 mark] 
   

 
  

 
  

 
 
 
 

0 7 
 

. 3 
 

One other product of the combustion of butane is carbon monoxide. 
 
Balance the equation. 

[1 mark] 
   
   

 C4H10  +   O2   →   CO  +   H2O 
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 This question is about atomic structure. 
   
0 4 

 

. 1 
 

Atoms contain subatomic particles. 
 
Table 2 shows properties of two subatomic particles. 
 
Complete Table 2. 

[2 marks] 
   
  Table 2 
   
  

Name of particle Relative mass Relative charge 

neutron   

  +1 
 

   
 
 

  An element X has two isotopes. 
 
The isotopes have different mass numbers. 

   
0 4 

 

. 2 
 

Define mass number. 
[1 mark] 

  
 

  
 

   
 

   
0 4 

 

. 3 
 

Why is the mass number different in the two isotopes? 
[1 mark] 

  
 

  
 

   
 
 
 

Question 4 continues on the next page 
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. 4 
 

Explain why the positive electrode must be continually replaced. 
[3 marks] 

  
 

  
 

  
 

  
 

  
 

  
 

   
 

0 7 
 

. 5 
 

The overall equation for the electrolysis of aluminium oxide is: 
   
  2 Al2O3  →  4 Al  +  3 O2 
   
  Calculate the mass of oxygen produced when 2000 kg of aluminium oxide is 

completely electrolysed. 
 
Relative atomic masses (Ar):     O = 16          Al = 27 

[4 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

 
  

       Mass of oxygen =  kg 
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. 3 
 

Determine the mass of copper and the mass of water produced in this experiment. 
 
Use Table 5. 

[2 marks] 
  

 
  

 
  

 
  

 
  

        Mass of copper =  g 
  

          Mass of water =  g 
   

 
0 8 

 

. 4 
 

The teacher repeated the experiment with a different sample of the oxide of copper. 
 
The teacher found that the oxide of copper produced 2.54 g of copper and 
0.72 g of water. 
 
Two possible equations for the reaction are: 
 
Equation 1: Cu2O  +  H2  →  2 Cu  +  H2O 
 
Equation 2: CuO  +  H2  →  Cu  +  H2O 
 
Determine which is the correct equation for the reaction in the teacher’s experiment. 
 
Relative atomic masses (Ar):      H = 1           O = 16            Cu = 63.5 

[3 marks] 
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 This question is about combustion of fuels. 
   

 
0 5 

 

. 1 
 

Some central heating boilers use wood as a fuel. 
 
Suggest two reasons why wood is more sustainable than natural gas as a fuel for 
central heating boilers. 

[2 marks] 
  

1  
  

 
  

2  
  

 
   

 
 
 
 
 
 

  Natural gas is mainly methane. 
 
When methane burns it can produce both carbon monoxide and carbon dioxide. 

   
 

0 5 
 

. 2 
 

Explain the process by which carbon monoxide can be produced when methane is 
burned. 

[2 marks] 
  

 
  

 
  

 
  

 
   

 
 

0 5 
 

. 3 
 

Balance the equation for the combustion of methane to produce carbon monoxide. 
[1 mark] 

   
  

 CH4(g) +  O2(g) →  CO(g) +  H2O(l) 
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 This question is about the extraction of aluminium.  
   
0 1 

 

. 1 
 

An aluminium atom is represented as: 
   
  Al13

27
 

     
Give the number of electrons and neutrons in the aluminium atom. 

[2 marks] 
  Number of electrons 

  

  Number of neutrons 
  

 
 
 
 
 

  Aluminium is extracted by the electrolysis of a molten mixture of aluminium oxide  
and cryolite. 
 
Figure 1 shows the cell used for the electrolysis. 

   
  Figure 1 
   
  

 

 
 
 
 

0 1 
 

. 2 
 

Aluminium is produced by the reduction of aluminium oxide (Al2O3). 
 
What is meant by the term reduction? 

[1 mark] 
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Describe how zinc chloride crystals are produced from zinc chloride solution.  
 [2 marks] 

   
 

  
 

   
 

  
 

 
 
 
 
 
 

  Sulfuric acid and sodium hydroxide react to produce sodium sulfate. 
   
   
0 4 

 

. 6 
 

Sulfuric acid is gradually added to sodium hydroxide solution. 
 
The pH of the mixture changes as the sulfuric acid is added until in excess.  
 
 
Suggest the pH at: 
 
• the start before sulfuric acid is added 

• the end when sulfuric acid is in excess. 
[2 marks] 

  pH at start =  

 
 

  pH at end =  
  

 
 
 
 

0 4 
 

. 7 
 

Complete the symbol equation for the preparation of sodium sulfate. 
 
You should balance the equation. 

[2 marks] 
   
 

 

 NaOH + H2SO4 →  +  
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. 3 
 

Gold reacts with the elements in Group 7 of the periodic table. 
 
0.175 g of gold reacts with chlorine. 
 
The equation for the reaction is: 
 

2 Au  +  3 Cl2  →  2 AuCl3 
 
 

Calculate the mass of chlorine needed to react with 0.175 g of gold. 
 
Give your answer in mg 
 
Relative atomic masses (Ar):  Cl = 35.5    Au = 197 

 [5 marks] 
   

 
   

 
   

 
  

 
  

 
  

 
  

 
  

 
  

 
   

 
  

Mass of chlorine = 
 

mg 
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 This question is about the Earth’s resources.  
   

     
When most fuels burn carbon dioxide is produced. 
 
Propane (C3H8) is a fuel. 
  

 
0 1 

 

. 1 
 

Balance the equation for the combustion of propane. 
[1 mark] 

   
  

C3H8  +     O2  →  3 CO2  +  4 H2O 
 

 
 
 
 

0 1 
 

. 2 
 

Describe the test for carbon dioxide. 
 

Give the result of the test. 
 [2 marks] 

  Test  

 

  Result 
 

  
 

 
 
 
 

0 1 
 

. 3 
 

Propane can be cracked to produce propene and hydrogen. 
     

Complete the symbol equation for the reaction. 
 [1 mark] 

   
  

C3H8  →   + H2 
 

                                 propane                       propene                  hydrogen 
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  Another student carried out the investigation correctly. 
 
Table 1 shows the results. 

   
 Table 1 
   

 

Water 
sample Mass of dissolved solids in g 

 Test 1 Test 2 Test 3 Test 4 Mean 

A 0.22 0.23 0.20 X 0.21 

B 0.03 0.08 0.02 0.03 0.04 

C 0.45 0.60 0.49 0.58 0.53 

D 0.80 0.91 0.79 0.86 0.84 
 

   
 
 
 
0 4 

 

. 3 
 

Calculate value X in Table 1. 
[2 marks] 

   
 

  
 

  
 

  
 

  
X =  

 
g 

 

 
 
 
 

0 4 
 

. 4 
 

Which water sample has the greatest range of masses of dissolved solids? 
 
Give the reason for your answer. 

 [2 marks] 
  Water sample 

 
 

  Reason  
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  Another student carried out the investigation correctly. 
 
Table 1 shows the results. 

   
 Table 1 
   

 

Water 
sample Mass of dissolved solids in g 

 Test 1 Test 2 Test 3 Test 4 Mean 

A 0.22 0.23 0.20 X 0.21 

B 0.03 0.08 0.02 0.03 0.04 

C 0.45 0.60 0.49 0.58 0.53 

D 0.80 0.91 0.79 0.86 0.84 
 

   
 
 
 
0 4 

 

. 3 
 

Calculate value X in Table 1. 
[2 marks] 

   
 

  
 

  
 

  
 

  
X =  

 
g 

 

 
 
 
 

0 4 
 

. 4 
 

Which water sample has the greatest range of masses of dissolved solids? 
 
Give the reason for your answer. 

 [2 marks] 
  Water sample 

 
 

  Reason  
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  Another student carried out the investigation correctly. 
 
Table 1 shows the results. 

   
 Table 1 
   

 

Water 
sample Mass of dissolved solids in g 

 Test 1 Test 2 Test 3 Test 4 Mean 

A 0.22 0.23 0.20 X 0.21 

B 0.03 0.08 0.02 0.03 0.04 

C 0.45 0.60 0.49 0.58 0.53 

D 0.80 0.91 0.79 0.86 0.84 
 

   
 
 
 
0 4 

 

. 3 
 

Calculate value X in Table 1. 
[2 marks] 

   
 

  
 

  
 

  
 

  
X =  

 
g 

 

 
 
 
 

0 4 
 

. 4 
 

Which water sample has the greatest range of masses of dissolved solids? 
 
Give the reason for your answer. 

 [2 marks] 
  Water sample 

 
 

  Reason  
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  Another student carried out the investigation correctly. 
 
Table 1 shows the results. 

   
 Table 1 
   

 

Water 
sample Mass of dissolved solids in g 

 Test 1 Test 2 Test 3 Test 4 Mean 

A 0.22 0.23 0.20 X 0.21 

B 0.03 0.08 0.02 0.03 0.04 

C 0.45 0.60 0.49 0.58 0.53 

D 0.80 0.91 0.79 0.86 0.84 
 

   
 
 
 
0 4 

 

. 3 
 

Calculate value X in Table 1. 
[2 marks] 

   
 

  
 

  
 

  
 

  
X =  

 
g 

 

 
 
 
 

0 4 
 

. 4 
 

Which water sample has the greatest range of masses of dissolved solids? 
 
Give the reason for your answer. 

 [2 marks] 
  Water sample 

 
 

  Reason  
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Metal M has two isotopes. 
 

  Table 2 shows the mass numbers and percentage abundances of the isotopes. 
   

Table 2 
 

Mass number Percentage abundance (%) 

203 30 

205 70 
 

   
Calculate the relative atomic mass (Ar) of metal M. 
 
Give your answer to 1 decimal place. 

[2 marks] 
   

 
  

 
  

 
  

 
   

Relative atomic mass (1 decimal place) = 
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 This question is about silver iodide. 
 
Silver iodide is produced in the reaction between silver nitrate solution and 
sodium iodide solution. 
  

  

The equation for the reaction is: 
 

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

 
 

0 3 
 

. 1 
 

A student investigated the law of conservation of mass. 
 

  This is the method used.  

1. Pour silver nitrate solution into a beaker labelled A. 

2. Pour sodium iodide solution into a beaker labelled B. 

3. Measure the masses of both beakers and their contents. 

4. Pour the solution from beaker B into beaker A. 

5. Measure the masses of both beakers and their contents again. 

 
  Table 3 shows the student’s results. 

 
Table 3 

   
 Mass before mixing in g Mass after mixing in g 

Beaker A and contents  78.26 108.22 

Beaker B and contents 78.50 48.54 
 

   
 
 
 

  Explain how the results demonstrate the law of conservation of mass. 
 
You should use data from Table 3 in your answer. 

[2 marks] 
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 This question is about displacement reactions. 
   

 
0 6 

 

. 1 
 

The displacement reaction between aluminium and iron oxide has a high  
activation energy. 
 
What is meant by ‘activation energy’? 

[1 mark] 
   

 
  

 
   

 
 
 
 
 

0 6 
 

. 2 
 

A mixture contains 1.00 kg of aluminium and 3.00 kg of iron oxide. 
 
The equation for the reaction is: 
 

2 Al  +  Fe2O3  →  2 Fe  +  Al2O3 
 

Show that aluminium is the limiting reactant. 
 
Relative atomic masses (Ar):     O = 16     Al = 27     Fe = 56 

[4 marks] 
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. 6 
 

A teacher investigated the reaction of iron with chlorine using the apparatus 
in Figure 5. 
 
The word equation for the reaction is: 
 

iron  +  chlorine  →  iron chloride 
 
The teacher weighed: 

• the glass tube 

• the glass tube and iron before the reaction 

• the glass tube and iron chloride after the reaction. 

 
Table 6 shows the teacher’s results. 

   
Table 6 

   
 Mass in g 

Glass tube 51.56 

Glass tube and iron  56.04 

Glass tube and iron chloride  64.56 
 

   
 
 

  Calculate the simplest whole number ratio of: 
 

moles of iron atoms : moles of chlorine atoms 
 
Determine the balanced equation for the reaction. 
 
Relative atomic masses (Ar):     Cl = 35.5     Fe = 56 

[6 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

Moles of iron atoms : moles of chlorine atoms =  :  
  

Equation for the reaction  
  

 
16 
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 This question is about citric acid (C6H8O7). 
 
Citric acid is a solid. 
 
A student investigated the temperature change during the reaction between citric acid 
and sodium hydrogencarbonate solution. 
 

  This is the method used. 
 
1. Pour 25 cm3 of sodium hydrogencarbonate solution into a polystyrene cup. 

2. Measure the temperature of the sodium hydrogencarbonate solution. 

3. Add 0.20 g of citric acid to the polystyrene cup. 

4. Stir the solution. 

5. Measure the temperature of the solution. 

6. Repeat steps 3 to 5 until a total of 2.00 g of citric acid has been added. 

The student plotted the results on a graph. 
 

  Figure 6 shows the student’s graph. 
 

Figure 6 
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Figure 6 shows an anomalous point when 0.60 g of citric acid was added. 
This was caused by the student making an error. 
 
The student correctly: 

• measured the mass of the citric acid 

• read the thermometer 

• plotted the point. 

 
Suggest one reason for the anomalous point. 

[1 mark] 
   

 
  

 
 
 

0 9 
 

. 2 
 

Explain the shape of the graph in terms of the energy transfers taking place. 
 
You should use data from Figure 6 in your answer. 

 [3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
 
 

0 9 
 

. 3 
 

A second student repeated the investigation using a metal container instead of the 
polystyrene cup.  The container and the cup were the same size and shape. 
 
Sketch a line on Figure 6 to show the second student’s results until 1.00 g of  
citric acid had been added.  The starting temperature of the solution was the same. 
 
Explain your answer.   

 [3 marks] 
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 This question is about hydrocarbons. 
 
Hexane and hexene are hydrocarbons containing six carbon atoms in each molecule. 
 
Hexane is an alkane and hexene is an alkene. 

  
 
 

0 3 
 

. 1 
 

Draw one line from each hydrocarbon to the formula of that hydrocarbon. 
[2 marks] 

 
 

Hydrocarbon  Formula 

 
 

 
 
 
 

Hexane 

 
 
 

 

Hexene 

 

 

 

 

C6H8 

 

C6H10 

 

C6H12 

 

C6H14 

 

C6H16 

 
 

  

 
 

0 3 
 

. 2 
 

Bromine water is added to hexane and to hexene. 
 
What would be observed when bromine water is added to hexane and to hexene? 

[2 marks] 
  Hexane 

 

  
 

  Hexene 
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A student adds a solution of ethanoic acid to zinc carbonate in an open flask on 
a balance. 
 
Explain what happens to the mass of the flask and its contents during the reaction. 

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
 
 
 
 
 

0 7 
 

. 4 
 

The student compares the rates of the reaction of zinc carbonate with: 

• 0.01 mol/dm3 methanoic acid 

• 0.01 mol/dm3 ethanoic acid. 
 
The rate of the reaction with methanoic acid is greater than the rate of the reaction 
with ethanoic acid. 
 
Explain why. 
 
You should refer to ions in your answer. 
 
Use Table 3. 

 [3 marks] 
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  Potassium has different isotopes. 
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. 4 
 

What is meant by ‘isotopes’? 
 
You should refer to subatomic particles. 

[2 marks] 
  

 
  

 
  

 
  

 
 
 
 
 

0 1 
 

. 5 
 

Table 1 shows the mass numbers and the percentage abundance of two  
isotopes of potassium. 

   
  Table 1 
   
  Mass number Percentage abundance 

39 93.1 

41 6.9 
 

   
     

Calculate the relative atomic mass (Ar) of potassium. 
 
Give your answer to 1 decimal place. 

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

Relative atomic mass (1 decimal place) = 
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  Potassium has different isotopes. 
   
   
0 1 

 

. 4 
 

What is meant by ‘isotopes’? 
 
You should refer to subatomic particles. 

[2 marks] 
  

 
  

 
  

 
  

 
 
 
 
 

0 1 
 

. 5 
 

Table 1 shows the mass numbers and the percentage abundance of two  
isotopes of potassium. 

   
  Table 1 
   
  Mass number Percentage abundance 

39 93.1 

41 6.9 
 

   
     

Calculate the relative atomic mass (Ar) of potassium. 
 
Give your answer to 1 decimal place. 

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

Relative atomic mass (1 decimal place) = 
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  Zinc carbonate reacts with nitric acid. 
 
The word equation for the reaction is: 
 

zinc carbonate  +  nitric acid  →  zinc nitrate  +  water  +  carbon dioxide 
               white solid                                 colourless 
                                                                   solution 

   
   

0 2 
 

. 4 
 

Give two observations that would be made when zinc carbonate is added to nitric acid 
until the zinc carbonate is in excess. 

 [2 marks] 
  1 

 

   

  2 
 

   

   
 
 
 

0 2 
 

. 5 
 

The formula of the zinc ion is Zn2+ 
 
The formula of the nitrate ion is NO3– 
 
 
What is the formula for zinc nitrate? 

 [1 mark] 
  Tick () one box. 
   

  

ZnNO3 
 
 

Zn(NO3)2 
 
 

 
Zn2NO3 
 

 
 

Zn2(NO3)2 
 
 

 

 
 
 
 

Question 2 continues on the next page 
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 Metal oxides are produced when metals are heated in air. 
 
 
A student investigated the change in mass when 0.12 g of magnesium was  
heated in air. 
 
Figure 5 shows the apparatus. 

   
  Figure 5 
   
  

 
   
   
   
  The student measured the mass of magnesium oxide produced. 
   
   
   
0 6 

 

. 1 
 

0.12 g of magnesium reacted to produce 0.20 g of magnesium oxide.  
 
Calculate the number of moles of oxygen gas (O2) that reacted. 
 
Relative atomic mass (Ar):    O = 16 

 [3 marks] 
   

 
   

 
  

 
   

 
   

 
  

Moles of oxygen gas = 
 

 

 
  

39.1



Quantitative Chemistry - AQA past paper questions

Source: AQA 2021 Combined Science Paper 1, original question 06.4

20 
 

*20* 
IB/M/Jun21/8464/C/1H 

 

Do not write 
outside the  

box 

 
12 
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. 4 
 

Iron reacts with oxygen to produce an oxide of iron. 
 
0.015 moles of iron reacts with 0.010 moles of oxygen gas (O2). 
 
 
Determine: 

• the formula of the iron oxide produced 

• the balanced symbol equation for the reaction. 
[4 marks] 

   
 

   
 

  
 

  
Formula of iron oxide = 

 
 

   
  

Balanced symbol equation  
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 Atmospheric pollution is emitted by cars. 
 
Some car emissions contain nitrogen dioxide.  

   
   
0 5 

 

. 1 
 

Describe how nitrogen dioxide (NO2) is produced in the engine of a car that burns 
fossil fuels. 

[3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
 
 
 
 
 
 
 
  Table 3 shows the concentration of nitrogen dioxide in the air in three different areas 

for 1 week. 
   
  Table 3 
   
   Concentration of nitrogen dioxide in the air 

in micrograms per m3 

Day City centre Countryside Motorway 

Monday 35 8 22 

Tuesday 37 8 23 

Wednesday 37 8 23 

Thursday 34 8 23 

Friday 37 8 23 

Saturday 29 7 20 

Sunday X 6 17 
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. 2 
 

The mean value for nitrogen dioxide in the air for the whole week in the city centre  
is 33 micrograms per m3. 
 
 
Calculate the value (X) for the concentration of nitrogen dioxide in the air in the city 
centre on Sunday. 

 [2 marks] 
   

 
  

 
  

 
  

 
  

  X = 
 
 micrograms per m3 
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. 3 
 

Each value in Table 3 has an uncertainty of ± 2 micrograms per m3. 
 
Explain why this uncertainty is most significant for countryside data.  

 [2 marks] 
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  Nitrogen dioxide is removed from car emissions by catalytic converters. 
   
   
0 5 

 

. 4 
 

In a catalytic converter nitrogen dioxide (NO2) reacts to produce nitrogen and oxygen. 
 
 
Complete the equation for the reaction. 
 
You should balance the equation. 

 [2 marks] 
   
  

  NO2  →    +  
 

 
 
 

0 5 
 

. 5 
 

The catalyst in a catalytic converter contains platinum. 
 
Platinum is a finite resource. 
 
 
What is meant by a ‘finite resource’?  

[1 mark] 
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. 6 
 

Emissions from cars contain carbon dioxide. 
 
Explain why carbon dioxide emissions during use and operation are not the total 
carbon footprint for a car. 
 
Refer to the stages of the life cycle assessment of a car in your answer. 

 [3 marks] 
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 This question is about atomic structure and the periodic table. 
 
Gallium (Ga) is an element that has two isotopes. 
 

   
0 2 

 

. 1 
 

Give the meaning of ‘isotopes’. 
 
You should answer in terms of subatomic particles. 

[2 marks] 
   

 
  

 
  

 
  

 
   

 
 
 

0 2 
 

. 2 
 

Table 1 shows the mass numbers and percentage abundances of the 
isotopes of gallium. 

 
Table 1 

   
 

Mass number Percentage abundance (%) 

69 60 

71 40 

 
 

  Calculate the relative atomic mass (Ar) of gallium.  
 
Give your answer to 1 decimal place. 

[2 marks] 
  

 
  

 
  

 
  

 
  

Relative atomic mass (1 decimal place) = 
 

 

   

 
 

41.1



Quantitative Chemistry - AQA past paper questions

Source: AQA 2021 Chemistry Paper 1, original question 02.2

6 
 

*06* 
IB/M/Jun21/8462/1H 

 

Do not write 
outside the  

box 
 

0 2 
 

 This question is about atomic structure and the periodic table. 
 
Gallium (Ga) is an element that has two isotopes. 
 

   
0 2 

 

. 1 
 

Give the meaning of ‘isotopes’. 
 
You should answer in terms of subatomic particles. 

[2 marks] 
   

 
  

 
  

 
  

 
   

 
 
 

0 2 
 

. 2 
 

Table 1 shows the mass numbers and percentage abundances of the 
isotopes of gallium. 

 
Table 1 

   
 

Mass number Percentage abundance (%) 

69 60 

71 40 

 
 

  Calculate the relative atomic mass (Ar) of gallium.  
 
Give your answer to 1 decimal place. 

[2 marks] 
  

 
  

 
  

 
  

 
  

Relative atomic mass (1 decimal place) = 
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  Gallium (Ga) is in Group 3 of the modern periodic table. 

 
0 2 

 

. 3 
 Give the numbers of electrons and neutrons in an atom of the isotope Ga31

69  
[2 marks] 

   
  

Number of electrons    
 

   
  

Number of neutrons    
 

   
 
 
 

0 2 
 

. 4 
 

What is the most likely formula of a gallium ion? 
[1 mark] 

  Tick () one box. 
   

  

Ga+ 
 
 

Ga– 
 
 

Ga3+ 
 
 

Ga3– 
 
 

 

   
 
 
 

0 2 
 

. 5 
 

Gallium was discovered six years after Mendeleev published his periodic table. 
 
Give two reasons why the discovery of gallium helped Mendeleev’s periodic table to 
become accepted. 

[2 marks] 
  1 

 

   

  2 
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 This question is about the extraction of metals.    
 
 

  Element R is extracted from its oxide by reduction with hydrogen. 
 
The equation for the reaction is: 
 

3 H2  +  RO3  →  R  +  3 H2O 
 
 
 

0 3 
 

. 1 
 

The sum of the relative formula masses (Mr) of the reactants (3 H2 + RO3) is 150 
 
Calculate the relative atomic mass (Ar) of R. 
 
Relative atomic masses (Ar):     H = 1     O = 16 

[2 marks] 
  

 
  

 
  

 
  

 
  

Relative atomic mass (Ar) of R = 
 

 

 
 
 
 
 
 

0 3 
 

. 2 
 

Identify element R. 
 
You should use:  

• your answer to question 03.1 

• the periodic table. 
 [1 mark] 

  
       Identity of R = 
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0 3 
 

 This question is about the extraction of metals.    
 
 

  Element R is extracted from its oxide by reduction with hydrogen. 
 
The equation for the reaction is: 
 

3 H2  +  RO3  →  R  +  3 H2O 
 
 
 

0 3 
 

. 1 
 

The sum of the relative formula masses (Mr) of the reactants (3 H2 + RO3) is 150 
 
Calculate the relative atomic mass (Ar) of R. 
 
Relative atomic masses (Ar):     H = 1     O = 16 

[2 marks] 
  

 
  

 
  

 
  

 
  

Relative atomic mass (Ar) of R = 
 

 

 
 
 
 
 
 

0 3 
 

. 2 
 

Identify element R. 
 
You should use:  

• your answer to question 03.1 

• the periodic table. 
 [1 mark] 

  
       Identity of R = 
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 This question is about Group 1 elements.  
   

 
0 4 

 

. 1 
 

Give two observations you could make when a small piece of potassium is added  
to water. 

[2 marks] 
  1 

 

   

  2 
 

   

 
 
 

0 4 
 

. 2 
 

Complete the equation for the reaction of potassium with water.  
 
You should balance the equation. 

[2 marks] 
   

   K   +          H2O   →                  + 
 

   
 
 
 

0 4 
 

. 3 
 

Explain why the reactivity of elements changes going down Group 1. 
[4 marks] 
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  The students plotted their results on a graph. 
 
Figure 5 shows the graph. 
 

   
Figure 5 

 

 
   

 
   

A student correctly concluded that the total mass of copper produced is directly 
proportional both to the time and to the current. 
 
  

0 7 
 

. 5 
 

How do the results in Figure 5 support the conclusion that the total mass of copper 
produced is directly proportional to the time? 

[1 mark] 
   

   

 
 
 

0 7 
 

. 6 
 

How do the results in Figure 5 support the conclusion that the total mass of copper 
produced is directly proportional to the current? 
 
Use data from Figure 5 in your answer. 

[1 mark] 
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17 
 

 
0 7 

 

. 7 
 

Copper nitrate solution is blue. 
 
Suggest why the blue colour of the copper nitrate solution fades during the 
electrolysis.  

[1 mark] 
   

 
  

 
   

 
 

0 7 
 

. 8 
 

Determine the number of atoms of copper produced when copper nitrate solution is 
electrolysed for 20 minutes at a current of 0.6 A 
 
Give your answer to 3 significant figures. 
 
Use Figure 5. 
 
Relative atomic mass (Ar):     Cu = 63.5 
 
The Avogadro constant = 6.02 × 1023 per mole 

[3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

     Number of atoms (3 significant figures) = 
 

 

   

   
 
 
 
 

Turn over for the next question 
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  Table 1 is repeated below. 

 
Table 1 

   
Number of carbon atoms 

in alkane molecule 
Boiling point of alkane 

in °C 

4 0 

5 36 

6 69 

7 X 

8 126 

9 151 
 

 
 

  The alkane with nine carbon atoms in a molecule is called nonane. 
 
 

0 2 
 

. 5 
 

Complete the formula of nonane. 
 [1 mark] 

     
  

 C9H___   
     

 
 
 

0 2 
 

. 6 
 

Nonane will condense lower in a fractionating column during fractional distillation 
than the other alkanes in Table 1. 

 
  

Explain why. 
   
You should refer to the temperature gradient in the fractionating column. 

[2 marks] 
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 This question is about electrolysis.  
 
Figure 2 shows the apparatus used to investigate the electrolysis of  
potassium sulfate solution. 

   
  Figure 2 
   
  

 

   
0 2 

 

. 1 
 

Potassium sulfate contains K+ and SO42– ions. 
 
What is the formula of potassium sulfate? 

 [1 mark] 
  Tick () one box. 
   

  

KSO4 
 
 

K2SO4 
 
 

K(SO4)2 
 
 

K2(SO4)2 
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0 2 

 

. 4 
 

The experiment is repeated 4 times. 
 
The volumes of oxygen collected in the 4 experiments are: 
 

6 cm3    9 cm3    10 cm3    11 cm3 
 
The mean volume of oxygen collected in the 4 experiments is 9 cm3 

 

The measure of uncertainty is the range of a set of measurements about the mean. 
 
 
What is the measure of uncertainty in the 4 experiments? 

[1 mark] 
  Tick () one box. 
   

  

9 ± 1 cm3 
 
 

9 ± 2 cm3 
 
 

9 ± 3 cm3  
 

 

 
 
 
 
 

0 2 
 

. 5 
 

The potassium sulfate solution has 0.86 g of potassium sulfate dissolved in 
25 cm3 of water. 
 
Calculate the mass of potassium sulfate needed to make 1.0 dm3 of solution. 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
  

 
  

Mass = 
 
 g 
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  Sodium reacts with titanium chloride (TiCl4) to produce titanium. 
   
   
0 7 

 

. 2 
 

Complete the equation. 
 
You should balance the equation.  

 [2 marks] 
   
   

 Na  +  TiCl4  →  +  
 

 
 
 
 

0 7 
 

. 3 
 

The reaction between sodium and titanium chloride is a redox reaction. 
 
Write a half-equation to show that sodium is oxidised in this reaction. 

[2 marks] 
   

 
 

  

47.1



Quantitative Chemistry - AQA past paper questions

Source: AQA 2022 Combined Science Paper 1, original question 07.4

21 
 

*21* 

Turn over ► 
 

IB/M/Jun22/8464/C/1H 

 

Do not write 
outside the  

box 
 

0 7 
 

. 4 
 

108 g of aluminum reacts with 1.21 kg of copper chloride to produce copper. 
 
The equation for the reaction is: 
 

2 Al  +  3 CuCl2  →  3 Cu  +  2 AlCl3 
 
 
Calculate the maximum mass of copper produced in grams (g). 
 
You should determine the limiting reactant. 

 
Relative atomic masses (Ar): Al = 27    Cu = 63.5 

 
Relative formula masses (Mr): CuCl2 = 134.5    AlCl3 = 133.5 

 [6 marks] 
   

  
  

 
   

 
  

 
   

 
  

 
   

 
  

 
   

 
   

 
  

 
  

 
  

Limiting reactant is 
 

 

  
Mass of copper = 

 
g 

 

 
 
 
 

Question 7 continues on the next page 
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  A scientist produced potable water from 150 cm3 of salty water. 
   
   
0 2 

 

. 2 
 

Which process can be used to produce potable water from salty water?  
[1 mark] 

  Tick () one box. 
   

  

Distillation 
 
 

Electrolysis 
 
 

Filtration 
 
 

Sterilisation 
 
 

 

 
 
 
 
0 2 

 

. 3 
 

The salty water contains sodium chloride.  
 
The scientist collected 2.40 g of sodium chloride from 150 cm3 of salty water. 
 
 
Calculate the concentration of sodium chloride in grams per dm3  

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 
  

Concentration of sodium chloride =  
 
 g/dm3 
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0 3 

 

. 5 
 

Calculate the number of C70 molecules that can be made from one mole of  
carbon atoms. 
 
The Avogadro constant = 6.02 × 1023 per mole 

 [3 marks] 
  

 
  

 
  

 
  

 
  

 
   

 
   

  

Number of molecules =  
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 This question is about groups in the periodic table. 
   
   

  

The elements in Group 1 become more reactive going down the group. 
 
Rubidium is below potassium in Group 1. 

 
 
 

0 5 
 

. 1 
 

Rubidium and potassium are added to water. 
 
Predict one observation you would see that shows that rubidium is more reactive  
than potassium. 

 [1 mark] 
   

   

 
 
 
 

0 5 
 

. 2 
 

Explain why rubidium is more reactive than potassium. 
 [3 marks] 

   

   

   

   

   

   

 
 
 
 

0 5 
 

. 3 
 

Complete the equation for the reaction of rubidium with water. 
 
You should balance the equation. 

[3 marks] 
   

             Rb      +      H2O      →                 + 
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  The noble gases are in Group 0. 

 
0 5 

 

. 4 
 

Which is a correct statement about the noble gases? 
[1 mark] 

  Tick () one box. 
   

  

The noble gases all have atoms with eight electrons in the outer shell. 
 
 

The noble gases have boiling points that increase going down the group. 
 
 

The noble gases have molecules with two atoms. 
 
 

The noble gases react with metals to form ionic compounds. 
 
 

 

 
 

0 5 
 

. 5 
 

Table 1 shows information about the three isotopes of neon. 
   

Table 1 
 

Mass number Percentage abundance (%) 

20 90.48 

21   0.27 

22   9.25 
 

   
 

  

Calculate the relative atomic mass (Ar) of neon. 
 
Give your answer to 3 significant figures. 

[3 marks] 
   

   

   

   

   

  
Relative atomic mass (3 significant figures) = 
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Magnesium also reduces silicon dioxide. 
 
The equation for the reaction is: 
 

2 Mg(s)  +  SiO2(s)  →  Si(s)  +  2 MgO(s) 
 

 
 

0 7 
 

. 3 
 

Give one reason why the products are difficult to separate if magnesium is used to 
reduce silicon dioxide. 

 [1 mark] 
  

 
  

 
 
 
 
 

0 7 
 

. 4 
 

Calculate the minimum mass in grams of magnesium needed to completely reduce 
1.2 kg of silicon dioxide. 
 
Relative atomic masses (Ar):     O = 16     Mg = 24     Si = 28 

 [5 marks] 
   

   

   

   

   

   

   

   

   

   

  

Minimum mass of magnesium =  

 

g 
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Magnesium also reduces silicon dioxide. 
 
The equation for the reaction is: 
 

2 Mg(s)  +  SiO2(s)  →  Si(s)  +  2 MgO(s) 
 

 
 

0 7 
 

. 3 
 

Give one reason why the products are difficult to separate if magnesium is used to 
reduce silicon dioxide. 

 [1 mark] 
  

 
  

 
 
 
 
 

0 7 
 

. 4 
 

Calculate the minimum mass in grams of magnesium needed to completely reduce 
1.2 kg of silicon dioxide. 
 
Relative atomic masses (Ar):     O = 16     Mg = 24     Si = 28 

 [5 marks] 
   

   

   

   

   

   

   

   

   

   

  

Minimum mass of magnesium =  

 

g 
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0 4 

 

. 2 
 

Fractions from crude oil can be processed to produce feedstock for the 
petrochemical industry. 
 
Which two are useful materials produced from this feedstock? 

 [2 marks] 
  Tick () two boxes. 
   

  

Alloys 
 
 

Ceramics 
 
 

Detergents 
 
 

Fertilisers 
 
 

Solvents 
 
 

 

 
 
 

  Another fraction obtained from crude oil is petrol. 
 
 

0 4 
 

. 3 
 

Petrol contains a hydrocarbon with the formula C9H20 
 
Complete the equation for the complete combustion of C9H20 
 
You should balance the equation. 

 [2 marks] 
   

  C9H20  +  __________  →  __________  +  __________ 
 
 
 

0 4 
 

. 4 
 

Petrol obtained from crude oil contains sulfur impurities. 
 
Explain why sulfur impurities are removed before petrol is burned in car engines. 

 [2 marks] 
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 Lithium hydroxide reacts with sulfuric acid to produce lithium sulfate. 
 
The equation for the reaction is: 

 
2 LiOH  +  H2SO4  →  Li2SO4  +  2 H2O 

   
   
0 2 

 

. 1 
 

What type of reaction is this? 
 [1 mark] 

   
 

 
 
 
 
 
 

0 2 
 

. 2 
 

Calculate the relative formula mass (Mr) of sulfuric acid (H2SO4). 
 
Relative atomic masses (Ar):     H = 1     O = 16     S = 32 

 [2 marks] 
   

 
  

 
   

 
  

Relative formula mass (Mr) = 
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0 2 

 

. 3 
 

Calculate the percentage by mass of oxygen in lithium sulfate (Li2SO4). 
 
Relative atomic mass (Ar):    O = 16 
 
Relative formula mass (Mr):   Li2SO4 = 110 
 
Give your answer to 2 significant figures. 

 [4 marks] 
   

 
  

 
  

 
  

 
  

 
   

 
   

 
  

Percentage by mass of oxygen (2 significant figures) = 
 

% 
 

 
 
 
 
 
 

0 2 
 

. 4 
 

A solution of lithium sulfate contains 0.30 g of lithium sulfate in 25 cm3. 
 
Calculate the concentration of lithium sulfate in g/dm3. 

 [3 marks] 
   

 
  

 
  

 
   

 
   

 
  

 

Concentration = 
 

 g/dm3 
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 Sodium is in Group 1 of the periodic table. 
 
Sodium reacts with oxygen to produce sodium oxide. 

   
   
0 3 

 

. 1 
 

Balance the equation for the reaction.  
[1 mark] 

   

  Na  +  O2  →       Na2O 
 

 
 
 
 
 
 

0 3 
 

. 2 
 

Explain what happens to sodium atoms and to oxygen atoms when sodium reacts 
with oxygen to produce sodium oxide (Na2O). 
 
Answer in terms of electrons. 

 [4 marks] 
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  A bromine atom can be represented as Br35
81 . 

   
   
0 4 

 

. 3 
 

What is the number of neutrons in this bromine atom? 
[1 mark] 

  
  

 
 
 
 

0 4 
 

. 4 
 

What is the number of electrons in a bromide ion? 
 [1 mark] 

  
  

 
 
 
 
 

0 4 
 

. 5 
 

Chlorine has two isotopes. 
 
Table 2 shows the percentage abundance of the two isotopes of chlorine. 

   
Table 2 

   

Isotope Percentage (%) abundance 

Cl17
35  75.77 

Cl17
37  24.23 

 

   
   
  Calculate the relative atomic mass (Ar) of chlorine. 

 
Give your answer to 2 decimal places. 

 [3 marks] 
   

 
   

 
  

 
   

 
   

 
  

 

Relative atomic mass (2 decimal places) =  
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  A bromine atom can be represented as Br35
81 . 

   
   
0 4 

 

. 3 
 

What is the number of neutrons in this bromine atom? 
[1 mark] 

  
  

 
 
 
 

0 4 
 

. 4 
 

What is the number of electrons in a bromide ion? 
 [1 mark] 

  
  

 
 
 
 
 

0 4 
 

. 5 
 

Chlorine has two isotopes. 
 
Table 2 shows the percentage abundance of the two isotopes of chlorine. 

   
Table 2 

   

Isotope Percentage (%) abundance 

Cl17
35  75.77 

Cl17
37  24.23 

 

   
   
  Calculate the relative atomic mass (Ar) of chlorine. 

 
Give your answer to 2 decimal places. 

 [3 marks] 
   

 
   

 
  

 
   

 
   

 
  

 

Relative atomic mass (2 decimal places) =  
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 Acids react with some metals to produce soluble salts. 
 
A student adds magnesium to hydrochloric acid until no more acid reacts and 
excess magnesium remains. 
 
The equation for the reaction is: 

 
Mg(s)  +  2 HCl(aq)  →  MgCl2(aq)  +  H2(g) 

   
   
0 6 

 

. 1 
 

Describe how solid magnesium chloride is obtained from the reaction mixture. 
 [2 marks] 

   
 

   
 

   
 

   
 

 
 
 
 
 
 

0 6 
 

. 2 
 

The reaction between magnesium and hydrochloric acid is a redox reaction. 
 
Explain what happens to the magnesium atoms in this reaction.  

 [2 marks] 
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0 6 

 

. 3 
 

0.72 g of magnesium is added to 100 cm3 of hydrochloric acid. 
 
The hydrochloric acid is in excess. 
 
 
Calculate the concentration of the magnesium chloride (MgCl2) solution produced 
in g/dm3. 
 
Relative atomic mass (Ar):     Mg = 24 
 
Relative formula mass (Mr):   MgCl2 = 95 

[6 marks] 
   

 
   

 
   

 
  

 
   

 
   

 
  

 
   

 
   

 
   

 
   

 
  

 
  

 

Concentration =  
 

g/dm3 
 
 
 
 

Turn over for the next question 
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 The combustion of fuels is a source of atmospheric pollutants. 
   
   
0 1 

 

. 1 
 

Methane is a fuel. 
 
Balance the equation for the combustion of methane.  

[1 mark] 
   

CH4  +    O2  →  CO2  +    H2O 
 

 
 
 
 
 

0 1 
 

. 2 
 

Many fuels are mixtures. 
 
Petrol and diesel are mixtures of hydrocarbons. 
 
Table 1 shows properties of petrol and of diesel. 

   
Table 1 

   

 Petrol Diesel 

Range of number of carbon atoms in 
a hydrocarbon molecule 4 to 12 12 to 20 

Range of boiling points in °C 40 to 205 250 to 350 
 

   
   
  Compare the properties of petrol and diesel. 

 
Use Table 1. 

[2 marks] 
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  A different student used a method which gave valid results. 
   
   
0 4 

 

. 2 
 

Table 2 shows the results. 
   

Table 2 
   

 Mass of dissolved solids in grams 

Type of water Test 1 Test 2 Test 3 Mean 

Distilled water 0.00 0.00 0.00 0.00 

Sea water 0.30 X 0.26 0.29 
 

   
   
  Calculate the value X for the mass of dissolved solids in sea water in Test 2.   

[2 marks] 
   

 
   

 
  

 
  

 Mass X = 
 
 g 

 

 
 
 
 

0 4 
 

. 3 
 

The student concludes that distilled water is pure. 
 
Describe a test to confirm that distilled water is pure. 

[2 marks] 
  Test 

 

   

  Result 
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0 1 
 

. 5 
 

The discovery of isotopes explained why some relative atomic masses are not  
whole numbers. 
 
Element R has two isotopes.  

   
  Table 1 shows the mass numbers and percentage abundances of the isotopes of 

element R. 
   

Table 1 
   

Mass number Percentage abundance (%) 

6   7.6 

7 92.4 
 

   
 
 

  Calculate the relative atomic mass (Ar) of element R. 
 
Give your answer to 1 decimal place. 

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 Relative atomic mass (1 decimal place) =  
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  The student repeated the experiment three more times. 
   
  Table 3 shows the results for 8.0 g of ammonium nitrate. 
   

Table 3 
 

  Trial 1 Trial 2 Trial 3 Trial 4 Mean 

Lowest temperature 
of solution in ºC 16.2 16.6 16.8 16.4 16.5 

 

 
 
 

0 2 
 

. 5 
 

The student recorded the mean lowest temperature of the solution for 8.0 g of 
ammonium nitrate as 16.5 ± 0.3 ºC. 
 
Explain why the student included ± 0.3 ºC after the mean lowest temperature. 

[2 marks] 
   

   

   

   

 
 
 
 
 

0 2 
 

. 6 
 

What type of error is shown by the results in Table 3? 
 [1 mark] 

  Tick () one box. 
 

  
Random error 

 
 

Systematic error 
 
 

Zero error 
 
 

 

 
 

  

 
11 
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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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  Barium (Ba) is an element in Group 2 of the periodic table. 
   
  Barium reacts with hydrochloric acid. 

 
 
 

0 8 
 

. 4 
 

Suggest two observations that could be made when barium reacts with  
hydrochloric acid. 

[2 marks] 
  1 

 

   

  2 
 

   

 
 
 
 
 

0 8 
 

. 5 
 

Write a balanced symbol equation for the reaction between barium and  
hydrochloric acid. 

[3 marks] 
   
   

+ 
 

→ 
 

+ 
 

 
 
 
 
 
 

Turn over for the next question 
  

 
10 
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 This question is about displacement reactions. 
 
 

  Iron is extracted from iron oxide by a displacement reaction with carbon. 
 
The equation for the reaction is: 
 

Fe2O3  +  3 C  →  2 Fe  +  3 CO 
 
 

0 9 
 

. 1 
 

Which substance in the equation is reduced? 
 
Give one reason for your answer. 
 
Answer in terms of oxygen. 

[2 marks] 
  

Substance reduced 
 

  
Reason 

 

   

 
 
 
 

0 9 
 

. 2 
 

Which expression shows how to calculate the mass of carbon needed to produce  
1 mole of iron from iron oxide? 
 
Relative atomic mass (Ar):     C = 12 

[1 mark] 
  Tick () one box. 
   

  

1
3  × 12 g 

 
 

  
3
2  × 12 g 

 
 

  

1 × 12 g 
 
 

  

3 × 12 g 
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 This question is about displacement reactions. 
 
 

  Iron is extracted from iron oxide by a displacement reaction with carbon. 
 
The equation for the reaction is: 
 

Fe2O3  +  3 C  →  2 Fe  +  3 CO 
 
 

0 9 
 

. 1 
 

Which substance in the equation is reduced? 
 
Give one reason for your answer. 
 
Answer in terms of oxygen. 

[2 marks] 
  

Substance reduced 
 

  
Reason 

 

   

 
 
 
 

0 9 
 

. 2 
 

Which expression shows how to calculate the mass of carbon needed to produce  
1 mole of iron from iron oxide? 
 
Relative atomic mass (Ar):     C = 12 

[1 mark] 
  Tick () one box. 
   

  

1
3  × 12 g 

 
 

  
3
2  × 12 g 

 
 

  

1 × 12 g 
 
 

  

3 × 12 g 
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. 2 
 

The student calculated the rate of the reaction for each trial. 
 
Table 1 shows the results of the calculations. 

   
Table 1 

   

  Trial 1 Trial 2 Trial 3 Trial 4 

Rate of reaction in cm3/s 0.78 0.81 0.68 0.81 
 

   

  

 
Determine the mean time taken to collect 20 cm3 of gas. 
 
Do not include any anomalous results. 

 

  
Use the equation: 

mean rate of reaction = 
volume of gas collected

mean time taken  

   [5 marks] 
   

   

   

   

   

   

   

   

   

  
Mean time taken =   s 

   
 
 
 

Question 1 continues on the next page 
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 Copper is extracted from metal ores. 
   
  Chalcopyrite is a metal ore containing a compound with the formula CuFeS2 

 
 

0 5 
 

. 1 
 

CuFeS2 reacts with oxygen to produce copper(II) sulfate and iron(II) sulfate. 
 
Complete the equation for this reaction. 
 
You should balance the equation. 

[2 marks] 
   

  CuFeS2 +  → CuSO4 + FeSO4 
 

 
 

0 5 
 

. 2 
 

Calculate the percentage by mass of copper in CuFeS2 

 
Relative atomic masses (Ar):     S = 32     Fe = 56     Cu = 63.5  

[3 marks] 
   

 
  

 
  

 
  

 
  

 
  

 Percentage by mass =   % 
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. 3 
 

Describe a test to show the presence of copper(II) ions in a solution of  
copper(II) sulfate. 
 
Give the result of the test. 

[2 marks] 
  

Test 
 

  
 

 

  
Result 
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. 4 
 

The amino acid beta-alanine has the formula 
 

H2NCH2CH2COOH 
 
Beta-alanine polymerises to produce a polypeptide and a small molecule. 
 
Name the small molecule produced when beta-alanine polymerises.  

[1 mark] 
   

 
 
 
 
 

0 8 
 

. 5 
 

An amino acid can be represented as: 
 

  
 

   
  The relative formula mass (Mr) of this amino acid is 75 

 
 
Calculate the relative formula mass of the section of this amino acid molecule 
represented by 

 
                                                      
   
  Relative atomic masses (Ar):     H = 1    C = 12     N = 14      O = 16 

[2 marks] 
  

 
  

 
  

 
  

 
  

 Relative formula mass = 
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