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1 Which apparatus should be used to measure a volume of 26.3 cm3 most accurately? 
  
A beaker 
B pipette 
C measuring cylinder 
D burette 
  

 
2 The equation represents the reaction between aqueous silver nitrate and aqueous sodium 

chloride. 
 

AgNO3(aq) + NaCl(aq) → AgCl(s) + NaNO3(aq) 
 
Which of the following methods should be used to separate the products?  
  
A chromatography 
B crystallisation 
C fractional distillation 
D filtration 
  

 
3 The diagrams show the electronic structures of four elements. 

 
Which elements are metals? 
  
A 1 and 2 
B 1 and 3 
C 2 and 4 
D 3 and 4 
  

 
4 Which diagram represents molecules of a compound? 

 
A B C D 

    
 

  



 
 

 

5 The diagrams show the particles in a substance at two different temperatures but at the 
same pressure. 
 

  
–60 ºC –5 ºC 

 
What could be the melting point and boiling point of the substance? 
 

 melting point / ºC boiling point / ºC   

A –97 –65   

B –83 –20   

C –66 5   

D –54 –9   

     
 
 
6 The diagrams show the structure of two substances used to make electrical conductors. 

 

 
 
Which statement correctly describes X and Y? 
  
A X is a pure metal and Y is a compound. 
B X is a pure metal and Y is an alloy. 
C X is a solid and Y is a liquid. 
D X is harder and stronger than Y. 
  

 
  



 
 

 

7 Ethene, C2H4, has a higher boiling point than methane, CH4.  
Which statement explains the difference in boiling point? 
  
A Carbon-carbon double bonds are stronger than carbon-carbon single bonds. 
B Ethene has more covalent bonds to break. 
C Ethene does not burn as easily as methane. 
D The forces of attraction between ethene molecules are stronger than those between 

methane molecules. 
  

 
 
8 The average mass of an atom of X is 24 times greater than 1

12
 of the mass of a carbon-12 

atom. 
 
What is the relative atomic mass of X? 
  
A 2 
B 12 
C 24 
D 48 
  

 
 
9 The colours of an indicator, Congo Red, in solutions of different pH are shown below. 

 

 
 
Which pair of solutions could be distinguished by this indicator? 
  
A aqueous sodium chloride and aqueous ammonia 
B aqueous sodium chloride and dilute hydrochloric acid 
C aqueous ammonia and aqueous sodium hydroxide 
D dilute sulfuric acid and dilute nitric acid 
  

 
 
 
  



 
 

 

10 The diagram shows what happens when damp blue litmus paper is placed into two different 
gases, X and Y. 

 

 
 

What are gases X and Y? 
 

 X Y   

A chlorine hydrogen chloride   

B hydrogen chlorine   

C chlorine hydrogen   

D hydrogen chloride chlorine   

  
 
 
11 Aqueous potassium iodide and acidified potassium manganate(VII) were added separately 

to a colourless solution. 
 
The following colour changes were observed. 
 

 aqueous potassium iodide acidified potassium manganate(VII) 

observation colourless to brown no change 

 
What could the colourless solution contain?  
 

 oxidising agent reducing agent   

A ü ü   

B ü û   

C û ü   

D û û   

 
 
 
  



 
 

 

12 Which statement about the properties of chlorine, bromine and iodine is correct? 
  
A Iodine displaces bromine from a solution of bromide ions. 
B Chlorine, bromine and iodine exist as monoatomic molecules. 
C Chlorine displaces iodine from a solution of iodide ions. 
D Bromine is a solid, chlorine is a liquid and iodine is a gas at room temperature. 
  

 
13 Which statement about the rusting of iron is correct? 

  
A Iron becomes lighter when it rusts. 
B Iron is reduced when it rusts. 
C Rusting is a reaction involving iron, oxygen and water. 
D Rusting is a reaction involving iron and water only. 
  

 
14 Dissolving ammonium chloride in water is an endothermic process. 

 
Which row shows the direction of heat flow and the change in temperature when 
ammonium chloride dissolves in water? 
  

 temperature change direction of heat flow  

A fall from surroundings  

B fall to surroundings  

C rise from surroundings  

D rise to surroundings  

  
 
15 In Experiment 1, excess calcium carbonate was reacted with 10 cm3 of 0.5 mol/dm3 

hydrochloric acid.  
In Experiment 2, excess calcium carbonate was reacted with 10 cm3 of 1.0 mol/dm3 
hydrochloric acid. 
In both experiments, the volume of carbon dioxide gas produced was measured over time. 
 
Which graph shows how the volume of carbon dioxide gas produced in Experiment 2 changes 
with time? 

 



 
 

 

16 Which statement about the fractional distillation of crude oil is correct? 
  
A The hydrocarbons are separated according to their melting points. 
B The hydrocarbons collected in each fraction have similar boiling points. 
C The fractions with higher boiling points are collected higher up the fractionating 

column. 
D The fractions with molecules containing a smaller number of carbon atoms are 

collected lower down the fractionating column. 
  

 
17 Ethane is allowed to react with chlorine in the presence of ultraviolet light. 

 
Which equation represents this reaction? 
  
A C2H4 + Cl2 → C2H4Cl2 
B C2H6 + Cl2 → C2H6Cl2 
C C2H6 + Cl2 → C2H4Cl2 + H2 
D C2H6 + Cl2 → C2H5Cl + HCl 
  

 
18 Ethanol can be formed from glucose by fermentation. 

A student wrote the following word equation. 
 

glucose 
					yeast,  37ºC,  absence of oxygen					
!⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯# ethanol + water 

 
Why is the student’s equation incorrect?  
  
A Water should be a reactant, not a product. 
B Oxygen is needed for yeast to carry out respiration. 
C The reaction produces carbon dioxide instead of water. 
D The fermentation reaction should be carried out by bacteria, not yeast. 
  

 
19 Many molecules of X combine to form a single molecule Y as shown in the equation. 

 
n X → Y 

(n is a very large number) 
 
Which terms best describe X and Y in this reaction? 
 

 X Y   

A fraction monomer   

B monomer fraction   

C monomer polymer   

D polymer fraction   

  
 



 
 

 

20 A 100 cm3 sample of air is passed into the apparatus as shown. 
 

 
 
What is the volume and the composition of the gas collected in the measuring cylinder? 
 

 volume / cm3 composition   

A 21 pure nitrogen   

B 21 nitrogen and other gases   

C 79 pure nitrogen   

D 79 nitrogen and other gases   

  
  



 
 

 

Data Sheet 
 

Colours of Some Common Metal Hydroxides 
 

aluminium hydroxide white 

calcium hydroxide white 

copper(II) hydroxide light blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

zinc hydroxide white 

 
 
 
 



 
 

 

 



 
 

 

 
Data Sheet 

 
Colours of Some Common Metal Hydroxides 

 

calcium hydroxide white 

copper(II) hydroxide light blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

lead(II) hydroxide white 

zinc hydroxide white 
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Section A 
Answer all the questions in the spaces provided. 

 

 
 

  

1 The table contains details of seven different particles.  
The letters are not the chemical symbols. 
 

 T U V W X Y Z 

number of 
protons 5 6 7 7 11 12 12 

number of 
neutrons 6 8 7 7 12 12 13 

number of 
electrons 5 6 7 10 10 12 12 

 
Use the table to state which of the particles T, U, V, W, X, Y and Z 

 

   
 (a) is the element carbon, ……………  [1] 
    
 (b) has 5 valence electrons, ……………  [1] 
    
 (c) is a negative ion, ……………  [1] 
    
 (d) are both isotopes of the same element …………… and ……………  [1] 
     
   [Total: 4] 

2 State the observation in each of the following experiments which shows that the sample 
being analysed is a pure substance. 
 

experiment observation if sample is a pure 
substance 

perform paper chromatography and 
analyse the chromatogram  

measure melting point of the sample  

 

[2] 
     
   [Total: 2] 
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3 A student investigates the combustion of natural gas, as shown in Fig. 3.1. 
 

                    
Fig. 3.1 

 
The student measures the temperature of the water as the natural gas burns. 

 

   
 (a) Natural gas consists of hydrocarbon molecules.  
    
  (i) State what is meant by the term hydrocarbon. 

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

     
  (ii) State the main constituent of natural gas. 

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

     
 (b) Three processes occur in the set up in Fig. 3.1.  

State whether each process is exothermic or endothermic. 
 

process exothermic or endothermic? 

combustion of natural gas  

evaporation of water in the beaker  

condensation of water droplets on 
the sides of the beaker  

 

[2] 
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 (c) The water in the beaker begins to boil when the temperature reaches 100 ºC. 
 
Describe how the movement and arrangement of water molecules changes during 
boiling. 
 
 ……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 
 
……………………………………………………………………………………………. 

 
 

[2] 
    
 (d) One of the products of the combustion of natural gas is carbon dioxide. 

 
Draw the 'dot and cross' diagram for a carbon dioxide molecule. 
Only the outer shells of electrons need to be shown. 
 

 
 
 
 
 
 
 
 
 
 
 [2] 

     
   [Total: 8] 
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4 Many electricity generating power stations burn fossil fuels. The combustion of these fuels 
produces waste gases called flue gas. 
 
The flue gas contains oxides of nitrogen and sulfur dioxide, which cause acid rain, and must 
be removed before they reach the atmosphere. 

   
 (a) State one physical property of acids. 

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

    
 (b) State another source of oxides of nitrogen and explain how they are formed. 

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

    
 (c) When nitrogen dioxide, NO2 reacts with water, it forms nitric acid and another acid 

with the formula, HNO2. 
 
State the change in oxidation state of nitrogen when NO2 is converted to HNO2. 
 
……………………………………………………………………………………………. [1] 

    
 (d) Acid rain can reduce the pH of soil, leaching nutrients and killing plants.  
    
  (i) Describe one other environmental problem caused by acid rain. 

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

     
  (ii) Name the substance that farmers use to neutralise the excess acids in 

the soil. 
 
……………………………………………………………………………………. [1] 

     
  (iii) Write an ionic equation, with state symbols, to show what is meant by the 

term neutralisation. 
 
……………………………………………………………………………………. [1] 
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 (e) Farmers also use ammonium sulfate fertilisers to improve the yield of crops. 
 
When dissolved in water, the formula of ammonium sulfate may be written as 
(NH4)2SO4(aq). 
 
At room temperature, the maximum mass of ammonium sulfate that can dissolve per 
100 cm3 of water is 75.9 g to form a saturated solution. 
 
Calculate the concentration of a saturated solution of ammonium sulfate 

   
  (i) in g/dm3, and 

 
 
 
 
 
 

concentration of ammonium sulfate = …………… g/dm3 [1] 
     
  (ii) in mol/dm3. [relative atomic masses, Ar: N, 14; H, 1; S, 32; O, 16] 

 
 
 
 
 
 
 
 
 
 
 

concentration of ammonium sulfate = …………… mol/dm3 [2] 
     
  [Total: 10] 
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5 Fig. 5.1 describes some properties of a metal oxide M. 
 

 
Fig. 5.1 

   
 (a) Identify M, N, O, P and Q. 

 
M ……………………………….  
   
N ……………………………….  
   
O ……………………………….  
   
P ……………………………….  
   
Q ……………………………….  
   

 

[5] 
    
 (b) State the information in Fig. 5.1 which suggests that M is an amphoteric oxide. 

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

     
 (c) Write an ionic equation, with state symbols, for the formation of white precipitate 

Q. 
 
…………………………………………………………………………………………….. [1] 

     
  [Total: 7] 
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6 A student investigates the reactivities of copper, magnesium and two unknown metals, X 
and Y, as shown in Fig. 6.1. 
 
Metal X and magnesium are added to cold water. 
 
Copper and metal Y are added to dilute hydrochloric acid. 
 

 
Fig. 6.1 

   
 (a) 

 
Deduce the order of reactivity for these four metals. 
 
most reactive ................................   
   
 ................................  
   
 ................................  
   
least reactive ................................  

 

[2] 
    
 (b) The student found that the pH of the mixture produced when metal X reacted was 

12.  
 
State the name or formula of the ion whose concentration has increased and 
which is responsible for the change in pH. 
 
Explain your answer briefly. 
 
ion ………………………………………………………………………………………… 
 
explanation ……………………………………………………………………………… [2] 
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 (c) Use Fig. 6.1 to explain why metal X cannot be potassium. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [1] 

    
 (d) State the metal in Fig. 6.1 that is the easiest to extract from its ore. 

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

     
   [Total: 6] 
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7 Fig. 7.1 shows the reactions of an organic molecule B. 
 

 
Fig. 7.1 

   
 (a) Describe a chemical test that can be used to distinguish between A and B.  

In each case, describe what you would see. 
 
test ……….............................................................................................................. 
 
observation with A ................................................................................................. 
 
observation with B ................................................................................................. [2] 

    
 (b) Write a balanced chemical equation for the combustion of A in excess air. 

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

    
 (c) C belongs to the homologous series of alcohols. 

Deduce its name and draw its full structural formula. Show all the bonds in your 
answer. 
 
name: ……………………………. 
 
full structural formula: 

 
 
 
 
 
 
 
 [2] 
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 (d) Draw the structure of D, showing three repeat units. 
 
 
 
 
 
 
 
 
 
 [2] 

    
   [Total: 8] 
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8 Fig. 8.1 shows the apparatus that a student used to study the rate of reaction between dilute 
hydrochloric acid and calcium carbonate.  

 
Fig. 8.1 

 
The student studied the rate of reaction at three different temperatures. 
Table 8.1 and Fig. 8.2 show some data for the three experiments. 
 

Table 8.1 
 

experiment initial mass of calcium 
carbonate / g 

temperature of 
hydrochloric acid / ºC 

A 10.0 15 

B 10.0 25 

C 10.0 35 
 

 
 

Fig. 8.2 

stopper with glass tube 
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 (a) Explain why the balance reading decreases during the reaction. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [1] 

    
 (b) The conical flask is fitted with a stopper with a glass tube.  

Suggest why the mouth of the conical flask should not be left fully open. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [1] 

     
 (c) The student used 10.0 g of calcium carbonate in each experiment. 

State one other condition that should be kept the same for each experiment. 
 
…………………………………………………………………………………………….. [1] 

     
 (d) Describe and explain, in terms of the collisions between particles, the difference 

in the shape of the graph between experiments A and C. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [3] 

    
 (e) An aqueous solution of calcium chloride is formed in the reaction.    
    
  (i) Draw a ‘dot and cross’ diagram to show the arrangement of the outer shell 

electrons in calcium chloride. 
 
 
 
 
 
 
 
 
 
 
 
 [2] 
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  (ii) Aqueous calcium chloride conducts electricity, but solid calcium chloride 
does not. Explain this difference. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [2] 

     
  [Total: 10] 
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Section B 
 

Answer one question from this section. 
 
 

  

9 Sodium, chlorine and argon are found in Period 3 of the Periodic Table. 
 
When hot sodium is held in a gas jar of chlorine, it burns. Sodium chloride forms on the walls 
of the jar. The chemical equation for the reaction is shown. 
 

2 Na(s) + Cl2(g) → 2 NaCl(s) 
 
The apparatus used is shown in Fig. 9.1. 

 
Fig. 9.1 

   
 (a) On moving across Period 3 from sodium to chlorine, the character of the elements 

changes. Describe and explain the change. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [3] 

    
 (b) Explain why argon does not react with sodium. 

Use ideas about electrons in your answer. 
 
…………………………………………………………………………………………….. 
 
…………………………………………………………………………………………….. [1] 
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 (c) The reaction between sodium and chlorine is an example of redox. 
 
Explain, in terms of electrons, why the reaction involves both reduction and 
oxidation. 
 
oxidation   ………………………………………………………………………………… 
 
reduction  ………………………………………………………………………………… [2] 

    
 (d) In the experiment, 1.84 g of hot sodium was lowered into a jar containing 1.2 dm3 

of chlorine gas at room temperature and pressure. 
[relative atomic masses, Ar: Na, 23; Cl, 35.5]  

    
  (i) Calculate the number of moles of chlorine gas in 1.2 dm3. 

 
 
 
 

number of moles of chlorine gas = …………….. mol [1] 
     
  (ii) Calculate the number of moles of sodium in 1.84 g. 

 
 
 
 
 

number of moles of sodium = …………….. mol [1] 
     
  (iii) Identify the limiting reactant.  

Hence, determine the maximum mass of sodium chloride that can be 
produced. 
 
 
 
 
 
 
 
 
 
 
 
 

mass of sodium chloride = …………….. g [2] 
     
  [Total: 10] 
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10 The increasing use of fossil fuels has raised concerns about their environmental impact.  
 
Biofuels are being explored as more sustainable alternatives. However, an understanding of 
the carbon cycle is essential when evaluating these options. 

   
 (a) Ethanol for use as fuel for vehicles can be produced industrially from ethene or by the 

fermentation of glucose. 
 
Fig. 10.1 shows the key stages involved in the two processes. 
 

crude oil  sugarcane  

  fractional distillation   treatment, separation 

hydrocarbons  glucose  

  process X   fermentation 

ethene  mixture  

  addition reaction   fractional distillation 

ethanol  ethanol  
 
                                                    Fig. 10.1 

    
  (i) Name process X. 

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

     
  (ii) Explain why ethanol made from ethene is a non-renewable fuel but that 

made from glucose is a renewable fuel. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [2] 
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  (iii) Some people think that ethanol is a ‘carbon neutral’ fuel. This means that 
their use does not lead to an overall increase in the amount of carbon in 
the atmosphere.  
 
Explain why people would think like this and explain how Fig. 10.1 shows 
that this is incorrect. 
  
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [2] 

     
 (b) (i) Describe how photosynthesis and respiration in the carbon cycle regulate 

the amount of carbon dioxide in the atmosphere. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [2] 

     
  (ii) Carbon dioxide is a greenhouse gas which contributes to global warming. 

What do you understand by the term greenhouse gas? 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [1] 

     
  (iii) The percentage by volume of carbon dioxide in the atmosphere is slowly 

increasing.   
 
Describe two possible consequences of an increase in global warming.  
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. 
 
……………………………………………………………………………………. [2] 

     
  [Total: 10] 
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Data Sheet 
 

Colours of Some Common Metal Hydroxides 
 

aluminium hydroxide white 

calcium hydroxide white 

copper(II) hydroxide light blue 

iron(II) hydroxide green 

iron(III) hydroxide red-brown 

zinc hydroxide white 

 
 
 
 








