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Information for Candidates
The total mark for this paper is 100.
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of the Elements, is included in this question 
paper.
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1 The reactions of metals with oxygen in air, 
with water and with steam differ based on 
the reactivity of the metal.

 (a) Information on the reactions of three 
metals when heated in air is given below.

  Metal 1: Grey solid burns with orange   
   sparks forming a black solid

  Metal 2: Red-brown solid glows red   
   when heated and changes to

     a black solid

  Metal 3: Grey solid burns with a brick
     red flame forming a white solid

  (i) Identify the metals.     [3 marks]

   Metal 1: 

   Metal 2: 

   Metal 3: 
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  (ii) Based on your answer to (a)(i), 
write a balanced symbol equation for 
the reaction of Metal 3 when heated 
in air.     [3 marks]

 (b) Aluminium metal reacts with steam when 
heated. 

  The word equation for the reaction is:

aluminium + steam  aluminium 
oxide  + hydrogen

  (i) Write a balanced symbol equation for 
this reaction. Include state symbols.     
[4 marks]
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  (ii) The apparatus below was used to 
react aluminium with steam. A small 
amount of hydrogen was produced.
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   Show the position of the following on 
the diagram using the letter indicated 
in the table below.     [3 marks]

Letter label Apparatus/chemicals
A damp mineral wool
B aluminium
C hydrogen

 

  (iii)Explain, in terms of oxygen content, 
why the reaction of aluminium with 
steam is described as a redox 
reaction.     [5 marks]
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 (c) Based on your knowledge of the 
reactivity of metals, predict which of the 
following reactions would occur. Place 
a tick () in the right-hand box for any 
reactions which would occur.     [1 mark]

aluminium + zinc sulfate solution

copper + steam

zinc + sodium chloride solution

magnesium + steam
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 (d) The following two half equations 
represent the processes which occur 
during a chemical reaction between 
magnesium and copper(II) ions in 
solution.

  Half equation 1: Mg  Mg2+ + 2e–

  Half equation 2: Cu2+ + 2e–  Cu

  (i) Which half equation represents an 
oxidation reaction? Explain your 
answer.     [1 mark]

  (ii) State the colour change of the 
solution during this reaction.     

   [2 marks]
   From  
   to  
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2 In an experiment, 2.0 g of marble chips 
(calcium carbonate) and 25 cm3 of 
2.0 mol/dm3 hydrochloric acid (an excess) 
were reacted in a conical flask at room 
temperature. The mass of the reaction 
mixture was recorded and, from the data 
obtained, a graph of loss in mass against 
time was drawn. The graph is shown 
opposite.

 (a) What was the total loss in mass?     
  [1 mark]

 (b) At what time did the reaction finish?     
  [1 mark]
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 (c) Describe how the experiment was 
carried out to obtain the data needed to 
draw the graph. Include the apparatus 
required.     [6 marks]

  In this question you will be assessed 
on your written communication 
skills including the use of specialist 
scientific terms.
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 (d) On the axes on page 11, sketch the 
graph you would expect to obtain if a 
sample of 2.0 g of marble chips was 
reacted with 25 cm3 of 3.0 mol/dm3 
hydrochloric acid at room temperature.     
[1 mark]

 (e) A student analysed the original graph 
and made the following conclusion:

  The rate of the reaction decreases as 
the reaction proceeds.

  (i) Explain how the graph supports the 
conclusion above.     [1 mark]
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  (ii) Explain, in terms of particles, why 
the rate of reaction decreases as the 
reaction proceeds.     [3 marks]
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 3 Organic compounds are classified into 
different homologous series. All the 
compounds in a homologous series 
have the same general formula. Some 
homologous series are hydrocarbons.

 (a) (i) State one feature which is similar 
for all compounds of a homologous 
series.     [1 mark]

  (ii) State one way in which successive 
members of a homologous series 
differ from each other.     [1 mark]

  (iii)What is meant by the term 
hydrocarbon?     [1 mark]
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 (b) The table opposite shows some details of 
four organic compounds, A, B, C and D. 

  (i) Complete the table.     [8 marks]

  (ii) Which of the organic compounds in 
the table (A, B, C, D) would react 
with acidifi ed potassium dichromate 
solution? State the colour change 
observed.     [2 marks]

  (iii)Write a balanced symbol equation for 
the complete combustion of A.     

   [3 marks]

  (iv)Name the reagent required to convert 
A into C.     [1 mark]
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  (v) Carboxylic acid D is a weak acid. 
What is meant by the term weak acid?     

   [1 mark]

  (vi)A can undergo polymerisation. 
   State the type of polymerisation.      

[1 mark]

 (c) Butane can undergo cracking to form 
two gaseous products, one of which is 
unsaturated.

  (i) Complete the equation for this 
cracking reaction by drawing the 
structure of the second product in 
the box opposite.     [1 mark]



13964.04 MV24 19 [Turn over

   

+
H

 
 C

 
 C

 
 C

  
 C

  
 H

H
H

H
H

  H
  H

  H
  H

C
C

HH

HH

   



13964.04 MV24 20 

  (ii) Describe how you would test for the 
presence of the unsaturated product.     
[2 marks]
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4 Many useful materials, such as aluminium, 
iron and plastics, are produced from the 
Earth’s natural resources.

 (a) The flow scheme below shows the main 
processes involved in the production of 
aluminium from its ore.

  

aluminium ore

aluminium oxide

electrolyte

aluminium oxygen

Process 1: Purification

Process 2

Process 3: Electrolysis
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  (i) Name the ore from which aluminium 
is extracted.     [1 mark]

  (ii) What name is used for the purified 
aluminium oxide formed in Process 1?     
[1 mark]

  (iii)How is the electrolyte made in 
Process 2?     [1 mark]

  (iv)What is meant by the term 
electrolyte?     [1 mark]
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 (b) The diagram opposite shows the 
industrial apparatus used to extract 
aluminium from the electrolyte. 
Aluminium is produced at the cathode 
and oxygen gas is produced at the 
anode. The anode and cathode are 
made of graphite.

  (i) State one function of the crust of 
aluminium oxide.     [1 mark]

  (ii) What is the operating temperature of 
this process?     [1 mark]

  (iii)State two reasons why the electrodes 
are made of graphite.     [2 marks]

   1. 

   2. 
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  (iv)Describe one problem which occurs 
due to the use of graphite for the 
electrodes.     [1 mark] 

 
  (v) Write half equations for the production 

of aluminium at the cathode and the 
production of oxygen at the anode.     
[6 marks]

   Cathode: 

   Anode: 
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5 (a)  In an experiment, a sample of 0.325 g 
of impure zinc metal was reacted with 
25.0 cm3 of 2.0 mol/dm3 hydrochloric 
acid in a conical flask. The volume of 
hydrogen gas produced was measured 
using a gas syringe.

  The equation for the reaction is:

  Zn(s) + 2HCl(aq)  ZnCl2(aq) + H2(g)

  The total volume of hydrogen gas 
collected was 90 cm3.
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  (i) Draw a labelled diagram of the 
assembled apparatus used to carry 
out the experiment.     [4 marks]

 

  (ii) Calculate the mass of zinc in the 
impure sample.     [3 marks]

   mass of zinc =  g
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  (iii)Calculate the percentage of zinc in 
the impure sample.     [1 mark]

   percentage =  % 
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 (b) A sample of 3.72 g of an unknown metal 
hydroxide, M(OH)2, was dissolved 
in 250 cm3 of deionised water in a 
volumetric flask. 25.0 cm3 samples 
of this solution were titrated against 
0.25 mol/dm3 hydrochloric acid using 
phenolphthalein indicator. The average 
titre was determined to be 17.4 cm3.

  The equation for the reaction may be 
represented as:

  M(OH)2 + 2HCl  MCl2 + 2H2O

  (i) State the colour change at the end 
point of this titration.     [2 marks]

   From  
   to  
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  (ii) Calculate the number of moles of 
hydrochloric acid used.     [1 mark]

  moles of hydrochloric acid = 

  (iii)Calculate the number of moles of 
M(OH)2 present in 25.0 cm3.     

   [1 mark]

   moles of M(OH)2 = 
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  (iv)Calculate the number of moles of 
M(OH)2 present in 250 cm3.     

   [1 mark]

   moles of M(OH)2 = 

  (v) Using the initial mass of the unknown 
metal hydroxide and your answer to 
(b)(iv), calculate the relative formula 
mass (Mr) of M(OH)2.     [1 mark]

  relative formula mass (Mr) =  
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  (vi)Using your answer to (b)(v), calculate 
the relative atomic mass (Ar) of M 
and determine its identity.     

   [2 marks]

 relative atomic mass (Ar) = 

 identity of M = 



13964.04 MV24 36 

6 (a) The reaction between methane and 
water vapour is a reversible reaction 
producing hydrogen. Carbon dioxide is a 
waste product.

  CH4(g) + 2H2O(g)  CO2(g) + 4H2(g)

  The energy change of the reaction is 
+150 kJ.

  (i) State and explain how the yield 
of hydrogen would change as 
temperature increases.     [3 marks]

  (ii) Explain why the yield of hydrogen 
decreases as pressure increases.     
[2 marks]
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  (iii)Calculate the percentage atom 
economy of this reaction. Give your 
answer to 1 decimal place.

   Show your working out.     [3 marks]

 percentage atom economy =  % 
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 (b) The diagram below shows the molecules 
present in the reactants and products for 
the reaction in (a). The energy change of 
the reaction is +150 kJ.
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  The table below gives the bond energies 
of some of the covalent bonds present in 
the molecules in this reaction.

Bond Bond energy /kJ
C  H 412
O  H missing value
C  O 803
H  H 436

  Using the values in the table and the 
energy change of the reaction, calculate 
the O  H bond energy.     [4 marks] 

  O  H bond energy =  kJ
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SYMBOLS OF SELECTED IONS

SOLUBILITY IN COLD WATER OF COMMON SALTS, 
HYDROXIDES AND OXIDES

Negative ions

Soluble
All sodium, potassium and ammonium salts
All nitrates
Most chlorides, bromides and iodides
EXCEPT silver and lead chlorides, bromides and iodides
Most sulfates EXCEPT lead and barium sulfates
Calcium sulfate is slightly soluble

Insoluble
Most carbonates 
EXCEPT sodium, potassium and ammonium carbonates
Most hydroxides
EXCEPT sodium, potassium and ammonium hydroxides
Most oxides
EXCEPT sodium, potassium and calcium oxides which react with water

Name Symbol

Ammonium

Chromium(III) Cr3+

Copper(II) Cu2+

Iron(II) Fe2+

Iron(III) Fe3+

Lead(II) Pb2+

Silver Ag+

Zinc Zn2+

Name Symbol
Butanoate C3H7COO-

Carbonate
Dichromate
Ethanoate CH3COO-

Hydrogencarbonate
Hydroxide OH–

Methanoate HCOO–

Nitrate NO
Propanoate C2H5COO–

Sulfate
Sulfi te

Positive ions

© CCEA 2017

Data Leafl et
Including the Periodic Table of the Elements

For the use of candidates taking
Science: Chemistry,

Science: Double Award
or Science: Single Award

Copies must be free from notes or additions of any
kind. No other type of data booklet or information

sheet is authorised for use in the examinations

gcse examinations

chemistry
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