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INSTRUCTIONS TO CANDIDATES

• Write your name, centre number and candidate 
number in the boxes on the first page. Please write 
clearly and in capital letters.

• Use black ink. HB pencil may be used for graphs and 
diagrams only.

• Answer ALL the questions.

• Read each question carefully. Make sure you know 
what you have to do before starting your answer.

• Write your answer to each question in the space 
provided. Additional paper may be used if necessary 
but you must clearly show your candidate number, 
centre number and question number(s).

INFORMATION FOR CANDIDATES

• Your quality of written communication is assessed in 
questions marked with a pencil ().

• The Periodic Table can be found on page 43.

• The number of marks is given in brackets [ ] at the 
end of each question or part question.

• The total number of marks for this paper is 75.

• Any blank pages are indicated.
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Answer ALL the questions.

SECTION A – MODULE C1

1 This question is about the gases in the air.

 (a) Clean air is a mixture of gases.

  Complete the table to show the percentage of 
gases in clean air.

Gas Percentage

______________ 78%

______________ 21%

carbon dioxide ______________

[2]

 (b) (i) Carbon monoxide and oxides of nitrogen are 
pollutants found in air.

   Explain why it is important that atmospheric 
pollution is controlled.

 _______________________________________

 _______________________________________

 _____________________________________ [2]
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  (ii) Catalytic converters are fitted to cars to help 
reduce air pollution from carbon monoxide, 
CO, and nitrogen monoxide, NO.

   What happens in a catalytic converter?

   Include a BALANCED SYMBOL equation in 
your answer.

 _______________________________________

 _______________________________________

 _______________________________________

 _____________________________________ [3]
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 (c) Air quality in the UK has improved over the last 
60 years.

  In December 1952, air pollution was so bad in 
London that sometimes people could not see their 
own feet.

  Look at the graph opposite.

  It shows the number of deaths each day in 
London, between 3 December and 15 December 
1952.

  It also shows the concentrations of smoke and 
sulfur dioxide.

  Describe the relationship between the number 
of deaths and the concentrations of smoke and 
sulfur dioxide.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 9]
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2 Look at the displayed formulas of some compounds.

compound A

compound D

C

H

H

H

H

H C

H

H

C H

compound E

C

H

H

Cl

H n

C

compound F

C

H

H

H O H

compound C

OH O H

compound B

C

H

H

H C

HO

O

C

H

H

H

H
C

 (a) Compound F is NOT a hydrocarbon.

  Explain how you can tell from the displayed 
formula.

 __________________________________________

 ________________________________________ [1]
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 (b) Which compound is an UNSATURATED 
hydrocarbon?

  Choose from A, B, C, D, E or F.

  ____________________________ [1]

 (c) Which compound is a POLYMER?

  Choose from A, B, C, D, E or F.

  ____________________________ [1]

 (d) Compound D makes an addition polymer.

  Draw the DISPLAYED FORMULA of this addition 
polymer.

[1]

[TOTAL: 4]
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3 Chemicals called esters can be used as SOLVENTS.

 Sarah investigates how good four different solvents 
are at removing a stain from cotton.

 

leaking pen

stain

 Look at her results.

Solvent
Percentage of stain removed Effect on 

cottonAt 40°C At 60°C

A  0%  35% colour fades

B 10%  60% none

C 85% 100% cotton shrinks

D 75%  95% none
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 (a) Which solvent is the most suitable for removing 
stains from cotton?

  ____________________________

  Explain your choice.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

 (b) Sarah thinks her results do not provide sufficient 
evidence to make a firm conclusion.

  Explain what further tests would help to make her 
conclusion more secure.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 4]
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4 Fractional distillation separates crude oil into useful 
fractions.

 The fractions have different boiling temperatures.

 Look at the table.

 It shows some information about fractions obtained 
from crude oil.

Fraction Boiling temperature
in °C

bitumen above 350

LPG less than 40

fuel oil 300 – 350

heating oil 250 – 300

petrol  40 – 200

paraffin 200 – 250
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 (a) Use ideas about intermolecular forces to explain 
how fractional distillation separates crude oil into 
fractions and list the fractions in the position, 
from top to bottom, that they ‘exit’ the fractionating 
column.

   The quality of written communication 
will be assessed in your answer to this 
question.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]
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 (b) The LPG fraction contains propane gas, C3H8.

  Write a BALANCED SYMBOL equation for 
the INCOMPLETE combustion of propane in 
oxygen, O2.

  Only carbon monoxide, CO, and water are made.

 ________________________________________ [2]

[TOTAL: 8]
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SECTION B – MODULE C2

5 This question is about fertilisers.

 (a) Ammonium sulfate is used as a fertiliser.

  The formula for ammonium sulfate is (NH4)2SO4.

  (i) Write down the number of DIFFERENT 
ELEMENTS in ammonium sulfate.

   answer ____________________________ [1]

  (ii) Write down the number of ATOMS in this 
formula.

   answer ____________________________ [1]
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 (b) Amy and Chris decide to make some SOLID 
AMMONIUM SULFATE by neutralisation.

  They use an acid and an alkali.

  Name the acid and alkali they use and describe 
the experimental method they use.

   The quality of written communication 
will be assessed in your answer to this 
question.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]

[TOTAL: 8]
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6 (a) (i) Sam investigates the action of heat on copper 
carbonate.

   Look at the diagram. It shows the apparatus he 
uses.

heat

copper
carbonate

limewater

   Look at the word equation for the reaction

COPPER
CARBONATE

COPPER
OXIDE +

CARBON
DIOXIDE

   This is a THERMAL DECOMPOSITION reaction.

   Explain why.

 _______________________________________

 _____________________________________ [1]
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  (ii) Sam makes some copper.

   Sam heats copper oxide, CuO, with carbon, C.

   Copper, Cu, and carbon dioxide, CO2, are 
made.

   Write a BALANCED SYMBOL equation for this 
reaction.

 _____________________________________ [2]

 (b) The copper Sam makes is impure.

  Look at the diagram. It shows the apparatus he 
uses to purify copper.

+ –

dc power
supply

anode
copper(II) sulfate

solution

cathode
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   Look at the equations below for the electrode 
reactions.

   The anode: Cu  –  2e–    Cu2+

   The cathode: Cu2+  +  2e–    Cu

  (i) Which reaction is oxidation and which is 
reduction?

   Explain why.

 _______________________________________

 _______________________________________

 _____________________________________ [2]

  (ii) Use the electrode reactions to explain why the 
anode LOSES mass and the cathode GAINS 
mass.

 _______________________________________

 _______________________________________

 _____________________________________ [2]

 (c) Explain one ADVANTAGE and one PROBLEM of 
recycling copper.

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (d) Look at the table opposite. It shows some 
properties of three metals.

  Look at the picture. It shows overhead power 
cables used by electric trains.

overhead
power cables

  Which metal would you choose to make the 
overhead power cables?

  ____________________________

  Justify your answer.

  Use the data in the table.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 11]
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7 Ethanol can be made from ethene and water.

 The flowchart shows this process.

ethanol

unreacted ethene and
water recycled

REACTION VESSEL
conditions:
300°C
60 atmosphere pressure
catalyst

ethene

water

 The symbol equation for the reaction is:

 C2H4  +  H2O    C2H6O

 The percentage of ethanol changes as the 
temperature and pressure change.



23

 Look at the table.

 It shows the percentage of ethanol at different 
temperatures and pressures.

Pressure in 
atmospheres

Percentage of ethanol (%)

At 100°C At 200°C At 300°C At 400°C

20 15 10  5  2

40 20 15 10  5

60 40 30 20 10

80 60 50 40 20

 (a) Which of the following conditions gives the 
HIGHEST percentage of ethanol?

   A high pressure with high temperature

   B high pressure with low temperature

   C low pressure with high temperature

   D low pressure with low temperature

  Choose from A, B, C or D.

  answer ____________________________ [1]
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 (b) The conditions used for making ETHANOL are:

  300°C

  60 atmospheres pressure.

  Suggest why these conditions are used even 
though the percentage of ethanol is only 20%.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 3]
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8 This question is about the structure of the Earth.

 (a) Look at the table of densities.

Layer of Earth Density 
in g/cm3

crust  2.2 – 3.9

outer mantle  3.4 – 4.4

inner mantle  4.4 – 5.6

outer core  9.9 – 12.2

inner core 12.8 – 13.1

  The lithosphere includes the crust and outer part 
of the mantle.

  The lithosphere is made of tectonic plates.

  Some scientists claim that these tectonic plates 
‘FLOAT’ on the inner mantle.

  How does the data in the table help to support this 
claim?

 __________________________________________

 ________________________________________ [1]
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 (b) In 1914, Wegener proposed a theory to explain the 
structure of the Earth.

  This was not accepted by many scientists at the 
time.

  His original theory has now been developed into 
the theory of plate tectonics.

   This developed theory is more widely accepted.

  Explain why developed theories are often more 
widely accepted.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 3]
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SECTION C – MODULE C3

9 Carbon can exist in different solid forms.

 

DIAMOND GRAPHITE

BUCKMINSTERFULLERENE

= carbon atom

 (a) What is the name given to these three forms?

 ________________________________________ [1]
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 (b) Look at the diagram.

  

  It shows the structure of a new solid form of 
carbon called graphene.

  Graphene contains ONE LAYER of carbon atoms.

  Graphene is made from graphite.

  Graphene is harder than graphite.

  Explain, using ideas about structure and bonding, 
why GRAPHENE is HARD and GRAPHITE is 
SLIPPERY.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (c) Diamond and graphite have different properties 
and different uses.

  Look at the table.

  It shows some information about the properties of 
diamond and graphite.

Property Diamond Graphite

state at room 
temperature solid solid

appearance at room 
temperature transparent black

melting point very high very high

hardness very hard soft

electrical conductivity does not conduct good conductor
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  Diamond is used to make cutting tools.

  

  The picture shows a drill bit with diamonds on its 
end.

  This drill is used to cut through rock.

  Explain why diamond is used to make cutting 
tools.

  Use the table to help you.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]

[TOTAL: 5]
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10 Hilary investigates the reaction between magnesium, 
Mg, and hydrochloric acid, HCl.

 Magnesium chloride, MgCl2, and hydrogen, H2, are 
made.

 (a) Construct the BALANCED SYMBOL equation for 
this reaction.

 ________________________________________ [2]

 (b) Look at the diagram.

  It shows the apparatus she uses.

20 40 60 80 100 cm3

hydrochloric acid

gas syringe

magnesium lumps

  Hilary measures the total volume of gas in the 
syringe every 10 seconds.

  Look at the graph on page 35. It shows her results.

  (i) How long does it take for the reaction to stop?

   answer _________________________ seconds
 [1]
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  (ii) Calculate the RATE OF REACTION during the 
first 10 SECONDS of this experiment.

 _______________________________________

 _______________________________________

   answer _________________________ cm3/s [1]

  (iii) Hilary repeats the experiment.

   She uses the same mass of magnesium and 
the same volume and concentration of acid.

   This time she uses magnesium POWDER.

   On the GRID sketch the curve she gets. [2]

[TOTAL: 6]
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11 Magnesium sulfate and magnesium nitrate are both 
used as fertilisers.

 (a) Magnesium sulfate can be made in industry by a 
CONTINUOUS process.

  Explain why batch processes are used to make 
some pharmaceutical drugs but continuous 
processes are used to make fertilisers.

 __________________________________________

 __________________________________________

 ________________________________________ [2]

 (b) Magnesium nitrate is made by a neutralisation 
reaction.

  Look at the equation for the reaction.

  2HNO3 + MgO    Mg(NO3)2 + H2O

  Water is a waste product.

  Show that the atom economy for the reaction is 
89% and explain why it is important that the atom 
economy for a reaction is as high as possible.

  The relative atomic masses (Ar  ) for H = 1, N = 14, 
O = 16 and Mg = 24.
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   The quality of written communication 
will be assessed in your answer to this 
question.

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [6]

[TOTAL: 8]
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12 This question is about energy changes during 
chemical reactions.

 (a) Cold packs are used to treat sports injuries.

  A cold pack REDUCES the temperature of the 
injured part of the body.

  An endothermic reaction happens when the 
chemicals in the cold pack react.

  Energy is absorbed when bonds break.

  Explain, in terms of bonds between atoms, why 
this reaction is ENDOTHERMIC.

 __________________________________________

 __________________________________________

 __________________________________________

 ________________________________________ [2]
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 (b) Aimee and Luke investigate four liquid fuels.

  They burn an amount of each liquid fuel.

  Look at the diagram. It shows the apparatus they 
use.

thermometer

100 g water

liquid fuel
spirit burner

copper can
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  Look at the table. It shows their results.

Liquid fuel Mass of fuel 
burnt
in g

Temperature 
at start 
in °C

Temperature 
at end 
in °C

ethanol 2.2 20 40

methylated 
spirits 2.4 21 39

paraffin 1.9 22 45

propanol 2.1 22 44

  (i) Calculate the energy transferred by ETHANOL.

ENERGY
TRANSFERRED = MASS ×

SPECIFIC HEAT
CAPACITY ×

TEMPERATURE
CHANGE

   The specific heat capacity of water is 4.2 J/g°C.

 _______________________________________

 _______________________________________

 _______________________________________

   answer ____________________________ J [2]
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  (ii) Aimee thinks PARAFFIN gives out the MOST 
energy per gram.

   Use the results to show that she is correct.

 _______________________________________

 _______________________________________

 _____________________________________ [2]

[TOTAL: 6]

END OF QUESTION PAPER
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