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1	 A large underground salt mine in Carrickfergus supplies 750,000 tonnes of rock salt 
annually which is mainly used for de-icing roads in winter. Rock salt contains about 
90% sodium chloride and some other minerals. 

	 (a)	 (i)	 Explain what is meant by a pure substance and why rock salt is not 
classified as a pure substance.

[2]

	 	 (ii)	 A diagram of part of the structure of sodium chloride is shown below.  
Complete the diagram by adding the appropriate charges. 

�

[1]

		  (iii)	What is the name for the type of structure shown for sodium chloride?

[1]
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	 (b)	 To extract the salt, a drill with a tungsten carbide tip bores into the rock. 
Tungsten carbide, for use in drills, is made by the reaction of tungsten metal with 
carbon at a high temperature. 

	 	 (i)	 Describe the bonding in a metal such as tungsten.

	 [2]

		  (ii)	 Two of the isotopes of tungsten are 182W and 183W. Complete the table 
below to give information about atoms of these isotopes. 

Atom Mass 
number

Atomic 
number

Number of 
protons

Number of 
electrons

Number of 
neutrons

182W 74

183W 74

� [2]
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	 	 (iii)	Diamond and graphite are two allotropes of carbon.

diamond graphite

			   Complete the table below.

Allotrope Type of bond between 
carbon atoms

Maximum number of 
bonds formed by each 

carbon atom

Diamond

Graphite

� [2]

		  (iv)	Which one of the following statements about diamond and graphite is true? 
Circle the correct answer.

A They are both good conductors of electricity

B They are both soluble in water 

C They both are very hard

D They both have high melting points

� [1]
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		  (v)	 Explain, in terms of structure, why graphite is used as a lubricant.

[2]

	 (c)	 In the salt mine there are several safety chambers, one of which is shown in the 
photograph below. These provide protection for up to 20 people for several days 
in the event of an accident and have supplies of oxygen gas and water. 

Source: Principal Examiner

		  Draw dot and cross diagrams to show the bonding in an oxygen molecule and 
the bonding in a water molecule. 

oxygen water

� [2]
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2	 Mixtures can be separated using different separating techniques. 

	 (a)	 Some separating techniques are shown in the box below.

chromatography                       crystallisation

simple distillation                       filtration                       fractional distillation

		  Complete the table by giving the most appropriate separating technique.

Separation Separating Technique

Sand from a mixture of sand and water

Pure water from sea water

Potassium chloride from aqueous 
potassium chloride

Ethanol from a mixture of ethanol  
and water

� [4]
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	 (b)	 When a mixture of ethanol and water is separated, two colourless liquids  
A and B are obtained. Liquid A is ethanol containing a small amount of water. 
Liquid B is pure water.

		  (i)	 Describe a chemical test to show that liquid A contains water.

[2]

		  (ii)	 Describe how you would show that liquid B is pure water. 

[1]

		  (iii)	Complete the diagram to give the processes which convert rainwater into 
potable water using the words in the box below.

desalination dissolving filtration sedimentation

  
chlorination

rainwater potable
water

[2]
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	 (c)	 To separate a mixture of sodium chloride and iodine, the apparatus shown in the 
diagram below was set up. The mixture was heated for a few minutes and a 
purple gas was produced. Grey-black crystals formed on the filter funnel.

	

glass filter funnel

gauze

mixture of sodium
chloride and iodine

grey-black crystals

evaporating basin

tripod

heatproof mat

HEAT

		  (i)	 Name the purple gas.

[1]

		  (ii)	 What change of state is occurring?

[1]
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3	 Crystals of hydrated sodium sulfate, Na2SO4.10H2O, may be prepared using the 
following chemicals:

	 	 sodium hydroxide solution
	 	 sulfuric acid
	 	 phenolphthalein indicator

	 In the laboratory 25.0 cm3 of sodium hydroxide solution were pipetted into a conical 
flask. A few drops of phenolphthalein were added. Sulfuric acid was added until the 
indicator changed colour. The volume of acid needed to neutralise the alkali was 
20.1 cm3.

	 (a)	 State the colour change observed in this experiment.

		  From                                 to                               � [2]

	 (b)	 Write a balanced symbol equation for this reaction.

[3]



*20GCM1111*

*20GCM1111*

13537
[Turn over

	 (c)	 Describe how you would continue the experiment to obtain pure, dry crystals of 
hydrated sodium sulfate. 

		  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

[6]

	 (d)	 Calculate the percentage of water of crystallisation by mass in hydrated sodium 
sulfate, Na2SO4.10H2O. Use the equation below.

mass of water in 1 mole of hydrated compound
mass of 1 mole of hydrated compound

% of water of crystallisation = ×  100

% of water of crystallisation =                   %  [2]
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4	 Elephant calves are dependent on their mothers’ milk for two years. At an  
elephant orphanage in Kenya, baby elephants are fed bottles of milk made from  
a specialist formula milk powder which contains a large proportion of sugars, fats 
and amino acids. 

Source: Principal Examiner

	 (a)	 One of the sugars found in elephant formula milk has the formula C6H12O6. 
What is the empirical formula of this sugar?

		  [1]
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	 (b) 	A sample of the elephant formula milk was analysed using paper 
chromatography to determine which amino acids were present.

		  (i)	 Name the stationary phase in this chromatography.

		  [1]

		  (ii)	 The chromatogram for one of the amino acids is shown below. Calculate the 
Rf value for this amino acid.

			   Show your working out.

base line

solvent front 9

8

7

6

5

4

3

2

1

0 cm

Rf =                   [2]
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	 (c)	 During the day, elephants flick soil onto their backs as protection from the sun. 
Humans use sun cream as protection from the sun. The sun creams may 
contain nanoparticles. 

		  (i)	 What size is a nanoparticle?

[1]

		  (ii)	 State one benefit of using nanoparticles in sun creams.

[1]

	 (d)	 Hipposudoric acid is a red pigment found in the sweat of a hippopotamus which 
acts as natural protection from the sun. This acid is a weak acid.

		  (i)	 Suggest a value for the pH of hipposudoric acid.

[1]

		  (ii)	 Name the ion present in all acids.

[1]
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5	 The halogens are elements found in Group 7 of the Periodic Table. They are often 
used in disinfectants and can be obtained from different minerals or salts. 

	 (a)	 Three statements about the halogens are shown below. Each statement 
contains one incorrect word.

		  Statement 1: The colour of the elements becomes lighter down the group.
	
		  Statement 2: The elements form ions with a single positive charge.
	
		  Statement 3: Bromine is a red-brown gas at room temperature.

		  Complete the table, giving the incorrect word in each statement and the correct 
word to replace it.

Statement Incorrect word Correct word

1

2

3

� [3]

	 (b)	 Explain why the halogens become less reactive down the group.

[3]

	 (c)	 Sodium reacts vigorously with fluorine to form sodium fluoride. Write a balanced 
symbol equation for this reaction.

[3]
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6	 The graph shows the solubility curves for three different solids, A, B and C.
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	 (a)	 Compare the effect of increasing temperature on the solubility of solid A and 
solid C.

[1]

	 (b)	 What is the solubility of solid B at 55 °C?

solubility =                   g/100 g water  [1]

	 (c)	 Calculate the mass of solid needed to prepare a saturated solution of solid A  
in 25 g of water at 70 °C.

mass of solid A =                   g  [2]

THIS IS THE END OF THE QUESTION PAPER
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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
11984.02
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