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1	 Some metals react readily with oxygen when heated in air. The balanced symbol 
equation for magnesium reacting with oxygen is: 

2Mg  +  O2    →    2MgO

	 (a)	 A piece of magnesium ribbon was heated directly in a Bunsen burner flame. 

		  (i)	 Name the piece of apparatus used to hold the magnesium ribbon in a 
Bunsen burner flame. 

[1]

		  (ii)	 State two observations which occur during this reaction. 

1.	

2.	  [2]

	 (b)	 The following method was carried out using magnesium.

		  1.	 Weigh an empty crucible with a lid and record the mass. 
		  2.	 Place a sample of magnesium in the crucible, weigh and record the total 

mass of the crucible, lid and contents.
		  3.	 Heat the crucible strongly for two minutes using a Bunsen burner. Lift the 

crucible lid slightly from time to time.
		  4.	 Turn off the Bunsen burner and allow the crucible and contents to cool.
		  5.	 Weigh the crucible, lid and contents.
		  6.	 Repeat steps 3 to 5 until there is no further change in mass.
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		  (i)	 Draw a labelled diagram of the assembled apparatus used to heat the 
magnesium in this experiment. 

� [3]

		  (ii)	 Explain why the crucible lid was lifted slightly from time to time. 

[1]
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		  (iii)	Calculate the maximum mass of magnesium oxide which could be formed 
from 0.36 g of magnesium.

2Mg  +  O2    →    2MgO

mass of magnesium oxide =                     g  [3]
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	 (c)	 The experiment in (b) was repeated using the metal scandium (relative atomic 
mass (Ar) = 45). The results obtained, after heating the scandium to constant 
mass, are given in the table below. 

Mass of crucible + lid 42.10 g

Mass of crucible + lid + scandium 45.25 g

Mass of crucible + lid + oxide of scandium 46.93 g

		  Use the results in the table to calculate the empirical formula of the oxide of 
scandium formed. Show your working out. 

empirical formula                     [5]
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2	 Nitrogen dioxide (NO2) is a brown gas which may be produced by heating solid 
lead(II) nitrate in a fume cupboard. Before heating, the lead(II) nitrate must be 
thoroughly dried. 

	 (a)	 (i)	 Write a balanced symbol equation for the decomposition of lead(II) nitrate to 
form lead(II) oxide, nitrogen dioxide and oxygen.

[3]

		  (ii)	 State one way in which the solid lead(II) nitrate could be dried. 

[1]

		  (iii)	Describe the test for oxygen gas. 

[1]

		  (iv) 	Calculate the percentage, by mass, of oxygen in nitrogen dioxide. Give your 
answer to 1 decimal place. 

percentage of oxygen =                     %  [2]
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	 (b)	 Nitrogen dioxide exists in equilibrium with dinitrogen tetraoxide (N2O4) which is a 
colourless gas.

2NO2(g)
brown

⇌ N2O4(g)
colourless

energy change = −58 kJ

		  An equilibrium mixture of the two gases at room temperature (20 °C) was placed 
in a sealed gas syringe. The mixture was light brown in colour.

100 90 80 70 60 50 40 30 20 10

gas syringe

volume /cm3

plunger equilibrium mixture
of NO2 and N2O4

seal

		  (i)	 Calculate the number of moles of gas in the equilibrium mixture in 
the syringe. 

moles of gas =                     [2]

		  (ii)	 Explain why the equilibrium mixture becomes darker in colour when the  
gas syringe is placed in a water bath at 50 °C.

[3]
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		  (iii)	Explain why the equilibrium mixture becomes lighter in colour when the 
plunger of the syringe is pushed in to increase the pressure. 

[3]
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3	 Carbon dioxide gas can be prepared in the laboratory and collected over water.

	 (a)	 Describe how you would set up the apparatus to prepare carbon dioxide gas 
and collect the gas over water. State how you would test the gas prepared. 

		  In your answer you should include:

		  	 the names of the reagents used
		  	 the names of the pieces of apparatus and how they are assembled
		  	 how to test for carbon dioxide gas.

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

[6]
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	 (b)	 Carbon dioxide reacts with water. Write a balanced symbol equation for  
this reaction. 

 [2]

	 (c)	 The table below gives some information about three gases. 

Gas Colour Density compared to air Acidic, basic or neutral

carbon dioxide colourless denser than air

hydrogen colourless neutral

ammonia less dense than air basic

		  (i)	 Complete the table above.� [3]

		  (ii)	 Describe the test for ammonia gas.

[3]
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4	 An experiment was carried out to investigate the temperature change during the 
reaction of acid A with potassium hydroxide solution and also during the reaction of 
acid B with potassium hydroxide solution using the method below. 

	 Step 1:	 Place 25.0 cm3 of acid A in a beaker.

	 Step 2:	 Use a thermometer to measure the temperature of acid A.

	 Step 3:	� Add 5.0 cm3 of potassium hydroxide solution to acid A and swirl 
the mixture.

	 Step 4:	� Use a thermometer to measure the highest temperature of the  
reaction mixture.

	 Step 5:	� Repeat steps 3 and 4 until a total of 40.0 cm3 of potassium hydroxide 
solution have been added.

	 Step 6:	 Repeat the experiment using 25.0 cm3 of acid B.

	 (a)	 Name the piece of apparatus used to add the potassium hydroxide solution to 
acid A.

[1]

	 (b)	 Write an ionic equation, with state symbols, for the neutralisation reaction which 
occurs in this experiment.

[3]

	 (c)	 State one source of heat loss in this experiment and explain how the heat loss 
can be reduced.

[2]
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	 (d)	 A graph of temperature against volume of potassium hydroxide solution added 
is shown below for both acids. 

22.0

22.5

23.0

23.5

24.0

24.5

25.0

25.5

26.0

26.5

27.0
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Volume of potassium hydroxide solution /cm3
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pe
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 /�
C

25.0 30.0 35.0 40.0
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Acid B

		  (i)	 How does the graph show that the reaction between acid A and potassium 
hydroxide solution is exothermic? 

[1]

		  (ii)		 Use the graph to calculate the maximum temperature change for the 
reactions of potassium hydroxide solution with acid A and with acid B.

Acid A:	

Acid B:	 [2]
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		  (iii)	Explain why the temperature decreased after 25.0 cm3 of potassium 
hydroxide solution have been added. 

[1]

		  (iv)	State and explain which acid, A or B, is the stronger acid.

[1]
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5	 The reactivity series below includes the metals chromium, lithium and tin.

Most reactive potassium
sodium
lithium
calcium

aluminium
zinc

chromium
iron
tin

Least reactive copper

	 (a)	 Lithium and calcium react with water.

		  (i)	 State two differences in the observations for these two reactions. 

1.	

	

2.		

[2]

		  (ii)	 State two similarities in the observations for these two reactions.

1.	

	

2.		

[2]



*20GCM3417*

*20GCM3417*

13963

	 (b)	 The reactivity series may be used to predict if a reaction would occur.

		  For each of the following, predict whether a reaction would occur. If there is  
a reaction, complete the ionic equation with state symbols. If there is no 
reaction, write no reaction.

Cu(s) + Sn2+(aq) → 	

Zn(s) + Fe2+(aq) →	

Sn(s) + Zn2+(aq) →	 [3]

	 (c) 	A piece of aluminium foil was added to a boiling tube containing copper(II) 
sulfate solution. A reaction occurs but it is very slow. 

		  (i)	 Write a balanced symbol equation for the reaction of aluminium with 
copper(II) sulfate.

[3]

		  (ii)	 What would be observed during this reaction?

[2]

		  (iii)	Which of the metals, aluminium or copper, has the greater tendency to  
form ions? 

[1]

		  (iv)	Suggest why the aluminium foil reacts slowly.

[2]
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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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* 58 – 71    Lanthanum series
† 90 – 103  Actinium series

a = relative atomic mass 

x = atomic symbol
b = atomic number

THE PERIODIC TABLE OF ELEMENTS
Group

a

b
x

*

†

1   

11 2 3 4 5 6 7

0

 285  

112
Copernicium

(approx)
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