
General Certificate of Secondary Education
2024

Double Award Science:  
Chemistry
Unit C2

Higher Tier

[GDW52]

FRIDAY 14 JUNE, MORNING

TIME

1 hour 15 minutes.

INSTRUCTIONS TO CANDIDATES

Write your Centre Number and Candidate Number in the spaces provided at the top of this 
page.
You must answer the questions in the spaces provided.  
Do not write outside the boxed area on each page or on blank pages. 
Complete in black ink only. Do not write with a gel pen.
Answer all seven questions.

INFORMATION FOR CANDIDATES

The total mark for this paper is 80.
Figures in brackets printed down the right-hand side of pages indicate the marks awarded 
to each question or part question.
Quality of written communication will be assessed in Question 6(c).
A Data LeaÀet, which includes a Periodic Table of the Elements, is included in this question 
paper.
You may use a scienti¿c calculator.

*GDW52*

*GDW52*

*20GDW5201*

*20GDW5201*

Centre Number

Candidate Number

14223.06R



*20GDW5202*

*20GDW5202*

14223.06R

1	 (a)	 Calcium is a reactive metal, found in Group 2 of the Periodic Table. A small piece 
of calcium is added to a beaker of water. The metal reacts with water.

		  Bubbles of gas are given off when calcium reacts with water. Give three other 
observations for this reaction.

1.	

2.	

3.	 [3]

	 (b)	 To find the order of the reactivity of silver, copper, zinc and lead, a small amount 
of each metal was placed into a test tube containing a salt solution of one of the 
other metals. For example, when some silver was added to a test tube 
containing copper(II) nitrate solution there was no reaction.

		  (i)	 Complete the table by entering reaction or no reaction in the three  
empty boxes.

Salt solution

Metal

Silver nitrate Copper(II) 
nitrate

Zinc nitrate Lead(II) 
nitrate

silver no reaction no reaction

copper reaction no reaction no reaction

zinc reaction reaction

lead reaction reaction

� [3]

		  (ii)	 Copper reacts with silver nitrate solution to give silver and copper(II) nitrate 
solution. Write a balanced symbol equation for this reaction.

[3]
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		  (iii)	What name is given to the type of reaction taking place between copper and 
silver nitrate?

[1]

		  (iv)	Explain why a similar type of investigation would not be used to find the 
order of reactivity of Group 1 metals.

[1]
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2	 Four chemical reactions, A, B, C and D, are represented by the word equations 
below.

Reaction Word equation

A aluminium oxide    aluminium + oxygen

B nitrogen + hydrogen    ammonia 

C lead(II) oxide + magnesium    lead + magnesium oxide

D iron + oxygen + water    rust

	 (a)	 Reaction A is endothermic.

		  Define the term endothermic.

[1]

	 (b)	 State the type of reaction occurring in Reaction B.

[1]

	 (c)	 Write an ionic equation for Reaction C.

[2]
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	 (d)	 Reaction D represents iron rusting.

		  (i)	 State the full chemical name for rust.

[2]

		  (ii)	 Explain in terms of the reactivity of zinc and iron, how sacrificial protection 
using zinc prevents iron from rusting.

[2]
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3	 Aluminium is extracted from aluminium oxide by electrolysis. The process takes 
place in a steel tank as shown below. This is an example of a redox reaction.

�� ���� ��

molten aluminium oxide

anodesteel tank

cathode molten aluminium

	 (a)	 What are the anodes made from?

[1]

	 (b)	 Oxygen is produced at the anode. 

		  Explain why the anodes have to be replaced regularly.

[2]
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	 (c)	 Explain why the aluminium oxide must be molten to conduct electricity.

[2]

	 (d)	 Aluminium oxide is dissolved in molten cryolite. Give two reasons why this 
improves the process.

1.	

2.	 [2]

	 (e)	 Write the half equation for the formation of oxygen gas from oxide ions at the 
anode.

[3]



*20GDW5208*

*20GDW5208*

14223.06R

4	 This question is about crude oil and organic chemistry.

	 (a)	 Crude oil is a major source of hydrocarbons.

		  (i)	 Define the term hydrocarbon.

[1]

		  (ii)	 Describe how crude oil is separated in the process of fractional distillation.

[3]

		  (iii)	Name the process used to break down large, saturated hydrocarbons into 
smaller more useful ones, some of which are unsaturated.

[1]

	 (b)	 Three reactions of organic compounds are represented by the equations below.

Reaction 1	 ethene  +  X    C2H5OH
	

Reaction 2	 ethene  +  bromine    Y

Reaction 3	 Z  +  sodium hydroxide    sodium propanoate  +  water 
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		  (i)		  Draw the structural formula of ethene.

� [1]

		  (ii)		  Name the reactant X used in Reaction 1.

[1]

		  (iii)		  Name the product (C2H5OH) formed in Reaction 1.

[1]

		  (iv)		�  Give the general formula of the homologous series to which ethene 
belongs.

[1]

		  (v)		  Draw the structural formula of product Y in Reaction 2.

� [1]

		  (vi)	 	 Name the reactant Z in Reaction 3.

[1]

		  (vii)	� Give the molecular formula of the product sodium propanoate in  
Reaction 3.

	 [1]

		  (viii)	Name the type of reaction occurring in Reaction 3.

[1]
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5	 This question is about some chemical reactions that involve heating.

	 (a)	 The water of crystallisation can be removed from a sample of solid hydrated 
barium chloride BaCl2.2H2O by heating it strongly.

		  (i)	 Define water of crystallisation.

[2]

		  (ii)	 What name is given to this type of reaction where strong heating removes 
the water of crystallisation?

[1]

		  (iii)	Complete the balanced symbol equation to show what happens to 
BaCl2.2H2O when it is heated strongly.

			   BaCl2.2H2O                          +                      � [2]

	 (b)	 In an experiment, 2.75 g of manganese reacted with oxygen gas to form 4.35 g 
of manganese oxide.

		  (Relative atomic masses (Ar): Mn = 55; O = 16)

		  (i)	 Calculate the number of moles in 2.75 g of manganese.

[1]

		  (ii)	 Calculate the mass of oxygen gas that reacted with 2.75 g of manganese.

g [1]
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		  (iii)	Using your answer to part (b)(ii), calculate the number of moles of oxygen 
gas that reacted with the 2.75 g of manganese.

[1]

		  (iv)	Using your answers to parts (b)(i) and (b)(iii), determine the empirical 
formula of the manganese oxide.

Empirical formula	 [1]
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6	 (a)	 Ammonia is produced in an exothermic reaction between nitrogen and hydrogen.

		  (i)	 Complete the reaction profile diagram below for the production of ammonia 
from nitrogen and hydrogen in this exothermic reaction.

			   	 Identify the activation energy and label it A
			   	 Identify the energy change and label it E

Reaction pathway

En
er

gy Reactants

� [4]
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		  (ii)	 Calculate the energy change for the production of ammonia using the 
following equation and bond energies in the table.

N N � 3  H 2  HH HN

H

Bond Bond energy /kJ

N N 941

HH 432

HN 391

			   You are advised to show your working out.

�                      kJ [3]

	 (b)	 Fertilisers are produced by reacting ammonia with acids.

		  Name the acid used to produce the fertiliser ammonium sulfate.

[1]
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	 (c)	 The diagram below shows the preparation of hydrogen gas in a laboratory.

hydrochloric

acid

water

Y

X

Z

hydrogen

trough

thistle

funnel

conical

flask

beehive 

shelf

		  Give details of the preparation, test and use of hydrogen gas, using the following 
bullet points:

		  	 Name the solid X and the pieces of apparatus labelled Y and Z.

		  	 Describe the test for hydrogen and state the result for a positive test.

		  	 Explain why hydrogen is described as a clean fuel.
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		  In this question you will be assessed on your written communication skills 
including the use of specialist scientific terms.

		  Name the solid X and the pieces of apparatus labelled Y and Z.

		  Describe the test for hydrogen and state the result for a positive test.

		  Explain why hydrogen is described as a clean fuel.

[6]
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7	 (a)	 A student investigated how the rate of reaction between lumps of solid calcium 
carbonate and excess hydrochloric acid varied with time by recording the mass 
of the reaction mixture every 10 seconds.

		  A graph of the student’s results is shown below.
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		  (i)	 Use the graph of the student’s results opposite to calculate the decrease in 
mass in the first 40 s.

�                      g

			   Calculate the average rate of this reaction in the first 40 seconds, using 
the equation below.

average rate == decrease in mass

time taken

			   State the units for the average rate of this reaction.

Average rate of reaction                 

Units                      [3]

		  (ii)	 Explain in terms of particles how increasing the temperature increases the 
rate of a reaction.

[3]

		  (iii)	On the grid opposite sketch the graph that would be obtained if the same 
mass of powdered calcium carbonate was used in place of lumps.� [3]
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	 (b)	 Carbonic acid (H2CO3), a weak acid, forms when carbon dioxide reacts  
with water.

		  In a closed system the reaction reaches a dynamic equilibrium.

		  (i)	 Suggest the pH of carbonic acid.

[1]

		  (ii)	 Write a balanced symbol equation for the dynamic equilibrium formed in 
this reaction. Include state symbols.

[4]

		  (iii)	Explain why the amount of reactant and product remain constant in a closed 
system once a dynamic equilibrium is reached.

[1]

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 C
3
H

7
COO-

Carbonate

Dichromate

Ethanoate CH
3
COO-

Hydrogencarbonate

Hydroxide OH–

Methanoate HCOO–

Nitrate NO

Propanoate C
2
H

5
COO–

Sulfate

Sul� te

Positive ions
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Data Leaß et
Including the Periodic Table of the Elements

For the use of candidates taking

Science: Chemistry,

Science: Double Award
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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
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chemistry
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140   
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159  
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175   
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39
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49
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11
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12
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3
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4

* 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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