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1	 (a)	 An experiment was set up to investigate the effect of four different solid catalysts 
on the decomposition of hydrogen peroxide solution. A diagram of the apparatus 
used is shown below. 25.0 cm3 of hydrogen peroxide solution and 1 g of solid 
catalyst were used in each reaction and the time taken to produce 100 cm3 of 
gas was recorded.

hydrogen peroxide
solution

solid 
catalyst

gas
X

stopclock

0:00:00

		  Results of experiment

Solid catalyst Time taken to collect 100 cm3 of gas /s

A 120

B 35

C 11

D 54
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		  (i)	 Name the piece of apparatus labelled X.

[1]

		  (ii)	 Name the products formed in the decomposition of hydrogen peroxide.

[1]

	 	 (iii)	State and explain which solid (A, B, C or D) is the most effective catalyst.

[1]

		  (iv)	Name one compound which could be used as a catalyst for the 
decomposition of hydrogen peroxide. 

[1]
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	 (b)	 The experiment was repeated using the same apparatus and the gas volume 
collected was recorded at intervals of 20 seconds. Catalyst A was used.

		  The graph shows the results obtained.
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		  (i)	 What volume of gas was produced in the first 10 seconds? 

[1]

		  (ii)	 Describe fully how the gas volume produced changes with time. 

[2]
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	 (c)	 Hydrogen peroxide can be produced industrially from hydrogen and oxygen  
as shown in the equation below. 

	 H2  +  O2  →  H2O2

	 	 (i)	 This reaction has a 100% atom economy. Explain how you can tell this from 
the equation. 

[1]

		  (ii)	 Explain why industrial chemical processes should have as high an atom 
economy as possible. 

[1]
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2 	 Molten magnesium chloride and dilute sulfuric acid can undergo electrolysis.

	 (a)	 The diagram below shows the apparatus which may be used to carry out the 
electrolysis of molten magnesium chloride.

HEAT

negative
electrode

positive
electrode

molten
magnesium 
chloride

�

		  (i)	 Explain why molten magnesium chloride can undergo electrolysis.

[1]

		  (ii)	 What is the name of the positive electrode?

[1]

		  (iii)	Use the words in the box below to complete the sentence about the 
electrolysis of molten magnesium chloride.

chlorine hydrogen hydroxide magnesium oxide

			   When molten magnesium chloride is electrolysed,                      is

			   produced at the positive electrode and                      is produced at

			   the negative electrode.� [2]
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		  (iv)	Circle the observation which occurs at the positive electrode during the 
electrolysis of molten magnesium chloride.

yellow-green 
gas produced

orange liquid 
produced

red-brown gas 
produced

grey metal 
produced

colourless gas 
produced

�
[1]

		  (v)	 Write the formula for magnesium chloride.

[1]

	 	 (vi)	Use the words in the box below to complete the sentence to define  
an electrolyte.

	

decomposed dissolved gas heat electricity

liquid metal oxidised reduced solid

			   An electrolyte is a                            or solution which conducts

			                              and is                            .� [3]
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	 (b)	 When dilute sulfuric acid undergoes electrolysis, hydrogen gas is produced at 
the negative electrode.

	 	 (i)	 Describe the test for hydrogen gas.

[1]

		  (ii)	 Select two physical properties of hydrogen gas from the list below by placing 
a tick () in the appropriate boxes on the right.

Yellow

Colourless

High boiling point

Pungent smell

Odourless

� [2]
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3	 The alcohols are a homologous series of organic compounds.

	 (a)	 The table below shows information about three different alcohols. 

Alcohol Melting point /°C Boiling point /°C

CH3OH -94 65

C2H5OH -118 78

C3H7OH -129 97

		  (i)	 State one piece of evidence from the table which shows that the three 
alcohols belong to the same homologous series. 

[1]

		  (ii)	 Write the formula of the alcohol from the table which has the highest  
boiling point.

	 [1]

		  (iii)	Which alcohol(s) will be liquid at -100°C?

[1]
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		  (iv)	There are two alcohols which have the molecular formula C3H7OH. 
Complete the table below by giving the structural formula and name of  
each alcohol.

	

Structural formula Name

1

2

[2]

		  (v)	 Complete the table below for the alcohol C3H7OH.

Total number of atoms in C3H7OH

Number of hydrogen atoms in C3H7OH

Relative formula mass of C3H7OH

[3]
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	 (b)	 Alcohols undergo complete combustion. Describe the complete combustion of 
CH3OH, name the products and describe chemical tests for the products. 

		  In your answer you should:

		  	 define the term combustion 
		  	 name the two products of the complete combustion of CH3OH
		  	 describe a chemical test to identify each combustion product stating all 

observations for a positive test. 

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

[6]
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	 (c)	 The alcohol C2H5OH can be manufactured from glucose, C6H12O6 , by 
fermentation according to the following equation. 

		  C6H12O6  →  2C2H5OH  +  2CO2

		  Select the two conditions required for fermentation from the list below by placing 
a tick () in the appropriate boxes on the right.

High temperature

Warm temperature

Presence of air

Absence of air

[1]

	 (d)	 The alcohol C2H5OH can also be manufactured by the reaction shown in the 
equation below.

		  C2H4(g)  +  H2O(g)  →  C2H5OH(l)

		  (i)	 State the name of:

C2H4(g)	

H2O(g)	

C2H5OH(l)	 [3]

		  (ii)	 Name the type of reaction shown in the equation above. 

	 [1]
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4	 An interhalogen compound contains two or more different halogen atoms and no 
atoms of any other elements. Iodine monochloride (ICl) is an interhalogen compound, 
formed when iodine reacts with chlorine as shown in the following equation.

	 I2  +  Cl2  →  2ICl

	 (a)	 Circle the formula of one other interhalogen compound in the list below. 

		  HCl      Br2      NaBr      BrF3      CCl4
[1]

	 (b)	 Calculate the overall energy change for the reaction between iodine and chlorine 
to form iodine monochloride, using the bond energy values given below. 

		  (Bond energies in kJ:  I — I  =  151;    Cl — Cl  =  242;    I — Cl  =  208)

		  The covalent bonds are shown below the equation:
		

Equation I2 + Cl2 → 2ICl

Covalent bonds I — I Cl — Cl I — Cl
I — Cl

		  Show your working out.

energy change =                 kJ  [4]
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	 (c)	 Iodine monochloride reacts in an exothermic reaction with more chlorine to form 
iodine trichloride (ICl3). A dynamic equilibrium forms.

		  ICl(g)  +  Cl2(g) ⇌  ICl3(g)

		  (i)	 State one feature of a dynamic equilibrium.

[1]

		  (ii)	 What is meant by the term exothermic?

[1]
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5 	 Some metals, such as gold, can be found uncombined in nature. 

	 (a)	 Suggest why gold metal is found uncombined in nature.

[1]

	 (b)	 Other metals such as aluminium, copper, zinc and iron are found combined with 
other elements in rocks called ores. These metals can be extracted from their 
ore by electrolysis or by chemical reduction.

		  (i)	 Cuprite is an ore of copper which contains copper(I) oxide. Copper(I) oxide 
contains the copper(I) ion, Cu+. Write the formula of copper(I) oxide. 

[1]

		  (ii)	 Name the ore from which aluminium is extracted.

[1]

		  (iii)	For each metal in the table below, select the correct method of extraction, 
electrolysis or chemical reduction. Place a tick () in one box in each row.

Metal Electrolysis Chemical reduction

Aluminium

Copper

Zinc

[3]
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	 (c)	 The diagram below shows a Blast Furnace used for the extraction of iron from  
iron ore. 

A � B � iron ore

EE

D

C

		  (i)	 Raw material A is used to produce the reducing agent in the Blast Furnace.  
Name A and name the reducing agent. 

A	

Reducing agent	 [2]

	 	 (ii)	 Describe how the reducing agent is produced in the Blast Furnace.

[2]
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		  (iii)	What is the common name for iron ore?

[1]

		  (iv)	Balance the equation for the production of iron in the Blast Furnace. 

Fe2O3  +         CO  →         Fe  +         CO2
[1]

		  (v)	 Name the raw material B added to the Blast Furnace to help remove the 
impurities from the iron ore. 

[1]

		  (vi)	 Identify C and E.

C	

E	 [2]
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	 (d)	 Copper is produced when iron is added to a solution of copper(II) sulfate.

		  (i)	 Write a balanced symbol equation for the reaction of copper(II) sulfate with 
iron to produce copper and iron(II) sulfate.

[2]

		  (ii)	 Select two observations for this reaction from the list below by placing  
a tick () in the appropriate boxes on the right.

A green gas is produced

The blue solution fades in colour

A red-brown solid is produced

Solid disappears completely

[2]
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	 (e)	 Listed below are five elements which will react with oxygen.
	

calcium copper iron magnesium sulfur

		  (i)	 Which two elements will form white oxides?

[2]

		  (ii)	 Which element will burn with a brick red flame?

[1]

		  (iii)	Which element will burn in air to form a gas?

[1]

	 	 (iv)	Which element forms a black layer on its surface when it is heated in air?

[1]
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6	 Citric acid is found in many fruit juices. A titration was carried out using a solution of 
citric acid. 

	 25.0 cm3 of the citric acid solution were titrated against sodium hydroxide solution. 
The indicator used was phenolphthalein. 

	 (a)	 Some of the pieces of apparatus used in the titration are labelled A, B, C and D 
in the diagram below. 

A

C

D

B

	 	 (i)	 Name the pieces of apparatus labelled A, B, C and D.

			   A	                           

			   B	                           

			   C	                           

			   D	                             � [4]

		  (ii)	 Apart from the apparatus above, a retort stand, boss and clamp, state one 
other essential piece of apparatus for the titration. 

[1]

		  (iii)	State the colour change at the end point in this titration. 

			   From                        to                       � [2]
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	 (b)	 The results of this titration are shown in the table below.

Initial burette 
reading /cm3

Final burette 
reading /cm3 Titre /cm3

Rough titration 0.0 33.9 33.9

First accurate 
titration 0.0 33.1 33.1

Second accurate 
titration 0.0 32.9 32.9

		  (i)	 Calculate the average titre.

			   average titre =                       cm3  [1]

		  (ii)	 Citric acid has the formula C6H8O7. Calculate the relative formula mass (Mr) 
of citric acid.

relative formula mass =                       [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 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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