
CHEMISTRY

GCSE Chemistry
Unit 2: Further Chemical Reactions, Rates and 
Equilibrium, Calculations and Organic Chemistry

Content/Specification Section Page
2.1 Metals and reactivity series 02

2.2 Redox, rusting and iron 12

2.3 Rates of reaction 21

2.4 Equilibrium 32

2.5 Organic chemistry 36

2.6 Quantitative chemistry 57

2.7 Electrochemistry 71

2.8 Energy changes in chemistry 79

2.9 Gas chemistry 85

 Glossary of terms 92

 Test yourself answers 94



CHEMISTRY

pg 2

2.1 Metals and reactivity series

This section will look at the reactivity series of metals and its relation to their 
extraction from ores. Also, the reactions of metals with oxygen, water and steam as 
well as displacement reactions will be investigated.

Mathematical content
Students will write equations for many different reactions of metals including ionic 
equations and half equations for the processes occurring.

Learning outcomes
• recall the reactivity series of metals, including K, Na, Ca, Mg, Al, Zn, Fe and Cu;

• describe the reactions, if any, of the above metals with the following and describe 
how to collect the gas produced, where appropriate:

– air

– water

– steam

• explain how the reactivity of metals is related to the tendency of a metal to form its 
positive ion

• explain and describe the displacement reactions of metals with other metal ions in 
solution

• collect and/or analyse experimental data to predict where an unfamiliar element 
should be placed in the reactivity series or make predictions about how it will react

• examine the relationship between the extraction of a metal from its ore and its 
position in the reactivity series, for example

• aluminium, a reactive metal, is extracted by electrolysis

• iron, a less reactive metal, is extracted by chemical reduction

• recall that the Earth’s resources of metal ores are limited and that alternative 
extraction methods, such as phytomining, are used

• recall the following aspects of phytomining:

– plants are used to absorb metal compounds such as copper(II) compounds

– the plants are harvested, then burned to produce ash, which contains the metal 
compounds

– an acid is added to the ash to produce a solution containing dissolved metal 
compounds (leachate);

– copper can be obtained from these solutions by displacement using scrap iron

– this technique avoids traditional mining methods of digging, moving and 
disposing of large amounts of rock

• investigate the reactivity of metals (Prescribed Practical C5)
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Reactivity series
• Metals differ in their reactivity. The reactivity series of metal which you have to 

recall is shown below:

 Most reactive            Least reactive
 K Na Ca Mg Al Zn Fe Cu

• The reactivity of a metal is directly related to the tendency of a metal to form a 
positive ion. 

• Group 1 metals are very reactive as they lose one electron readily to form a singly 
charged positive ion, for example Na  →  Na+  +  e-.

• Group 2 metals are less reactive than Group 1 metals as they lose two electrons to 
form a doubly charged positive ion, for example Ca  →  Ca2+  +  2e-.

• Reactivity in both Group 1 and Group 2 increases down the Group as the outer shell 
electrons are further from the positive nucleus and are lost more readily.

• Metals react with air, water and steam based on their reactivity.

Reaction of metals with air
• Most metals will react with air over time. They react with the oxygen in air forming 

oxides.

• Some metals react rapidly with air such as the Group 1 metals and some react slowly 
such as copper. 

• Less reactive metals will react more rapidly when heated in air. The reactions of 
potassium, sodium and calcium when heated in air are very vigorous and should 
only be carried out with very carefully controlled safety measures in place.

• The oxides of Group 1, Group 2, aluminium and zinc are white solids but the oxides 
of transition metals are coloured. Copper(II) oxide is black. Zinc oxide is white but is 
yellow when heated.

• Most metals (except potassium, sodium and calcium) can be heated in a crucible.

• The following observations are made for metal when they react with air. 

– Potassium and sodium tarnish (go from shiny to dull) rapidly in air.

– When heated, potassium burns with a lilac flame and forms a white solid.

– When heated, sodium burns with a yellow/orange flame and forms a white   
solid.

– When heated, calcium burns with a brick red flame forming a white solid.

– When heated, magnesium burns with a bright white light forming a white solid.

– When heated aluminium powder burns forming a white solid.
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– When heated zinc burns forming a yellow solid which changes to white on   
cooling.

– When heated iron filings burn with orange sparks forming a black solid.

– When heated copper glows orange without burning forming a black solid.

• The equations for the reactions of metal with oxygen. For example:

4K  +  O2  →  2K2O

2Mg  +  O2  →  2MgO

4Al  +  3O2  →  2Al2O3

3Fe  +  2O2  →  Fe3O4

Exam Tip
Fe3O4 is the black oxide formed when iron reacts with oxygen. It is different to rust 
which is hydrated iron(III) oxide and forms slowly as iron reacts with oxygen and water 
vapour in the air.

A sparkler contains iron filings 
which burn with an orange flame 
leaving a black powder.

Test yourself 2.1.1
1. What is observed when magnesium is heated in air?

2. Write a balanced symbol equation for the reaction of copper with oxygen.

3. Put the following metals in order or increasing reactivity: Cu, Mg, Zn, Fe, Ca.

4. What colour are the following oxides?

 (a) copper(II) oxide (b) magnesium oxide
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Reaction of metals with water and steam
The most reactive metals react with water. Some of the less reactive metals will react 
with steam.

Reactions of metals with water
• The most reactive metals (potassium, sodium and calcium) react vigorously with 

water.

• Magnesium reacts very slowly with water.

• When a metal reacts with water it forms a metal hydroxide and hydrogen gas is 
released.

• Metals which are less reactive than magnesium do not react with water.

• Sodium and potassium react very vigorously with water. A small piece of sodium or 
potassium is placed in a large trough of water behind a safety screen. The reaction is 
too vigorous to collect the hydrogen gas produced.

• The reaction of calcium with water is less vigorous so an inverted boiling tube can be 
used to collect the hydrogen gas.

• The apparatus used in shown below.

• The observations for each of the three metals with water are given below.

– Potassium – floats, fizzes, moves about the surface, heat released, eventually 
disappears, colourless solution formed, lilac flame, crackle or explosion at the end.

– Sodium – floats, fizzes, moves about the surface, melts to form a silvery ball, 
eventually disappears, colourless solution formed.

– Calcium – fizzes, sinks then rises, white solid in the solution, heat released.

hydrogen

beaker

filter funnel

boiling tube

water

calcium
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• The balanced symbol equations for the reactions are:

2K  +  2H2O  →  2KOH  +  H2

2Na  +  2H2O  →  2NaOH  +  H2

Ca  +  2H2O  →  Ca(OH)2  +  H2

• The solutions formed are alkaline due to the presence of hydroxide ions.

Exam Tip
Calcium hydroxide is much less soluble than sodium or potassium hydroxide so whilst 
it forms a colourless solution initially, eventually some white solid appears in the 
solution as the solution has become saturated.

Reaction of potassium with 
water showing the lilac flame 
as potassium moves around the 
surface of the water.

need pic: Getty images: 
156262734
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Reactions of metal with steam
• Magnesium and metals below magnesium in the reactivity series (down to iron) 

react with steam when heated forming the solid metal oxide and releasing hydrogen 
gas.

• The steam is generated by heating damp mineral wool in a boiling tube and the 
metal is also heated. The hydrogen gas produced is collected by passing it through a 
delivery tube and into a trough of water where it may be collected in a gas jar placed 
on a beehive shelf.

Exam Tip
An inverted test tube over the end of the delivery tube may also be used. The hydrogen 
gas may be tested for using a lit splint and a pop sound will be heard.

• The apparatus used is shown below.

• This reaction can be carried out with magnesium, aluminium, zinc and iron.

• Magnesium burns with a bright white light and a white solid is formed.

• Zinc glows and a yellow solid is formed which changes to white on cooling.

• Aluminium glows and a white solid is formed.

• Iron needs to be heated strongly and glows red and a black solid is formed.

• All of the reactions produce a metal oxide (the solid formed in the boiling tube) and 
hydrogen gas (collected in the gas jar).

gas jar
delivery tube

trough

beehive shelf

hydrogen gas

water

metaldamp mineral wool

heat heat
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• The equations for the reactions of some metals with steam are:

Mg  +  H2O  →  MgO  +  H2

2Al  +  3H2O  →  Al2O3  +  3H2

Zn  +  H2O  →  ZnO  +  H2

3Fe  +  4H2O  →  Fe3O4  +  4H2

• The last equation may be written forming FeO or Fe2O3 as the Fe3O4 oxide is a mixed 
oxide composed of a mixture of FeO and Fe2O3.

Exam Tip
Please remember that a metal reacts with water forming a metal hydroxide and 
hydrogen and a metal reacts with steam forming a metal oxide and hydrogen.

Test yourself 2.1.2
1. Name the products of the following reactions:

 (a) potassium and water

 (b) magnesium and steam

 (c) calcium and water

2. Name one metal which does not react with water or steam.

3. Write balanced symbol equations for the following reactions:

 (a) calcium and water

 (b) zinc and steam

 (c) aluminium and steam

4. Draw a labelled diagram of the assembled apparatus used to react magnesium with  
 steam.

5. Complete the passage below:

 When a small piece of potassium is added to a large trough of water, the potassium                              
     on the surface of the water. A                                               flame is  
 observed and the potassium eventually                                             .
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Displacement reactions
• A displacement reaction is a reaction in which a more reactive metal takes the 

place of a less reactive metal in a compound.

• A metal added to a solution of a salt of a less reactive metal would displace the less 
reactive metal.

• For example: magnesium would displace copper from copper(II) sulfate solution 
producing magnesium sulfate solution and copper. The balanced symbol equation 
for the reaction is:

 Mg  +  CuSO4  →  MgSO4  +  Cu

• The ionic equation for this reaction is:

 Mg  +  Cu2+  →  Mg2+  +  Cu

• The sulfate ion does not take part in the reaction and so does not appear in the ionic 
equation.

• During this reaction, the blue colour of the solution will fade until colourless and 
red-brown solid forms.

• A magnesium atom loses two electrons to form a magnesium ion and this can be 
written as a half equation which is Mg  →  Mg2+  +  2e-.

• A copper(II) ion gains two electrons to form a copper atom and this can be written as 
a half equation which is Cu2+  +  2e-  →  Cu.

• Loss of electrons is oxidation so magnesium is oxidised. 

• Gain of electrons is reduction so copper(II) ions are reduced.

• A reaction in which oxidation and reduction occur is a redox reaction. Displacement 
reactions are also redox reactions.

• Often a table, including unknown metals, may show a tick (✓) if a displacement 
reaction occurs and a cross (✕) is a displacement reaction does not occur. An 
example is shown below.

• The order of reactivity from most reactive to least reactive is: Zn, Cr, Co, Cu.

• When explaining why a displacement reaction occurs, always write a statement 
including both metals, for example “zinc is more reactive than copper”.

Metal CuSO4 Cr2(SO4)3 CoSO4 ZnSO4 

Cu ✕ ✕ ✕

Cr ✓ ✓ ✕

Co ✓ ✕ ✕

Zn ✓ ✓ ✓
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Exam Tip
The use of reactions to determine a reactivity series of metals is part of the Prescribed 
Practical C5.

BBC Bitesize CCEA GCSE Chemistry Prescribed Practical C5:
https://www.bbc.co.uk/bitesize/guides/zvjkscw/revision/1

Extraction of metals from their ores
• Metals above zinc in the reactivity series are extracted from their ore by electrolysis.

• Zinc and metals below zinc in the reactivity series are extracted from their ores by 
reduction using carbon monoxide (or carbon).

• The resources of the Earth are limited and alternative extractions methods such as 
phytomining are used.

• Phytomining occurs in 4 stages:

– plants are used to absorb metal compounds such as copper(II) compounds from 
the soil.

– plants are harvested, then burned to produce an ash, which contains the metal 
compounds.

– an acid is added to the ash to produce a solution containing metal compounds 
(leachate).

– copper can be obtained from these solutions by displacement using scrap iron.

• Phytomining reduces the use of traditional mining methods of digging, moving and 
disposing of large amounts of rock.
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Test yourself 2.1.3
1. What is meant by a displacement reaction?

2. Some metals are added to solutions containing metal compounds.

 A  zinc  +  copper(II) chloride

 B  iron  +  magnesium sulfate

 C  aluminium  +  zinc nitrate

 Reactions A and C occur. No reaction occurs in B.

 (a) Explain why a reaction occurs in A.

 (b) Write a balanced symbol equation for the reaction which occurs in A.

 (c) Write an ionic equation for the reaction which occurs in C.

 (d) Complete the passage below:

   When aluminium reacts with zinc nitrate solution, aluminium atoms    
       3 electrons to form                                            .    
   This is a process of                                             . Zinc ions                                              
   2 electrons to form                                            .  
   This is a process of                                            .

3. Describe the four stages of phytomining.
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2.2 Redox, rusting and iron

This section will cover redox reactions and their classification as well examining 
rusting and its prevention and the extraction of iron from its ore in the Blast furnace.

Mathematical content
Students will write half equations for redox reactions.

Learning outcomes
• recognise oxidation and reduction in terms of loss or gain of oxygen or hydrogen 

and identify in a reaction or symbol equation which species is oxidised and which is 
reduced (link to suitable industrial processes covered in this specification)

• recognise oxidation and reduction in terms of loss or gain of electrons and identify 
in a symbol equation, ionic equation or half equation which species is oxidised and 
which is reduced (link to suitable industrial processes covered in this specification)

• investigate experimentally rusting as a reaction of iron with water and air producing 
hydrated iron(III) oxide (other practical activity)

• demonstrate knowledge and understanding of the methods used to prevent iron 
from rusting, including barrier methods such as painting, oiling, plastic coating and 
suitable metal coating or plating (galvanising), and explain sacrificial protection of 
iron related to the reactivity series

• describe the extraction of iron from haematite including: 

– the production of the reducing agent

– the reduction of haematite

– the removal of acidic impurities

• demonstrate knowledge and understanding that iron is used in bridges and 
structures due to its strength
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Redox
• A redox reaction is one in which oxidation and reduction occur at the same time.

• Oxidation is gain of oxygen, loss of hydrogen, loss of electrons.

• Reduction is loss of oxygen, gain of hydrogen, gain of electrons.

• In a chemical reaction it is important to identify the substance being oxidised and 
the substance being reduced.

EXAMPLES
1. Explain why carbon is being oxidised in the reaction below.

 C  +  O2  →  CO2

Answer:
carbon gains oxygen and gain of oxygen is oxidation.

Exam Tip
Make sure you clearly state what is meant by oxidation as a separate statement and 
do not make statements such as “carbon gains oxygen which is oxidation” as carbon 
gaining oxygen is not oxidation.

2. Hydrogen reacts with chlorine according to the following equation:

 H2  +  Cl2  →  2HCl

 Explain why chlorine is reduced in this reaction.

Answer:
chlorine gains hydrogen and gain of hydrogen is reduction.

3. Explain why the reaction shown in the equation below is a redox reaction.

 CuO   +   Mg  →  MgO  +  Cu

Answer:
copper oxide loses oxygen and loss of oxygen is reduction.
magnesium gains oxygen and gain of oxygen is oxidation.
redox is oxidation and reduction occurring at the same time in the same reaction.

• It is also important to be able to identify the species being oxidised and reduced in 
terms of electrons. 
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EXAMPLE
Explain, in terms of electrons, why the reaction of zinc with copper(II) sulfate is 
described as a redox reaction.
Zn(s)  +  CuSO4(aq)  →  ZnSO4(aq)  +  Cu(s)

Answer:
zinc loses electrons (Zn  →  Zn2+  +  2e-).
loss of electrons is oxidation.
copper(II) ions gain electrons (Cu2+  +  2e-  →  Cu).
gain of electrons is reduction.
redox is oxidation and reduction occurring at the same time in the same reaction.

Exam Tip
It is important to be able to split a balanced symbol equation or ionic equation into 
half equations to explain oxidation and reduction in terms of electrons.

Combustion reactions are oxidation 
reactions. The fuel is oxidised as it 
reacts with oxygen forming oxides 
and releasing heat energy.



Redox, rusting and iron

CHEMISTRY

pg 15

Test yourself 2.2.1
1. In the reactions below, state and explain if the first substance in the equation is   
 oxidised or reduced.

 (a) H2  +  ½O2  →  H2O

 (b) N2  +  3H2  →  2NH3

 (c) CuO  +  H2  →  Cu  +  H2O

 (d) Al3+  +  3e-  →  Al

2. The equation below shows a redox reaction.

 Mg  +  Cl2  →  MgCl2
 (a) What is meant by redox?

 (b) Write a half equation to show that magnesium is oxidised in this reaction.

 (c) Write a half equation to show that chlorine is reduced in this reaction.

3. Complete the sentences below using the words in the box.

 (a) Oxidation is gain of                                               .  

 (b) Reduction is                                               of electrons.

 (c) Oxidation and reduction occurring in the same reaction is                                      .

 (d) Loss of electrons is                                              .

 (e) Loss of hydrogen is                                              .

electrons  gain  hydrogen  loss

oxidation  oxygen  redox   reduction



Redox, rusting and iron

CHEMISTRY

pg 16

Rusting
• Rust is hydrated iron(III) oxide. It is a brown flaky solid.

• Rust is formed when iron reacts with oxygen and water.

• Steel is an alloy of iron containing some carbon.

• Iron (often steel) is used to construct bridges and many structures due to its 
strength.

• Rusting weakens the structure of iron and steel so the prevention of rusting is very 
important economically and for safety.

• An experiment can be set up to show that oxygen (from air) and water are required 
for rust to form. A typical experimental set up is shown below.

• Rusting will only occur in test tube 1 as the nail has access to both water and 
oxygen from air and also oxygen dissolved in the water.

• Rusting will not occur in test tube 2 as boiling removes the oxygen from the water 
and the layer of oil prevents oxygen from re-entering the water.

• Rusting will not occur in test tube 3 as anhydrous calcium chloride is a drying agent 
which removes water vapour from the air.

nail suspended 
by thread

anhydrous 
calcium chlorideboiled 

water
water

iron nail

oil

1 2 3
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The brown solid on the metal parts of the 
spade is rust.

Prevention of rusting
• Rusting may be prevented using barrier methods which protect the surface of the 

iron from contact with oxygen and water. Barrier methods include:

– painting – used for bridges.

– oiling or greasing – used for garden tools and machinery.

– plastic coating – used for modern bicycle handlebars.

– metal plating (such as chromium – chrome plating used in older car bumpers and 
bicycle handlebars).

– alloying (such as stainless steel – used for cutlery).

• Coating iron in zinc also prevents rusting and this is known as galvanising.

• Rusting may also be prevented by sacrificial protection. A metal which is more 
reactive than iron is placed in contact with the iron and the more reactive metal 
reacts first instead of the iron.

• Metals such as magnesium and zinc may be used for sacrificial protection. The 
sacrificial metal has to be replaced as it corrodes over time.

Exam Tip
Question can be asked to suggest other metals which could be used for sacrificial 
protection. Be careful to choose something which is more reactive than iron but not too 
reactive. Sodium, potassium or calcium would not be suitable as they react vigorously 
with water.
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Extraction of iron from its ore
• Iron is extracted from its ore in the Blast furnace.

• The main ore of iron is haematite which contains iron(III) oxide, Fe2O3.

• A solid mixture of haematite, limestone (calcium carbonate, CaCO3) and coke 
(carbon, C) are added to the Blast furnace.

• Hot air is blasted in at the bottom of the furnace and a series of reactions occur.

• Carbon (from the coke) burns in oxygen (from the air) forming carbon dioxide. The 
carbon dioxide reacts with more carbon forming carbon monoxide. Carbon monoxide 
is the reducing agent which reduces iron(III) oxide to iron.

• The equations are given below.

– C  +  O2  →  CO2

– CO2  +  C  →  2CO

–  Fe2O3  +  3CO  →  2Fe  +  3CO2

• The iron ore contains acidic impurities (mostly sand which is silicon dioxide).

• Limestone is added to help remove acidic impurities. The calcium carbonate in the 
limestone thermally decomposes due to the heat and produces calcium oxide and 
carbon dioxide. The calcium oxide reacts with the silicon dioxide forming calcium 
silicate, CaSiO3, which is also known as slag.

• The equations are given below.

– CaCO3  →  CaO  +  CO2

– CaO  +  SiO2  →  CaSiO3

• The molten iron and molten slag fall to the bottom of the furnace. Molten iron is 
denser than molten slag so the slag floats on the iron. The molten iron is tapped off 
at the bottom of the furnace and the molten slag is separately removed.
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mixture of haematite, 
limestone and coke

exhaust gases

molten iron

hot air

exhaust gases

molten slag
hot air

• A diagram of the Blast furnace is shown below.

• The exhaust gases are mainly carbon dioxide and other gases from air which do not 
react such as the noble gases and nitrogen.

The tower in the centre 
of the photograph is a 
blast furnace.
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Test yourself 2.2.2
1. What is the chemical name for rust?

2. What is the name of iron ore?

3. Write two equations for the formation of the reducing agent, carbon monoxide, in   
 the Blast furnace.

4. What is the chemical name for slag?

5. Explain how magnesium can protect iron from rusting by sacrificial protection.

6. Name two barrier methods of preventing rusting.
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2.3 Rates of reaction

This section will look at the rate of chemical reactions and how different factors can 
affect it.

Mathematical content
Students will calculate rate from time and draw and interpret graph in terms of the rate 
of a reaction.

Learning outcomes
• demonstrate knowledge and understanding that the rate of a reaction may be 

determined by measuring the loss of a reactant or gain of a product over time and 
use the equation:

rate =     1

            time

• suggest appropriate practical methods to measure the rate of a reaction and collect 
reliable data (methods limited to measuring a change in mass, gas volume or 
formation of a precipitate against time) for the reaction of:

– metals with dilute acid

– calcium carbonate/marble chips with dilute hydrochloric acid

– catalytic decomposition of hydrogen peroxide

– sodium thiosulfate with acid (equation not required)

• interpret experimental data quantitatively, for example drawing and interpreting 
appropriate graphs to determine the rate of reaction

• describe and explain the effects on rates of reaction when there are changes in:

 – temperature

 – concentration

 – frequency and energy of collisions between particles

 – changes in particle size in terms of surface area to volume ratio

• demonstrate knowledge and understanding that a catalyst is a substance which 
increases the rate of a reaction without being used up and recall that transition 
metals and their compounds are often used as catalysts

• explain catalytic action in terms of providing an alternative reaction pathway of 
lower activation energy

• investigate how changing a variable changes the rate of reaction (Prescribed 
Practical C6)
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Calculating rate of reaction
• Rate of reaction is a measure of the speed of a chemical reaction and can be 

calculated from a time using the expression: 

rate =     1

             
time

 
• The units of rate calculated in this way are s-1.

• The time may be the time for the reaction to finish. The time can be determined by 
timing from the start of the reaction until the point when there is no more fizzing or 
when a solid disappears or when there is no further changes in mass or no further 
change in gas volume.

• The time may also be time from the start until the amount of solid precipitate 
formed obscures an X written on paper below the reaction vessel when viewed from 
above.

The reactions most often studied are:

1. Suitable metal + dilute acid
• The most common examples of this are magnesium and hydrochloric acid and zinc 

and hydrochloric acid.

• The equations for the reactions are:

• Mg  +  2HCl  →  MgCl2  +  H2

• Zn  +  2HCl  →  ZnCl2  +  H2

• These reactions produce hydrogen gas. Bubbles of gas will be observed in the 
solution. A gas syringe may be used to collect and measure the volume of gas 
produced.

• Gas volume is measured in cm3.

• Suitable apparatus to carry out the reaction and measure the volume of gas 
produced is shown below.

00:00reaction mixture

conical flask

delivery tube

stop clock

gas syringe

Apparatus used to measure the volume of gas produced against time.
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• The stop clock is essential as the volume of gas is measured against time.

• A graph of gas volume against time may be drawn as shown below.

• If an excess of the acid is used, the metal is the limiting reactant and is used up and 
the production of gas stops once the metal is used up (more common).

• If the metal is in excess, the acid is the limiting reactant and is used up. The 
production of gas stops once the acid is used up (less common).

• Questions about the graph can be asked such as when is the reaction fastest (which 
is at the start) and at what time does the reaction finish (which is when it levels off 
at 65 s).

Exam tip
Changes in conditions will alter the shape of the graph. This will be considered later.
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2. Calcium carbonate (marble chips) + hydrochloric acid
• Marble is mainly calcium carbonate. Marble chips are small pieces of marble and 

they can vary in size. This allows the effect of the size of the solid particles on the 
rate of reaction to be investigated. 

• The equation for the reaction between calcium carbonate and hydrochloric acid is:

CaCO3  +  2HCl  →  CaCl2  +  CO2  +  H2O

• The reaction produces carbon dioxide gas. Bubbles of gas will be observed in the 
solution. A gas syringe may be used to collect and measure the volume of gas 
produced or the mass of the reaction vessel can be measured throughout as the loss 
in mass is due to carbon dioxide being released. 

Exam tip
The change in mass method of monitoring rate is not suitable for hydrogen as 
hydrogen is the least dense gas so the change in mass is very small.

• Suitable apparatus to carry out the reaction and measure the mass of the reaction 
vessel is shown below.

• The cotton wool plug prevents loss due to spray.

00:00125:50g

reaction mixture

electronic 
balance

conical flask

cotton wool

stop clock
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• A graph of mass against time may be drawn as shown below.

• Questions about the graph may include calculating the total loss in mass 
(101.25 – 100.81 = 0.44 g) or what time the reaction finished (60 s).
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3. Catalytic decomposition of hydrogen peroxide
• Hydrogen peroxide is H2O2 and it decomposes to form water and release oxygen gas 

according to the equation below:

2H2O2(aq)  →  2H2O(l)  +  O2(g)

• The catalyst for the reaction is manganese(IV) oxide which is a black solid.

• Transition metals and their compounds are often used as catalysts.

• A catalyst is a substance which increases the rate of a chemical reaction without 
being used up.

– The collision of reacting particles does not always cause a chemical reaction. A 
collision which causes a reaction is a successful collision.

– Only collisions in which the reacting particles have sufficient energy will be 
successful. The minimum energy for a collision to be successful is the activation 
energy.

– A catalyst increases the rate of reaction by providing an alternative reaction 
pathway of lower activation energy.

• The decomposition of hydrogen peroxide may be followed by measuring gas volume 
or mass against time.

• Note that as hydrogen peroxide is the only reactant here, changes in the 
concentration or volume of the solution used will affect the final gas volume.

Several different types of catalytic converters, which are part of petrol vehicle exhaust systems, use catalysts to speed 
up chemical reactions making exhaust gases which are harmful to the environment less harmful.
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4. Sodium thiosulfate solution + hydrochloric acid
• Sodium thiosulfate solution and hydrochloric acid react together to produce solid 

sulfur as a yellow precipitate in the solution.

• The reaction rate can be monitored by carrying out the reaction on a piece of white 
paper with an X marked on it. As the sulfur is produced, the X becomes obscured by 
the formation of the precipitate when viewed from above. The time for the X to no 
longer be visible can be measured and rate calculated from this time.

Test yourself 2.3.1
1. Write an equation for the decomposition of hydrogen peroxide and name a suitable 

catalyst for this decomposition.

2. State one method which may be used to measure the rate of reaction for the 
reactions below.

 (a) magnesium and hydrochloric acid

 (b) calcium carbonate and hydrochloric acid

 (c) sodium thiosulfate solution and hydrochloric acid

3. Name the apparatus used to measure the change in mass during the reaction of 
marble chips with hydrochloric acid.
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Factors affecting rate
• Several factors can affect the rate of reaction including:

– temperature

– concentration of solutions

– size of solid particles

– presence of a catalyst

• Changing any of these factors will change the rate of a chemical reaction. The table 
below shows how to explain the change.

Exam tip
Decreasing temperature, decreasing concentration and using larger solid particles 
decreases the rate of reaction and may be explain by adapting the explanations.

Change in factor How it affects rate Explaining how it affects rate

Increasing 
temperature Rate increases

– Particles have more kinetic energy so 
they move faster

– There are more successful collisions 
per unit time

Increasing 
concentration Rate increases

– There are more reacting particles per 
unit volume

– There are more successful collisions 
per unit time

Smaller solid 
particles Rate increases

– The smaller particles have a greater 
surface area

– There are more successful collisions 
per unit time

Adding a catalyst Rate increases

– A catalyst provides an alternative 
reaction pathway of lower activation 
energy

– More reacting particles have energy 
equal to or greater than the activation 
energy

– There are more successful collisions 
per unit time
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• The effects of these changes can be reflected in the shape of the graph obtained for 
gas volume against time or mass against time.

• Using the graph of gas volume against time from earlier in this section. This graph is 
obtained when a 0.08 g sample of magnesium is reacted with 25.0 cm3 of 
1.0 mol/dm3 hydrochloric acid at 25 °C. The acid is in excess.

• If the temperature was increased to 40 °C and all other factors were kept the same 
a sketch of the graph obtained may look like the line A shown on the axes on the 
next page. If the reaction was carried out at 10 °C a line similar to line B would be 
obtained.

• Note that the initial and final volumes are the same as the same volume of gas 
would be produced but the slope of the graph is steeper in A as the rate is higher 
at a higher temperature and it is less steep in B as the rate is lower at the lower 
temperature.
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• The same applies to change in concentration – provided the metal is all used up 
the final gas volume will remain the same but the reaction will be faster when the 
concentration is higher.

• For a graph of mass against time, the slope coming down is steeper at higher 
temperature and at higher concentrations and usually the final and initial masses 
are the same.

In Prescribed Practical C6 you will investigate how changing a variable will affect the 
rate of reaction.

BBC Bitesize CCEA GCSE Chemistry Prescribed Practical C6:
https://www.bbc.co.uk/bitesize/guides/znt2rj6/revision/1

A B
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Test yourself 2.3.2
1. State and explain the effect of increasing temperature on the rate of the reaction 

between zinc and hydrochloric acid.

2. The graph below was obtained when 25.0 cm3 of hydrochloric acid reacted with 
0.75 g of large marble chips at 25 °C. The acid is in excess.

 (a) Calculate the loss in mass.

 (b) At what time does the reaction finish?

 (c) Draw a labelled diagram of the assembled apparatus used to carry out this   
   experiment.

 (d) Sketch the curve you would expect to obtain if the experiment was repeated   
   with small marble chips with all other factors being kept the same. Label it   
   curve A.

3. Manganese dioxide is the catalyst used in the decomposition of hydrogen peroxide.

 (a) What is meant by a catalyst?

 (b) Explain how a catalyst increases the rate of a chemical reaction.
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2.4 Equilibrium

This section will look at equilibrium reactions and position of equilibrium and how 
changes to external factors may affect the position of equilibrium.

Mathematical content
Students will understand how the energy change and ratio of gaseous reactants to 
products will influence how external factors will affect the position of equilibrium.

Learning outcomes
• demonstrate knowledge and understanding that many chemical reactions are 

reversible and the direction of a reversible reaction can be changed by altering the 
reaction conditions

• demonstrate knowledge and understanding that dynamic equilibrium occurs in a 
closed system when the rates of forward and reverse reactions are equal and the 
amounts of reactants and products remain constant

• state Le Châtelier’s Principle and use it to predict the qualitative effects 
of changes of temperature, pressure and concentration on the position of 
equilibrium for a closed homogeneous system

• describe the Haber process as a reversible reaction between nitrogen and 
hydrogen to form ammonia, and describe and explain the conditions used and 
the trade-off between the rate of production and the position of equilibrium

Reversible reactions
• A reversible reaction is a reaction in which reactants can change into products and 

products can change back into reactants.

• A reversible reaction is indicated using a reversible arrow (      ) in place of a 
traditional arrow (→). For example: N2  +  3H2        2NH3

• Altering conditions such as temperature, pressure or concentration of a reactant or 
product can change the direction of a reversible reaction.

• The reaction in which reactants change into products is the forward reaction and the 
reaction in which products change back into reactants is called the reverse reaction.

• When a reaction starts only reactants are present. As the forward reaction occurs, 
products form but some of the products change back into reactants again. 

• A dynamic equilibrium is achieved when the rates of the forward and reverse 
reaction are equal and the amounts of reactants and products remains constant.

• Equilibria occur in a closed system. A closed system is one in which only the 
reactants and products are present and no other substances can get in or out.

• The position of equilibrium in a reversible reaction is a measure of how far the 
reaction has proceeded to the right (towards the products) or has remained to the 
left (towards the reactants).
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Le Châtelier’s principle
• Le Châtelier’s principle states that if a change is made to the conditions of a 

system at equilibrium, then the position of equilibrium moves to oppose that 
change in conditions.

• An exothermic reaction gives out heat energy to the surrounding. An endothermic 
reaction takes in heat energy from the surroundings.

• If the forward reaction is exothermic, the reverse reaction is endothermic.

• Sometimes energy changes may be given for a reaction and these are studied in 
section 2.8 later in this unit. A positive energy change means that the forward 
reaction is endothermic; a negative energy change means that the forward reaction 
is exothermic.

• Often the term yield is used to mean the amount of product which is obtained so 
if the position of equilibrium is moved to the right, a higher yield of product is 
obtained. A lower yield of product is obtained if the position of equilibrium moves to 
the left.

• The changes applied may be changes in temperature, pressure or concentration of a 
reactant or product.

• The following changes are given with their effect on the position of equilibrium:

– An increase in temperature will move the position of equilibrium in the direction 
of the endothermic reaction.

– A decrease in temperature will move the position of equilibrium in the direction of 
the exothermic reaction.

– An increase in pressure will move the position of equilibrium in the direction of 
the fewer number of gas moles.

– A decrease in pressure will move the position of equilibrium in the direction of the 
greater number of gas moles.

– An increase in the concentration of a reactant will move the position of 
equilibrium in the forward direction.

– A decrease in the concentration of product will move the position of equilibrium in 
the direction of the forward reaction.

• A catalyst has no effect on the position of equilibrium but it does allow equilibrium 
to be established more quickly as it increases the rates of both the forward and 
reverse reactions equally.
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EXAMPLE:
The Haber process is used for the industrial production of ammonia. The equation for 
the reversible reaction is given below:
N2(g)  +  3H2(g)         2NH3(g)
The energy change for the reaction is -92 kJ. An iron catalyst is used.
(a) Explain how an increase in temperature would affect the yield of ammonia.
(b) Explain how an increase in pressure would affect the yield of ammonia.

ANSWERS:
(a) the yield would decrease as the forward reaction is exothermic (negative energy 

change) so increasing the temperature would move the position of equilibrium to 
the left in the direction of the endothermic reaction.

(b) the yield would increase as there are 4 moles of gas on the left of the equation and 
2 moles of gas on the right of the equation and an increase in pressure would move 
the position of equilibrium to the side with fewer gas moves (to the right).

Le Châtelier’s principle:
https://www.youtube.com/watch?v=IYyoncESnmQ

The sealed gas syringe contains an equilibrium mixture of NO2 (a brown gas) and N2O4 (a colourless gas). The reversible 
reaction is 2NO2(g)      N2O4(g). Pushing in the plunger increases the pressure and moves the position of equilibrium to 
the right (2:1 ratio of gas molecules). The brown colour fades as there are fewer NO2 molecules.
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Compromise conditions
• The actual conditions used in industry for the Haber process are 200 atm pressure 

and 450 °C.

• Such a high temperature does lower the yield of ammonia but it also increases the 
rate of the reaction. It is called a compromise temperature as it is a compromise 
between a relatively good yield and a good rate of reaction.

• A higher pressure would give an even higher yield of ammonia but pressure is 
expensive to apply and there is a risk of explosion with high pressures.

Exam Tip
Compromise conditions are important in industry to maximise yield and rate of 
production whilst minimising cost of production. Always explain the compromise 
between yield of product and rate of production.
 

Test yourself 2.4.1
1. Write an equation for the reversible reaction of hydrogen gas with gaseous iodine 

forming gaseous hydrogen iodide, HI. Include state symbols.

2. For the reversible reaction below:

 CH4(g)  +  H2O(g)       CO(g)  +  3H2(g) 

 The forward reaction is endothermic.

 (a) The reaction is in dynamic equilibrium. What is meant by dynamic    
   equilibrium?

  (b) How would an increase in temperature affect the yield of hydrogen?

 (c) How would an increase in pressure affect the yield of hydrogen?

3. In the production of sulfur trioxide from sulfur dioxide, the following equilibrium 
occurs:

  2SO2(g)  +  O2(g)       2SO3(g)

 The energy change for the forward reaction is – 192 kJ and a vanadium(V) oxide 
catalyst is used. The reaction is carried out at 450 °C and 2 atm pressure.

 (a) Explain how the position of equilibrium would change if the temperature was   
   increased.

 (b) Explain how the position of equilibrium would change if the pressure was   
   increased.

 (c) Explain why 450 °C is described as a compromise temperature.

 (d) Suggest why a relatively high pressure is used but not a very high pressure.
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2.5 Organic chemistry

This section will cover the name, structure and state at room temperature of the first 
four members of four different homologous series of organic chemicals: alkanes, 
alkenes, alcohols and carboxylic acids along with some of their uses and chemical 
reactions.

Mathematical content
Students will write equations for the reactions of organic chemicals including 
structural equations for polymerisation.

Learning outcomes
• demonstrate knowledge and understanding that carbon can form four covalent 

bonds and there is a large number of carbon compounds, the study of which is 
simplified by grouping the compounds into homologous series

• define a homologous series as a family of organic molecules that have the same 
general formula, show similar chemical properties, show a gradation in their 
physical properties and differ by a CH2 group

• recall that a hydrocarbon is a compound/molecule consisting of hydrogen and 
carbon only

• recall the general formula of the alkanes and the molecular formula, structural 
formula and state at room temperature and pressure of methane, ethane, propane 
and butane

• recall that crude oil is a finite resource and is the main source of hydrocarbons and a 
feedstock for the petrochemical industry

• describe and explain the separation of crude oil by fractional distillation

• describe the fractions as largely a mixture of compounds of formula CnH2n+2, which 
are members of the alkane homologous series, and recall the names and uses of the 
following fractions:

– refinery gases used for bottled gases

– petrol used as a fuel for cars

– naphtha used to manufacture chemicals and plastics

– kerosene as a fuel for aircraft

– diesel as a fuel for cars and trains

– fuel oils used as fuel for ships

– bitumen used to surface roads and roofs

• explain that cracking involves the breakdown of larger saturated hydrocarbons 
(alkanes) into smaller more useful ones, some of which are unsaturated (alkenes)



Organic chemistry

CHEMISTRY

pg 37

• describe the complete combustion of alkanes to produce carbon dioxide and water, 
including observations and tests to identify the products

• describe the incomplete combustion of alkanes to produce carbon monoxide and 
water and sometimes carbon (soot – equations for the production of soot are not 
required)

• demonstrate knowledge and understanding that carbon monoxide is a toxic gas that 
combines with haemoglobin in the blood, reducing its capacity to carry oxygen

• recall the general formula of the alkenes and the molecular formula, structural 
formula and state at room temperature and pressure of ethene, propene, but-1-ene 
and but-2-ene

• describe the complete and incomplete combustion of alkenes

• demonstrate knowledge and understanding that a functional group is a reactive 
group in a molecule, recognise the functional groups of alkenes, alcohols and 
carboxylic acids, and recognise that alkanes do not have a functional group and so 
are less reactive

• recall and describe the addition reaction across a C=C double covalent bond, 
including the reaction of ethene with bromine, hydrogen and steam (name of the 
bromo product is not required)

• determine the presence of a C=C using bromine water

• describe how monomers, for example ethene or chloroethene (vinyl chloride), can 
join together to form very long chain molecules called polymers and recall that the 
process is known as addition polymerisation 

• write equations for the polymerisation of ethene and chloroethene

• deduce the structure of an addition polymer from a simple alkene monomer 
and vice versa

• demonstrate knowledge and understanding that addition polymers are non-
biodegradable and evaluate the advantages and disadvantages of their disposal by 
landfill and incineration

• recall the general formula of the alcohols and the molecular formula, structural 
formula and state at room temperature and pressure of methanol, ethanol, propan-
1-ol and propan-2-ol

• describe the complete and incomplete combustion of alcohols

• describe the preparation of ethanol from sugars by fermentation (equation for 
fermentation of sugars is not required), including the conditions required

• recall the oxidation of alcohols when exposed to air and by the reaction with 
acidified potassium dichromate solution (equations are not required) and 
demonstrate understanding that methanol, ethanol and propan-1-ol are 
oxidised to the corresponding carboxylic acid (students should know that 
propan-2-ol can be oxidised but do not need to know the name or structure of 
the product)
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• recall the molecular formula, structural formula, state at room temperature 
and pressure of the carboxylic acids: methanoic acid, ethanoic acid, propanoic 
acid and butanoic acid

• demonstrate knowledge that carboxylic acids are weak acids as they are only 
partially ionised in solution

• investigate experimentally the reactions of carboxylic acids with carbonates, 
hydroxides and metals, test any gases produced and write balanced symbol 
equations for these reactions

• demonstrate knowledge that the combustion of fuels is a major source of 
atmospheric pollution due to:

– combustion of hydrocarbons producing carbon dioxide, which leads to the 
greenhouse effect causing sea level rises, flooding and climate change

– incomplete combustion producing carbon monoxide (toxic) and soot (carbon 
particles), which cause lung damage

– presence of sulfur impurities in fuels, which leads to acid rain damaging 
buildings, destroying vegetation and killing fish

• identify alkanes, alkenes, alcohols and carboxylic acids using chemical tests (other 
practical activity)

• investigate the reactions of carboxylic acids (Prescribed Practical C7)
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Basics of organic chemistry
• Carbon atoms are able to form 4 covalent bonds and they can form chains of atoms 

so there are many compounds containing carbon which are divided into different 
families known as homologous series.

• A homologous series is a family of organic compounds which have the same 
general formula, show similar chemical properties, show a gradation in their 
physical properties and differ by a CH2 group.

Exam Tip
The definition of homologous series is common in exam papers and there are four 
points to it: same general formula, similar chemical properties, gradation in physical 
properties and differ by a CH2 group.

• Many organic chemicals are hydrocarbons. 

• A hydrocarbon is a compound/molecule which consists of carbon and hydrogen 
only.

• Most organic compounds will undergo combustion reactions.

• A combustion reaction is one in which a fuel reacts with oxygen forming oxides and 
releasing heat.

• Complete combustion is when an organic compound reacts with a plentiful supply of 
oxygen forming carbon dioxide and water.

• The test for carbon dioxide is using limewater which will change from colourless to 
milky if carbon dioxide is bubbled through it.

• The test for water is using anhydrous copper(II) sulfate which will change from white 
to blue when water is added to it.

• Incomplete combustion is when an organic compound reacts with a limited supply 
of oxygen forming water and carbon monoxide (CO) and carbon (soot).

• Carbon monoxide is toxic as it combines with haemoglobin in blood and reduces the 
body’s capacity to carry oxygen.
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• Some typical equations for combustion reaction of organic compounds are given 
below.

– Complete combustion of methane (CH4)

    CH4  +  2O2  →  CO2  +  2H2O

– Complete combustion of ethanol (C2H5OH)

    C2H5OH  +  3O2  →  2CO2  +  3H2O

– Incomplete combustion of propene (C3H6) forming carbon monoxide and water

    C3H6  +  3O2  →  3CO  +  3H2O

– Incomplete combustion of ethane (C2H6) forming carbon monoxide and water

    C2H6  +  2½O2  →  2CO  +  3H2O

Exam Tip
Practice writing these equations and use fractions in front of the oxygen if it is easier. 
Equations for the production of carbon (soot) are not required.

• The higher the percentage by mass of carbon in a fuel the more orange and sooty 
the flame will be. The lower the percentage by mass of carbon, the more blue the 
flame will be. Ethanol burns with a clean blue flame.
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2.5 Factfile

Replaces diagram on page 4 for both GCSE Chemistry and DA Chemistry

2.5 GCSE and DA Factfile page 8 replacement top image for PVC

Crude oil
• Crude oil is a finite resource which means it will eventually run out. It is the main 

source of hydrocarbons and a feedstock for the petrochemical industry.

• Crude oil is a mixture of hydrocarbons and as a mixture it is not very useful but 
crude oil is separated into useful simpler mixtures of hydrocarbons by fractional 
distillation. These simpler mixtures are known as fractions.

• The diagram below shows how crude oil is separated into fractions and the uses of 
the fractions obtained.

• Crude oil is heated and enters the fractionating column as a gas. As it moves up the 
fractionating column components of the mixture condense when they reach the 
temperature of their boiling point and can be removed from the tower. 

• The simpler mixtures removed from the column are called fractions. Going down 
the column the size of the molecules increases and their boiling point increases as 
well. The heavier fractions near the bottom of the column have fewer uses than the 
fractions near the top.

• A process known as cracking is used to breakdown larger/longer (less useful) 
saturated hydrocarbon molecules (alkanes) into smaller/shorter more useful ones, 
some of which are unsaturated (alkenes).
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• Cracking is carried out using heat or a catalyst and the hydrocarbon breaks down. A 
typical equation would be:

 C10H22    → C4H8   + C6H14
 alkane              alkene               alkane

Exam Tip
Cracking equations have only one reactant. A common mistake is to try and include 
oxygen as a reactant.

Fractional distillation of crude oil:
https://www.youtube.com/watch?v=KCs1F_44dy4

A sample of crude 
oil. A black liquid 
which is of no use 
until separated 
into fractions 
by fractional 
distillation.
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Test yourself 2.5.1
1. What is meant by the following terms?

(a) homologous series (b) hydrocarbon (c) combustion

2. What chemical is used to test for the following?

(a) carbon dioxide  (b) water

3. What process is used to separate crude oil into simpler mixtures?

4. Write equations for the following combustion reactions.

(a) Complete combustion of butane, C4H10.

(b) Incomplete combustion of methanol (CH3OH) forming carbon monoxide and   
 water.

5. What process is used to break down larger hydrocarbons into smaller ones?

6. Complete the table below based on the fractions obtained from crude oil.

Fraction Use

Bottled gases

Kerosene

Petrol

Surface on roads and roofs

Manufacture of chemicals and plastics



Organic chemistry

CHEMISTRY

pg 44

Alkanes
• The general formula for the alkanes is CnH2n+2.

• The first four members of the alkane homologous series are gases at room 
temperature.

• They are given in the table below with their molecular formulae and structural 
formulae.

• The main reaction of alkanes is combustion as detailed in the first part of this unit.

• A functional group is a reactive group in a molecule.

• Alkanes do not have a functional group and so are relatively unreactive.

• Alkanes are described as saturated as they contain no C=C bonds.

Exam Tip
The only reaction of alkanes which you need to know is combustion and this is the 
main use of alkanes as fuels.

Name Molecular formula Structural formula

Methane CH4

Ethane C2H6

Propane C3H8

Butane C4H10
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Propane gas canisters. Propane and butane are part of the 
refinery gases fraction and are used as fuels for heating 
and cooking. They are often stored as bottled gas.
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Alkenes
• The general formula for the alkanes is CnH2n.

• The first four members of the alkene homologous series are gases at room 
temperature.

• They are given in the table below with their molecular formulae and structural 
formulae.

• Alkenes contain the C=C functional group.

• Alkenes are described as unsaturated as they contain at least one C=C.

• The C=C functional group makes alkenes more reactive than alkanes. They undergo 
combustion reactions like alkanes but they also undergo addition reactions.

• An addition reaction is one in which atoms or groups are added across a double 
covalent bond.

Name Molecular formula Structural formula

Ethene C2H4

Propene C3H6

But-1-ene C4H8

But-2-ene C4H8
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Reactions of alkenes
1. With hydrogen

 An alkene will react with hydrogen forming an alkane.

 The equation for a typical reaction would be:

 C2H4  +  H2 →      C2H6

    ethene         ethane

Note this is an addition reaction as one of the bonds between the carbon atoms is 
broken and one of the hydrogen atoms from H2 bonds to the carbon atom at either side 
of the C=C.

2. With steam

 An alkene will react with steam forming an alcohol. Alcohols contain the OH   
 (hydroxyl) functional group.

 An equation for the reaction of ethene with steam is:

 C2H4  +  H2O →     C2H5OH

    ethene          ethanol

3. With bromine water

 Bromine water is orange and it becomes colourless when it reacts with an alkene. 

 With alkanes (and alcohols and carboxylic acids) the bromine water remains orange.

 This is used as a test for an alkene.
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4. Polymerisation

 Alkenes undergo addition polymerisation.

 Polymerisation is the process of creating a long chain molecule from small  
 molecules.

 The small molecules (the alkenes) are the monomers and the long chain molecule  
 is the polymer.

 Polymerisation occurs with many alkenes but the equations for the addition  
 polymerisation of ethene and chloroethene are given below.

                           ethene                      polythene

                   chloroethene               polyvinyl chloride

                  (vinyl chloride)              (PVC)

The n represents a large number and should appear on both sides of the equation as 
shown.

Exam Tip
When writing these polymerisation equations, make sure that the bonds coming out 
the sides of the polymer unit in the brackets go out through the brackets.
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• Addition polymers are non-biodegradable and can be disposed of by incineration or 
landfill. 

• Incineration requires transport to the site where they are incinerated as well as 
producing an ash product (which requires disposal) and toxic gases. 

• However incineration does prevent waste of land for landfill and prevent the polymer 
being in the environment for a long time. The heat energy generated by burning the 
polymer can be used to generate electricity.

• Landfill does waste land and polluting gases are released as the polymers 
decompose slowly.

• However, landfill is often more local and the land can also be reused once the landfill 
site is full.

 

Alcohols
• The general formula of the alcohols is CnH2n+1OH.

• The first four members of the alcohol homologous series are liquids at room 
temperature.

• They are given in the table below with their molecular formulae and their structural 
formulae.

Name Molecular formula Structural formula 

Methanol CH3OH

Ethanol C2H5OH

Propan-1-ol C3H7OH

Propan-2-ol C3H7OH
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• Alcohols contain the OH (hydroxyl) functional group.

• Ethanol may be prepared by fermentation of sugars. A source of sugars in solution 
is mixed with yeast under warm and anaerobic (without oxygen) conditions and 
ethanol and carbon dioxide are produced.

• All the alcohols shown in the table above can be oxidised using acidified potassium 
dichromate solution. Methanol, ethanol and propan-1-ol oxidise to form methanoic 
acid, ethanoic acid and propanoic acid respectively. Propan-2-ol is oxidised but you 
do not need to know the product of this reaction. Carboxylic acids will be studied in 
the next part of this unit.

• When an alcohol is warmed with acidified potassium dichromate solution in a water 
bath, the orange potassium dichromate solution changes to green.

• This reaction is used as a test for alcohols.

Exam Tip
The formula of potassium dichromate is K2Cr2O7. The dichromate ion, Cr2O7, is given on 
the back of the Data Leaflet. 

The reaction of ethanol with acidified potassium dichromate. The initial solution on 
the left is orange and changes to green (on the right) when warmed in a water bath.

2-
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Test yourself 2.5.2
1. Name the following compounds from their molecular formulae.

 (a) CH4 (b) C3H6  (c) C2H5OH (d) C4H10

2. State the homologous series to which the compounds in Q1 belong.

3. What is observed when ethane and ethene react separately with bromine water?

4. Write a structural equation for the formation of polythene from ethene.

5. Draw the structural formulae of the following organic compounds.

 (a)  propane      (b)  propan-1-ol      (c)  propan-2-ol      (d)  but-2-ene

6. Name the organic product in the following reactions.

 (a) ethanol and acidified potassium dichromate solution

 (b) but-1-ene and hydrogen

 (c) ethene and steam

7. State the type of reaction occurring in each reaction in Q6.
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Carboxylic acids
• The first four members of the carboxylic acid homologous series are liquids at room 

temperature.

• They are given in the table below with their molecular formulae and their structural 
formulae.

Name Molecular formula Structural formula

Methanoic acid HCOOH

Ethanoic acid CH3COOH

Propanoic acid C2H5COOH

Butanoic acid C3H7COOH H      C      C      C      C      

H      C      C      C      

H      C      C     

H      C
O

OH

O

OH

O

OH

O

OH

H

H

H

HH

H

H

H

HH

H

H
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• Alcohols contain the COOH (carboxyl) functional group.

• Carboxylic acids are weak acid as they are only partially ionised in water.

• They react with carbonate, hydroxide and metal forming salts in the same way as 
strong acids do.

• The salts formed are shown below and the ions for these salts are given on the back 
of the Data Leaflet:

• Methanoic acid forms methanoate salts; the methanoate ion is HCOO-.

• Ethanoic acid forms ethanoate salts; the ethanoate ion is CH3COO-.

• Propanoic acid forms propanoate salts; the propanoate ion is C2H5COO-.

• Butanoic acid forms butanoate salts; the butanoate ion is C3H7COO-.

Exam Tip
When writing the formula of the salt it is usual to write the organic part first 
so potassium methanoate would be HCOOK; magnesium butanoate would be 
(C3H7COO)2Mg.

• The reactions of the metal with the acids releases heat, bubbles of gas form, the 
metal disappears and the solution formed is colourless.

• In the reactions of metal carbonates with acids bubbles of gas form and the metal 
carbonate disappears. The solution formed will be colourless for the reaction with 
ammonium carbonate and any Group 1, 2 carbonate and zinc carbonate. Copper(II) 
carbonate reacts to form a blue solution.

• The reaction of a metal hydroxide in solution with a carboxylic acid will release heat. 
There are no other observations as both solutions are colourless to be begin with and 
the final solution is colourless.

BBC Bitesize CCEA GCSE Chemistry Prescribed Practical C7:
https://www.bbc.co.uk/bitesize/guides/zj62rj6/revision/1
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EXAMPLES:
1. Name the salt formed when the following reactions occur:

 (a) magnesium and propanoic acid

 (b) copper(II) carbonate and ethanoic acid

 (c) sodium hydroxide and butanoic acid

 (d) zinc and methanoic acid

2. Write balanced symbol equations for the reactions in Q1.

3. What is observed in 1(a) and 1(b)?

ANSWERS:
 (a) magnesium propanoate

 (b) copper(II) ethanoate

 (c) sodium butanoate

 (d) zinc methanoate

2. (a) Mg  +  2C2H5COOH  →  (C2H5COO)2Mg  +  H2

 (b) CuCO3  +  2CH3COOH  →  (CH3COO)2Cu  +  CO2  +  H2O

 (c) NaOH  +  C3H7COOH  →  C3H7COONa  +  H2O

 (d) Zn  +  2HCOOH  →  (HCOO)2Zn  +  H2

3. (a) bubbles of gas

   heat is released

   grey solid/magnesium disappears

   change colourless to blue solution formed

 (b) bubbles of gas

   green solid/copper(II) carbonate disappears

   blue solution formed
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Tests for organic compounds
The following tests may be used to identify the homologous series to which an organic 
compound belongs:
1. Bromine water: 

 Alkenes react with bromine water changing it from orange to colourless.

2. Acidified potassium dichromate solution:

 Alcohols react with acidified potassium dichromate solution (when warmed in a   
 water bath) and change the colour from orange to green.

3. Magnesium ribbon/metal carbonate:

 Carboxylic acids react with magnesium producing bubbles of gas. The gas released   
 is hydrogen which may be tested for using a lit splint, giving a pop sound.

 Carboxylic acids react with metal carbonates producing bubbles of gas. The gas   
 released is carbon dioxide which may be tested for using limewater which changes   
 from colourless to milky.

Pollution
• Combustion of fossil fuels is a major source of atmospheric pollution.

• Combustion of hydrocarbon fuels releases carbon dioxide gas into the atmosphere 
which leads to the greenhouse effect which causes problems such as sea levels 
rising, climate change and flooding of low-lying areas.

• Carbon monoxide can also be produced when incomplete combustion occurs and 
carbon monoxide is a toxic gas. Soot (carbon) can also be produced which cause lung 
damage.

• Combustion of fuels containing sulfur leads to the production of sulfur dioxide which 
is an acidic gas. Sulfur dioxide dissolves in rainwater causing acid rain. Acid rain 
destroys vegetation, damages buildings and kills fish in lakes and rivers.

Damage to fir trees in the Czech 
Republic caused by acid rain. The 
acid rain has defoliated the trees 
(removed the leaves).
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Test yourself 2.5.3
1. Name the functional group present in carboxylic acids.

2. Name the carboxylic acid containing 3 carbon atoms.

3. What is observed when solid sodium carbonate reacts with ethanoic acid?

4. Write a balanced symbol equation for the reaction in Q3 and name the salt formed.

5. Describe how you would distinguish between a carboxylic acid and an alcohol.

6. State three effects of acid rain.

7. Draw the structural formula for butanoic acid.
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2.6 Quantitative chemistry

This section will cover the method of carrying out a titration and the associated 
calculations. Gas calculations and atom economy calculations are also studied.

Mathematical content
Students will work with titration data and carry out calculations using volumes 
of solution and concentrations as well as using titrations to determine degree of 
hydration and identify unknown compounds. Gas calculations involving Avogadro’s 
Law and volumes and moles are studied. Atom economies are also calculated.

Learning outcomes
• calculate the concentration of a solution in mol/dm3 given the mass of solute 

and volume of solution

• calculate the number of moles or mass of solute in a given volume of solution 
of known concentration

• demonstrate knowledge and understanding that the volumes of acid and alkali 
solutions that react together can be measured by titration using phenolphthalein or 
methyl orange

• carry out acid–base titrations using an indicator and record results to one decimal 
place, repeating for reliability and calculating the average titre from accurate 
titrations (details of the practical procedure and apparatus preparation are required)

• collect data from primary and secondary sources for acid–base titration and 
use this data to calculate the concentrations of solutions in mol/dm3 and 
g/dm3

• calculate concentrations of solutions and solution volumes in an acid–base 
titration, identify unknown compounds and determine the degree of hydration

• recall that the volume of one mole of any gas at room temperature and 
pressure (20 °C and 1 atmosphere pressure) is 24 dm3

• recall and use Avogadro’s Law as equal volumes of gases at the same 
temperature and pressure contain the same number of particles/molecules

• calculate the volumes of gaseous reactants and products from the balanced 
equation for a reaction

• calculate the atom economy of a reaction to form a desired product from the 
balanced equation:

    atom economy =  
mass of desired product  

 ×  100                                                  total mass of products

• demonstrate knowledge and understanding that a high atom economy is 
important for sustainable development and economic reasons

• determine the reacting volumes of solutions of acid and alkali by titration and 
determine the concentration of solutions of acid and alkali by titration 
(Prescribed Practical C8)
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Solution volume and concentration
• Solution volume is measured in cm3. 1 cm3 = 1 millilitre (ml).

• Concentration is usually measured in mol/dm3 (moles per dm3).

• 1 dm3 = 1 litre = 1000 cm3.

• The concentration of a solution, the solution volume and the number of moles of 
solute dissolved in the solution are linked by the expression below:

 moles = 
solution volume (cm3) × concentration (mol/dm3)

 
                                                                

1000

• A solution may be prepared by dissolving a mass of solute in a volume of water 
(= solution volume) and the concentration can be determined using:

 concentration (mol/dm3) =           
moles × 1000

                                                                  
solution volume (cm3) 

• Also, the solution volume of a solution of known concentration can be calculated 
using:

 solution volume (cm3) =        
 moles × 1000

                                                           
 concentration (mol/dm3)

• These three expressions are used to carry out calculations involving solutions.

EXAMPLE:
Calculate the concentration, in mol/dm3, of the solution containing 24 g of 
copper(II) sulfate, CuSO4, in 200 cm3 of the solution.

ANSWER:
moles of CuSO4 =   

24  
 = 0.15

                                 
160

concentration (mol/dm3) =       
moles × 1000

          = 
0.15 × 1000

 = 0.75 mol/dm3

                                                  
solution volume (cm3)            200
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Titrations
Exam Tip
The process of carrying out a titration involves the practical techniques required for 
Prescribed Practical C8.

A titration is a method of reacting two solutions together to determine the number of 
moles of solute in one of the solutions.

The apparatus used in a titration is shown below with the steps.

conical flask

burette

pipette 
filler

pipette

indicator

A B C D
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• A pipette is used to transfer an accurate volume of a solution into a conical flask. 
The most common pipettes are 25.0 cm3 pipettes. The method of using a pipette is:

– The pipette is rinsed with deionised water and also with the solution which is 
being measured.

– The solution to be transferred to the conical flask is drawn up into the pipette 
using the pipette filler until the bottom of the meniscus is on the line.

– The solution is released into the conical flask and the tip of the pipette is touched 
onto the surface of the solution.

• A few drops of indicator are added to the conical flask. The most common indicators 
used in acid-base titrations are phenolphthalein and methyl orange.

• A burette is used to add the other solution to the conical flask. Burettes have a 
volume of 50 cm3 and the method of preparing a burette for use is:

– Rinse the burette with deionised water and with the solution with which it will be 
filled ensuring that the solution goes through the jet.

– Add the solution to the burette and ensure that the jet is filled and that there are 
no air bubbles.

– The initial reading on the burette should be taken at eye level at the bottom of the 
meniscus.

• The titration is the process of adding the solution from the burette to the conical 
flask until the indicator changes colour. One drop of the solution from the burette 
will change the colour of the indicator.

• Phenolphthalein is colourless in acidic solution and pink in alkaline solution so the 
colour change observed is colourless to pink (if alkali added from the burette) or pink 
to colourless (if acid added from the burette).

• Methyl orange is red in acidic solution and yellow in alkaline solution so the colour 
change observed is red to yellow (if alkali added from the burette) or yellow to red (if 
acid added from the burette).

Exam Tip
The markings of volume on the burette are 0 at the top and 50 at the bottom so as a 
solution is used in the titration the numbers on the burette increase.

• A rough titration is usually carried out first to determine the approximate volume 
required for the indicator to change colour. This allows the subsequent accurate 
titrations to be carried out more quickly. Three conical flasks are prepared to allow 
for one rough titration and two accurate titrations.

• The addition of the solution from the burette near the end point (point where the 
indicator changes colour) should be dropwise and the conical flask should be swirled 
to mix the reactants as the solution is being added. The same number of drops of 
indicator should be added to each of the conical flasks.

• A typical table of results would look like the one below.
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Initial burette 
reading / cm3

Final burette 
reading / cm3 Titre / cm3

Rough titration 0.0 22.0 22.0

First accurate 
titration 0.4 21.6 21.2

Second accurate 
titration 21.2 42.2 21.0

• The titre is the volume delivered from the burette and is calculated by subtracting 
the initial burette reading from the final one.

• Values are recorded to 1 decimal place. The two accurate titres should be within 
0.2 cm3 of each other for accuracy. The rough titre should be greater than the two 
accurate ones.

Exam Tip
The burette does not need to be filled up to the 0 mark every time as this would be 
wasteful. As the titre for the second one was 21.2 cm3 there would be enough solution 
in the burette to carry out the second titration as the lowest mark on the burette is 
50 cm3.

• The average titre is the average of the two accurate titrations and in this case that 
would be 21.1 cm3.

A titration being carried out. The chemist is 
swirling the flask as they add the solution 
from the burette.
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Test yourself 2.6.1

1. Calculate the concentration of a solution of sodium hydroxide which contains 4 g in 
200 cm3.

2. Calculate the mass of magnesium chloride, MgCl2, required to dissolve in 100 cm3 to 
form a solution of concentration 0.25 mol/dm3.

3. Describe how you would prepare and use a pipette to transfer 25.0 cm3 of 
hydrochloric acid into a conical flask.

4. State the colour change observed when sodium hydroxide solution is added from 
a burette to a conical flask containing hydrochloric acid and phenolphthalein 
indicator.

5. State three ways in which accuracy is ensured when determining the end point of a 
titration.

BBC Bitesize CCEA GCSE Chemistry Prescribed Practical C8:

https://www.bbc.co.uk/bitesize/guides/z7j8f4j/revision/1
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Calculations
• The calculations using data obtained from a titration are divided into several types:

– calculating concentrations of solutions;

– calculating solution volumes;

– identifying unknown compounds;

– determining degree of hydration in hydrated salts.

• Some worked examples of each of these are shown below:

Calculating concentrations of solutions
25.0 cm3 of sodium hydroxide solution were placed in a conical flask. Several drops of 
phenolphthalein were added and the solution titrated against 0.125 mol/dm3

hydrochloric acid. 22.5 cm3 of the acid were required. The equation for the reaction is:

 NaOH(aq)  +  HCl(aq)  →  NaCl(aq)  +  H2O(l)

(a) State the colour change of the indicator at the end point.

(b) Calculate the concentration of the sodium hydroxide solution.

ANSWERS:
(a) pink to colourless

(b) moles of HCl = 
solution volume (cm3) × concentration (mol/dm3)

 = 
22.5 × 0.125

 = 2.8125 × 10-3
                                                                          1000                                                     1000

moles of NaOH in 25.0 cm3 = 2.8125 × 10-3 (1:1 ratio in equation)

concentration of NaOH =           
moles × 1000

             = 
2.8125 × 10-3 × 1000

  = 0.1125 mol/dm3

                                                 solution volume (cm3)                         25.0

Exam Tip
If the answer was asked to be given to a specific number of decimal places, e.g.  
3 decimal places the answer should be 0.113 mol/dm3.
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Calculating solution volumes
Calculate the volume of 0.1 mol/dm3 sulfuric acid required to react with 25.0 cm3

of 0.14 mol/dm3 potassium hydroxide solution. The equation for the reaction is:
  2KOH  +  H2SO4  →  K2SO4  +  2H2O

ANSWER:
moles of KOH = 

solution volume (cm3) × concentration (mol/dm3)
 = 

25.0 × 0.14
 = 3.5 × 10-3

                                                                  
1000                                                      1000

moles of H2SO4 = 
3.5 × 10-3

 = 1.75 × 10-3 (2:1 ratio of KOH:H2SO4 in equation)
                                        

2

solution volume =              
moles × 1000             

 =
 1.75 × 10-3 × 1000 

= 17.5 cm3

                                   
concentration (mol/dm3)   

                        
0.1

Identifying an unknown compound
A sample of 3.36 g of an unknown metal hydroxide, MOH, was dissolved in 250 cm3 
of deionised water. 25.0 cm3 of this solution reacted with 15.0 cm3 of 0.4 mol/dm3 
hydrochloric acid. The equation for the reaction may be represented as:
  MOH  +  HCl  →  MCl  +  H2O
(a) Calculate the number of moles of HCl added.

(b) Calculate the number of moles of MOH in 25.0 cm3.

(c)  Calculate the number of moles of MOH in 250 cm3.

(d) Using the initial mass added and the answer to (c) calculate the relative formula mass  
  (Mr) of MOH.

(e)  Calculate the relative atomic mass (Ar) of M and use it to identify M.

ANSWERS:
(a) moles of HCl = 

15.0 × 0.4
 = 6 × 10-3

                                        1000

(b) moles of MOH in 25.0 cm3 = 6 ×10-3 (1:1 ratio in equation)

(c)  moles of MOH in 250 cm3 = 0.06 (this is ×10 answer from (b))

(d) Mr = of MOH =  
mass

  =  
3.36

  = 56
                                  moles      0.06

(e)  Ar = of M = 56 – 17 = 39 (Note that OH = 16 + 1 = 17)

(f)  M is potassium (or K)   

Exam Tip
Check the Periodic Table in the Data Leaflet and you will see that potassium has a relative 
atomic mass of 39. Don’t confuse it with yttrium which has atomic number 39.
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Determining degree of hydration
5.8 g of a sample of hydrated sodium carbonate, Na2CO3.xH2O, were dissolved in 
deionised water and the solution volume made up to 250 cm3 in a volumetric flask.
25.0 cm3 of this solution were titrated against 0.25 mol/dm3 hydrochloric acid using 
methyl orange indicator. The results of the titration are shown below.

The equation for the reaction is:
 Na2CO3  +  2HCl  →  2NaCl  +  CO2  +  H2O
(a) Calculate the average titre.

(b) Calculate the number of moles of hydrochloric acid used.

(c)  Calculate the number of moles of Na2CO3 in 25.0 cm3.

(d) Calculate the number of moles of Na2CO3 in 250 cm3.

(e)  Using the initial mass and the answer to (d), calculate the relative formula mass   
  (Mr) of Na2CO3.xH2O.

(f)  Calculate the value of x in Na2CO3.xH2O.

ANSWER:
(a) 20.0 cm3

(b) moles of HCl =  
20.0 × 0.25

  = 5 × 10-3

                                          1000

(c)  moles of Na2CO3 in 25.0 cm3 =  
5 × 10-3

  = 2.5 × 10-3

                                                                      2

(d) moles of Na2CO2 in 250 cm3 = 0.025

(e)  Mr = of Na2CO3.xH2O =  
mass

  =  
5.8

  = 232
                                                 moles   0.025

(f)  Mr = of Na2CO3 = 106 so Mr of xH2O = 232 – 106 = 126

  

  Mr = of H2O = 18 so x =  
126

  = 7
                                                   18

Initial burette 
reading / cm3

Final burette 
reading / cm3 Titre / cm3

Rough titration 0.0 20.8 20.8

First accurate 
titration 1.5 21.6 20.1

Second accurate 
titration 21.6 41.5 19.9
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Test yourself 2.6.2
1. Calculate the volume of 0.25 mol/dm3 sodium hydroxide solution required to react 

with 25.0 cm3 of 0.1 mol/dm3 hydrochloric acid. The equation for the reaction is:

 NaOH  +  HCl  →  NaCl  +  H2O

2. 25.0 cm3 of potassium hydroxide solution reacts with 17.2 cm3 of 0.018 mol/dm3 
sulfuric acid. Calculate the concentration in mol/dm3 of the potassium hydroxide 
solution. Give your answer to 3 decimal places. The equation for the reaction is:

 2KOH  +  H2SO4  →  K2SO4  +  2H2O

3. A sample of 1.48 g of an unknown metal carbonate, X2CO3 was dissolved in 250 cm3 
of deionised water. 25.0 cm3 of this solution were titrated against 0.32 mol/dm3 
hydrochloric acid and the titration results are shown below.

  The equation for the reaction may be represented as:

  X2CO3  +  2HCl  →  2XCl  +  CO2  +  H2O

(a) Complete the table and calculate the average titre.

(b) Calculate the number of moles of hydrochloric acid added.

(c) Calculate the number of moles of X2CO3 in 25.0 cm3.

(d) Calculate the number of moles of X2CO2 in 250 cm3.

(e) Using the initial mass and the answer to (d), calculate the relative formula   
 mass (Mr) of X2CO3.

(f)  Calculate the relative atomic mass (Ar) of X and identify X.

Initial burette 
reading / cm3

Final burette 
reading / cm3 Titre / cm3

Rough titration 1.5 15.1 13.6

First accurate 
titration 15.1 27.5

Second accurate 
titration 27.5 40.1



Quantitative chemistry

CHEMISTRY

pg 67

4.  3.78 g of hydrated barium hydroxide, Ba(OH)2.xH2O, were dissolved in 100 cm3 of   
 deionised water. 25.0 cm3 of this solution were titrated against 0.25 mol/dm3   
 nitric acid. The average titre was 24.0 cm3.

  The equation for the reaction occurring is:

  Ba(OH)2  +  2HNO3  →  Ba(NO3)2  +  2H2O

(a) Calculate the number of moles of nitric acid used.

(b) Calculate the number of moles of Ba(OH)2 in 25.0 cm3.

(c) Calculate the number of moles of Ba(OH)2 in 100 cm3.

(d) Using the initial mass and the answer to (c), calculate the relative formula   
 mass (Mr) of Ba(OH)2.xH2O.

(e) Calculate the value of x in Ba(OH)2.xH2O.
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Gas calculations
• 1 mole of any gas at room temperature and pressure has a volume of 24 dm3.

• 24 dm3 is the same as 24000 cm3.

• The expressions below link number of moles and gas volume for gases at room 
temperature. If the volume of the gas is in dm3 then use 24 rather than 24000.

    
     moles = 

gas volume (cm3)
    gas volume (cm3) = moles × 24000                             24000

EXAMPLES:
1. Calculate the volume of carbon dioxide, in cm3, which is occupied by 0.2 g of the gas 

at room temperature and pressure. Give your answer to 1 decimal place.

2. Calculate the volume of hydrogen gas, in cm3, at room temperature and pressure 
which is produced when 0.12 g of magnesium reacts with excess hydrochloric acid.

ANSWERS:
1. moles of CO2 =  

0.2
  = 4.55 × 10-3

                                  44

 volume of CO2 = 4.55 × 10-3 × 24000 = 109.1 cm3

2. moles of Mg =  
0.12

  = 5 × 10-3

                                  24

 volume of H2 = 5 × 10-3 × 24000 = 120 cm3

Exam Tip
Remember that it does not matter what the gas is when calculating gas volume 
from moles as 1 mole of all gases have a volume of 24 dm3 (24 000 cm3) at room 
temperature and pressure.
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Avogadro’s Law
• Avogadro’s Law states that equal volumes of gases at the same temperature and 

pressure contain the same number of particles/molecules.

• This means that gases react in simple volume ratios based on the balancing 
numbers in the equation for the reaction.

Exam Tip
The definition of Avogadro’s Law is a common question so learn it as it is written.

EXAMPLE:
Nitrogen reacts with hydrogen according to the equation below.

N2(g)  +  3H2(g)  →  2NH3(g)

15 cm3 of nitrogen react with excess hydrogen to form ammonia.
(a) Calculate the volume of hydrogen which is required.

(b) Calculate the volume of ammonia formed.

ANSWERS:
(a) Ratio of N2:H2 = 1:3 so 15 cm3 of N2 reacts with 45 cm3 of H2.

(b) Ratio of N2:NH3 = 1:2 so 15 cm3 of N2 forms 30 cm3 of NH3.

Gas volume calculations:
https://www.youtube.com/watch?v=Qn5CgfokdWk
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Atom economy
Atom economy is a measure of the waste in a chemical reaction. A high atom economy 
means little waste and a low atom economy means high waste.

Atom economy = 
mass of desired product

 × 100                                  total mass of products

EXAMPLE:
Calculate the atom economy for the production of hydrogen from methane in the 
reaction below.

CH4  +  2H2O  →  CO2  +  4H2

ANSWER:
mass of desired product = mass of 4H2 = 8
total mass of products = CO2  +  4H2 = 44 + 8 = 52

atom economy =  
8

   × 100 = 15.4 %                                52

Test yourself 2.6.3
1.   Ethyne, C2H2, is a gas at room temperature and is produced from the reaction of   

   calcium carbide, CaC2, with water.

   CaC2(s)  +  2H2O(l)  →  Ca(OH)2(aq)  +  C2H2(g)

(a) Calculate the volume of ethyne produced, in cm3, at room temperature and   
 pressure when 0.8 g of calcium carbide are reacted with excess water.

(b) Calculate the atom economy of the reaction if ethyne is the desired product.

2.   Ammonia reacts with oxygen according to the equation below.

   4NH3(g)  +  3O2(g)  →  2N2(g)  +  6H2O(g)

(a) State Avogadro’s Law.

(b) Calculate the volume of oxygen which will react with 30 cm3 of ammonia.

(c) Calculate the volume of nitrogen formed from 30 cm3 of ammonia.

3.   240 cm3 of oxygen were collected at room temperature and pressure when a   
  sample of potassium permanganate, KMnO4, was heated. The equation for the   
  reaction is:

   2KMnO4(s)  →  K2MnO4(s)  +  MnO2(s)  +  O2(g)

   Calculate the mass of potassium permanganate used.
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2.7 Electrochemistry

This section will look at the electrolysis of molten substances and solutions and the 
use of electrolysis in the extraction of aluminium from its ore.

Mathematical content
Students will write half equations for the reactions which occur at the electrodes 
during electrolysis.

Learning outcomes
• explain the meaning of the terms electrolysis, inert electrode, anode, cathode and 

electrolyte and explain conduction in an electrolyte in terms of ions moving and 
carrying charge

• predict the products of electrolysis of molten salts including lithium chloride and 
lead(II) bromide using graphite electrodes and state appropriate observations at the 
electrodes

• interpret and write half equations for the reactions occurring at the anode and 
cathode for the electrolysis processes listed in 2.7.2, for other molten halides 
and in the extraction of aluminium

• recall the products of electrolysis of dilute sulfuric acid using inert electrodes and 
the half equations for the reactions occurring at the anode and the cathode

• describe the industrial extraction of aluminium from alumina, demonstrate 
knowledge and understanding that the alumina has been purified from the ore 
bauxite and demonstrate knowledge and understanding of the need to replace the 
anodes periodically

• demonstrate knowledge and understanding that recycling aluminium uses only a 
fraction of the energy needed to extract it from bauxite and saves waste
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Electrolysis
• Electrolysis is the decomposition of a liquid electrolyte using a direct current of 

electricity.

• An electrolyte is a liquid or solution which conducts electricity and is decomposed 
by it.

• The negative electrode is called the cathode.

• The positive electrode is called the anode.

• Inert electrodes do not take part in the electrolysis reactions.

• Common electrolytes are:
– molten ionic compounds

– aqueous ionic compounds

– acids

• The electrolytes conduct electricity as the ions are free to move and carry charge.

• A direct current of electricity is the type of current which is produced by a battery. 
It is a flow of electrons from a positive to a negative terminal on the battery. The 
electrons cause reactions to occur in the electrolyte.

Molten ionic compounds
• Ionic compounds cannot conduct electricity when they are solid. However, when 

they are molten the ions can move and carry charge and so they conduct electricity.

• A diagram of the apparatus used to carry out the electrolysis of a molten ionic 
compound, such as lead(II) bromide, is shown below.

+

bulb

positive electrode

crucible

tripod
heat

molten lead(II) bromide

negative electrode
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• The bulb is in place to show that the current is flowing.

• The electrodes are made from graphite. They are inert electrodes.

• Graphite is used as it is a good conductor of electricity and it is inert.

Exam Tip
Other materials used for electrodes for other reactions include platinum in the 
electrolysis of dilute sulfuric acid and, as for graphite, platinum is used as it is a good 
conductor of electricity and it is unreactive.

• The positive ion (cation) in the molten ionic compound is attracted to the negative 
electrode (the cathode).

• The negative ion (anion) in the molten ionic compound is attracted to the positive 
electrode (the anode).

• At the cathode, the cation gains electrons so a reduction reaction occurs.

• At the anode, the anion loses electrons so an oxidation reaction occurs.

• For lead(II) bromide, PbBr2, the ions are Pb2+ and Br-

– At the cathode: Pb2+  +  2e-  →  Pb

– At the anode: 2Br-  →  Br2  +  2e-

– At the cathode (no observations during electrolysis) but a silvery grey liquid 
(liquid lead metal) is observed when the molten electrolyte is removed.

– At the anode a red-brown pungent gas is evolved (bromine gas).

• For lithium chloride, LiCl, the ions are Li+ and Cl-

– At the cathode: Li+  +  e-  →  Li

– At the anode: 2Cl-  →  Cl2  +  2e-

– At the cathode a silvery grey liquid (liquid lithium metal) is observed around the 
electrode.

– At the anode a yellow-green pungent gas is evolved (chlorine)

Electrolysis of molten compounds:
https://www.youtube.com/watch?v=hNAiRiadDw8



Electrochemistry

CHEMISTRY

pg 74

+

oxygen gas

anode

hydrogen gas

cathode

dilute sulfuric acid

Dilute sulfuric acid
• The electrolysis of dilute sulfuric acid is carried out using platinum electrodes.

• Sulfuric acid contains H+ ions as well as SO4 ions. However, the water in the dilute 
acid also provides H+ and OH- ions.

• A diagram of the apparatus used to carry out the electrolysis of dilute sulfuric acid is 
shown below.

– At the cathode: 2H+  +  2e-  →  H2

– At the anode: 4OH-  →  O2  +  2H2O  +  4e-

– At the cathode a colourless, odourless gas is evolved (hydrogen).

– At the anode a colourless, odourless gas is evolved (oxygen).

Exam Tip
The volume of hydrogen gas produced is twice the volume of oxygen gas. This because 
balancing the electrons to 4e- in each equation would produce 2H2 and 1O2.

2-
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need pic Getty images: 
929348174

The electrolysis of dilute sulfuric acid. 
Hydrogen is produced at the cathode on 
the left and oxygen is produced at the 
anode on the right.
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Extraction of aluminium from its ore
• Aluminium is too reactive to be extracted from its ore by reduction using carbon (or 

carbon monoxide).

• The main ore of aluminium is bauxite which contains aluminium oxide (Al2O3).

• Bauxite is purified to form aluminium oxide which is also know as alumina.

• Alumina (aluminium oxide) is dissolved in molten cryolite before it is electrolysed. 
The cryolite lowers the operating temperature of the extraction process and also 
increases conductivity.

• Aluminium oxide has a high melting point (over 2000 °C) but the operating 
temperature when the aluminium oxide is dissolved in molten cryolite is around 
900 – 1000 °C.

• A diagram of the extraction cell is shown below.

crust of 
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oxide

carbon anodes
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tank

carbon 
lining 
of cell 
(cathode)

tapping 
hole 
to remove
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• A crust of aluminium oxide forms on the surface which keeps in the heat.

• The cell is lined with carbon which acts as the cathode and carbon anodes are placed 
in the molten mixture.

• The half equations for the reactions occurring at the electrodes are:

– At the cathode: Al3+  +  3e-  →  Al

– At the anode: 2O2-  →  O2  +  4e-

• Molten aluminium (melting point 660 °C) falls to be bottom of the cell and can be 
tapped off.

• Oxygen gas forms at the anodes and this reacts with the carbon anodes forming 
carbon dioxide gas. C  +  O2  →  CO2.

• This means that the anodes wear away and so they need to be replaced periodically.

• A large amount of energy (heat and electricity) is required to produce aluminium. It 
is therefore more energy effective and cost effective to recycle aluminium and this 
uses only about 5% of the energy required to produce aluminium from its ore plus it 
saves waste.

The ore of aluminium bauxite. The red colour is due to impurities such as iron(III) oxide. These 
impurities are removed when bauxite is purified to alumina.
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Test yourself 2.7.1
1. Name the ore from which aluminium is extracted.

2. Name the products of the electrolysis of molten lead(II) bromide.

3. Explain why graphite is used for the electrodes in the electrolysis of molten lithium 
chloride.

4. Write half equations for the following reactions:

 (a) production of aluminium at the cathode during its extraction.

 (b) production of hydrogen during the electrolysis of dilute sulfuric acid.

 (c) production of chlorine at the anode during the electrolysis of molten lithium   
   chloride.

 (d) production of oxygen at the anode during the extraction of aluminium from its  
   ore.

 (e) production of oxygen at the anode during the electrolysis of dilute sulfuric   
   acid.

5. Name the apparatus required to carry out the electrolysis of molten lead(II) 
bromide.

6. State two reasons why alumina is dissolved in molten cryolite.

7. What is observed at the named electrode in the following electrolysis reactions.

 (a) anode during the electrolysis of lead(II) bromide.

 (b) cathode during the electrolysis of dilute sulfuric acid.

 (c) anode during the electrolysis of molten lithium chloride.
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2.8 Energy changes in chemistry

This section will look at energy changes and their associated energy profiles as well as 
the use of bond energy values to calculate energy changes.

Mathematical content
Students will sketch energy profiles and use bond energy values to calculate energy 
changes for chemical reactions.

Learning outcomes
• demonstrate knowledge and understanding that chemical reactions in which 

heat is given out are exothermic and that reactions in which heat is taken in are 
endothermic

• draw and interpret reaction profile diagrams for exothermic and endothermic 
reactions identifying activation energy

• explain activation energy as the minimum energy needed for a reaction to occur

• recall that bond breaking takes in energy and bond making releases energy, and 
demonstrate understanding that the overall energy change in a reaction is a balance 
of the energy taken in when bonds break in the reactants and the energy released 
when bonds form in the products

• calculate energy changes in a chemical reaction from bond energies by considering 
bond making and bond breaking energies

Exothermic and endothermic
• A chemical reaction which takes in heat from its surroundings is an endothermic 

reaction.

• A chemical reaction which gives out heat to its surroundings is an exothermic 
reaction.

• If carried out in a glass container, exothermic reactions feel warm to the touch and 
endothermic reactions feel cool.

• Many reactions are exothermic such as combustion, displacement and 
neutralisation. 

• Some reactions are endothermic such as electrolysis, thermal decomposition and 
cracking reactions in organic chemistry.
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Reaction profile diagrams
• A reaction profile diagram shows energy against the progress of the reaction.

• The features of an energy profile diagram are:
– vertical energy axis

– horizontal progress of reaction axis

– energy level for reactants (a line showing the energy levels of the reactants)

– energy level for products (a line showing the energy level of the products)

– energy change for the reaction (difference between energy level of reactants and 
energy level of products; this is negative for an exothermic reaction and positive 
for an endothermic reaction)

– reaction pathway (a curve showing how the energy changes to get from reactants 
to products)

– activation energy (difference between reactants and top of pathway)

• A reaction profile diagram for an exothermic reaction is shown below.

• A reaction profile for an endothermic reaction is shown below.

• The activation energy is the minimum energy needed for a reaction to occur.
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Reaction profiles:
https://www.youtube.com/watch?v=dstRL5xB0Sk

Exam Tip
You should be able to sketch a labelled reaction profile for an exothermic or an 
endothermic reaction.

Explaining energy changes
• We can explain why a reaction is exothermic or endothermic in terms of the energy 

of the bonds broken or made.

• Bond breaking requires energy.

• Bond making releases energy.

• In an exothermic reaction the energy released from making bonds in the products is 
greater than the energy required to break bonds in the reactants.

• In an endothermic reaction the energy required to break bonds in the reactants is 
greater than the energy released from making bonds in the products.

EXAMPLE:
Explain, in terms of bonds, why the reaction between hydrogen and chlorine forming 
hydrogen chloride, H2  +  Cl2  →  2HCl, is exothermic.

ANSWER: 
The energy released from making bonds in hydrogen chloride is greater than the 
energy required to break bonds in hydrogen and chlorine.

Exam Tip
Always include the names of the reactants and products when it is specific to a 
reaction.
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Bond energies
• The amount of energy required to break a covalent bond is the bond energy.

• Bond energies are measured in kJ (kilojoules).

• Different covalent bonds have different bond energies.

• Bond energies can be used to calculate the energy change for a chemical reaction.

• The energy change = energy of all bonds broken – energy of all bonds made.

• Some bonds energy values are given in the table below.

EXAMPLE:
Calculate the energy change for the reaction below:
N2  +  3H2  →  2NH3

ANSWER:
The covalent bonds between the atoms are shown below the equation:
N2 + 3H2 → 2NH3
    
N   N  H–H  H–N–H
  H–H
  H–H
    H–N–H

Bond Bond energy / kj Bond Bond energy / kj

Br–Br 190 C   O 803

C–Br 209 Cl–Cl 242

C–C 348 H–Cl 431

C   C 611 H–H 436

C   C 838 N–H 386

C–Cl 339 N   N 916

C–H 412 O–H 463

C–O 360 O   O 496

––

–––

––

––

–––

––– –
–

H

H
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Bonds broken = N   N and 3(H–H) = 916 + 3(436) = 2224 kJ

Bonds made = 6 (N–H) = 6(386) = 2316 kJ

Energy change = energy of bonds broken – energy of bonds made = 2224 – 2316 = -92 kJ

The reaction is exothermic as the energy change is negative. The energy change for the 
reverse reaction (2NH3  →  N2  +  3H2) would be +92 kJ.

Exam Tip
Always draw out the molecules if they are not drawn out for you and include all the 
molecules based on the balancing numbers in the equation. Include the positive or 
negative sign in the final answer.

–––
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Test yourself 2.8.1
1. What is meant by the following?

(a) exothermic

(b) endothermic

(c) activation energy

2. The equation for the combustion of hydrogen is:

 2H2  +  O2  →  2H2O

(a) The reaction profile for this reaction is shown below.

(a) What is represented by A, B and C?

(b) Explain how the diagram shows the reaction is exothermic.

(c) Some bonds energy values are given in the table below.

(i)    Calculate the energy change for the combustion of hydrogen.

(ii)   Explain how the energy change shows that the reaction is exothermic.

3. Explain, in terms of bonds, why the reaction between methane and oxygen 
forming carbon dioxide and water is exothermic.

progress of reaction

en
er

g
y

2H2  +  O2

A

C

B

2H2O

Bond Bond energy / kj

O   O 496

H–H 436

O–H 463

––
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2.9 Gas chemistry

This section will look at gases in the air and the preparation, properties and tests for 
common gases. The nature of oxides will also be considered.

Learning outcomes
• recall the composition of the gases in the atmosphere:

– about 78% nitrogen

– about 21% oxygen

– about 0.03–0.04% carbon dioxide

– about 1% argon

– small proportions of other noble gases

– varying proportions of water vapour

• recall the physical properties of nitrogen and describe its lack of reactivity due to its 
triple covalent bond

• demonstrate knowledge and understanding of the use of nitrogen as a coolant and 
in food packaging

• demonstrate knowledge and understanding of the test for ammonia, using a glass 
rod dipped in concentrated hydrochloric acid, and recall the use of ammonia in the 
manufacture of fertilisers by its reaction with acids

• describe the laboratory preparation and collection of hydrogen using zinc (or other 
suitable metal) and hydrochloric acid, and recall the physical properties of hydrogen 
and its uses, including weather balloons and hardening oils, and its potential as a 
clean fuel

• describe the laboratory preparation and collection of oxygen by the catalytic 
decomposition of hydrogen peroxide, and recall the physical properties of oxygen 
and its uses in medicine and welding

• describe the reaction of carbon, sulfur, magnesium, iron and copper with oxygen and 
classify the products as acidic or basic

• describe the laboratory preparation and collection of carbon dioxide gas using 
calcium carbonate and hydrochloric acid and recall the uses of carbon dioxide in 
fizzy drinks and fire extinguishers

• investigate the chemical reactions of carbon dioxide with water producing carbonic 
acid and with calcium hydroxide (limewater) until carbon dioxide is in excess

• investigate the preparation, properties, tests and reactions of the gases hydrogen, 
oxygen and carbon dioxide (Prescribed Practical C9)
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Gases in the air
• Air is a mixture of gaseous elements and compounds.

• It is mostly nitrogen (around 78 %) and oxygen (about 21 %) but also contains 
carbon dioxide (between 0.03 and 0.04 %), argon (about 1 %), small amounts of 
other noble gases and varying proportions of water vapour.

• All the gases in air are colourless and odourless.

• Nitrogen is a colourless, odourless gas which is insoluble in water.

• Nitrogen is an unreactive gas due to the strong triple covalent bond (N   N) between 
the nitrogen atoms in N2 which requires substantial energy to break.

• Nitrogen is used in food packaging and as a coolant.

Exam Tip
The percentage of carbon dioxide in the atmosphere is increasing due to the increase 
in combustion of fossil fuels and deforestation. Carbon dioxide is now 0.04 % of the 
gases in the atmosphere.

Ammonia
• Ammonia is a compound of nitrogen and hydrogen and has the formula NH3.

• Ammonia is colourless but has a strong pungent odour. It is less dense than air and 
is very soluble in water.

• The test for ammonia involves dipping a glass rod into concentrated hydrochloric 
acid. When the glass rod is held near ammonia gas, white smoke is observed. 

• The white smoke is ammonium chloride formed from the reaction of ammonia gas 
with hydrogen chloride gas from the concentrated hydrochloric acid. The equation 
for the reaction is:

 NH3(g)  +  HCl(g)  →  NH4Cl(s)

• Ammonia is used in the manufacture of fertilisers. 

• Ammonium nitrate is the most commonly used ammonium compound in fertilisers 
and it is formed when ammonia reacts with nitric acid.

 NH3  +  HNO3  →  NH4NO3

Exam Tip
Ammonia and ammonium are often confused in answers to examination questions. 
Remember that ammonia is a compound NH3 and ammonium is an ion, NH4, which is 
part of ionic compounds such as ammonium chloride and ammonium nitrate.

–––

+
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Bags of ammonium nitrate fertiliser being seized by police as ammonium nitrate 
can also be used to manufacture explosives.

Gas Preparation
• The diagram below shows the apparatus used to prepare hydrogen, oxygen and 

carbon dioxide in the laboratory.
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• By using different solids and solutions in the conical flask, different gases can be 
prepared and collected as shown in the table below. 

• The thistle funnel must be below the level of the solution in the conical flask to 
prevent gas being lost through the funnel.

• The water level in the trough must be above the top of the beehive shelf.

• Calcium carbonate is a white solid.

• Magnesium and zinc are grey solids.

• All the solutions used are colourless solution.

• Manganese(IV) oxide, a black solid, is a catalyst which speeds up the decomposition 
of hydrogen peroxide.

• These gases are insoluble or have low solubility in water so they can be collected 
over water. 

• The properties, tests and uses of the gases are also shown in the table below.

Gas Solid Solution Equation for preparation

Hydrogen Zinc or 
magnesium

Hydrochloric 
acid

Zn + 2HCl → ZnCl2 + H2
Mg + 2HCl → MgCl2 + H2

Oxygen Manganese(IV) 
oxide (catalyst)

Hydrogen 
peroxide 2H2O2 → 2H2O + O2

Carbon 
dioxide

Calcium carbonate 
(marble chips)

Hydrochloric 
acid CaCO3 + 2HCl → CaCl2 + CO2 + H2O

Gas Properties Test Uses

Hydrogen • Colourless
• Odourless
• Insoluble in water
• Less dense than air

Apply a lit splint, 
makes a pop

• Weather balloons
• Used in hardening 

oils
• Potential use as a 

clean fuel

Oxygen • Colourless
• Odourless
• Low solubility in water
• Similar density to air

Apply a glowing 
splint, it relights

• Medicine
• Welding

Carbon 
dioxide

• Colourless
• Odourless
• Low solubility in water
• Denser than air

Bubble the gas 
through limewater. 

It changes from 
colourless to milky

• Fizzy drinks
• Fire extinguishers
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• Hydrogen has potential as a clean fuel as the only product of combustion of 
hydrogen is water which is non-polluting.

• The test for carbon dioxide uses limewater which is a solution of calcium hydroxide, 
Ca(OH)2.

• When carbon dioxide is bubbled through limewater, the solution changes from 
colourless to milky due to the formation of solid calcium carbonate which is 
insoluble in water.

  Ca(OH)2(aq)  +  CO2(g)  →  CaCO3(s)  +  H2O(l)

• When carbon dioxide is bubbled through limewater until it is in excess, the 
milky solution changes to colourless again due to the formation of calcium 
hydrogencarbonate which is soluble in water.

  CaCO3(s)  +  CO2(g)  +  H2O(l)  →  Ca(HCO3)2(aq)

• Carbon dioxide has low solubility in water but it does react with water forming a 
weak acid carbonic acid, H2CO3.

  CO2(g)  +  H2O(l)  →  H2CO3(aq)

Exam Tip
The preparation, properties, tests and reactions of hydrogen, oxygen and carbon 
dioxide all form part of Prescribed Practical C9.

BBC Bitesize CCEA GCSE Chemistry Prescribed Practical C9:
https://www.bbc.co.uk/bitesize/guides/zb4rt39/revision/1

A hydrogen fuel 
bus in London.
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Oxides
• Oxygen is the reactive part of air and it reacts directly with many elements.

• When heated in air, magnesium, iron, copper, carbon and sulfur react with oxygen.

• Magnesium burns with a bright white light forming a white powder, magnesium 
oxide.

The equation for the reaction is: 2Mg  +  O2  →  2MgO

• Copper glows when heated in air forming a black solid, copper(II) oxide.

The equation for the reaction is: 2Cu  +  O2  →  2CuO

• Iron filings burn with orange sparks forming a black solid which is triiron tetraoxide, 
Fe3O4.

The equation for the reaction is: 3Fe  +  2O2  →  Fe3O4

Triiron tetraoxide is a mixed oxide, i.e. a mixture of iron(II) oxide, FeO, and 
iron(III) oxide, Fe2O3.

• Carbon burns with an orange flame forming a colourless gas, carbon dioxide.

The equation for the reaction is: C  +  O2  →  CO2

• Sulfur melts to form a red liquid, burns with a blue flame and forms a colourless 
pungent gas, sulfur dioxide.

The equation for the reaction is: S  +  O2  →  SO2

• Oxides of metals such as magnesium, copper and iron are basic oxides as they react 
with acids to form a salt and water.

• Oxides of non-metals such as sulfur and carbon are acidic oxides as they react with 
bases (or alkalis).

Blue flames of 
sulfur burning 
in a volcano in 
Indonesia.
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Test yourself 2.9.1
1. Complete the table below.

2. Explain why nitrogen is unreactive.

3. What chemicals are used to prepare oxygen in the laboratory.

4. State two physical properties of hydrogen gas.

5. Classify the following oxides as acidic or basic.

 (a)   carbon dioxide  (b)   sulfur dioxide 

 (c)   magnesium oxide (d)   copper(II) oxide

6. Limewater is used to test for carbon dioxide.

 (a)   What is limewater?

 (b)   What is observed when carbon dioxide is bubbled through limewater until it is in  
       excess?

7. Describe the test for the following gases.

 (a)   oxygen

 (b)   hydrogen

 (c)   ammonia

8. Write a balanced symbol equation for the preparation of the following gases from 
the chemicals shown.

 (a)   hydrogen from magnesium and hydrochloric acid

 (b)   carbon dioxide from marble chips and hydrochloric acid

 (c)   oxygen from hydrogen peroxide and manganese(IV) oxide

Gas Percentage composition in air

78

Oxygen

0.04

Argon
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Glossary of terms

A displacement reaction is a reaction in which a more reactive metal takes the 
place of a less reactive metal in a compound.

A redox reaction is one in which oxidation and reduction occur at the same time.

Oxidation is gain of oxygen, loss of hydrogen or loss of electrons.

Reduction is loss of oxygen, gain of hydrogen or gain of electrons.

Rust is hydrated iron(III) oxide.

The activation energy is the minimum energy required for a reaction to occur.

A catalyst is a substance that increases the rate of a chemical reaction without 
being used up.

A reversible reaction is a reaction where reactants can change into products and 
the products can change back into the reactants.

A dynamic equilibrium occurs when the rate of the forward reaction is equal to 
the rate of the reverse reaction resulting in the amount of reactants and products 
remaining constant.

An equilibrium reaction is considered to be a closed system where only the 
reactants and products are present.

A homogeneous reaction (or system) in one in which all the reactants and 
products are in the same state.

The position of equilibrium in a reversible reaction is a measure of how far the 
reaction has proceeded to the right (towards the products) or has it remained to 
the left (towards the reactants).

Le Châtelier’s Principle states that if a change is made to the conditions of a 
system at equilibrium, then the position of the equilibrium moves to oppose that 
change in conditions.

A homologous series is a family of organic compounds where members have:
– the same general formula
– show similar chemical properties
– show a gradation in their physical properties
– successive members differ by a CH2 unit

A hydrocarbon is a compound (or molecule) consisting of hydrogen and carbon 
only.

Cracking is the breakdown of larger/longer (less useful) saturated hydrocarbon 
molecules (alkanes) into smaller/shorter more useful ones ones, some of which are 
unsaturated (alkenes).
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A functional group is a reactive group in a  molecule.

Combustion is the reaction in which a fuel reacts with oxygen producing oxides 
and releasing heat.

A saturated compound contains no C=C bonds.

An unsaturated compound contains at least one C=C bond.

Polymerisation is the process of creating a long chain molecule from small 
molecules.

A titration is a method of reacting two solutions together to determine the 
number of moles of the solute in one of the solutions.

Avogadro’s Law states that equal volumes of gases under the same conditions of 
temperature and pressure contain the same number of particles.

Atom economy = mass of desired product × 100
                                   total mass of products

Electrolysis is the decomposition of a liquid electrolyte using a direct current of 
electricity.

The electrolyte is the liquid or solution that conducts electricity and is 
decomposed by it.

The negative electrode is called the cathode.

The positive electrode is called the anode.

Inert electrodes do not take part in the electrolysis reactions.

Bauxite is aluminium ore.

An exothermic reaction gives out heat (to the surroundings).

An endothermic reaction takes in heat (from the surroundings).

A clean fuel produces non-polluting products only (such as water) when it is 
burned/undergoes combustion.
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Test yourself answers

Test yourself 2.1.1
1. bright white light

 white solid forms

2. 2Cu  +  O2  →  2CuO

3. Cu, Fe, Zn, Mg, Ca

4. (a) black

 (b) white

Test yourself 2.1.2
1. (a) potassium hydroxide and hydrogen

 (b) magnesium oxide and hydrogen

 (c) calcium hydroxide and hydrogen

2. copper (or any metal below copper, e,g. silver, gold)

3. (a) Ca  +  2H2O  →  Ca(OH)2  +  H2

 (b) Zn  +  H2O  →  ZnO  +  H2

 (c) 2Al  +  3H2O  →  Al2O3  +  3H2

4.

5. floats/moves

 lilac

 disappears 

gas jar
delivery tube

trough

beehive shelf

gas

water

metal
damp mineral wool

heat heat
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Test yourself 2.1.3
1. a reaction in which a more reaction metal takes the place of a less reactive metal in 

a compound

2. (a) zinc is more reactive than copper

 (b) Zn  +  CuCl2  →  ZnCl2  +  Cu

 (c) 2Al  +  3Zn2+  →  2Al3+  +  3Zn

 (d) loses

    Al3+/aluminium ions

    oxidation

    gain

    Zn atoms/Zn

    reduction

3. grow plants in soil rich in metal compounds

 harvest plants and burn to produce ash

 react with acid to produce a solution containing metal compounds

 add scrap iron to displace copper

Test yourself 2.2.1
1. (a) H2 is oxidised as it gains oxygen and gain of oxygen is oxidation

 (b) N2 is reduced as it gains hydrogen and gain of hydrogen is reduction

 (c) CuO is reduced as it loses oxygen and loss of oxygen is reduction

 (d) Al3+ is reduced as it gains electrons and gain of electrons is reduction

2. (a) oxidation and reduction occurring at the same time in the same reaction

 (b) Mg  →  Mg2+  +  2e-

 (c) Cl2  +  2e-  →  2Cl-

3. (a) oxygen

 (b) gain

 (c) redox

 (d) oxidation

 (e) oxidation
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Test yourself 2.2.2
1. hydrated iron(III) oxide

2. haematite

3. C  +  O2  →  CO2

 CO2  +  C  →  2CO

4. calcium silicate

5. magnesium is more reactive than iron so magnesium reacts first

6. painting/greasing or oiling/plastic coating/metal plating/alloying/galvanising

Test yourself 2.3.1
1. 2H2O2  →  2H2O  +  O2

 manganese(IV) oxide

2. (a) gas volume against time

 (b) mass/gas volume against time

 (c) disappearance of an X on paper under the flask against time

3. conical flask

 electronic balance

 stopclock

 (cotton wool)
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Test yourself 2.3.2
1. particles have more kinetic energy/particles move faster

 more successful collisions per unit time

2. (a) 0.33 g

 (b) 58 – 60 s

 (c) 

 (d)

3. (a) a catalyst increases the rate of a chemical reaction without being used up

 (b) a catalyst provides an alternative reaction pathway of lower activation energy
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Test yourself 2.4.1

1. H2(g)  +  I2(g)  →  2HI(g)

2. (a) the rates of the forward and reaction are equal and the amounts of reactants   
   and products remain constant

 (b) yield of hydrogen would increase

    forward reaction is endothermic

    position of equilibrium moves to the right

 (c) yield of hydrogen would decrease

    2 moles of gas on left and 4 moles of gas on right

    position of equilibrium moves to the left

3. (a) position of equilibrium moves to the left

    forward reaction is exothermic

 (b) position of equilibrium moves to the right

    3 moles of gas on left and 2 moles of gas on right

 (c) compromise between rate and yield

    lower yield but higher rate of reaction

 (d) high pressure is expensive to apply

    safety issues as risk of explosion with higher pressure

Test yourself 2.5.1
1. (a) family of organic compounds with the same general formula

    and similar chemical properties

    and showing a gradation in physical properties

    members differ by a CH2 group

 (b) compound/molecule which consists of carbon and hydrogen only

2. (a) limewater

 (b) anhydrous copper(II) sulfate

3. fractional distillation

4. (a) C4H10  +  6½O2  →  4CO2  +  5H2O

 (b) CH3OH  +  O2  →  CO  +  2H2O

5. cracking
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6. 

Test yourself 2.5.2
1. (a) methane

 (b) propene

 (c) ethanol

 (d) butane

2. (a) alkane

 (b) alkene

 (c) alcohol

 (d) alkane

3. ethene: orange solution changes to colourless

 ethane: solution remains orange

4.

            ethene        polythene

Fraction Use

Refinery gases Bottled gases

Kerosene Fuel for aircraft

Petrol Fuel for vehicles

Bitumen Surface on roads and roofs

Naphtha Manufacture of chemicals and plastics

      C      C 
   
 HH

H H

n

n C      C

H

H

H

H

→
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5. (a) 

 (b)

 (c)

 (d)

6. (a) ethanoic acid

 (b) butane

 (c) ethanol

7. (a) oxidation

 (b) addition

 (c) addition

H

H

H

H

H

H

H

H

OH

H

H

H

H

H

H

H

H

H

H      C      C      C      H
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H      C      C      C      H

H H HH

H H

H      C      C      C      C      H
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Test yourself 2.5.3
1. carboxyl/COOH

2. propanoic acid

3. bubbles of gas

 solid/sodium carbonate disappears

 colourless solution formed

4. Na2CO3  +  2CH3COOH  →  2CH3COONa  +  CO2  +  H2O

 sodium ethanoate

5. warm with acidified potassium dichromate solution

 alcohol: solution will change from orange to green

 carboxylic acid: solution remains orange

 OR

 react with magnesium/metal carbonate

 alcohol: no reaction

 carboxylic acid: bubbles of gas

6. destroys vegetation

 damages buildings

 kills fish

7.

H      C      C      C      C      

O

OHHH H

HH H
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Test yourself 2.6.1
1. moles of NaOH =  

4
  = 0.1

                                    
40

 concentration =  
0.1 × 1000

  = 0.5 mol/dm3

                                          
200

2. moles of MgCl2 =  
100 × 0.25

  =0.025

                                          
1000

 mass of MgCl2 = 0.025 × 95 = 2.375 g

3. rinse pipette with deionised water

 rinse pipette with hydrochloric acid

 using a pipette filler draw up with hydrochloric acid until the bottom of the 
meniscus is on the line

 release into the conical flask and touch the tip of the pipette onto the surface of the 
solution

4. colourless to pink

5. swirl the flask/add dropwise near the end point

Test yourself 2.6.2

1. moles of HCl =  
25.0 × 0.1

  = 2.5 × 10-3

                                    
1000

 moles of NaOH = 2.5 × 10-3

 volume =  
2.5 ×  10-3 × 1000

  = 10.0 cm3
                                   0.25

2. moles of H2SO4 =  
17.2 × 0.018

  = 3.096 × 10-4

                                             
1000

 moles of KOH = 6.192 × 10-4

 concentration of KOH =  
3.096 × 10-4 × 1000

  = 0.0248 mol/dm3

                                                              
25.0



Test yourself answers

CHEMISTRY

pg 103

3. (a) missing values are: 12.4

       12.6

    average titre =   12.5 cm3

 (b) moles of HCl =  
12.5 × 0.32 

 = 4 × 10-3

                                               
1000

 (c) moles of X2CO3 in 25.0 cm3 =  
4 × 10-3

  = 2 × 10-3

                                                                           
2

 (d) moles of X2CO3 in 250 cm3 = 0.02

 (e) Mr of X2CO3 =  
1.48 

 = 74

                                         
0.02

 (f) Ar of X =  
74 - 60

  = 7 so X is lithium/Li
                                     2

4. (a)  moles of HNO3 =  
24.0 × 0.25

  = 6 × 10-3

                                                      
1000

 (b) moles of Ba(OH)2 in 25.0 cm3 =  
6 × 10-3 

 = 3 × 10-3

                                                                                                            
2

 (c) moles of Ba(OH)2 in 250 cm3 = 0.012

 

 (d) Mr of Ba(OH)2.xH2O = 
3.78

  = 315

                                                    
0.012

 (e) Mr of Ba(OH)2 = 171

    Mr of xH2O = 315 – 171 = 144

    

    x =  
144

  = 8

                       
18
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Test yourself 2.6.3
1. (a) moles of CaC2 =  

0.8 
 = 0.0125

                                              
64

    moles of C2H4 = 0.0125

    volume of C2H2 = 0.0125 × 24000 = 300 cm3

 (b) atom economy = =  
26

  × 100 = 26 %
                                                  100

2. (a) equal volumes of gases at the same temperature and pressure contain the   
   same number of particles/molecules

 (b) 22.5 cm3

 (c) 15 cm3

3. moles of O2 =    
240

    = 0.01

                               
24000

  moles of KMnO4 = 0.02

  mass of KMnO4 = 0.02 × 158 = 3.16 g

Test yourself 2.7.1
1. bauxite

2. lead and bromine

3. good conductor of electricity and unreactive/inert

4. (a) Al3+  +  3e-  →  Al

 (b) 2H+  +  2e-  →  H2

 (c) 2Cl-  →  Cl2  +  2e-

 (d) 2O2-  →  O2  +  4e-

 (e) 4OH-  →  O2  +  2H2O  +  4e-
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5. crucible

 pipeclay triangle

 tripod

 Bunsen burner

 heatproof mat

 2 graphite electrodes

 2 electrical lead (and crocodile clips)

 battery/dc power source

 (lamp)

6. lower the operating temperature

 increase conductivity

7. (a) red-brown pungent gas evolved

 (b) colourless, odourless gas evolved

 (c) yellow-green pungent gas evolved

Test yourself 2.8.1
1. (a) give out heat

 (b) takes in heat

 (c) minimum energy for a reaction to occur

2. (a) A = reaction pathway

    B =  activation energy

    C = energy change

 (b) energy level of products below energy level of reactants

 (c) (i) bonds broken = 2(H–H) + O=O = 2(436) + 496 = 1368 kJ

     bonds made = 4(463) = 1852 kJ

     energy change = 1368 – 1852 = - 484 kJ

    (ii) negative so exothermic

3.  the energy released from making bonds in carbon dioxide and water is greater than 
the energy required to break bonds in methane and oxygen



Test yourself answers

CHEMISTRY

pg 106

Test yourself 2.9.1
1.

2. strong triple covalent bond requires substantial energy to break

3. hydrogen peroxide and manganese(IV) oxide

4. colourless/odourless/insoluble in water/less dense than air

5. (a)  acidic  (b)  acidic  (c)  basic  (d)  basic

6. (a) calcium hydroxide solution

 (b) colourless solution changes to milky and back to colourless with excess carbon  
   dioxide

7. (a) glowing splint relights

 (b) lit splint pop

 (c) dip a glass rod into concentrated hydrochloric acid

    apply to gas and if ammonia white smoke

8. (a) Mg  +  2HCl  →  MgCl2  +  H2

 (b) CaCO3  +  2HCl  →  CaCl2  +  CO2  +  H2O

 (c) 2H2O  →  2H2O  +  O2

Gas Percentage composition in air

Nitrogen 78

Oxygen 21

Carbon dioxide 0.04

Argon 1
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Picture Credits

Photo ID Description Credit line

1171665673 Sparkler Getty images

935507360 gas burner Getty images

1222451145 Rusty spade Getty images

147452295 Blast furnace Getty images

1171340377 catalytic converter Getty images

SPL: C048/9081 equilibrium mixture © Martyn F. Chillmain / 
Science Photo Library

1137028192 Crude oil Getty images

606202040 Propane gas canisters Getty images

SPL: A500/0284 Alcohol test © Andrew Lambert 
Photography / 
Science Photo Library

182398750 Damage to fir trees by acid rain Getty images

1314364697 Titration Getty images

1269770257 The ore of aluminium bauxite Getty images

1268317883 Ammonium nitrate Getty images

1305507432 Hydrogen bus Getty images

496197127 Blue Sulphur flames Getty images


