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1 Atomic structure and the 
periodic table

Overview
Specification points
4.1.1.1 Atoms, elements and compounds; 4.1.1.2 
Mixtures; 4.1.1.3 The development of the model 
of the atom; 4.1.1.4 Relative electrical charges 
of subatomic particles; 4.1.1.5 Size and mass 
of atoms; 4.1.1.6 Relative atomic mass; 4.1.1.7 
Electronic structure; 4.1.2.1 The periodic table; 
4.1.2.2 Development of the periodic table; 4.1.2.3 
Metals and non-metals; 4.1.2.4 Group 0; 4.1.2.5 
Group 1; 4.1.2.6 Group 7; 4.1.3.1 Transition metals 
comparison with Group 1 elements; 4.1.3.2 Typical 
properties of transition metals

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 1 pages 1–31

AQA GCSE (9–1) Combined Science Trilogy 1: 
Chapter 9 pages 116–146

AQA GCSE (9–1) Combined Science Trilogy: 
Chapter 9 pages 116–146

Recommended number of lessons: 14

Chapter overview

Contains AQA required practical No 

Contains higher-only material Yes

Contains chemistry-only material Yes

● Each element has its own type of atom, which 
has different properties to the atoms of other 
elements.

● Elements are either metals or non-metals, and 
the properties of metals are different to those of 
non-metals.

● Elements contain only one type of atom, while 
compounds contain two or more different types 
of atoms chemically bonded together.

● A chemical formula shows the relative 
proportions of each type of atom present in a 
substance, e.g. H2O.

● The periodic table shows all the elements 
listed in rows and columns. The rows are called 
Periods, and the columns are called Groups.

● Substances can be pure, containing only one 
type of element or compound, or impure, 
containing a mixture of elements or compounds.

Common misconceptions
Many students have a few misconceptions associated 
with this chapter, as a lot of the material is 
relatively new to many learners. Calculations of 
relative atomic mass (Ar) may trouble students who 
are less-confident mathematicians, particularly if 
they do not use brackets appropriately, so be ready 
for these possible issues.

Preparation
The T&L Prior knowledge catch-up teacher sheet 
reviews KS3 prior learning and gives advice on 
how to begin this topic. The T&L Prior knowledge 
catch-up student sheet gives a good review of what 
students may recall from KS3, and has questions 
to check their understanding of this content. The 
T&L Topic overview provides a useful review of the 
entire topic and would make a useful resource when 
revising the chapter prior to the end of chapter test.

Subatomic particles: Lesson 1 

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key terms

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank

1 Relate size and scale of atoms to other 
objects. 

2 Draw the general structure of an atom.
3 Define the relative charge and mass of 

subatomic particles.
4 Calculate numbers of protons, neutrons and 

electrons when given the atomic number and 
mass number.

Learning outcomes

Useful prior learning
● All matter is made up of particles, and these 

particles may be atoms, groups of atoms called 
molecules, or ions.

Suggested lesson plan
Starter
Start the lesson by asking students what they 
know about atoms (there is often a wide range 
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Atoms and elements: Lesson 2 of prior knowledge about atoms at this stage), 
including how big they think atoms are, and 
whether atoms have a structure or not. The T&L 
Lesson starter 1 could be used as an effective 
analogy to get across the relative sizes of the 
atom and nucleus, and the fact that atoms are 
mostly empty space!

Main
Review the nuclear model of atoms using 
Figure 1.1 (9.1) on page 3 (118) of the textbook 
(also available in the T&L Diagram bank) and 
then introduce the three subatomic particles, 
their relative charges, relative masses and 
location in an atom. Then introduce atomic 
numbers and mass numbers as the number of 
protons, and number of protons and neutrons in 
an atom respectively. 

Show students a periodic table that clearly shows 
these two numbers for each element. Take time to 
emphasise the size of atoms and the meaning of 
nanometres, and the reason why atoms have no 
overall charge. 

Plenary
Using copies of the periodic table, ask students 
to deduce the number of protons, neutrons and 
electrons in the atoms of a range of elements using 
just the atomic number and mass numbers for 
those elements. Try to avoid elements like chlorine 
and copper at this stage as they have mass 
numbers that are not whole numbers.

Support
Those students with a weak grasp of the KS3 
prior learning should complete the T&L Prior 
knowledge catch-up student sheet. Some 
students will need support working out that 
the number of neutrons can be calculated by 
subtracting the atomic number from the mass 
number of an element.

Extension
Some students may ask how chlorine and 
copper can have mass numbers of 35.5 and 63.5 
respectively. These students could be asked to 
find out about isotopes and relative atomic 
masses. 

Homework
Students could complete the ‘Test yourself’ 
questions on page 3 (118) of the textbook, which 
focus on the size of atoms, and representing these 
sizes using standard form.

1 Define atoms as the smallest part of an 
element.

2 Describe the format of the periodic table and 
find given elements in terms of group and 
period.

3 Define names/symbols of first 20 elements, 
Group 1 and Group 7.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by asking students to complete 
the ‘Show you can’ table on page 5 (120) of the 
textbook. Alternatively, you could review the 
answers to the ‘Test yourself’ from page 3 (118) 
of the textbook (if these were set for homework 
during Lesson 1).

Main 
Give students a copy of the periodic table (a 
completed version is available in the T&L Diagram 
bank) and annotate appropriately to show group 
(column) numbers and period (row) numbers. Ask 
students to identify a range of elements from their 
position (group number and period number) in the 
periodic table.

Ask students to describe how the elements are 
arranged in the periodic table, and link this to 
increasing atomic number. At this stage it might 
be a good idea to introduce the idea that although 
elements are arranged in order of atomic number, 
they are also arranged in terms of their chemical 
properties, with elements in the same group all 
having similar chemical properties. Demonstrating 
the reactivity of two or three alkali metals with 
water would emphasise this point nicely.

Plenary
Ask students to give you as much information as 
they can, based on what they have learnt so far, 
for the element selenium (Se). This should include 
the number of each type of subatomic particle, 
the fact that it is a non-metal, and its group and 
period numbers.

Support
Some students may need reminding of how to 
calculate the number of neutrons using atomic and 
mass numbers. 
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Extension
Students could be asked to research the most 
recent discovery of a new chemical element, and 
how that element was created/discovered.

Homework
Students could be asked to learn the chemical 
symbols for the first 20 elements for a quick quiz 
next lesson.

Plenary
Give students two or three simple symbol 
equations, and ask them to construct word 
equations for them by determining the names of 
the reactants and products. For instance:  
4Al + 3O2 → 2Al2O3 would give the word equation: 
aluminium + oxygen → aluminium oxide. Students 
can ignore the balancing numbers at this stage.

Support
Some students will need support in understanding 
which elements the numbers in a chemical formula 
refer to. For instance, in Na2CO3, the subscript ‘2’ 
refers to the number of sodium (Na) atoms only, 
and the subscript ‘3’ is for the oxygen atoms only. 
The absence of a number beside a chemical symbol 
means just one of those atoms in present (so there 
is just one C atom). Opportunities to practice this 
skill throughout the year should not be missed for 
less-confident learners.

Extension
More-confident learners could be shown formulae 
that include brackets and asked to determine the 
total number of atoms in each formula. For instance 
Zn(OH)2, Pb(NO3)2, (NH4)3PO4 or Al2(SO4)3.

Homework
Confidence in determining the number of atoms 
in a formula is vital for balancing equations later 
in this course, so students need as much practice 
as possible. Give students another list of chemical 
formulae and ask them to deduce the numbers of 
each type of atom present.

Relative atomic mass and electron 
configuration: Lesson 4 

1 State that compounds are formed from 
elements by chemical reactions.

2 Name compounds from given formula or 
symbol equations.

3 State the proportions of each atom in a 
chemical formula.

Learning outcomes

Compounds: Lesson 3 
Suggested lesson plan
Starter
Either complete a quick quiz on the symbols for 
the first 20 elements (if this was set for homework 
in the previous lesson), or begin the lesson by 
showing students a variety of chemical formulae 
and asking them to identify the elements present 
in these formulae.

Main 
Review what students understand by the term 
‘compound’ and define ‘compounds’ appropriately. Link 
the idea that compounds contain elements chemically 
bonded in fixed proportions to their chemical formula. 
For instance, water always has two hydrogen atoms for 
every oxygen atom, hence the formula H2O.

Give students a list of simple, common chemical 
formulae and ask them to name as many of them as 
they can from the elements present in the formulae. 
For instance: NaCl is sodium chloride, CO2 is carbon 
dioxide. Other suitable formulae could be: K2O 
(potassium oxide), HCl (hydrochloric acid), MgF2 
(magnesium fluoride), Al2O3 (aluminium oxide), LiBr 
(lithium bromide), CaCl2 (calcium chloride), Cu2O 
(copper(I) oxide), Cs2S (caesium sulfide), Mg3N2 
(magnesium nitride) and NaOH (sodium hydroxide). 

If necessary, review the rules for the naming 
of simple compounds. Using the same list of 
formulae, ask students to calculate the number of 
each type of atom present in the formula, and the 
total number of atoms present.

1 Define the term isotope.
2 Define and calculate relative atomic mass.
3 Represent electron configuration by diagram 

or by numbers.
4 Define the term ion and deduce charge when 

electrons are gained or lost.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by revising how to determine the 
numbers of each type of subatomic particle in an 
atom from the atomic and mass number; 31P could 
be used. 
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Main
This is a busy lesson, and may need more than 
1 hour to complete. Introduce the idea of isotopes 
as atoms of the same element (so with the same 
atomic number) but with different numbers of 
neutrons (so different mass numbers). The three 
isotopes of hydrogen: hydrogen (1H), deuterium, 
(2H or 2D), and tritium (3H or 3T) are useful 
examples, and Table 1.2 (9.2) on page 4 (120) 
of the textbook shows the common isotopes 
of carbon. Students could quickly determine 
the number of neutrons in the following sulfur 
isotopes: 32S, 33S and 36S. Stress that the chemical 
properties of isotopes are the same because they 
have the same number of electrons.

Then introduce the concept of relative atomic mass 
(Ar): the weighted mean mass of the atoms of 
an element, or the average mass of the atoms of 
an element that takes into account the different 
masses and relative abundance of the different 
isotopes of an element. Show students how to 
calculate the relative atomic mass from isotope 
mass numbers and their abundances (chlorine is 
a good example to use), and then give plenty of 
opportunities for them to practise this type of 
calculation. The questions in ‘Test yourself’ on 
page 5 (120) of the textbook are suitable, or use 
the following isotope data (answers in brackets):

● Cu: 63Cu = 69.2%, 65Cu = 30.8% (Ar = 63.6)
● Si: 28Si = 93%, 29Si = 5%, 30Si = 2% (Ar = 28.1)
● S: 32S = 95%, 33S = 0.8%, 34S is 4.2% (Ar = 32.1)

Given the time restraints in this lesson, these Ar 
calculations should probably be set for homework.

Now introduce electronic configurations: how 
electrons are arranged in energy levels, or shells, 
around the nucleus, giving examples of how we 
can represent this arrangement using diagrams 
and numbers (e.g. 2.8.1 for Na). Students may 
need to be reminded how to deduce the number 
of electrons in any atom. Only complete electronic 
configurations for the first 20 elements as after 
calcium this simple model breaks down.

Plenary
Using Figure 1.10 (9.11) on page 12 (128) of the 
textbook (or T&L Lesson starter 2), ask students 
if they can see a link between the electronic 
configuration of the atoms and their position 
in the periodic table. They may notice that the 
number of electrons in the outer shell is equal 
to the group number, and the number of shells is 
equal to the period number.

Support
Some students seem not to understand the 
word ‘abundance’. Check this as you work 
through isotopes. Many students will not be 
confident of how to use the brackets on their 
scientific calculators properly to complete the Ar 
calculations. Going through one or two of these 
calculations, showing where to place brackets, will 
be necessary. For instance: to calculate the Ar of 
Cl, the calculation is [(35 × 75) + (37 × 25)]/100 
= 35.5.

Extension
More-able mathematicians may be able to calculate 
the relative abundances of isotopes from the 
Ar of an element and the mass numbers of its 
isotopes. For instance, boron has an Ar of 10.8, 
and two common isotopes, 10B and 11B. From this 
information it is possible to calculate that 10B has 
an abundance of 19.9% and 11B is 80.1%.

Homework
The questions in ‘Test yourself’ on page 5 (120) 
of the textbook review the isotopes and Ar 
calculations nicely. Also the T&L Quick quiz 1 also 
reviews atomic structure and ions, as does the T&L 
Homework task (a) activity. Question 4 of the 
Chapter review questions on page 26 (141) of the 
textbook looks at isotopes and ions.

A model of the atom: Lesson 5

1 Describe the plum-pudding model.
2 Describe how alpha particle scattering 

experiments led to development of nuclear 
model.

3 Describe how Niels Bohr adapted the model 
to include the idea of protons.

4 Describe how James Chadwick provided 
evidence for existence of neutrons.

5 Evaluate how new experimental evidence 
may lead to a scientific model being changed.

Learning outcomes

Suggested lesson plan
Starter
Review the electronic configurations of sodium, 
fluorine and magnesium, and then asks students 
what would happen if we took the outermost 
electron away from the sodium atom. What would 
happen to the overall charge of the particle? In 
this way introduce the concept of ions, and then 
look at what happens when we add an electron to 
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the outermost shell of a fluorine atom. Take care 
to explain the overall charge of the ion in terms 
of the number of protons (positively charged) 
and electrons (negatively charged). Extend these 
ideas to magnesium ions (Mg2+), oxide ions (O2–), 
aluminium ions (Al3+) and nitride ions (N3–). The 
‘Show you can’ activity on page 7 (122) of the 
textbook reviews atomic structure and ions well.

Main
Access to the internet would be ideal for the rest 
of this lesson, or the research task could be set 
as a homework task prior to this lesson. Split the 
class into groups of six and give each member 
of the group one of the following scientists to 
research individually:

● John Dalton (1766–1844)
● J.J Thomson (key discovery in 1897 and his 

‘Plum pudding’ model in 1903)
● Ernest Rutherford (key discovery in 1911, with 

help from Hans Geiger & Ernest Marsden)
● Henry Moseley (key discovery in 1913)
● Niels Bohr (key discovery in 1913)
● James Chadwick (key discovery in 1932)

Each student should try to find out what each 
scientist discovered, and how this discovery 
changed our scientific model of the atom.  
10–15 minutes of research should be sufficient. 

Then, working as a group again get the students 
to compile a time line to show how the scientific 
model of the atom has changed.

Plenary
Review the key discoveries of the six scientists 
in the list, and how the model of the atom has 
changed over time.

Support
Many students need support when determining 
the overall charge on an ion. Take care to check 
their understanding of the charges on protons and 
electrons, and how these charges can cancel out 
(in atoms) or not (in ions).

Extension
More-confident learners could be asked to 
determine the numbers of protons and electrons in 
polyatomic ions like NH4

+, SO4
2–, NO3

– and PO4
3–.

Homework
It may be necessary for students to complete their 
timelines for atomic theory for homework. If not, 
the ‘Test yourself’ and ‘Show you can’ activities on 
page 8 (124) review the development of atomic 
theory nicely.

The periodic table: Lesson 6

1 Identify metals and non-metals on the 
periodic table.

2 Explain the difference between metals and 
non-metals.

3 Compare outer-shell electron arrangements 
to group numbers and chemical properties.

4 Explain how atomic structure relates to 
position in the periodic table.

Learning outcomes

Suggested lesson plan
Starter
Display an image of the periodic table (like Figure 
1.7 (9.8) on page 9 (125) of the textbook – also 
available in the T&L Diagram bank) and use this 
as a starting point to review a lot of the learning 
to date (atomic numbers and mass numbers, groups 
and periods of the periodic table, and electronic 
configurations). Remind students of the link 
between the electronic structure of an element and 
the position of the element in the periodic table.

Main 
Revise the prior KS3 learning on the properties 
of metals and non-metals. Students could then 
burn a small piece of magnesium metal and test 
the product using Universal Indicator, showing 
that it is alkaline. Then demonstrate the burning 
of sulfur in oxygen using a gas jar of oxygen 
and a deflagrating spoon to hold the sulfur (this 
must be carried out in a fume cupboard). Add 
a few drops of Universal Indicator to the gas 
jar once the reaction is over to show the acidic 
nature of the product. Then review the differences 
between metals and non-metals; Table 1.7 (9.8) 
on page 10 (125) of the textbook reviews these 
differences nicely.

Create word equations for the burning of 
magnesium in oxygen, and of sulfur in oxygen, 
and give the formulae of the products (MgO and 
SO2). Remind students that these products are 
both compounds, and introduce the idea that 
MgO is an ionic compound (formed as a metal has 
reacted with a non-metal and electrons have been 
transferred from the metal atoms to the non-metal 
atoms) while SO2 is a covalent compound where 
electrons are shared between atoms. 

If you have time, discuss the formation of Mg2+ 
and O2– ions and revise how these ions have gained 
their respective charges.
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Plenary
Show students a list of simple compounds and 
ask them to deduce whether the compounds are 
ionic or covalent. Suitable compounds would 
include sodium chloride (NaCl), potassium oxide 
(K2O), methane (CH4), carbon dioxide (CO2) , 
sodium carbonate (Na2CO3), sulfuric acid (H2SO4), 
magnesium nitrate (Mg(NO3)2), aluminium bromide 
(AlBr3), copper sulfate (CuSO4) and ammonia (NH3).

Support
Some students will need to be reminded about how 
they can tell whether an element is a metal or a 
non-metal in order to determine the nature of a 
compound.

Extension
More-confident learners might be able to explain 
the formation of ions during the reaction of a 
metal with a non-metal by themselves. They could 
be asked to show that when aluminium reacts with 
chlorine, the ions formed are Al3+ and Cl–. They 
could then be asked to explain why the correct 
formula for aluminium chloride is AlCl3.

Homework
Students could create a table/poster/animation 
showing the key differences between metals 
and non-metals in terms of their physical and 
chemical properties. Question 6 of the Chapter 
review questions (page 27 (142)) reviews the 
types of compounds formed from different types 
of elements.

Group 0 and introduction to Group 1: 
Lesson 7 

Main 
Watch the helium video clip from the University 
of Nottingham Chemistry Department Periodic 
Table of videos website (www.periodicvideos.
com) and use this to develop the idea that all 
noble gases are relatively unreactive gases due 
to their electronic configuration. Give students 
the boiling points of the noble gases (Table 1.9 
(9.10) on page 13 (129) of the textbook) and ask 
them to plot them as a graph (let the students 
decide what sort of graph they should use; most 
will opt for a bar graph, but more-able students 
could be asked to plot boiling point against 
relative atomic mass, and then to draw a line of 
best fit through the data points). Use the graphs 
to describe the trend in boiling points of the 
noble gases.

Now ask students to complete the electronic 
structures of lithium, sodium and potassium and 
ask them what all three electronic configurations 
have in common. Show students the three metals, 
emphasising how soft they are (they can all be 
cut using a scalpel, and get softer going down the 
group). Add them separately to water to show their 
high reactivity and their low density.

Plenary
This is an opportunity to revise the formation of 
ions. Ask students to suggest what will happen to 
the outermost electron of a Group 1 metal when 
it reacts, and hence determine the charge on any 
Group 1 metal ion. Again, using numbers and 
charges of protons and electrons will help to clarify 
why the overall charge on any Group 1 ion is M+.

Support
Graph skills are often highly varied at the start of 
KS4, and it is worth checking the graph drawing 
ability of your teaching group in this class. Some 
students will need support choosing the correct 
type of graph to draw and when creating suitable 
scales for their graphs, be sure that their scales are 
continuous and negative!

Extension
More-confident graph plotters should be 
encouraged to plot a scatter graph of relative 
atomic mass on the x-axis and boiling point on the 
y-axis. A smooth curve of best fit through the data 
points will clearly show the trend in boiling points 
down the group.

Homework
Another opportunity to practise graph drawing will 
be beneficial to many students. Using Table 1.11 
(9.13) on page 14 (130) of the text book, students 
can plot a scatter graph of relative atomic mass 

1 Explain in terms of outer-shell electrons why 
Group 0 are unreactive.

2 Describe the trend in boiling points down 
Group 0.

3 State that Group 1 are called the alkali metals 
and have a single electron in their outer shell.

4 Describe the softness and density of Group 1 
metals compared to other metals.

5 Describe the trend in melting point of Group 1 
metals.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by asking students to complete 
the electronic structures of helium, neon and 
argon, and ask them what all three electronic 
configurations have in common.
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(on the x-axis) and melting point (on the y-axis), 
including a smooth curve of best fit through the 
data points.

Reactions of Group 1: Lesson 8

Support
Some learners will need support to understand 
why reactivity increases down the group. Remind 
them that negative electrons are attracted to the 
positively charged nucleus, and then ask them 
what will happen to the strength of that attraction 
if there are more and more shells of electrons in 
the way. They will hopefully then link this idea to 
the ease of loss of the outer-shell electron, and 
the increase in reactivity.

Extension
More-able students could be asked to balance 
symbol equations for the reactions of Group 1 
metals with oxygen, chlorine and water. In general, 
where M is any Group 1 metal:

● 4M + O2 → 2M2O
● 2M + Cl2 → 2MCl
● 2M + 2H2O → 2MOH + H2

Homework
Students could complete the ‘Show you can’ 
activity on page 15 of the textbook.

Introduction to Group 7: Lesson 9 

1 Describe reactions of Group 1 metals (Li, Na 
and K) with oxygen, chlorine and water.

2 Describe the trend in reactivity down Group 1.
3 Predict the reactivity of Group 1 metals 

further down the group.

Learning outcomes

Suggested lesson plan
Starter
Demonstrate the reactions of lithium, sodium 
and potassium with water to emphasise the 
similarity in the chemical properties of the 
elements. Get students to describe the trend in 
reactivity down the group. Remind the students 
that the metal atoms are losing their outer-
shell electron as they react. Show the electronic 
configurations of the three metals and ask the 
students to suggest why the metals get more 
reactive down the group.

Main
Ask the students to suggest why we cannot react 
rubidium and caesium with water in a school 
laboratory, and then watch the caesium clip 
from the University of Nottingham Chemistry 
Department Periodic Table of videos website  
(www.periodicvideos.com) to emphasise the 
increase in reactivity down group. 

Demonstrate the reaction of lithium and sodium with 
air and chlorine (details of this demonstration can 
be found at www.rsc.org/learn-chemistry/resource/
res00000732/heating-group-1-metals-in-air-and-in-
chlorine). Whilst the trend in reactivity is not clear 
in these reactions, they can be used to develop word 
(and balanced symbol) equations for these reactions, 
and to revise the formation of ionic compounds.

Plenary
Ask students to predict and explain the change in 
reactivity down Group 2 of the periodic table. The 
trend and explanation is the same as for Group 1 
metals – as we descend the group, the outer-shell 
electrons get further from the nucleus, so are less 
strongly attracted to the nucleus, and more easily 
lost. One difference is that the metals form M2+ 
ions rather than M+ ions.

1 State that Group 7 are called the halogens 
and have 7 electrons in their outer shell.

2 Define the halogens as non-metals that 
consist of molecules made up of pairs of 
atoms (diatomic).

3 Describe the trends in melting and boiling 
point.

4 Describe the appearance of the halogens at 
room temperature.

Learning outcomes

Suggested lesson plan
Starter
Start the lesson by asking students to find fluorine 
and chlorine in the periodic table. Based on the 
positions of these elements, ask the students to 
deduce the electronic configurations of these 
elements. There is also an opportunity to revise 
calculating Ar here: bromine has two isotopes, 79Br 
at 51% abundance, and 81Br at 49% abundance. 
Students could calculate the relative atomic mass 
to two decimal places (Ar = 79.98).

Main
Show the students samples of chlorine, bromine 
and iodine (Cl2 and Br2 must be kept in a fume 
cupboard, but iodine in a tightly sealed jar can be 
passed around). Emphasise that all halogens exist 

www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine
www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine
www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine
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as diatomic molecules consisting of two halogen 
atoms chemically bonded together. Also emphasise 
the change of state from chlorine to bromine and 
then to iodine. Ask the students to suggest what is 
happening to the melting point and boiling points 
of the halogens as we go down the group. Then ask 
students to predict the appearance and states of 
fluorine and astatine.

Then, depending on the graph plotting skills of 
your students you may want them to plot a scatter 
graph of melting and/or boiling point against 
relative mass of their diatomic molecules (Table 
1.13 (9.15) on page 16 (132) of the textbook 
shows this information). 

More-able students could plot both melting points 
and boiling points on the same graph, while less-
confident students could just do one data set. 
More-able students could also use their graphs to 
determine the melting or boiling point of astatine 
by extrapolation, but would need to continue 
their x-axis to 420, and their y-axis to 350 °C and 
then extend their curves of best fit to the relative 
molecular mass of At2 (420). The melting point of 
At2 = 302 °C, and boiling point = 337 °C.

Students can then use their graphs to describe the 
trend in melting and boiling points.

Plenary
Having reviewed the key characteristics of the 
halogens, you could show all students how they 
could use their graphs to estimate the melting or 
boiling point of astatine by extrapolation. 

Support
Again, some students will need support with the 
scales they use for their y-axes. The melting and 
boiling points change from being negative values 
to positive values, so the x-axis should ideally 
cross the y-axis at 0 °C. Demonstrate this on the 
board to students before they start drawing their 
graphs.

Extension
Using their graphs, more-able students can 
extrapolate their lines of best fit to estimate the 
melting and boiling points of astatine, At2. Ensure 
that their x-axis goes to 420, and their y-axis goes 
to at least 350 °C.

Homework
Ask students to watch at least two halogen videos 
from the University of Nottingham Chemistry 
Department Periodic Table of videos website  
(www.periodicvideos.com) and record one 
interesting fact about each of the halogens they 
watched that they learnt.

Reactions of the halogens: Lesson 10

1 Describe the compounds formed when Group 
7 elements react with metals.

2 Describe the compounds formed when Group 
7 elements react with non-metals.

3 Describe the outcomes of displacement 
reactions between solutions of the halogens 
with aqueous halide salts.

4 Describe the trend in reactivity of Group 7.

Learning outcomes

Suggested lesson plan
Starter
Start this lesson by demonstrating a displacement 
reaction, for example the thermite reaction (details 
can be found at https://eic.rsc.org/exhibition-
chemistry/the-thermite-reaction/2020078.article). 
Display the word and balanced symbol equation 
and explain what is happening in terms of the 
more reactive aluminium displacing the less 
reactive iron from the iron oxide. Explain that 
students will be using displacement reactions (less 
explosive than the thermite reaction!) to discover 
the trend in reactivity of the halogens.

Main
Students can complete the practical in which they 
mix solutions of halogens with solutions of halide 
salts to observe whether or not displacement 
reactions take place (details of the practical are at 
www.rsc.org/learn-chemistry/resource/res00000733/
reactions-of-halogens-as-aqueous-solutions). As 
a class practical this should take approximately 
30 minutes, but as a demonstration, it should take 
15 minutes.

Based on the results of the practical, determine 
the trend in the reactivity of the halogens; they 
get less reactive down the group. If there is time, 
reference to the ‘Practical’ on page 18 (134) of the 
textbook will reinforce the conclusions from the 
practical work carried out in class.

Plenary
Review the trend in reactivity in terms of the 
gain of electrons as halogen atoms react. As we 
go down the group, the gained electron is further 
from the nucleus, so is less strongly attracted 
to the atom. This makes it harder to gain the 
electron, so the halogen becomes less reactive.

Support
This lesson is conceptually challenging. Make 
sure that students understand the results of the 
practical; it may be necessary to demonstrate the 

http://eic.rsc.org/exhibition-chemistry/the-thermite-reaction/2020078.article
http://eic.rsc.org/exhibition-chemistry/the-thermite-reaction/2020078.article
www.rsc.org/learn-chemistry/resource/res00000733/reactions-of-halogens-as-aqueous-solutions
www.rsc.org/learn-chemistry/resource/res00000733/reactions-of-halogens-as-aqueous-solutions
www.rsc.org/learn-chemistry/resource/res00000732/heating-group-1-metals-in-air-and-in-chlorine)
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results once the practical is complete to ensure 
that students understand when a displacement 
reaction has taken place and therefore which 
halogen is more reactive.

Extension
More-able students could be shown how adding 
hexane to their reaction mixtures helps to identify the 
presence of bromine (orange in hexane) and iodine 
(purple in hexane) in solution. More-able students 
could also be asked to construct word equations for 
the displacement reactions that take place.

Homework
Students could create a mind-map/poster showing 
the key characteristics of the halogens based on 
the previous two lessons. Or T&L Quick quiz 2 
reviews the content for Groups 0, 1 and 7.

The transition metals: Lesson 11

of hydrogen peroxide using manganese oxide powder 
(see the RSC Classic Chemistry Demonstrations no.58 
for details). Adding liquid soap to the hydrogen 
peroxide will allow you to test for oxygen by placing 
a glowing splint into the foam.

Plenary
As a group, review the properties of transition 
metals and how they compare to Group 1 metals. 
Table 1.16 on page 19 of the textbook does this 
well.

Support
This lesson is not particularly challenging in terms 
of content, but does provide a good opportunity to 
revisit earlier work on Group 1 metals.

Extension
Students could be asked to research how transition 
metals and their compounds are used in industry 
as catalysts.

Homework
Students could complete the ‘Test yourself’ and 
‘Show you can’ activities on page 19 (140) of 
the textbook. Chapter review questions 1, 2, 
7, 8, and 9 (pages 26 and 27 (141 and 142)) 
review the learning objectives associated with 
the three groups of elements and the transition 
metals. 

The history of the periodic table: 
Lesson 12

1 Compare the properties of the transition 
metals to those of Group 1.

2 Describe how transition metals can: form 
ions with different charges, form coloured 
compounds and act as catalysts.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the chemical 
and physical properties of Group 1 metals and 
their compounds. This review could be done by 
displaying samples of Group 1 metals and their 
compounds, and reminding students of their 
reactivity with water, oxygen and chlorine.

Main
Show a range of transition metals and their 
compounds to illustrate the similarities and 
differences between them and Group 1 metals. 
Emphasise the higher density and strength of 
the transition metals compared to the Group 1 
metals. Students could heat iron wool in a Bunsen 
flame, using tongs to hold the wool, to compare 
the reactivity of iron with Group 1 metals and 
magnesium; transition metals are far less reactive. 

Introduce the idea that transition metals can 
form a variety of positive ions when they react. 
For instance, iron forms Fe2+ and Fe3+ ions, while 
copper can form Cu+ and Cu2+ ions.

Then introduce the concept of transition metals and 
their compounds acting as catalysts. This could be 
achieved by demonstrating the catalytic breakdown 

1 Describe Newlands’ octaves.
2 Explain why Newlands’ idea was incomplete.
3 Describe key aspects of Mendeleev’s 

approach.
4 Evaluate how new experimental evidence 

may lead to a scientific model being changed.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson using T&L Quick quiz 4, which 
reviews some of the learning to date on the 
periodic table.

Main
Introduce the idea that the current periodic table 
has not always been the way it is. Show students 
Newlands’ periodic table of 1865 (Figure 1.20 (9.22) 
on page 20 (135), and available in the T&L Diagram 
bank), which orders the elements in increasing atomic 
weight, and ask them to identify any similarities or 
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differences between this and our current periodic 
table. They may recognise that some elements in the 
same group of the modern periodic table appear in 
the same row of Newlands’ table. Some elements are 
grouped together correctly, but others are not.

Describe how Newlands came up with his table, 
its strengths and its flaws, and then introduce 
Mendeleev’s table of elements (Figure 1.21 (9.23) 
on page 20 (135), and available in the T&L 
Diagram bank). Again, ask students to compare 
this table to the current periodic table. Point out 
the gaps in Mendeleev’s table, and the switching of 
iodine and tellurium given their masses.

Watch the following YouTube clip on Mendeleev’s table 
(www.youtube.com/watch?v=fPnwBITSmgU), which 
summarises Mendeleev’s foresight.

Plenary
Review the strengths and flaws of Newlands’ table 
of elements, and the improvements that Mendeleev 
made.

Support
In this lesson it is important to emphasise that 
the discovery of elements has been ongoing for 
a long period of time. Some students will believe 
that we have known about all the elements forever, 
and this will limit their understanding of how the 
periodic table has developed over time.

Extension
More-able students could be given the brief to 
research the development of the periodic table and 
create a presentation to describe and explain this 
development. They could then present this to the 
class as a review of learning objectives.

Homework
Students could complete the ‘Test yourself ’ and 
‘Show you can’ activities on page 21 (136) of the 
textbook.

Mixtures compared to compounds: 
Lesson 13 

Suggested lesson plan
Starter
Introduce the concept of elements, compounds 
and mixtures using a variety of particle diagrams 
similar to those in the ‘Show you can’ task on 
page 22 (137) of the textbook (this diagram 
is also available in the T&L Diagram bank). 
Take this opportunity to revise the definition 
of elements and compounds and to discuss the 
variable properties of mixtures depending on 
the proportions of different substances in the 
mixture.

Main
This is a busy lesson, and the final part of the 
lesson on separating immiscible liquids my need to 
be completed in the following lesson.

Briefly discuss some methods for separating 
mixtures of solids and liquids before a class 
practical on precipitation of lead iodide from 
solutions of lead nitrate and potassium iodide, 
followed by filtration to separate the solid 
precipitate. This practical can be adapted from the 
practical found at www.rsc.org/learn-chemistry/
resource/res00000473/investigating-the-
solubilities-of-lead-halides.

Whilst filtration takes place, emphasise the idea 
that filtration works because the solid is insoluble 
in water. Then ask how we could separate a soluble 
solid, like NaCl, from water – some students may 
remember using crystallisation or evaporation at 
KS3. Then demonstrate the formation of a solution 
of sodium chloride, and heating of that solution to 
separate the soluble solid by evaporation and/or 
crystallisation.

Go back and complete the filtration of the lead 
iodide, and insist that students wash their hands 
at the end of the practical. The students must not 
keep the yellow lead iodide residue.

Finally, demonstrate adding sunflower oil to water 
and introduce the term ‘immiscible’. Demonstrate 
how a separating funnel can be used to separate 
the two immiscible liquids. 

Plenary
List the key words used in this lesson (taken from 
the learning objectives) and check the students’ 
understanding of these terms. This could be done 
using a matching activity for keywords and their 
definitions.

Support
Providing a list of keywords and definitions, or a 
matching activity for keywords and definitions will 
support those students who find spelling difficult. 

1 Compare compounds and mixtures.
2 Define key terms: solvents, solute, solution, 

soluble, insoluble, miscible, immiscible.
3 Recognise mixtures from particle diagrams.
4 Describe how a mixture of sand, salt and 

water could be separated using filtration, 
evaporation and crystallisation.

5 Describe how a mixture of immiscible liquids 
could be separated using a separating funnel.

Learning outcomes

http://www.youtube.com/watch?v=fPnwBITSmgU
http://www.rsc.org/learn-chemistry/resource/res00000473/investigating-the-solubilities-of-lead-halides
http://www.rsc.org/learn-chemistry/resource/res00000473/investigating-the-solubilities-of-lead-halides
http://www.rsc.org/learn-chemistry/resource/res00000473/investigating-the-solubilities-of-lead-halides


1 Atomic structure and the periodic table

11

Extension
Students could be given a list of the keywords 
from the learning objectives and asked to find 
definitions for them.

Homework
Complete the ‘Rock salt’ practical on page 25 (140) 
of the textbook (separating a mixture of sand, salt 
and water is often carried out at KS3).

Separating mixtures: Lesson 14

Return to the distillation at the end of the 
lesson. You could ignite the ethanol to show its 
flammability and the effectiveness of the separation 
technique, but take great care when doing so. 
Discuss the use of fractional distillation to separate 
mixtures of many miscible liquids, e.g. crude oil.

Plenary
Review the seven different separation techniques 
covered in terms of what they can separate, and a 
brief description of how they work.

Support
There is a lot of factual content in this and the 
previous lesson. All students would benefit from a 
review activity, such as a matching activity, where 
the seven different techniques can be linked to 
what they can separate, and how they work.

Extension
Students could be separated into groups and asked 
to create presentations for each of the seven 
separation techniques.

Homework
Complete the ‘Test yourself’ activity on page 24 
(139) of the textbook. There are also two other 
T&L resources that could be used: Quick quiz 3 
and Homework task (b). Questions 3 and 10 from 
the ‘Chapter review’ questions (pages 26 and 27 
(141 and 142) of the textbook) review separation 
techniques.

The ‘Practice questions’ on pages 28 and 29 (143 and 
144) of the textbook provide good revision material 
in the run-up to an end of chapter assessment.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 A substance made from only one type of atom/ 

a substance that cannot be broken down into 
simpler substances.

2 A substance made from atoms of different 
elements chemically joined/bonded together.

3 In a compound the atoms have been chemically 
bonded together to make a new substance.

4 Metals: conduct heat, conduct electricity, high 
melting points, shiny when polished, malleable; 
Non-metals: do not conduct heat, do not conduct 
electricity, low melting points, dull, brittle.

5 In a mixture the substances are not chemically 
joined; in a compound the elements are 
chemically joined together.

6 Filtration, decanting, crystallisation, 
distillation, fractional distillation, evaporation, 
centrifugation, chromatography.

1 Describe how a solvent could be separated 
from a solution by the process of simple 
distillation.

2 Describe how a mixture of miscible liquids 
could be separated by the process of 
fractional distillation.

3 Describe the process of chromatography.

Learning outcomes

Suggested lesson plan
Starter
Start by showing the students the crystals of 
sodium chloride that should have formed by the 
crystallisation of the sodium chloride solution 
from the last lesson. Then use the T&L Lesson 
starter 3 to review the learning from the 
previous lesson.

Main
Introduce the technique of distillation by 
watching the following Periodic Table of Videos 
clip on distillation of beer: www.youtube.com/
watch?v=CheFL8see30. Discuss the video clip from 
Periodic Table of Videos on the distillation of 
ethanol from lager:

● How is the ethanol separated from the lager 
(i.e. how did the distillation work)?

● What are some of the uses of ethanol?

Repeat the demonstration of this distillation (you 
could use lager or a 20% by volume mixture of 
ethanol and water); set up the apparatus and 
explain how distillation works, then get the 
distillation going. Monitor the distillation carefully 
throughout the lesson to ensure that only the 
ethanol is distilled off.

Whilst the distillation is taking place, students 
could carry out a simple chromatography activity, 
such as separating the dyes in soluble coloured 
ink, or food colourings as an example of another 
means of a separating technique.

https://www.youtube.com/watch?v=CheFL8see30
https://www.youtube.com/watch?v=CheFL8see30
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Test yourself
1 7.0 × 10–11 m
2 0.025 nm
3 Chlorine
4 1.8 × 10–5 nm, 1.8 × 10–14 m
5 a) atom = 2.56 × 10–10 m, wire = 4.40 × 10–4 m

b) 1.72 × 106 atoms (3 sf)
6 1.69 × 109 atoms (3 sf)
7 Protons, neutrons, electrons
8 Neutron
9 There is an equal number of protons and 

electrons.
10 15 protons, 16 neutrons, 15 electrons
11 That it has 19 protons.
12 Similarities: have 17 protons; have 17 

electrons; have same chemical properties
 Differences: different mass numbers; 35Cl has 

18 neutrons but 37Cl has 20 neutrons.

13 Ar =
69 63 + 31 65

69 + 31
= 63.6

( ) ( )× × 

14 Ar =
79 24 + 10 25 + 11 26

79 + 10 + 11
= 24.3

( ) ( ) ( )× × × 

15 Mass number is the number of protons plus the 
number of neutrons in an atom so is an integer; 
relative atomic mass is an average mass taking 
into the mass and abundance of all the isotopes.

16 16O = 2,6; 23Na = 2,8,1; 40Ca = 2,8,8,2
17 The first shell can only hold two electrons.
18 1+
19 3–
20 2,8,8
21 Protons = 9, neutrons = 10, electrons = 10
22 Ions have the same electron structure as Group 

0 elements.
23 The discovery of the electron
24 The discovery of the nucleus
25 Positive alpha particles would be repelled by 

positive nucleus.
26 a) Non-metal

b) Metal
c) Non-metal
d) Non-metal
e) Non-metal

27 a) Yes – ionic
b) Yes – molecular
c) Yes – molecular
d) Yes – ionic
e) No
f) Yes – molecular

28 Atomic number order
29 a) Group 4

b) Group 1
c) Group 3

30 The properties repeat at regular intervals.
31 They have a stable electron structure (so have 

no need to gain/lose electrons).
32 Although most elements have eight electrons in 

their outer shell, helium only has two electrons 
in its outer shell.

33 Unreactive, colourless gas, non-metal,  
non-conductor

34 They have one electron in their outer shell 
which is easy to lose when they react.

35 Potassium + water → potassium hydroxide + 
hydrogen; 2K + 2H2O → 2KOH + H2

36 Potassium hydroxide is formed, which dissolves 
in water forming an alkaline solution.

37 Potassium atoms lose one electron to get a 
noble gas electron structure and chlorine atoms 
gain one electron to get a noble gas electron 
structure.

38 Potassium atoms are bigger so the outer-shell 
electron is further from the nucleus. Therefore 
the attraction between the nucleus and outer 
electron is weaker, and as a result the outer 
electron is lost more easily.

39 Soft grey metal, low melting point, low density, 
very reactive, react with non-metals to form 
ionic compounds, forms 1+ ions, forms white 
compounds that dissolve in water to give 
colourless solutions.

40 They have seven electrons in their outer shell 
and it is easy to gain one more when they react.

41 Molecules containing two atoms.
42 Fluorine will displace chlorine because fluorine 

is more reactive than chlorine.
43 Bromine atoms share electrons with chlorine 

atoms to get noble gas electron structures – 
they form molecules when they share electrons.

44 Chlorine atoms are smaller so the electron 
gained is closer to the nucleus. Therefore the 
attraction between the nucleus and electron 
gained is greater, and as a result the electron is 
gained more easily.

45 Metals in a block in the middle of the periodic 
table between Groups 2 and 3.

46 Conduct heat; conduct electricity; react with 
non-metals to form ionic compounds; shiny 
when polished.

47 Transition metals: less reactive; higher 
melting points; higher density; form coloured 
compounds; form ions with different charges; 
stronger and harder; act as catalysts.

48 A substance that speeds up a reaction but is 
not used up.

49 Order of atomic weight
50 To ensure that elements were in groups with 

other elements with similar properties.
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51 He predicted that some elements had yet to be 
discovered.

52 He predicted that some new elements 
would be discovered as well as predicting 
their properties. These elements were later 
discovered and their properties closely matched 
his predictions.

53 a) Fractional distillation
b) Filtration
c) (Simple) distillation
d) Separating funnel
e) Chromatography

Show you can 
Page 5

Element Atomic 
number

Mass 
number

Number 
of 

protons

Number 
of 

electrons

Number 
of 

neutrons

7
3
Li 3 7 3 3 4

24
12

Mg 12 24 12 12 12

27
13

Al 13 27 13 13 14

39
19

K 19 39 19 19 20

107
47

Ag 47 107 47 47 60

Page 6

a) Boron
b) 2,3
c) 11
d) Nucleus

Page 7

a) 

b) There is an equal number of protons and 
electrons.

c) 2–

d) D and F

Particle Atomic 
number

Mass 
number

Number 
of 

protons

Number 
of 

neutrons

Number 
of 

electrons

Electronic 
structure

A 18 40 18 22 18  2,8,8

B 13 27 13 14 10    2,8

C 20 40 20 20 20 2,8,8,2

D 17 35 17 18 17   2,8,7

E 16 32 16 16 18   2,8,8

F 17 37 17 20 17   2,8,7

Page 8

Plum-pudding model Nuclear Modern theory

Ball of positive charge Nucleus of 
positive charge

Nucleus with 
protons and 
neutrons

Electrons embedded 
throughout

Electrons in 
shells

Electrons in 
shells

Page 10

a) Magnesium: solid, conducts heat, 
conducts electricity, ductile, malleable; 
oxygen: gas, insulator, not ductile, not 
malleable

b) Magnesium oxide
c) Basic
d) Ions

Page 11

a) A
b) B, D
c) C
d) B and C or B and E or D and C or D and E
e) C and E

Page 13

a) It has one electron in the outer shell and 
hence must be in Group 1. Elements in 
Group 5 have 5 electrons in their outer 
shell

b) 11

Page 13

Element He Ar

Reactive or unreactive? Unreactive Unreactive

Metal or non-metal? Non-metal Non-metal

Solid, liquid or gas at room 
temperature?

Gas Gas

Electronic structure 2 2,8,8

Page 15

a) Group 1 – products are metal hydroxide and 
hydrogen

 Group 2 – products are metal hydroxide and 
hydrogen

b) Group 1 elements are more reactive than 
Group 2 elements – they all react with cold 
water

c) Group 1 and Group 2 – reactivity increases 
down the group
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Practical: Reactions of the halogens
1 a) Fume cupboard – chlorine is toxic

b) Chlorine is more reactive than iodine so 
displaces it

c) Potassium chloride and iodine
d) Colourless to brown
e) Cl2 + 2KI → 2KCl + I2
f) Colourless to yellow

2 a) Liquid in which a substance dissolves
b) Hydrocarbon turns purple

Show you can
Page 19

a) E
b) B
c) A
d) D
e) B

Page 21

No noble gases; spaces for undiscovered elements; 
no lanthanides or actinides; fewer elements

Page 22

A: compound; B: compound; C: mixture of two 
elements; D: mixture of element and compound

Page 25

Filtration Distillation Fractional 
distillation

Type of 
mixture 
separated

Insoluble solid 
and liquid 

Soluble solid 
dissolved in 
liquid

Miscible 
liquids

Important 
word and 
definition 

Filtrate – 
liquid passing 
through filter 
paper

Condenser 
– apparatus 
used to cool 
gases to turn 
them back 
into liquids 

Miscible – 
liquids that 
mix

Important 
word and 
definition

Residue – 
solid left in 
filter funnel 

Distillate – 
the product 
collected 
at end of 
condenser

Fractionating 
column 
– keeps 
different 
liquids apart 
as they boil/
condense

Practical: Rock salt
1 a) It is soluble (in water)

b) Heat to produce hot water
c) Land may collapse
d) Evaporation

2 i, iv, v
3 a) Contains salt, clay and sand which are not 

chemically combined
b) Increase the surface area to speed up 

dissolving
c) To speed up dissolving

d) Salt dissolved in water
e) Clay and sand
f) Some finer sand may have passed through 

filter paper, or paper may have ripped; 
refilter (use finer filter paper)

Chapter review questions
1 a) Potassium

b) Nickel
c) Krypton
d) Bromine
e) Silicon

2 a) Group 7
b) Group 1
c) Group 4
d) Group 0
e) Transition metal
f) Group 7
g) Group 7
h) Transition metal
i) Group 1
j) Group 6
k) Group 2
l) Group 0
m) Transition metal

3 a) Example for distillation, e.g. water from salt 
water

b) Example for filtration, e.g. sand from sand 
and water

c) Example for crystallisation, e.g. copper 
sulfate crystals from copper sulfate 
solution

d) Example for evaporation, e.g. salt from salt 
water

e) Example for chromatography, e.g. mixture of 
dyes/food colourings

f) Example for fractional distillation, e.g. 
alcohol and water

4 a) C6
12  and C6

14

b) −F ,9
19F –

c) −O ,8
16 2 −F ,9

19 Ne10
20

d) −F ,9
19 Ne10

20

e) None
5 2.6 × 10–10 m
6 a) Transfer

b) Share
c) No reaction
d) No reaction
e) Share
f) Transfer

7 a) Group 1 = alkali metals, Group 7 = halogens
b) Electron is transferred from sodium to 

bromine so that both atoms form ions with 
noble gas electron structures.

c) 2Na + Br2 → 2NaBr
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d) Potassium atoms are bigger so the outer-
shell electron is further from the nucleus; 
so the attraction between the nucleus 
and outer electron is weaker; so the outer 
electron is lost more easily

8 a) Na = Group 1 (alkali metals), Ni = transition 
metals

b) i) Ni
ii) Ni
iii) Na
iv) Na
v) Na
vi) Ni

vii) Ni
viii) Na
c) 2Na + 2H2O → 2NaOH + H2

9 a) Iodine was formed
b) Br2 + 2I– → 2Br– + I2
c) Bromine is more reactive than iodine. 

Bromine atoms are smaller than iodine so 
the electron gained when bromine reacts 
is closer to the nucleus. Therefore the 
attraction between the nucleus and electron 
gained is stronger, and as a result the 
electron is gained more easily than it is in 
iodine

10 Step 1: Use a separating funnel to separate the 
mixture of salt in water from the mixture of 
cyclohexane and diethyl ether

 Step 2: Separate salt from water by (simple) 
distillation

 Step 3: Separate cyclohexane from diethyl ether 
by fractional distillation

 (Steps 2 and 3 can be in either order.)

Practice questions
1 A
2 B
3 a) Particle Relative 

charge
Relative 
mass

Proton +1 1

Electron −1 Very small

Neutron 0 1  [4 marks]

b) i) Nucleus [1 mark]
ii) Atomic number [1 mark]

iii) Mass number [1 mark]
iv) 13 [1 mark]

4 a) Plum-pudding model – positive ball [1 mark]
with electrons embedded in it [1 mark]

 Today’s model - nucleus [1 mark]  
containing protons and neutrons  [1 mark] 
electrons in shells [1 mark]

b) i) 11 [1 mark]
ii) 23 [1 mark]
iii) Nucleus [1 mark]
iv) 2,8,1 shown on diagram [1 mark]

c) 
Atom/ion 

Number of 
protons 

Electronic 
configuration 

N 7 2,5 

S2– 16 2,8,8

Ca2+ 20 2,8,8

Mg2+ 12 2,8

 [6 marks]

5 a) 1 = evaporation, 2 = filtration, 3 = (simple) 
distillation [3 marks]

b) 3 [1 mark]
c) 2 [1 mark]
d) A = filtrate [1 mark], B = residue [1 mark]
e) Copper(II) chloride is soluble and would 

pass through the filter funnel [1 mark]
6 a) Chromatography [1 mark]

b) i) There is a spot at the same height as the 
one for E102 [1 mark]

ii) E160 [1 mark]
iii) A spot drawn at the same height as 

E160 and directly above orange drink 
Y label [1 mark]

iv) The ink would separate in the solvent 
and ruin the chromatogram [1 mark]

7 a) To stop it reacting with water and air [1 mark]
b) Any two of the following: safety screen/use 

a large volume of water in a trough/use a 
small piece of the metal/use forceps to lift 
the metal [2 marks]

c) i) Increases [1 mark]
ii) Green – due to neutral water [1 mark]; 

purple due to hydroxide/alkali formed 
 [1 mark].

iii) Fizzing/bubbles [1 mark]
iv) sodium + water → sodium hydroxide 

+ hydrogen [1 mark]
v) 2Na + 2H2O → 2NaOH + H2  

[correct formulae = 1 mark; balanced = 1 mark]
8 a) Number [1 mark]; weight/mass [1 mark]

b) No gaps/more elements/noble gases 
present/lanthanides and actinides present/
transition metal block [any for 1 mark]

c) Group 
number

Name 
of 
group

Number of 
electrons 
in the 
outer shell 
of an atom

Reactive 
or non-
reactive?

1 Alkali 
metals

1 Reactive

7 Halogens 7 Reactive

 

[6 marks]

d) i) It decreases [1 mark]
ii) Lithium [1 mark]
iii) Solid [1 mark]

9 Level 3 answer = 5–6 marks: describes all 
key features of Mendeleev’s table and clearly 
explains why his table was accepted.

 Level 2 answer = 3–4 marks: describes some key 
features of Mendeleev’s table and explains why 
his table was accepted.
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 Level 1 answer = 1–2 marks: describes a key 
feature of Mendeleev’s table or explains why his 
table was accepted.

 Indicative content:
 Elements in order of atomic weight/mass
 But prepared to go out of order if properties 

fitted better
 Properties repeated at (regular) intervals
 Elements in the same group with similar 

(chemical) properties
 Left gaps for undiscovered elements
 Predicted the properties of undiscovered 

elements
 New elements were discovered that matched his 

predictions.
10 Level 3 answer = 5–6 marks: describes several 

similarities and several differences between the 
alkali metals and the transition metals.

 Level 2 answer = 3–4 marks: describes a few 
similarities and differences between the alkali 
metals and the transition metals, but including 
at least one of each.

 Level 1 answer = 1–2 marks: describes a 
similarity and a difference between the alkali 
metals and the transition metals.

 Indicative content:
 Similarities (maximum 3 marks):
 Conduct (heat and/or electricity)
 React with non-metals (to form ionic 

compounds)
 Malleable
 Differences (maximum 4 marks)
 Transition metals have higher melting points
 Transition metals are less reactive
 Transition metal compounds are coloured, alkali 

metals compounds are white
 Transition metals can act as catalyst, alkali 

metals cannot
 Transition metals can form ions with different 

charges, alkali metals cannot/only form 1+.

Working scientifically
1 A substance that cannot be broken down 

further by chemical reactions.
2 Sulfur, phosphorus, carbon, oxygen, nitrogen, 

hydrogen, cobalt, mercury tin, copper nickel, 
iron, gold, lead, silver, zinc, manganese, 
tungsten, platinum

3 Metallic
4 They react to give oxides which are acidic
5 Calcium oxide, magnesium oxide, barium sulfate, 

aluminium oxide, silicon dioxide – he did not 
have equipment which would break them down.

6 Group 1 (alkali metals), Group 2, Group 7 
(halogens)

7 Yes: Cl = 35.5, Br = 80, I = 127,

 
1
2

(35.5 + 127) = 81

8 It only contains genuine elements – no 
compounds or ‘material’ elements. It showed 
periodicity; the elements are in groups where 
some elements have similar properties.

9 More elements in each group; in some groups 
there are both metals and non-metals, e.g. 5th 
column.

10 It includes noble gases, more elements and 
no gap.

AQA GCSE (9-1) Combined Science Trilogy 1
Test yourself on prior knowledge
1 A substance made from only one type of atom/a 

substance that cannot be broken down into 
simpler substances.

2 A substance made from atoms of different 
elements chemically joined/bonded together.

3 In a compound the atoms have been chemically 
bonded together to make a new substance.

4 Metals: conduct heat, conduct electricity, high 
melting points, shiny when polished, malleable. 
Non-metals: do not conduct heat, do not 
conduct electricity, low melting points, dull, 
brittle.

5 In a mixture the substances are not chemically 
joined; in a compound the elements are 
chemically joined together.

6 Four of: filtration, decanting, crystallisation, 
distillation, fractional distillation, evaporation, 
centrifugation, chromatography.

Test yourself
1 7.0 × 10–11 m
2 0.025 nm
3 Chlorine
4 1.8 × 10 –5 nm; 1.8 × 10–14 m
5 a) atom = 2.56 × 10–10 m, wire = 4.40 × 10–4 m

b) 1.72 × 106 atoms (3 sf)
6 1.69 × 109 atoms (3 sf)
7 Protons, neutrons, electrons
8 Neutron
9 There is an equal number of protons and 

electrons
10 15 protons, 16 neutrons, 15 electrons
11 That it has 19 protons
12 Similarities: have 17 protons; have 17 

electrons; have same chemical properties.
 Differences: different mass numbers; 35Cl has 18 

neutrons but 37Cl has 20 neutrons.

13 Ar =
69 63 + 31 65

69 + 31
= 63.6

( ) ( )× × 

14 Ar =
79 24 + 10 25 + 11 26

79 + 10 + 11
= 24.3

( ) ( ) ( )× × × 
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15 Mass number is the number of protons plus 
the number of neutrons in an atom so is an 
integer; relative atomic mass is an average 
mass taking into the mass and abundance of 
all the isotopes.

16 16O = 2,6; 23Na = 2,8,1; 40Ca = 2,8,8,2
17 The first shell can only hold two electrons.
18 1+
19 3–
20 2,8,8
21 Protons = 9, neutrons = 10, electrons = 10
22 Ions have the same electron structure as Group 

0 elements
23 The discovery of the electron
24 The discovery of the nucleus
25 Positive alpha particles would be repelled by 

positive nucleus.
26 a) Non-metal

b) Metal
c) Non-metal
d) Non-metal
e) Non-metal

27 a) Yes – ionic
b) Yes – molecular
c) Yes – molecular
d) Yes – ionic
e) No
f) Yes – molecular

28 Atomic number order
29 a) Group 4

b) Group 1
c) Group 3

30 The properties repeat at regular intervals.
31 They have a stable electron structure (so have 

no need to gain/lose electrons).
32 Although most elements have eight electrons in 

their outer shell, helium only has two electrons 
in its outer shell.

33 Unreactive, colourless gas, non-metal, non-
conductor

34 They have one electron in their outer shell 
which is easy to lose when they react.

35 Potassium + water → potassium hydroxide + 
hydrogen; 2K + 2H2O → 2KOH + H2

36 Potassium hydroxide is formed, which dissolves 
in water forming an alkaline solution.

37 Potassium atoms lose one electron to get a 
noble gas electron structure and chlorine atoms 
gain one electron to get a noble gas electron 
structure.

38 Potassium atoms are bigger so the outer-shell 
electron is further from the nucleus. Therefore 
the attraction between the nucleus and outer 
electron is weaker, and as a result the outer 
electron is lost more easily.

39 Soft grey metal, low melting point, low density, 
very reactive, react with non-metals to form 
ionic compounds, forms 1+ ions, forms white 
compounds that dissolve in water to give 
colourless solutions.

40 They have seven electrons in their outer shell 
and it is easy to gain one more when they 
react.

41 Molecules containing two atoms
42 Fluorine will displace chlorine because fluorine 

is more reactive than chlorine.
43 Bromine atoms share electrons with chlorine 

atoms to get noble gas electron structures – 
they form molecules when they share electrons.

44 Chlorine atoms are smaller so the electron 
gained is closer to the nucleus. Therefore the 
attraction between the nucleus and electron 
gained is greater, and as a result the electron is 
gained more easily.

45 Order of atomic weight
46 To ensure that elements were in groups with 

other elements with similar properties
47 He predicted that some elements had yet to be 

discovered.
48 He predicted that some new elements 

would be discovered as well as predicting 
their properties. These elements were later 
discovered and their properties closely matched 
his predictions.

49 a) Fractional distillation
b) Filtration
c) (Simple) distillation
d) Separating funnel
e) Chromatography

Show you can
Page 120

Element Atomic 
number

Mass 
number

Number 
of protons

Number of 
electrons

Number of 
neutrons

7
3
Li  3  7  3  3  4

24
12

Mg 12 24 12 12 12

27
13

Al 13 27 13 13 14

39
19

K 19 39 19 19 20

107
47

Ag 47 107 47 47 60

Page 121

a) Boron
b) 2,3
c) 11
d) Nucleus
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Page 122

a) 

b) There is an equal number of protons and 
electrons.

c) 2–

d) D and F

Page 124

Plum-pudding 
model

Nuclear Modern theory

Ball of positive 
charge

Nucleus of positive 
charge

Nucleus with 
protons and 
neutrons

Electrons embedded 
throughout

Electrons in shells Electrons in shells

Page 126

a) Magnesium: solid, conducts heat, conducts 
electricity, ductile, malleable; oxygen: gas, 
insulator, not ductile, not malleable

b) Magnesium oxide
c) Basic
d) Ions

Page 127

a) A
b) B, D
c) C
d) B and C or B and E or D and C or D and E
e) C and E

Page 128

a) It has one electron in the outer shell and 
hence must be in Group 1. Elements in Group 
5 have 5 electrons in their outer shell.

b) 11

Page 129

Element He Ar

Reactive or 
unreactive?

Unreactive Unreactive

Metal or non-
metal?

Non-metal Non-metal

Solid, liquid or 
gas at room 
temperature?

Gas Gas

Electronic 
structure

2 2,8,8

Particle Atomic 
number

Mass number Number of 
protons

Number of 
neutrons

Number of 
electrons

Electronic 
structure

A 18 40 18 22 18 2,8,8

B 13 27 13 14 10 2,8

C 20 40 20 20 20 2,8,8,2

D 17 35 17 18 17 2,8,7

E 16 32 16 16 18 2,8,8

F 17 37 17 20 17 2,8,7

Page 134

a) E
b) B
c) A
d) D
e) B

Page 136

No noble gases; spaces for undiscovered elements; 
no lanthanides or actinides; fewer elements

Page 137

A: compound; B: compound; C: mixture of two 
elements; D: mixture of element and compound

Page 140

Filtration Distillation Fractional 
distillation

Type of 
mixture 
separated

Insoluble solid 
and liquid 

Soluble solid 
dissolved in 
liquid

Miscible liquids

Important 
word and 
definition 

Filtrate – 
liquid passing 
through filter 
paper

Condenser 
– apparatus 
used to cool 
gases to turn 
them back into 
liquids 

Miscible – 
liquids that mix

Important 
word and 
definition

Residue – solid 
left in filter 
funnel 

Distillate – 
the product 
collected 
at end of 
condenser

Fractionating 
column – 
keeps different 
liquids apart 
as they boil/
condense

Practical
Page 134

1 a) Fume cupboard – chlorine is toxic
b) Chlorine is more reactive than iodine so 

displaces it
c) Potassium chloride and iodine
d) Colourless to brown
e) Cl2 + 2KI → 2KCl + I2
f) Colourless to yellow

2 a) Liquid in which a substance dissolves
b) Hydrocarbon turns purple
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Practical
Page 140

1 a) It is soluble (in water)
b) Heat to produce hot water
c) Land may collapse
d) Evaporation

2 A: I; B: iv; C: v
3 a) Contains salt, clay and sand which are not 

chemically combined
b) Increase the surface area to speed up 

dissolving
c) To speed up dissolving
d) Salt dissolved in water
e) Clay and sand
f) Some finer sand may have passed through 

filter paper, or paper may have ripped; 
refilter (use finer filter paper)

Chapter review questions
1 a) Potassium

b) Nickel
c) Krypton
d) Bromine
e) Silicon

2 a) Group 7
b) Group 1
c) Group 4
d) Group 0
e) Transition metals
f) Group 7
g) Group 7
h) Transition metals
i) Group 1
j) Group 6
k) Group 2
l) Group 0
m) Transition metals

3 a) Example for distillation, e.g. water from salt 
water

b) Example for filtration, e.g. sand from sand 
and water

c) Example for crystallisation, e.g. copper 
sulfate crystals from copper sulfate solution

d) Example for evaporation, e.g. salt from salt 
water

e) Example for chromatography, e.g. mixture of 
dyes/food colourings

f) Example for fractional distillation, e.g. 
alcohol and water

4 a) C6
12  and C6

14

b) −F ,9
19F–

c) −O ,8
16 2 −F ,9

19 Ne10
20

d) −F ,9
19 Ne10

20

e) None
5 2.6 × 10–10 m

6 a) Transfer
b) Share
c) No reaction
d) No reaction
e) Share
f) Transfer

7 a) Group 1 = alkali metals, Group 7 = halogens
b) Electron is transferred from sodium to 

bromine so that both atoms form ions with 
noble gas electron structures

c) Potassium atoms are bigger so the outer-
shell electron is further from the nucleus; 
so the attraction between the nucleus 
and outer electron is weaker; so the outer 
electron is lost more easily

8 a) Iodine was formed
b) Br2 + 2I– → 2Br– + I2
c) Bromine is more reactive than iodine. 

Bromine atoms are smaller than iodine so 
the electron gained when bromine reacts 
is closer to the nucleus. Therefore the 
attraction between the nucleus and the 
electron gained is stronger, and as a result 
the electron is gained more easily than it is 
in iodine.

9 Step 1: Use a separating funnel to separate the 
mixture of salt in water from the mixture of 
cyclohexane and diethyl ether

 Step 2: Separate salt from water by (simple) 
distillation

 Step 3: Separate cyclohexane from diethyl ether 
by fractional distillation

 (Steps 2 and 3 can be in either order)

Practice questions
1 A [1 mark]
2 B [1 mark]
3 a) Particle Relative 

charge
Relative 
mass

Proton +1 1

Electron −1 Very small

Neutron 0 1

 

[4 marks]

b) i)  Nucleus [1 mark]
ii) Atomic number [1 mark]
iii) Mass number [1 mark]
iv) 13 [1 mark]

4 a) Plum-pudding model – positive ball [1 mark]; 
with electrons embedded in it [1 mark].

 Today’s model – nucleus [1 mark]; containing 
protons and neutrons [1 mark]; electrons in 
shells [1 mark]
b) i) 11 [1 mark]

ii) 23 [1 mark]
iii) Nucleus [1 mark]
iv) 2,8,1 shown on diagram [1 mark].
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c) 
Atom/ion 

Number of 
protons 

Electronic 
configuration 

N 7 2,5 

S2– 16 2,8,8

Ca2+ 20 2,8,8

Mg2+ 12 2,8 

 

[6 marks]
5 a) 1 = evaporation, 2 = filtration, 3 = (simple) 

distillation [3 marks]
b) 3 [1 mark]
c) 2 [1 mark]
d) A = filtrate [1 mark], B = residue [1 mark]
e) Copper(II) chloride is soluble and would 

pass through the filter funnel [1 mark]
6 a) Chromatography [1 mark]

b) i) There is a spot at the same height as the 
one for E102 [1 mark]

ii) E160 [1 mark]
iii) A spot drawn at the same height as 

E160 and directly above orange drink 
Y label [1 mark]

iv) The ink would separate in the solvent and 
ruin the chromatogram [1 mark]

7 a) To stop it reacting with water and air [1 mark]
b) Any two of the following: safety screen/use 

a large volume of water in a trough/use a 
small piece of the metal/use forceps to lift 
the metal [2 marks]

c) i) Reactivity increases [1 mark]
ii) Green – due to neutral water [1 mark]; 

purple due to hydroxide/alkali formed 
 [1 mark].

iii) Fizzing/bubbles [1 mark]
iv) sodium + water → sodium hydroxide + 

hydrogen [1 mark]
v) 2Na + 2H2O → 2NaOH + H2 (correct 

formulae = 1 mark; balanced = 1 mark)

8 a) number [1 mark]; weight/mass [1 mark]
b) No gaps/more elements/noble gases 

present/lanthanides and actinides present/
transition metal block [any for 1 mark]

c) Group 
number

Name of 
group

Number of 
electrons 
in the 
outer shell 
of an atom

Reactive 
or non-
reactive?

1 Alkali 
metals

1 Reactive

7 Halogens 7 Reactive

 

[6 marks]

d) i) It decreases [1 mark]
ii) Lithium [1 mark]
iii) Solid [1 mark]

9 Level 3 answer: describes all key features of 
Mendeleev’s table and clearly explains why his 
table was accepted [5–6 marks]

 Level 2 answer: describes some key features of 
Mendeleev’s table and explains why his table 
was accepted [3–4 marks]

 Level 1 answer: describes a key feature of 
Mendeleev’s table or explains why his table was 
accepted [1–2 marks]

Indicative content:

● Elements in order of atomic weight/mass
● But prepared to go out of order if properties 

fitted better
● Properties repeated at (regular) intervals
● Elements in the same group with similar 

(chemical) properties
● Left gaps for undiscovered elements
● Predicted the properties of undiscovered 

elements
● New elements were discovered that matched his 

predictions

Working scientifically: How theories change 
over time
Pages 145–46

1 A substance that cannot be broken down 
further by chemical reactions

2 Sulfur, phosphorus, carbon, oxygen, nitrogen, 
hydrogen, cobalt, mercury tin, copper nickel, 
iron, gold, lead, silver, zinc, manganese, 
tungsten, platinum

3 Metallic
4 They react to give oxides which are acidic
5 Calcium oxide, magnesium oxide, barium 

sulfate, aluminium oxide, silicon dioxide – he 
did not have equipment which would break 
them down

6 Group 1 (alkali metals), Group 2, Group 7 
(halogens)

7 Yes: Cl = 35.5, Br = 80, I = 127,

 1
2

(35.5 + 127) = 81

8 It only contains genuine elements – no 
compounds or ‘material’ elements. It showed 
periodicity; the elements are in groups where 
some elements have similar properties

9 More elements in each group; in some groups there 
are both metals and non-metals, e.g. 5th column

10 It includes noble gases, more elements and no 
gaps.
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2 Bonding, structure and the 
properties of matter

Overview
Specification points
4.2.1.1 Chemical bonds; 4.2.1.2 Ionic bonding; 
4.2.1.3 Ionic compounds; 4.2.1.4 Covalent bonding; 
4.2.1.5 Metallic bonding; 4.2.2.1 The three states 
of matter; 4.2.2.2 State symbols; 4.2.2.3 Properties 
of ionic compounds; 4.2.2.4 Properties of small 
molecules; 4.2.2.5 Polymers; 4.2.2.6 Giant covalent 
structures; 4.2.2.7 Properties of metals and alloys; 
4.2.2.8 Metals as conductors; 4.2.3.1 Diamond; 
4.2.3.2 Graphite; 4.2.3.3 Graphene and fullerenes; 
4.2.4.1 Sizes of particles and their properties; 
4.2.4.2 Uses of nanoparticles

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 2 pages 32–62

AQA GCSE (9–1) Combined Science Trilogy 1: 
Chapter 10 pages 147–175

AQA GCSE (9–1) Combined Science Trilogy: Chapter 
10 pages 147–175

Recommended number of lessons: 14

Chapter overview

Contains AQA required practical No

Contains higher-only material Yes

Contains chemistry-only material Yes

Useful prior learning
All matter is made up of continuously moving 
particles and the arrangement of these particles 
determines the state of matter at a given 
temperature. In solids, particles are arranged 
in a regular lattice structure, they are close to 
each other, and can only vibrate around a fixed 
position. In liquids the particles are still packed 
closely together, but the particles are free to move 
relative to one another, so are randomly arranged. 
In gases the particles move independently of one 
another at relatively high speeds. The particles are 
spread out and randomly arranged.

The arrangement of particles also determines the 
physical properties of the three states of matter. 
Solids do not flow and cannot be compressed; 
liquids do flow but cannot be compressed 
significantly; and gases can flow, and are easily 
compressed.

Metal elements and non-metal elements chemically 
combine to form compounds in different ways. When 
metals combine with non-metals, electrons are 
transferred from the metal atoms to the non-metal 
atoms and an ionic compound is formed. When non-
metal atoms combine with other non-metal atoms, 
electrons are shared between the bonded atoms, 
and a covalent compound is formed.

Common misconceptions
Students often believe that particles in the solid 
state are completely stationary, and that only 
particles in the liquid and gaseous states are able 
to move. This is incorrect - particles in all three 
states of matter have energy, and are continually 
moving as a result (unless at absolute zero).

Preparation
The T&L Prior knowledge catch-up student 
sheet provides a comprehensive review of particle 
theory from KS3, and a sound understanding of 
this is vital to make sound progress through this 
chapter. Teachers can sometimes over-estimate 
how much students recall from KS3, and it is 
always worth taking time to review particle theory 
before commencing work on how the bonding of a 
substance determines its physical properties.

The T&L Prior knowledge catch-up teacher 
sheet gives advice about how to effectively 
review particle theory, and what useful resources 
are available to help eliminate some common 
misconceptions. The T&L Topic overview resource 
gives a concise overview of the key learning 
objectives, and would make for a useful starting 
point when preparing for an end of chapter 
assessment.

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key terms

• Personal tutor: Making compounds

• Personal tutor: Emulsions

• Personal tutor: Bonding

• Animation: Formation of ionic compounds

• Animation: Obtaining metals from their ores

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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Ionic bonding: Lesson 1 Making compounds resource useful for reviewing 
their prior knowledge before beginning this 
chapter of work.

Students often find the act of drawing out dot 
and cross diagrams for ionic bonding challenging 
at this stage. Careful monitoring of their progress 
is vital to ensure that all students are making 
good progress. Ensure that students follow your 
explanation of these diagrams at the start of the 
lesson.

Extension
More-able students may make the link between the 
charges on the ions present and the formula of the 
ionic compound. If so, ask them to come up with 
the correct formulae for ionic compounds such as 
aluminium oxide, calcium iodide, rubidium sulfide 
and magnesium nitride.

Homework
Students could complete the ‘Test yourself’ and 
‘Show you can’ activities on page 38 (153) of the 
textbook.

Ionic compounds: Lesson 2 

1 State that metal atoms lose electrons and 
form positive ions.

2 State that non-metal atoms gain electrons 
and form negative ions.

3 Represent the electron transfer by use of a 
dot cross diagram.

4 Deduce charge on ions of Groups 1, 2, 6 and 7.

Learning outcomes

1 Describe how ionic compounds are held 
together in lattice structures.

2 Represent the structure of sodium chloride.
3 Evaluate the different methods of 

representing giant ionic structures.
4 Deduce the formula of an ionic compound 

from a diagram.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by revising the electronic 
structure of some metals and non-metals within 
the first 20 elements. Suitable elements to cover 
would be sodium, calcium, oxygen and chlorine.

Main 
Demonstrate the reaction between aluminium and 
iodine (www.rsc.org/learn-chemistry/resource/
res00000715/reaction-between-aluminium-
and-iodine) and use the reaction to review 
the formation of the ionic compound from the 
reaction of a metal with a non-metal. Discuss the 
movement of electrons from the aluminium atoms 
to the iodide atoms, and the subsequent formation 
of positive and negative ions (Al3+ and I–). 

Draw out the aluminium and iodine atoms, and the 
electronic structures of the ions that are formed, 
using dot and cross diagrams (similar to those 
diagrams in Figures 2.6 and 2.7 (10.6 and 10.7) on 
pages 37 and 38 (152 and 153) of the AQA GCSE 
Chemistry textbook), and introduce the idea that 
there is strong electrostatic attraction between all 
these oppositely charged ions.

Repeat this learning process with a demonstration 
(or class practical) of the burning of magnesium 
in air, or the reaction of sodium with chlorine in a 
fume cupboard, getting the students to represent 
the electron transfer using a dot and cross diagram.

Plenary
Show students two or three pairs of elements that 
react to form ionic compounds, and ask them to 
complete dot and cross diagrams to represent the 
electron transfer. Suitable pairs could be potassium 
and sulfur, magnesium and fluorine, and sodium 
with nitrogen.

Support
Students who struggled with the concepts from 
Chapter 1 may find the T&L Personal Tutor: 

Suggested lesson plan
Starter
Begin the lesson by reviewing the formation of 
sodium chloride from sodium and chlorine and 
constructing a dot and cross diagram for the 
electron transfer. 

Main 
Go on to explain that the sodium and chloride ions 
are held together by strong electrostatic forces of 
attraction in a very regular lattice structure. Show 
students models and diagrams (such as Figure 2.1 
(10.1) on page 33 (148) of the textbook) of this 
cubic lattice structure and ask students how they 
might represent this structure on paper.

Show students Table 2.1 (10.1) on page 34 
(149) of the textbook and evaluate the different 
representations of the giant lattice structure.

http://www.rsc.org/learn-chemistry/resource/res00000715/reaction-between-aluminium-and-iodine?cmpid=CMP00006598
http://www.rsc.org/learn-chemistry/resource/res00000715/reaction-between-aluminium-and-iodine?cmpid=CMP00006598
http://www.rsc.org/learn-chemistry/resource/res00000715/reaction-between-aluminium-and-iodine?cmpid=CMP00006598
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Move on to how we can work out the formula of 
any ionic compound if we know the charges of the 
ions present in the compound. Demonstrate this 
using sodium chloride (NaCl), then magnesium 
chloride (MgCl2), and finally aluminium chloride 
(AlCl3) as examples. Be sure to stress that the 
positive charge from the positive ions must be 
exactly cancelled out by the negative charge from 
the negative ions. Then, go through the formula of 
aluminium oxide (Al2O3) and discuss how finding 
the lowest common denominator of 3 and 2 
(Al3+ and O2– ions) helps to work out that we need 
two Al3+ ions and three O2– ions.

Finally, show students the use of brackets in a 
chemical formula when multiple polyatomic ions 
are necessary. For instance, magnesium nitrate: 
Mg2+ and NO3

– ions giving the formula Mg(NO3)2.

Give students a list of common ions, such as those 
in Tables 2.2 (10.2) and 2.3 (10.3) on pages 35 
and 36 (150 and 151) respectively of the textbook, 
and a list of ionic compound names for them to 
work out their correct chemical formulae.

Plenary
Go through the ionic compound formulae activity 
to ensure that students are making good progress.

Support
Determining the formula of an ionic compound often 
pushes students out of their comfort zones. Persevere 
with these individuals, and emphasise how the 
positive charges must be exactly cancelled out by the 
negative charges. Showing them Table 2.4 (10.4) on 
page 36 (151) of the textbook may support them. 
The T&L Animation: Formation of ionic compounds 
resource may also help some students to understand 
how to cancel the positive and negative charges.

Extension
Some students grasp the work on ionic formulae 
very quickly. Stretch these learners by asking 
them to deduce the formulae of zinc phosphate 
(Zn2+ and PO4

3– ions, giving Zn3(PO4)2), 
aluminium thiosulfate (Al3+

 and S2O3
2– ions, 

giving Al2(S2O3)3) and ammonium dichromate 

(NH4
+ and Cr2O7

2– ions, giving (NH4)2Cr2O7). All of 
these formulae require brackets. Students could 
then be asked to calculate the total number of 
atoms in each formula.

Homework
‘Show you can’ activity on page 37 (152) and the 
‘Test yourself’ activity on page 36 (151) of the 
textbook. Or use of the T&L Animation: Formation 
of ionic compounds to practise constructing 

formulae of ionic compounds. Question 9 of the 
chapter review questions, on page 58 (171) of the 
textbook, also reviews ionic formulae.

Properties of ionic compounds: 
Lesson 3

1 Explain the high melting and boiling points of 
ionic compounds.

2 Describe that once molten or dissolved, ionic 
compounds will conduct electricity.

3 Draw dot and cross representations of ionic 
compounds.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the work on ionic 
compounds to date: give students the name of 
an ionic compound, like calcium fluoride, and ask 
them to work out the correct chemical formula 
and to draw a dot and cross diagram for the 
substance.

Main
To explore the properties of ionic compounds 
a circus of activities could be arranged or 
demonstrated: heating sodium chloride in a 
crucible using a Bunsen flame to demonstrate the 
high melting point; placing a pair of electrodes 
wired up to a bulb and power pack or battery 
into a beaker of solid NaCl, and into a solution 
of NaCl to test conductivity, and demonstrating 
the electrolysis of molten zinc chloride (see www.
rsc.org/learn-chemistry/resource/res00000826/
electrolysis-of-molten-zincchloride) to explore 
electrical conductivity.

Discuss the reasons for high melting and boiling 
points in terms of the strong electrostatic forces 
of attraction between the oppositely charged 
ions in the lattice that require a lot of heat 
energy to be overcome before melting or boiling 
can occur.

Explain the conductivity of ionic compounds in 
terms of electricity being the flow of charged 
particles. The ions are the charged particles, 
and when dissolved or molten they are able 
to flow to their appropriate electrode. In the 
solid state, the ions are held in fixed positions 
in the lattice structure, so are unable to flow, 
so solid ionic compounds do not conduct 
electricity.
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Plenary
Review the work on ionic bonding using the T&L 
Quick quiz 1 on ionic bonding.

Support
Many students believe that electricity is simply 
the flow of electrons, because this is what they 
have met at KS3. But emphasising that electricity 
is the flow of charged particles helps students to 
understand how ionic compounds can conduct 
electricity under certain conditions. Some students 
might need persuading further, so explaining that 
once a negative ion reaches the positive electrode 
it loses its extra electrons, and these electrons 
flow through the rest of the circuit may help.

Extension
Explaining what happens to the ions in terms 
of electron loss or gain will stretch more-able 
learners. For instance, negative ions like halide 
ions will lose their extra electron and return to 
being diatomic molecules, and we can represent 
this using a half-equation: 2Cl– → Cl2 + 2e–. 

Homework
T&L Homework task (a) on ionic bonding could 
be used. Questions 4 and 8 of the Chapter review 
questions (pages 57 and 58 (170 and 171) of the 
textbook) review the properties of ionic compounds 
and dot and cross diagrams.

Properties of small molecules: Lesson 4 

Main
Depending on how well the starter went, begin 
by reviewing particle theory with diagrams for 
solids, liquids and gases. Ask students what is 
holding the particles together in a liquid (forces 
of attraction), and why particles are not close 
together in a gas (because the particles have 
more energy so can overcome these attractive 
forces). 

Now ask students to explain what happens during 
boiling in terms of the forces of attraction between 
the particles and the energy of the particles 
themselves (as we heat the liquid, the particles 
gain more and more energy until they have enough 
energy to overcome the forces of attraction 
between them, and boiling occurs and the particles 
spread apart).

Return to the halogen and ask students why 
melting and boiling points increase down the 
group – some will grasp that the strength of the 
attractive forces must be increasing. Introduce 
the term ‘intermolecular forces’ and link the 
strength of the intermolecular force to the 
molecular mass.

Finally, ask students, if a substance is a gas at 
room temperature, what can we say about the 
strength of its intermolecular forces?

Plenary
Review and make notes on how intermolecular 
forces increase with increasing molecular mass, 
and this causes increasing melting and boiling 
points.

Support
Many students believe that the bonds within the 
molecules are being broken during a change of 
state rather than the intermolecular forces. Figure 
2.10 (10.10) on page 40 (155) of the textbook 
(and in the T&L Diagram bank) may help students 
to understand that this is not the case.

Extension
More-able students could be given a jumbled series 
of statements that explain the trend in the boiling 
points of the halogens in terms of intermolecular 
forces of attraction and increasing molecular mass. 
They then would have to order these statements to 
explain this phenomenon. 

Homework
‘Test yourself’ questions 12–15 on page 40 (155) 
of the textbook review the content of this lesson. 
Question 2 of the Chapter review questions reviews 
the properties of molecular substances.

1 Define intermolecular forces as the attraction 
between molecules.

2 Describe small molecules as having relatively 
low melting and boiling points and often 
gases or liquids at room temperature.

3 Explain why weak intermolecular forces lead 
to low melting and boiling points.

4 Describe the trend that when increasing the 
molecular mass, the intermolecular forces 
increases.

Learning outcomes

Suggested lesson plan
Starter
This lesson provides a great opportunity to review 
the work on halogens (Group 7) from the last 
chapter. Begin the lesson by asking students to 
‘think, pair, share’ what they can remember about 
halogens. During the following discussion, focus 
on the increase in boiling point down the group, 
and ask students if they can explain why this is so.
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Covalent bonding: Lesson 5 can scaffold the task drawing the positions of the 
atoms for the students, so that all they have to do 
is put pairs of electrons in the appropriate places 
between the atoms – this is particularly useful 
with triatomic molecules like H2O, CO2 and NH3.

Extension
Other molecules that more-able students could 
draw dot and cross diagrams for include methanal 
(H2CO), ethene (CH2CH2), ethyne (CHCH), and 
hydrogen cyanide (HCN).

Homework
‘Test yourself’ and ‘Show you can’ activities on 
page 42 (157) of the textbook review dot and cross 
diagrams well. Questions 7 and 12 (10) (page 58 
(171)) of the Chapter review questions review dot 
and cross diagrams for molecular substances.

Polymers: Lesson 6

1 Define covalent bond as sharing of electrons.
2 Recognise small molecules, polymers and 

giant covalent structures as examples of 
covalent substances.

3 Draw dot cross diagrams for hydrogen, 
chlorine, oxygen, nitrogen, hydrogen chloride, 
water, ammonia and methane.

4 Evaluate the different methods of 
representing covalent molecules or giant 
structures.

5 Deduce the molecular formula of a substance 
from a model or diagram.

Learning outcomes

1 Describe polymers as very large molecules.
2 Explain why polymers are often solids at room 

temperature compared to small molecules 
that are often gas or liquid.

3 Recognise polymers from diagrams.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by showing students a list of 
formulae of covalent and ionic compounds, and ask 
them to group the formulae into ionic and covalent 
compounds based on the elements present in the 
formulae (metal with non-metal is ionic, non-
metals together is covalent). Remind students that 
an ionic bond results from the complete transfer of 
electrons from the metal atoms to the non-metal 
atoms, while a covalent bond results from the 
sharing of pairs of electrons.

Main
Show students Table 2.7 (10.9) on page 42 (157) 
of the textbook, and explain that there are several 
ways that we can represent covalent bonding. At 
the whiteboard, demonstrate how we can draw a dot 
and cross diagram for H2, Cl2 and CH4. Emphasise 
that for every electron required by an atom, that 
atom must share one electron; so carbon requires 
four electrons to get a full outer shell so it shares 
four of its own electrons with four H atoms. 

Ask students to draw dot and cross diagrams for 
NH3 and H2O, before moving on to double and 
triple covalent bonds (O2, CO2 and N2 are the most 
common examples of these bonds). You could 
display Figure 2.11 (10.11) on page 42 (157) of 
the textbook (and in T&L Diagram bank) when 
reviewing students’ work.

Plenary
Return to Table 2.7 (10.9) and discuss/evaluate 
the different diagrams for representing covalently 
bonded molecules.

Support
This is a challenging lesson for many students 
in terms of drawing dot and cross diagrams. You 

Suggested lesson plan
Starter
If students can access the internet, this lesson 
could begin with the T&L Quick quiz 2, which 
reviews ionic and covalent bonding. If not, start 
by asking students to draw a dot and cross diagram 
for ethane (CH3CH3). Ask students to predict 
whether ethane would be a solid, liquid or gas at 
room temperature based on its structure – it is 
a gas as it has only weak intermolecular forces 
between its small molecules.

Main
Following on from the dot and cross diagram of 
ethane explain that many plastics or polymers 
contain molecules just like ethane, but with many 
thousands of carbon and hydrogen atoms bonded 
into long-chain molecules called polymers (or 
macromolecules). 

Students could be asked to create a Molymod® 
model of a section of poly(ethene) with each 
student making a CH2CH2 repeat unit, and then 
joining them all together.

Show students Figure 2.12 (10.12) on page 43 (158) 
of the textbook (and in the T&L Diagram bank) to 
emphasise this point. Given that ethane is a gas 
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at room temperature, ask students to explain why 
polymers, which are also made up of molecules, are 
solids at room temperature (much larger molecules, 
so much stronger intermolecular forces). 

Introduce the term ‘thermosoftening’ polymer 
and ask students to explain why they soften on 
heating. You could also introduce thermosetting 
polymers as polymers with strong covalent bonds 
between the polymer chains, and ask students 
to predict what would happen to these types of 
polymer on heating.

Now is an appropriate time to introduce the concept 
of empirical formulae as the simplest whole number 
ratio of each type of atom in a formula. For ethane, 
the empirical formula is CH3, for poly(ethene) it is 
CH2, for benzene (C6H6) it is CH.

Plenary
Review the effect of molecular mass on the 
strength of intermolecular forces in the context of 
polymers to ensure that students understand this 
important concept.

Support
Again, scaffold the dot and cross diagram for less-
able students by drawing the positions of the C and 
H atoms on the board so that all they need to do 
is draw in the dots and crosses.

Extension
If not carried out in class, more-able students 
could be asked to predict the effect of heating a 
thermosetting polymer that has strong covalent 
bonds between the large polymer molecules.

Homework
The T&L Quick quiz 3 reviews much of the bonding 
and structure content covered to date. Question 10 
(page 58) of the Chapter review questions reviews 
the work on polymers.

Giant covalent structures: Lesson 7 

what type of compound it is (ionic or covalent). 
Tell students the melting point of silicon dioxide 
(1710 °C) and that its other name is quartz (what 
a lot of sand is made from). What can they deduce 
about the strength of the forces of attraction 
between the atoms in SiO2?

Main
Introduce the concept of giant covalent structures 
where atoms are bonded together by strong covalent 
bonds to form a massive network of atoms, as 
opposed to lots of small molecules. If you have 
models of SiO2, diamond and graphite, then show 
the students these models, or use www.3dchem.com 
to display giant covalent structures (search in the 
library of inorganic structures).

Given that these giant covalent structures are 
effectively one massive molecule, ask students 
what forces of attraction are being overcome when 
a substance, like graphite, diamond or SiO2, melts 
or boils – hopefully some will recognise that it 
must be strong covalent bonds that are being 
broken during melting, hence the very high melting 
and boiling points.

Emphasise that in giant covalent structures, 
intermolecular forces are not relevant, as there are 
no small molecules involved, just one very large 
network of atoms bonded together.

Students could watch the following video about 
the structure and uses of synthetic diamonds: 
www.periodicvideos.com/videos/feature_diamond_
useful.htm

Plenary
Now is a good time to review the structure and 
properties of ionic compounds, simple covalent 
compounds and giant covalent compounds in terms 
of the types of forces between the particles in 
these substances, the relative strengths of these 
forces, and the properties of these substances as a 
result.

Support
There is a large amount of factual content in 
this chapter, so making time to regularly review 
this content is important for all learners. If time 
permits, make the most of every opportunity to 
review previous learning. Creating ‘gap-fill’ notes 
that review this content can help students to 
review the work, without writing large quantities 
of text.

Extension
Students could be asked to research the Mohs 
scale of hardness to get a better understanding 
of just how hard diamond is compared to other 
substances.

1 State examples of giant covalent substances 
(diamond, graphite and silicon dioxide) 

2 Compare the melting points of giant covalent 
structures to simple molecules. 

3 Recognise giant covalent structures from 
diagrams.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by showing students the formula 
for silicon dioxide, SiO2, and asking them to state 

http://www.periodicvideos.com/videos/feature_diamond_useful.htm
http://www.periodicvideos.com/videos/feature_diamond_useful.htm


2 Bonding, structure and the properties of matter

27

Homework
The ‘Show you can’ and ‘Test yourself’ questions 
on page 44 (166) of the textbook review giant 
covalent structures well.

Metallic bonding: Lesson 8 

(www.periodicvideos.com/videos/029.htm) 
reviews the useful properties of copper, along 
with some other interesting facts about the 
metal.

Support
Many students are unfamiliar with the terms 
‘malleable’, ‘ductile’ and ‘lustrous’. Providing a 
small metals glossary at this stage will support 
learners, and can be used to prepare them for a 
short quiz on the meanings of these and other 
relevant terms.

Extension
More-able students may be able to come up with 
an explanation for the rolling can experiment if 
they are told that the ruler becomes negatively 
charged as it is rubbed. 

Homework
The T&L Quick quiz 4 reviews ionic, covalent and 
metallic bonding.

Properties of metals and alloys: 
Lesson 9

1 Represent the bonding in metals.
2 Explain why metallic substances conduct heat 

and electricity. 

Learning outcomes

Suggested lesson plan
Starter
Revise the properties of metals from KS3: 
malleable, ductile, sonorous, lustrous, good 
electrical and thermal conductors. 

Main
Introduce the structure of metals as a lattice of 
positively charged metal ions surrounded by a 
sea or cloud of delocalised electrons. Figure 2.14 
(10.15) of page 45 (161) of the textbook (or in 
the T&L Diagram bank). Ensure that students 
understand what delocalised means.

We can demonstrate the delocalised nature of the 
electrons in metal by charging up a plastic ruler by 
rubbing it with a duster, and then placing the ruler 
near an empty drinks can lying on its side. The 
can will begin to roll toward the plastic ruler. We 
can explain this phenomenon using the following 
statements (that could be placed in the wrong 
order for students to order properly):

● Rubbing the rod transfers electrons onto the rod 
from the cloth. 

● The rod now has a surplus of electrons and a 
negative charge.

● Placing the charged rod close to the can repels 
the delocalised electrons in the can.

● The delocalised electrons move away from the 
charged rod and expose the positive metal ions 
beneath them.

● The positive metal ions are attracted to the 
negative charged ruler.

● The can rolls toward the ruler.

Go on to discuss how the delocalised electrons 
are responsible for the electrical and thermal 
conductivity of metals.

Plenary
The University of Nottingham Department of 
Chemistry Periodic Table video about copper 

1 Define the term alloy.
2 Explain properties of metallic substances 

including high melting points and the ability to 
be bent and shaped.

3 Explain why alloys are harder than pure 
metals. 

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson with a short quiz on the 
definitions for the terms associated with metals 
(malleable, ductile, lustrous, delocalised, etc.).

Main
Revise the structure of metals from last lesson, 
and go on to explain why pure metals are 
malleable and ductile, in terms of the ease with 
which metal ions can slide over each other 
when a force is applied. Figure 2.17 (10.18) on 
page 46 (161) of the textbook (and in the T&L 
Diagram bank) shows this. Ask students what 
the advantages and disadvantages of metals 
malleability are.

Show students the BBC Bang Goes the Theory clip 
on alloying (www.bbc.co.uk/schools/teachers/
bang/videos/lesson11_metals.shtml) to introduce 
the concept of alloys and how the presence of 

http://www.periodicvideos.com/videos/029.htm
http://www.bbc.co.uk/schools/teachers/bang/videos/lesson11_metals.shtml
http://www.bbc.co.uk/schools/teachers/bang/videos/lesson11_metals.shtml
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other atoms in the metallic structure can improve 
the properties of the metal. The following 
questions could be ‘think, pair, shared’ once the 
video has been watched:

1 What substance was used to extract iron from 
the iron ore?

2 What is the effect of impurities, known as slag, 
on the properties of iron?

3 What property of iron is shown when Jem bends 
the wrought iron with his hands?

4 What element is added to iron to make steel?
5 How does the structure of metals allow them to 

bend?
6 How does adding your answer to Q4 to iron 

make it harder?
7 What element, when added to steel, can 

increase its strength?
8 What element, when added to steel, can 

increase its resistance to corrosion?

Go through the answers to the questions above 
and then ask students to have a go at drawing a 
diagram of the structure of an alloy (similar to the 
structure of a metal) that helps to explain why 
alloys are harder than pure metals. Figure 2.18 
(10.19) on page 46 (162) of the textbook can be 
used to summarise.

Plenary
The ‘Test yourself’ questions on page 46 (162) of 
the textbook make for an effective plenary of this 
work.

Support
The ‘think, pair, share’ activity will help less-able 
students to extract the relevant information from 
the BBC video clip.

Extension
More-able students could be asked to research 
different types of steel and how the different 
elements added give different properties. They 
could deliver a presentation at the start of a 
following lesson.

Homework
The T&L Homework task (b) reviews covalent 
and metallic bonding, or students could 
complete the ‘Test yourself’ and ‘Show you can’ 
questions on page 46 (162) of the textbook. 
Question 3 of the Chapter review questions 
(page 57 (170)) reviews the properties of 
metallic substances.

Review of bonding and structure: 
Lesson 10

1 Compare the three types of chemical bonding.
2 Represent the three states of matter using 

particle diagrams.
3 Explain why the particle model is a 

simplification of bonding and structure.

Learning outcomes

Suggested lesson plan
Starter
Given the huge amount of factual content in 
this chapter, this is a great opportunity to revise 
this material again. Start by showing students a 
range of diagrams representing the four different 
structures that they have learnt about (for instance, 
Figures 2.1, 2.9, 2.12, 2.13 and 2.17 from the T&L 
Diagram bank) and ask them to identify the type 
of structure each diagram represents.

Main
Spilt the class into four (or eight) groups and give 
each group (or two groups) a type of bonding and 
structure to review (ionic, covalent, giant covalent 
and metallic). Each group should include:

● how the bonds are formed
● dot and cross, or other diagrams, to represent 

the type of bonding
● the types of forces of attraction between the 

particles in the structures
● characteristic properties of the structure 

(melting and boiling points, conductivity, etc.).

Get each group to review their bonding type to 
the rest of the class toward the end of the lesson. 
Table 2.9 (10.14) on page 48 (163) of the textbook 
reviews these structures (and monatomic structures) 
clearly, and could be used to summarise.

Plenary
Show students the data table in the ‘Show you can’ 
activity on page 48 (164) of the textbook, and 
then go through the four questions as a ‘think, 
pair, share’ activity.

Support
The T&L Personal tutor: Bonding resource reviews 
the three types of bonding. Gap-fill activities will 
help many students given the quantity of factual 
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content in this chapter. Preparing a set of gap-fill 
notes for each of the four types of structure will 
help students make quicker progress through this 
content.

Extension
More-able students may be able to answer exam 
questions instead of preparing revision resources.

Homework
Students could carry out the Chapter review 
questions 1–10 (1–9) on pages 57 and 58 (170 and 
171) of the textbook if these have not been set 
already.

Explaining states of matter: Lesson 11

Based on this knowledge, put students in small 
groups and ask them to explain what happens 
during melting, boiling, freezing and condensing in 
terms of the energy of the particles and the forces 
of attraction between them.

As a group discuss these changes of state.

Plenary
Complete the ‘Show you can’ activity on page 50 
(166) of the textbook. 

Support
Many students’ understanding of particle theory 
is often rather superficial, but posing the three 
questions above about the energy of particles and 
the forces of attraction between them can deepen 
their understanding. This helps to strengthen their 
understanding of how structure determines melting 
and boiling points.

Extension
During the group work extend more-able groups by 
asking them:

● why ionic, metallic and giant covalent 
substances are almost all solids at room 
temperature;

● why simple covalent substances (and monatomic 
substances) are gases or liquids at room 
temperature.

Homework
The ‘Test yourself’ questions on page 50 (165) of 
the textbook could be used.

Nanoscience: Lesson 12

1 Use particle theory to explain melting, boiling, 
freezing and condensing. (HT)

2 Predict states of different substances. (HT)
3 Use state symbols to indicate solid (s), liquid 

(l), gas (g) or aqueous solution (aq). (HT)
4 Evaluate the use of particle theory to model 

states of matter. (HT)

Learning outcomes

Suggested lesson plan
Starter
Display Figure 2.20 (10.21) from page 49 (165) of 
the textbook (and the T&L Diagram bank) and ask 
students what the three diagrams have in common 
and how they differ – are any of the diagrams 
better than the others? Do they recognise types 
of structure in the three diagrams? Can they recall 
how particles behave in each of the three states?

Main
With Figure 2.20 (10.21) still displayed, ask 
students the following questions:

● In a solid what is greater: the energy of the 
particles or the force of attraction between 
the particles? (the force of attraction as the 
particles are held in fixed positions)

● In a gas what is greater: the energy of the 
particles or the force of attraction between 
the particles? (the energy of the particles 
as they are completely free to move around 
independently)

● What can we say about the energy of the 
particles and the strength of the forces between 
them in a liquid? (they must be comparable as 
the particles can move, but cannot spread apart 
like in a gas)

1 Describe nanoparticles by comparison to 
atoms and molecules.

2 Explain why nanoparticles behave differently 
to bulk materials.

3 Show by calculation that the impact on 
surface area to volume ratio of reducing 
particle size.

4 Describe applications of nanoscience.
5 Evaluate the use of nanoparticles, giving 

advantages and disadvantages and possible 
risks.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by watching the 2010 University 
of Cambridge video introduction to nanoscience 
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(www.youtube.com/watch?v=70ba1DByUmM) - an 
excellent introduction to everything nanoscale. Or 
the T&L Lesson starter 2 reviews numeric prefixes 
like ‘nano’.

Main
Discuss the key ideas from the video in terms 
of the scale of nanoscience, why nanoparticles 
behave differently to bulk particles, and possible 
applications for nanoscience. 

Prove mathematically that as particle size 
decreases, the surface area:volume ratio increases 
(see Table 2.11 on page 52 of the textbook), 
and emphasise that this increase in ratio makes 
nanoparticles far more reactive than bulk materials.

Go on to discuss the uncertainties and possible 
risks associated with using nanoparticles.

Plenary
Complete the ‘Show you can’ activity on page 53 of 
the textbook.

Support
Some students may require extra help calculating 
surface area:volume ratios, and Table 2.11 on page 
52 may be useful to them. This activity could also be 
carried out using small building blocks or cubes of 
modelling clay to support more kinaesthetic learners.

Extension
More interested students could be asked to find 
five nanoscale images from the internet to share 
with the class at the start of next lesson, giving 
details of how these images were taken if possible.

Homework
Give students a copy of the five learning objectives 
from this lesson and ask them to complete a poster 
or mind-map about nanoparticles and nanoscience 
that covers these learning objectives.

Review of giant covalent structures: 
Lesson 13

Suggested lesson plan
Starter
Begin the lesson by watching the University of 
Nottingham video on diamond (www.youtube.com/
watch?v=wm2YtvNmPxQ), which is an interesting 
piece for those students generally interested in 
chemistry. Or the T&L Lesson starter 3 introduces 
the contrasting properties of diamond and graphite.

Main
Show students images of the structures of diamond 
and graphite (Figures 2.25–2.28 (10.22–10.25) 
from pages 54 and 55 (166 and 167) of the 
textbook (and the T&L Diagram bank), or 
molecular models if you have them) and ask them 
what type of structures these are, and what type of 
bonding exists between the atoms.

List the properties of diamond (hard, very high 
melting and boiling points, and poor electrical 
conductivity) and ask students to use their 
understanding of structure and bonding to explain 
these properties.

Move on to the structure of graphite and 
introduce the idea that when bonding to only 
three other atoms (rather than four), each carbon 
has a spare electron that becomes delocalised 
across each hexagonal sheet. Ask students what 
this will mean for the properties of graphite – 
hopefully they will recognise that the presence of 
delocalised electrons means graphite will conduct 
electricity.

Link the layered structure of graphite to its use as 
a lubricant and pencils.

Plenary
Use Table 2.12 (10.18) on page 55 (167) to 
summarise and review the structure and properties 
of diamond and graphite.

Support
There is a significant amount of revision in this 
lesson which, if used effectively, will support 
all students in mastering this content heavy 
chapter.

Extension
More-confident students could be asked to carry 
out research to compare how diamonds are formed 
naturally, and synthetically.

Homework
Practice Questions 6 and 7 (5 and 6) on pages 59 
and 60 (172) of the textbook.

1 State examples of giant covalent substances 
(diamond, graphite and silicon dioxide) 

2 Compare the melting points of giant covalent 
structures to simple molecules. 

3 Recognise giant covalent structures from 
diagrams.

4 Explain properties of diamond including 
hardness, high melting point and non-
conduction of electricity.

Learning outcomes

https://www.youtube.com/watch?v=70ba1DByUmM
https://www.youtube.com/watch?v=wm2YtvNmPxQ
https://www.youtube.com/watch?v=wm2YtvNmPxQ
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Different forms of carbon: Lesson 14 Extension
More-able students could produce a revision guide 
on nanoscience and carbon nanomaterials for the 
rest of the class.

Homework
Questions 11 and 13 (11) of the Chapter review 
questions on page 58 (171), or question 9 (8) of the 
Practice questions on page 60 (173) of the textbook.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Solid, liquid, gas
2 a) Melting point

b) Boiling point
c) Melting point

3 a) Two substances with high melting points: 
e.g., iron, sodium chloride

b) Two substances with low melting points: 
e.g., iodine, wax

c) Two substances that conduct electricity as a 
solid: e.g., iron, copper

d) Two substances that do not conduct electricity 
as a solid: e.g., sodium chloride, sulfur.

4 Forces between the particles in a solid are 
stronger.

Test yourself
1 Electrically charged particles with a different 

number of protons and electrons.
2 There is a strong electrostatic attraction 

between positive and negative ions.
3 Ions can move.
4 Ions cannot move.
5 A regular structure with a massive number 

of particles that continues in all directions 
throughout the substance.

6 Fe2O3, MgBr2
7 Sr2+, At–, Se2–, Rb+

8 The ratio of potassium ions to oxide ions  
is 2 : 1

9 Na2S, CaF2, Mg(OH)2, K2CO3, Ba(NO3)2, Cs2O
10 Electrons are transferred from metal atoms to 

non-metal atoms to form ions with Group 0 
electron structures.

11 

+ +O
(2,6)

O
(2,8)

Li
(2)

+

Li
(2)

+

2–

Li
(2,1)

Li
(2,1)

1 Describe bonding and structure of graphite.
2 Compare properties of graphite to diamond 

and to metals.
3 Describe bonding and structure of graphene 

and fullerenes.
4 Describe application of carbon structures in 

field of nanotechnology.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by watching the University of 
Nottingham video on carbon (www.periodicvideos.
com/videos/006.htm) that details many of the 
different forms of carbon, including fullerenes, and 
their uses.

Main
Show students images of the structures of 
fullerenes and nanotubes (Figures 2.29–2.31 
(10.26–10.28) from pages 55 and 56 (167 and 
168) of the textbook or the T&L Diagram bank) 
and ask them what types of structures these 
carbon substances have (simple molecular or 
giant molecular). If you have molecular models of 
these structures, share them with the class or use 
www.3dchem.com to show images of C60 and C70 
fullerenes.

The following video focuses on graphene but 
also reviews diamond and graphite structures 
(www.youtube.com/watch?v=Mcg9_ML2mXY). 
Having watched it, students could have a go at 
making their own graphene from either graphite 
crystals (if you have them) of from pencil lead.

Review the uses of graphene, fullerenes and 
nanotubes and then split the class into groups 
of three or four. Get each group to produce a 
mind-map covering the learning objectives of the 
lesson.

Plenary
This is the final lesson in this chapter, so a 
final review of chemical bonding, structure and 
properties could be useful in preparation for an 
end of chapter test.

Support
This is another content heavy lesson and a gap-fill 
activity covering the nanoscience and fullerene 
learning objectives would help all students to 
keep on top of the large quantity of information 
presented in these lessons.

http://www.periodicvideos.com/videos/006.htm
http://www.periodicvideos.com/videos/006.htm
https://www.youtube.com/watch?v=Mcg9_ML2mXY
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12 Particles containing atoms joined by covalent 
bonds.

13 A covalent bond is two shared electrons that 
join atoms together.

14 There are weak forces between molecules.
15 Nothing
16 Molecules are neutral and there are no mobile 

electrons.
17 H2S, CO, N2H4, C2H6O
18 There are 6 C and 6 H atoms in each molecule.
19 CH; the ratio of C : H is 1 : 1
20 A covalent bond (2 shared electrons)
21 Electrons
22 

23 

24 All the atoms are in a giant lattice with the 
atoms joined together by covalent bonds in a 
continuous network throughout the structure.

25 Because there are lots of strong covalent bonds 
to break.

26 They do not contain any delocalised electrons 
(except graphite that does).

27 The attraction between the nucleus of metals 
atoms and delocalised (outer shell) electrons.

28 Strong attraction between nucleus of metals 
atoms and delocalised (outer shell) electrons/
strong metallic bonding.

29 The outer-shell electrons are delocalised and 
can carry charge through the metal.

30 Layers of atoms can slide over each other while 
maintaining the metallic bonding.

31 Mixture of metals with small amounts of other 
elements

32 There are different sized atoms and so it is more 
difficult for layers to slide over each other.

33 a) Ionic, ionic
b) Covalent, giant covalent
c) Ionic, ionic

HH SH S H

CS SSCS

d) Covalent, molecular
e) None, monatomic
f) Metallic, metallic

34 a) D
b) A
c) B, E
d) B

35 Particles between 100 nm and 2500 nm in 
diameter

36 Particles between 1 nm and 100 nm in diameter
37 Nanoparticles have a greater surface to volume 

ratio (or a higher fraction of the atoms are 
on the surface).

38 2 cm × 2 cm × 2 cm: surface area = 24 cm2, 
volume = 8 cm3, surface area : volume = 3;  
20 cm × 20 cm × 20 cm: surface area = 2400 cm2, 
volume = 8000 cm3, surface area : volume = 0.3

39 Nanoparticles have different properties to bulk 
material; they may damage cells and harm the 
environment.

40 Lots of strong covalent bonds need to be broken.
41 Diamond: has a rigid, continuous network of 

atoms linked by covalent bonds; graphite: 
atoms are arranged in layers – there are strong 
covalent bonds within the layers but the layers 
are not joined together.

42 Diamond: has no delocalised electrons; 
graphite: has some delocalised electrons.

43 Molecules of carbon atoms linked in rings to 
form a hollow sphere or tube

44 Due to structure composed of many atoms 
linked by strong covalent bonds.

45 0.12/1 × 10 –9 = 120 000 000 = 1.2 × 108

Show you can
Page 35

a) BA2
b) Strong electrostatic forces of attraction 

between oppositely charged ions.
c) Giant ionic lattice. Properties: high melting 

and boiling point, conducts electricity when 
molten or dissolved.

Page 37 See table below.

Name of 
compound

Formula of positive 
ion in compound

Formula of negative 
ion in compound

Formula of 
compound

What the numbers in the 
formula represent

Copper(II) carbonate Cu2+ CO3
2– CuCO3 1 copper, 1 carbon, 3 oxygens

Copper(II) hydroxide Cu2+ OH– Cu(OH)2 1 copper, 2 oxygens, 2 hydrogens

Copper(II) nitrate Cu2+ NO3
– Cu(NO3)2 1 copper, 2 nitrogens, 6 oxygens

Copper(II) oxide Cu2+ O2– CuO 1 copper, 1 oxygen

Copper(II) sulfate Cu2+ SO4
2– CuSO4 1 copper, 1 sulfur, 4 oxygens

Copper(II) sulfide Cu2+ S2– CuS 1 copper, 1 sulfur
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Page 38

a) Magnesium has two electrons in the outer 
shell which are lost, causing it to become 
Mg2+. The electrons move to the oxygen 
atom which has six electrons in the 
outer shell, so it gains two electrons and 
becomes O2–.

b) Magnesium has two electrons in the outer 
shell which are lost, causing it to become 
Mg2+. One electron moves to one fluorine 
atom which has seven electrons in the outer 
shell, so it gains one electron and becomes 
F–. The other magnesium electron also moves 
to another fluorine atom forming a second F–.

c) Similarities – for both compounds magnesium 
loses two electrons and forms an Mg2+.

 Differences – for each magnesium ion 
formed, one oxide ion is formed with 
2– charge, but two fluoride ions are formed 
each with 1– charge.

Page 40

Sulfur dioxide: made of molecules with weak 
intermolecular forces between the molecules which 
require little energy to break.

Calcium oxide: made of ions with strong attraction 
between positive and negative ions which require a 
lot of energy to break.

Page 41

a) 

Substance Empirical formula

C2H6 CH3

C21H22N2O2 C21H22N2O2

C2H4O2 CH2O

b) Sometimes they are the same (e.g. 
C21H22N2O2) as the ratio of atoms cannot be 
any simpler than what is in the molecular 
formula.

Page 42

a) 

b) PCl3
c) 

d) There are three covalent bonds × •; there 
is one non-bonding pair of electrons on P 
××; there are three non-bonding pairs of 
electrons on each Cl ••.

H

H

H P

PCI CI

CI

Practical: Testing the electrical conductivity of 
ionic and molecular covalent substances
1 Place the sample to be tested in the beaker, 

ensure the electrodes do not touch. Switch on 
the power pack and record if the bulb lights up. 
Wash out the beaker thoroughly and repeat with 
the next solution.

2 

3 Ionic solutions conduct electricity because 
the ions can move and carry charge. Covalent 
substances do not conduct electricity as there 
are no free charge carriers.

4 Yes. Solid copper(II) sulfate would not conduct 
electricity and the bulb would not light up as 
the ions are held tightly by ionic bonds and 
cannot move.

5 Calcium nitrate solution conducts and the bulb 
lights as the ions can move.

6 Bromine cannot conduct and the bulb does not 
light as there are no charge carriers.

Show you can
Page 44

a) 

Substance Type of bonding Structure

Carbon dioxide Covalent Molecular

Silicon dioxide Covalent Giant covalent

b) SiO2: All the atoms in silicon dioxide are 
linked to other atoms by strong covalent 
bonds in a giant structure. Many strong 
bonds must be broken to make it melt and 
this takes much energy.

 CO2: In carbon dioxide the weak forces 
between molecules do not take much energy 
to overcome and so it has a low melting point.

Page 46

a) Outer-shell electrons are delocalised and so 
can move and carry charge.

b) Low density, ductile
c) The layers of atoms can slide over each other 

while maintaining the metallic bonding and 
so it can be hammered into different shapes.

Test solution Does 
the bulb 
light?

Does the 
substance 
conduct 
electricity?

Does the 
substance 
contain ionic 
or covalent 
bonding?

Copper(II) sulfate Yes Yes Ionic

Ethanol (C2H5OH) No No Covalent

Magnesium sulfate Yes Yes Ionic

Potassium iodide Yes Yes Ionic

Glucose (C6H12O6) No No Covalent

Sodium chloride Yes Yes Ionic
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d) In aluminium, the delocalised electrons 
move and carry charge. In aluminium oxide, 
the ions can only move and carry charge 
when it is molten.

Practical: The physical properties of Group 1 
elements
1 Good electrical conductivity
2 Metallic bonding: strong attraction between the 

nucleus of metal atoms and delocalised electrons.
3 Change from solid to liquid on heating.
4 Decreases
5 Li = 2,1, Na = 2,8,1, K = 2,8,8,1. The distance 

of the outer electron from the nucleus increases 
so the attraction between the delocalised 
electrons and the nucleus of the metal atoms 
decreases as the group is descended. As a result 
the metallic bond is weaker and less energy is 
needed to break it.

6 Increases
7 

8 Li, Na, K will as their density is less than that 
of water.

Show you can 
Page 48

a) E: high melting and boiling point, conducts 
when molten liquid but not as solid.

b) B; low melting and boiling point, does not 
conduct.

c) It conducts electricity and diamond is an 
insulator.

d) C

D
en

si
ty

 g
 c

m
3

0
Li Na K Rb Cs

2

1

Page 50

a) 

Substance Melting 
point/°C

Boiling 
point/°C

Type of bonding 
present

N2 –210 –196 Covalent

CS2 –112 46 Covalent

NH3 –78 –34 Covalent

Br2 –7 59 Covalent

LiCl 605 1137 Ionic

Cu 1084 2562 Metallic

b) i)  Cu
ii) CS2
iii) NH3
iv)  Br2
v) NH3

Page 53

The correct statements are:

d) Not all the effects of nanoparticles are fully 
understood.

g) Nanoparticles may be harmful.

Page 56 See table below.

Chapter review questions
1 a) Molecular

b) Metallic
c) Ionic, metallic

2 a) Weak forces between molecules
b) Molecules are neutral and there are no 

delocalised electrons.
3 a) Strong attraction between nucleus of  

atoms and delocalised outer-shell  
electrons

b) Outer-shell electrons are delocalised and 
able to carry charge

c) Layers of atoms can slide over each other 
while keeping the metallic bonding.

d) There are some different sized atoms that 
make it more difficult for the layers to slide 
over each other.

4 a) 2,8,8
b) 2,8
c) KF
d) Strong attraction between positive and 

negative ions

Graphite Diamond Graphene Fullerenes Carbon 
nanotubes

Description 
of structure

Each C forms three covalent bonds 
with three carbon atoms forming 
layers of hexagonal rings; one 
electron per carbon is delocalised. 
The layers are not bonded to each 
other

Each C forms 
four bonds 
to other C 
atoms in giant, 
continuous 
network

Single layer of 
graphite which 
is one atom 
thick

Molecules of C atoms with 
hollow shapes made from 
hexagonal rings of C atoms 
but also with some rings of 
five or seven C atoms

Long tubes of C 
atoms joined by 
covalent bonds

Example of 
use

Pencils

Electrodes

Saw tips

Drills

Improving the 
performance 
of fuel cells

Drug delivery Reinforcing 
sports equipment
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e) Ions cannot move
f) Ions can move and carry charge through the 

substance.
5 a) Metallic

b) Molecular
c) Giant covalent
d) Ionic
e) Molecular
f) Ionic

6 A: ionic; B: molecular; C: metallic; D: ionic; E: 
giant covalent; F: metallic

7 a) 

b) 

c) 

8 

9 a) K2O
b) MgF2
c) Li2S
d) Fe2(SO4)3
e) Cu(OH)2

10 a) Covalent bonds between the atoms within 
the molecules

b) Intermolecular forces are reasonably large as 
the molecule is big.

11 a) Particles between 1 nm and 100 nm in size
b) Higher fraction of atoms are at the surface/

higher surface area:volume ratio.
c) Have different properties to bulk material 

and so could be harmful to health and/or 
environment.

d) Larger cube: surface area = 600 cm2, volume 
= 1000 cm3, surface area : volume ratio = 0.6; 
smaller cube: surface area = 150 cm2, volume 
= 125 cm3, surface area : volume ratio = 1.2; 
larger cube has ratio that is half that of the 
smaller cube.

12 a) There are 2C atoms and 2H atoms in each 
molecule.

b) H C C H

c) 
H C HC

H P H

H

H

H

H P

BrBrBr Br

CO OO C O

+ +

Cl
(2,8,7)

Cl
(2,8,7)

Ca
(2,8,8)

2+Ca
(2,8,8,2)

CI
(2,8,8)

–

CI
(2,8,8)

13 a) 3
b) One electron on each C atom that is not used 

in bonding; these become delocalised and 
carry electric charge through the nanotube.

c) Lots of strong covalent bonds would need to 
be broken to break the structure.

Practice questions
1 B  [1 mark]
2 D  [1 mark]
3 a) Ammonia [1 mark], NH3 [1 mark]

b) i) Covalent bond is any × •  [1 mark]
ii) Non-bonded pair is ••  [1 mark]

c) H N H

H

 [1 mark]

d) Shared [1 mark] pair of electrons [1 mark]
4 a) 1–100 nm [1 mark]

b) Level 3 answer = maximum 6 marks: 
describes two products that have 
nanoparticles in them, how this changes 
their properties and why this is useful

 Level 2 answer = maximum 4 marks: 
describes one or two products that have 
nanoparticles in them with some attempt 
to give information as to how this changes 
their properties and why this is useful

 Level 1 answer = maximum 2 marks: 
describes one or two products that have 
nanoparticles in them

 Suitable marking points:
 Sports equipment/socks/sun cream/first aid 

plaster/cosmetics/medical, etc.
 Nanoparticles have a high surface area to volume 

ratio (or high proportion of atoms at surface) 
 And so they have different properties 
 Any improvements to match the answer, e.g. 

antibacterial properties, to make it stronger
5 a) A: melting; B: condensation; C: evaporation/

boiling  [3 marks]
b) B [1 mark]
c)  [1 mark] 

d) No forces between the spheres [1 mark], 
atoms, molecules and ions are not solid 
spheres [1 mark]

e) The amount of energy needed to change 
from solid to liquid [1 mark] depends on 
the strength of the forces / bonds between 
particles [1 mark]

f) Two of: the particles are represented as 
spheres; the spheres are solid; there are no 
forces between the spheres [2 marks]
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6 a) A, B [2 marks]
b) A: diamond; B, graphite; C: silicon dioxide; 

D: carbon dioxide [4 marks]
c) A: Covalent [1 mark], B: Covalent [1 mark], 

C: Covalent [1 mark], D: Covalent  [1 mark]
d) A: giant covalent; B, giant covalent, C, giant 

covalent; D, molecular  [4 marks]
7 a) Carbon atoms are in layers [1 mark], 

with weak forces between layers  
[1 mark], layers can slip off  [1 mark]

b) One electron per carbon [1 mark] free to 
move/delocalised and carry charge  [1 mark]

c) Electrons transferred from sodium to chlorine 
[1 mark], each sodium atom loses one electron 
and each chlorine atom gains one electron 
[1 mark], forms ions Cl– and Na+  [1 mark]

d) In solution ions can move and carry charge  
[1 mark]; in solid ions cannot move  [1 mark]

8 Level 3 answer = 5–6 marks: describes and 
explains each of these three properties: high 
melting points, conductivity as solid and 
conductivity when molten

 Level 2 answer = 3–4 marks: describes and 
explains two of these three properties: high 
melting points, conductivity as solid and 
conductivity when molten

 Level 1 answer = 1–2 marks: describes and 
explains one of these three properties: high 
melting points, conductivity as solid and 
conductivity when molten

 Suitable marking points (maximum 6 marks):
 Similarities:
 Both have high melting points 
 Due to strong bonds between positive and 

negative ions in magnesium chloride 
 And between the nucleus of metal atoms and 

delocalised electrons in magnesium 
 Differences:
 Magnesium is a good conductor due to the 

delocalised electrons which can move and carry 
charge 

 Magnesium chloride can only conduct when molten 
 Because only then can the ions move and carry charge
 Mg conducts due to electron movement while 

magnesium chloride conducts due to ion movement 
9 a) i)  Two atoms covalently bonded together in 

a molecule  [1 mark]
ii) 

Cl Cl

 [2 marks] 

b) i) [1 mark for Ca as 2,8,8,2 and Cl as 2,8,7; 
1 mark for showing 1Ca and 2 Cl; 1 mark 
for showing Ca2+ as 2,8,8 and Cl– as 2,8,8]

+ +

Cl
(2,8,7)

Cl
(2,8,7)

Ca
(2,8,8)

2+Ca
(2,8,8,2)

CI
(2,8,8)

–

CI
(2,8,8)

ii) Ionic  [1 mark]
iii) Giant ionic lattice  [1 mark]
iv)  [1 mark for four covalent bonds;  

1 mark for rest of structure].

 

Cl

CCl Cl

Cl

v) Covalent  [1 mark]
c) [2 marks with 1 mark for each column]

Compound Solubility in 
water

Relative 
melting point

Calcium chloride Soluble High

Tetrachloromethane Insoluble Low

d) Calcium: electrons in outer shell of metal 
atoms are delocalised [1 mark], strong 
attraction [1 mark], between the nucleus 
of metal atoms and delocalised electrons 
 [1 mark]

 Graphite: each carbon forms three covalent 
bonds [1 mark], to three carbon atoms 
[1 mark], one electron from each carbon is 
delocalised  [1 mark]

e) Calcium is malleable [1 mark], calcium is 
ductile  [1 mark]

f) B, They are hollow  [1 mark]
g) A, They have a large surface area to volume 

ratio  [1 mark]

Working scientifically
1 a) 2.4 × 10–4

b) 3.23 × 109

c) 2 × 10–2

d) 7 × 10–9

e) 2.4 × 104

2 a) 0.0023
b) 460 000
c) 0.000095
d) 53 400
e) 3300

3 a) Microsecond
b) Megametre
c) Milligram
d) Nanometre
e) Gigasecond
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14 There are weak forces between molecules.
15 Nothing
16 Molecules are neutral and there are no mobile 

electrons.
17 H2S, CO, N2H4, C2H6O
18 There are 6 C and 6 H atoms in each molecule
19 CH; the ratio of C:H is 1:1
20 A covalent bond (two shared electrons)
21 Electrons

22 HH SH S H

23 CS SSCS

24 All the atoms are in a giant lattice with the 
atoms joined together by covalent bonds in a 
continuous network throughout the structure.

25 Because there are lots of strong covalent bonds 
to break.

26 They do not contain any delocalised electrons 
(except graphite that does)

27 The attraction between the nucleus of metals 
atoms and delocalised (outer shell) electrons

28 Strong attraction between nucleus of metals 
atoms and delocalised (outer shell) electrons/
strong metallic bonding

29 The outer-shell electrons are delocalised and 
can carry charge through the metal

30 Layers of atoms can slide over each other while 
maintaining the metallic bonding.

31 Mixture of metals with small amounts of other 
elements

32 There are different sized atoms and so it is more 
difficult for layers to slide over each other.

33 a) Ionic, ionic
b) Covalent, giant covalent
c) Ionic, ionic
d) Covalent, molecular
e) None, monatomic
f) Metallic, metallic

34 a) D
b) A
c) B, E
d) B

35 Lots of strong covalent bonds need to be 
broken

36 Diamond: has a rigid, continuous network of 
atoms linked by covalent bonds; graphite: 
atoms are arranged in layers – there are strong 
covalent bonds within the layers but the layers 
are not joined together.

4 a) 31 Mm
b) 1 mg
c) 9.7 km
d) 2 ns

5 a) 1 × 10–10 m
b) 1 × 10–5 nm, 1 × 10–14 m

6 a) 1 × 10–7 to 2.5 × 10–6 m
b) 2.5 μm

AQA GCSE (9-1) Combined Science Trilogy 1
Test yourself on prior knowledge
1 Solid, liquid, gas
2 a) Melting point

b) Boiling point
c) Melting point

3 a) Two substances with high melting points: 
e.g., iron, sodium chloride

b) Two substances with low melting points: 
e.g., iodine, wax

c) Two substances that conduct electricity as a 
solid: e.g., iron, copper

d) Two substances that do not conduct 
electricity as a solid: e.g., sodium chloride, 
sulfur

4 Forces between the particles in a solid are stronger

Test yourself
1 Electrically charged particles with a different 

number of protons and electrons
2 There is a strong electrostatic attraction 

between positive and negative ions.
3 Ions can move in this state.
4 Ions cannot move in this state.
5 A regular structure with a massive number 

of particles that continues in all directions 
throughout the substance.

6 Fe2O3, MgBr2
7 Sr2+, At–, Se2–, Rb+

8 The ratio of potassium ions to oxide ions is 2:1
9 Na2S, CaF2, Mg(OH)2, K2CO3, Ba(NO3)2, Cs2O
10 Electrons are transferred from metal atoms to 

non-metal atoms to form ions with Group 0 
electron structures.

11 

+ +O
(2,6)

O
(2,8)

Li
(2)

+

Li
(2)

+

2–

Li
(2,1)

Li
(2,1)

12 Particles containing atoms joined by covalent 
bonds

13 A covalent bond is two shared electrons that 
join atoms together.
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37 Diamond: has no delocalised electrons; 
graphite: has some delocalised electrons

38 Molecules of carbon atoms linked in rings to 
form a hollow sphere or tube.

39 Due to structure composed of many atoms 
linked by strong covalent bonds

40 0.12/1 × 10–9 = 120 000 000 = 1.2 × 108

Show you can 
Page 150

a) BA2
b) Strong electrostatic forces of attraction 

between oppositely charged ions
c) Giant ionic lattice. Properties: high melting and 

boiling point, conducts electricity when molten 
or dissolved

Page 152 See table above.

Page 153

a) Magnesium has two electrons in the outer 
shell which are lost, causing it to become 
Mg2+. The electrons move to the oxygen atom 
which has six electrons in the outer shell, so 
it gains two electrons and becomes O2–.

b) Magnesium has two electrons in the outer 
shell which are lost, causing it to become 
Mg2+. One electron moves to one fluorine 
atom which has seven electrons in the outer 
shell, so it gains one electron and becomes 
F–. The other magnesium electron also moves 
to another fluorine atom forming a second F–.

c) Similarities – for both compounds magnesium 
loses two electrons and forms an Mg2+.

 Differences – for each magnesium ion 
formed, one oxide ion is formed with 
2– charge, but two fluoride ions are 
formed each with 1– charge.

Page 155

Sulfur dioxide: made of molecules with weak 
intermolecular forces between the molecules which 
require little energy to break.

Calcium oxide: made of ions with strong attraction 
between positive and negative ions which require a 
lot of energy to break.

Page 156

a) 

b) Sometimes they are the same (e.g. 
C21H22N2O2) as the ratio of atoms cannot be 
any simpler than what is in the molecular 
formula

Page 157

a) H

H

H P

b) PCl3

c) PCI CI

CI

d) There are three covalent bonds ×•; there 
is one non-bonding pair of electrons on 
P ××; there are three non-bonding pairs 
of electrons on each Cl ••. Covalent 
bonding electrons are shared between 
atoms (shown as within the overlapping 
sections). Non-bonding pairs are not 
involved in bonding and are not shared 
between atoms.

Page 160

a) 

Substance Empirical formula

C2H6 CH3

C21H22N2O2 C21H22N2O2

C2H4O2 CH2O

Substance Type of bonding Structure

Carbon dioxide Covalent Molecular

Silicon dioxide Covalent Giant covalent

Name of 
compound

Formula of 
positive ion 
in compound

Formula of 
negative ion 
in compound

Formula of 
compound

What the numbers in the 
formula represent

Copper(II) carbonate Cu2+ CO3
2– CuCO3 1 copper, 1 carbon, 3 oxygens

Copper(II) hydroxide Cu2+ OH– Cu(OH)2 1 copper, 2 oxygens, 2 hydrogens

Copper(II) nitrate Cu2+ NO–
3 Cu(NO3)2 1 copper, 2 nitrogens, 6 oxygens

Copper(II) oxide Cu2+ O2– CuO 1 copper, 1 oxygen

Copper(II) sulfate Cu2+ SO4
2– CuSO4 1 copper, 1 sulfur, 4 oxygens

Copper(II) sulfide Cu2+ S2– CuS 1 copper, 1 sulfur
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b) SiO2: All the atoms in silicon dioxide are 
linked to other atoms by strong covalent 
bonds in a giant structure. Many strong 
bonds must be broken to make it melt and 
this takes much energy.

 CO2: In carbon dioxide the weak forces 
between molecules do not take much energy to 
overcome and so it has a low melting point.

Page 162

a) Outer-shell electrons are delocalised and so 
can move and carry charge

b) Low density, ductile
c) The layers of atoms can slide over each 

other while maintaining the metallic 
bonding and so it can be hammered into 
different shapes

d) In aluminium, the delocalised electrons 
move and carry charge. In aluminium oxide, 
the ions can only move and carry charge 
when it is molten

Page 164

a) E: high melting and boiling point, conducts 
when molten liquid but not as solid

b) B; low melting and boiling point, does not 
conduct

c) It conducts electricity and diamond is an 
insulator

d) C

Page 166
a) 

b) i) Cu
ii) CS2
iii) NH3
iv) Br2
v) NH3

Page 169 See table below.

Substance Melting 
point/°C

Boiling 
point/°C

Type of bonding 
present

N2 –210 –196 Covalent

CS2 –112 46 Covalent

NH3 –78 –34 Covalent

Br2 –7 59 Covalent

LiCl 605 1137 Ionic

Cu 1084 2562 Metallic

Practical
Page 159

1 Place the sample to be tested in the beaker, 
ensure the electrodes do not touch. Switch on 
the power pack and record if the bulb lights up. 
Wash out the beaker thoroughly and repeat with 
the next solution.

2 
Test solution Does 

the bulb 
light?

Does the 
substance 
conduct 
electricity?

Does the 
substance 
contain ionic 
or covalent 
bonding?

Copper(II) sulfate Yes Yes Ionic

Ethanol (C2H5OH) No No Covalent

Magnesium sulfate Yes Yes Ionic

Potassium iodide Yes Yes Ionic

Glucose (C6H12O6) No No Covalent

Sodium chloride Yes Yes Ionic

3 Ionic solutions conduct electricity because 
the ions can move and carry charge. Covalent 
substances do not conduct electricity as there 
are no free charge carriers.

4 Yes. Solid copper(II) sulfate would not conduct 
electricity and the bulb would not light up as 
the ions are held tightly by ionic bonds and 
cannot move.

5 Calcium nitrate solution conducts and the bulb 
lights as the ions can move.

6 Bromine cannot conduct and the bulb does not 
light as there are no charge carriers.

Activity
Page 162

1 Good electrical conductivity
2 Metallic bonding: strong attraction between the 

nucleus of metal atoms and delocalised electrons
3 Change from solid to liquid on heating
4 Decreases
5 Li = 2,1, Na = 2,8,1, K = 2,8,8,1. The distance of 

the outer electron from the nucleus increases so the 
attraction between the delocalised electrons and 
the nucleus of the metal atoms decreases as the 
group is descended. As a result the metallic bond is 
weaker and less energy is needed to break it.

Graphite Diamond Graphene Fullerenes Carbon 
nanotubes

Description 
of structure

Each C forms three covalent bonds 
with three carbon atoms forming 
layers of hexagonal rings; one electron 
per carbon is delocalised. The layers 
are not bonded to each other

Each C forms 
four bonds to 
other C atoms in 
giant, continuous 
network

Single layer of 
graphite which 
is one atom 
thick

Molecules of C atoms with 
hollow shapes made from 
hexagonal rings of C atoms 
but also with some rings of 
5 or 7 C atoms

Long tubes of 
C atoms joined 
by covalent 
bonds

Example of 
use

Pencils

Electrodes

Saw tips

Drills

Improving the 
performance of 
fuel cells

Drug delivery Reinforcing 
sports 
equipment
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8 

+ +

Cl
(2,8,7)

Cl
(2,8,7)

Ca
(2,8,8)

2+Ca
(2,8,8,2)

CI
(2,8,8)

–

CI
(2,8,8)

9 a) K2O
b) MgF2
c) Li2S
d) Fe2(SO4)3
e) Cu(OH)2

10 a) There are 2C atoms and 2H atoms in each 
molecule.

b) H C C H

c) H C HC

11 a) 3
b) One electron on each C atom that is not used 

in bonding; these become delocalised and 
carry electric charge through the nanotube.

c) Lots of strong covalent bonds would need to 
be broken to break the structure.

Practice questions
1 B [1 mark]
2 D [1 mark]
3 a) Ammonia [1 mark], NH3 [1 mark]

b) i) Covalent bond is any × • [1 mark]
ii) Non-bonded pair is •• [1 mark]

c) H N H

H

 [1 mark]

d) Shared [1 mark] pair of electrons [1 mark]
4 a) A: melting; B: condensation; C:  

evaporation/boiling [3 marks]
b) B [1 mark]
c)  [1 mark]

d) No forces between the spheres [1 mark], 
atoms, molecules and ions are not solid 
spheres [1 mark]

e) The amount of energy needed to change 
from solid to liquid [1 mark] depends on 
the strength of the forces / bonds between 
particles [1 mark]

5 a) A, B [2 marks]
b) A: diamond; B, graphite; C: silicon dioxide; 

D: carbon dioxide [4 marks]
c) A: Covalent [1 mark], B: Covalent [1 mark], 

C: Covalent [1 mark], D: Covalent [1 mark]
d) A: giant covalent; B, giant covalent, C, giant 

covalent; D, molecular [4 marks]
6 a) Carbon atoms are in layers [1 mark], with 

weak forces between layers [1 mark], layers 
can slip off [1 mark]

6 Increases
7 

D
en

si
ty

 g
 c

m
3

0
Li Na K Rb Cs

2

1

8 Li, Na, K will as their density is less than that 
of water.

Chapter review questions
1 a) Molecular

b) Metallic
c) Ionic, metallic

2 a) Weak forces between molecules
b) Molecules are neutral and there are no 

delocalised electrons
3 a) Strong attraction between nucleus of atoms 

and delocalised outer-shell electrons
b) Outer-shell electrons are delocalised and 

able to carry charge
c) Layers of atoms can slide over each other 

while keeping the metallic bonding 
d) There are some different sized atoms that 

make it more difficult for the layers to slide 
over each other

4 a) 2,8,8
b) 2,8
c) KF
d) Strong attraction between positive and 

negative ions
e) Ions cannot move.
f) Ions can move and carry charge through the 

substance in this state.
5 a) Metallic

b) Molecular
c) Giant covalent
d) Ionic
e) Molecular
f) Ionic

6 A: ionic; B: molecular; C: metallic; D: ionic; E: 
giant covalent; F: metallic

7 a) 

H P H

H

H

H

H P

b) BrBrBr Br

c) CO OO C O
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b) One electron per carbon [1 mark] free to 
move/delocalised and carry charge [1 mark]

c) Electrons transferred from sodium to 
chlorine [1 mark], each sodium atom 
loses one electron and each chlorine 
atom gains one electron [1 mark], 
forms ions Cl– and Na+ [1 mark]

d) In solution ions can move and carry charge  
[1 mark]; in solid ions cannot move [1 mark]

7 Level 3 answer: describes and explains each of 
these three properties: high melting points, 
conductivity as solid and conductivity when 
molten [5–6 marks]

 Level 2 answer: describes and explains two of 
these three properties: high melting points, 
conductivity as solid and conductivity when 
molten [3–4 marks]

 Level 1 answer: describes and explains one of 
these three properties: high melting points, 
conductivity as solid and conductivity when 
molten [1–2 marks]

 Similarities:
● Both have high melting points 
● Due to strong bonds between positive and 

negative ions in magnesium chloride 
● And between the nucleus of metal atoms and 

delocalised electrons in magnesium
 Differences:
● Magnesium is a good conductor due to the 

delocalised electrons which can move and carry 
charge 

● Magnesium chloride can only conduct when molten 
● Because only then can the ions move and carry 

charge 
● Mg conducts due to electron movement while 

magnesium chloride conducts due to ion movement 
8 a) i)  Two atoms covalently bonded together in 

a molecule [1 mark]

ii) Cl Cl  [2 marks] 

b) i)  [1 mark for Ca as 2,8,8,2 and Cl as 2,8,7; 
1 mark for showing 1Ca and 2Cl; 1 mark 
for showing Ca2+ as 2,8,8 and Cl– as 2,8,8]

+ +

Cl
(2,8,7)

Cl
(2,8,7)

Ca
(2,8,8)

2+Ca
(2,8,8,2)

CI
(2,8,8)

–

CI
(2,8,8)

ii) Ionic [1 mark]
iii) Giant ionic lattice [1 mark]
iv) [1 mark for four covalent bonds; 1 mark for 

rest of structure]

   

Cl

CCl Cl

Cl

v) Covalent [1 mark]
c) [2 marks with 1 mark for each column]

Compound Solubility in 
water

Relative 
melting point

Calcium chloride Soluble High

Tetrachloromethane Insoluble Low

d) Calcium: electrons in outer shell of metal 
atoms are delocalised [1 mark], strong 
attraction [1 mark], between the nucleus 
of metal atoms and delocalised electrons 
 [1 mark]

 Graphite: each carbon forms three covalent 
bonds [1 mark], to three carbon atoms 
[1 mark], one electron from each carbon is 
delocalised [1 mark]

e) Calcium is malleable [1 mark], calcium is 
ductile [1 mark]

f) B They are hollow [1 mark]
g) A They have a large surface area to volume 

ratio [1 mark]

Working scientifically: Units: Using prefixes and 
powers of ten for orders of magnitude
Page 174–75

1 a) 2.4 × 10–4

b) 3.23 × 109

c) 2 × 10–2

d) 7 × 10–9

e) 2.4 × 104

2 a) 0.0023
b) 460 000
c) 0.000095
d) 53 400
e) 3300

3 a) 31 Mm
b) 1 mg
c) 9.7 km
d) 2 ns



3 
Q

ua
nt

ita
tiv

e 
ch

em
is

tr
y

42

3 Quantitative chemistry

Overview
Specification points
4.3.1.1 Conservation of mass and balanced 
chemical equations; 4.3.1.2 Relative formula mass; 
4.3.1.3 Mass changes when a reactant or product is 
a gas; 4.3.2.1 Moles (HT only); 4.3.2.2 Amounts of 
substances in equations (HT only); 4.3.2.3 Using 
moles to balance equations (HT only); 4.3.2.4 
Limiting reactants (HT only); 4.3.2.5 Concentration 
of solutions; 4.3.3.1 Percentage yield; 4.3.3.2 
Atom economy; 4.3.4 Using concentrations of 
solutions in mol/dm3 (HT only); 4.3.5 Use of 
amount of substance in relation to volumes of 
gases (HT only); 4.4.2.5 Titrations

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 3 pages 63–96

AQA GCSE (9–1) Combined Science Trilogy 1: 
Chapter 11 pages 176–198

AQA GCSE (9–1) Combined Science Trilogy: Chapter 11 
pages 176–198

Recommended number of lessons: 14

Chapter overview

Contains AQA required 
practical

Yes: RP 2 (Chemistry only) 
Reacting volumes of solutions 
of strong acids and alkalis

Contains higher-only 
material

Yes

Contains chemistry-only 
material

Yes

Useful prior learning
Ideally, students should be confident with atomic 
structure and the concept that the majority of 
the mass of an atom comes from the protons 
and neutrons in the nucleus. Reviewing how to 
determine the number of protons, neutrons and 
electrons from the atomic and mass numbers is a 
useful place to start this chapter.

Students may also be aware of the idea of the 
conservation of mass during a chemical reaction, 
and the resulting need to balance symbol equations.

Common misconceptions
When working on balancing equations take care 
to ensure that students recall the meanings of the 
subscript numbers within a formula – teachers 
often take this for granted. When balancing 
equations, students often want to change 
the formula of the substance they are trying 
to balance, rather than using an integer (or 
coefficient) before the formula.

There are few misconceptions associated with the 
mole concept as so few students will have met 
this concept before. Telling students that we count 
eggs in multiples of 12, or ‘dozens’ can sometimes 
help them to grasp that we count atoms in 
multiples of a very large number (6.02 × 1023).

Preparation
Reviewing the T&L Prior knowledge catch-up 
teacher sheet is a good place to start, and it 
provides some nice facts about atomic structure to 
inspire students. A sound understanding of the mole 
concept and the calculations involved at GCSE is vital 
to ensure that your students have confidence in you, 
and make good progress. The T&L Topic overview 
resource gives a concise overview of the module, 
and would make an effective starting place when 
preparing students for an end of chapter assessment.

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Lesson starter 4

• Key concept: Calculating relative formula masses

• Key concept: The mole concept

• Key concept: Empirical formulae

• Key concept: Reacting masses

• Key concept: Calculating the concentration of a solution

• Key concept: The volume of gases (Chapter 6)

• Key concept: Calculations with volumes of gases 
(Chapter 6)

• Key concept: Calculations with volumes of gases – 
reactants and products (Chapter 6)

• Key terms

• Personal tutor: Titrations

• Practical: Carrying out a titration to determine the 
concentration of an acid solution

• Teacher and technician notes: Carrying out a titration 
to determine the concentration of an acid solution

• Practical video: Titration investigation

• Practical video: Titration calculations

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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Plenary
Display one final, and more challenging formula 
(like Mg(NO3)2 – magnesium nitrate) and ask 
students to determine the mass of 1 mole of the 
substance (148.3 g), half a mole of the substance 
(74.15 g), and one tenth of a mole of the 
substance (14.83 g).

Support
Some students will still struggle with the meanings 
of the superscript numbers within a formula. If 
using formulae with brackets, ensure that students 
understand that the number outside the brackets 
refers to all the elements within the brackets. 
Often students want to add the numbers rather 
than multiply (e.g. for Mg(NO3)2, they believe there 
are five oxygen atoms, instead of six). Students 
should watch the T&L Key concept: Calculating 
relative formula masses on calculating relative 
formula masses for further support.

Extension
More complex formulae can be used for HT, or 
very confident students, such as: Fe(NH4)2(SO4)2 
(iron ammonium sulfate), Al2(CO3)3 (aluminium 
carbonate), C6H7(NO2)3O5 (nitrated cellulose), and 
CuSO4.5H2O (hydrated copper sulfate, or copper 
sulfate pentahydrate).

Homework
The ‘Show you can’ and ‘Test yourself’ questions 
on page 65 (178) of the textbook. Chapter review 
question 1 (page 91 (194)) also reviews Mr 
calculations.

Using the mole: Lesson 2 (Higher tier)

1 Define Avogadro’s constant as the number 
of atoms, molecules or ions in one mole of a 
given substance. (HT)

2 Calculate the number of moles in a given 
mass of a substance. (HT)

3 Calculate the mass of a substance given the 
number of moles. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing what a mole is, how 
large it is (hence defining Avogadro’s constant) 
and how chemists use it as a unit of measurement. 
The T&L Lesson starter 2 could be used for his. 
Give students another chemical formula (perhaps 
Al2O3 (aluminium oxide) or Ca3(PO4)2 (calcium 
phosphate)) and ask them to determine the mass 
of one mole of that substance.

Relative mass and moles: Lesson 1

1 Review the relative atomic mass (Ar).
2 Review proportions of each atom in a 

chemical formulae.
3 Calculate the relative formula mass (Mr).
4 Define mole as an amount of substance 

represented by the Mr. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by displaying the chemical 
symbol for a Period 3 element (like magnesium) 
including atomic number and mass number. Ask 
students to work out the number of each type of 
subatomic particle, and to draw the electronic 
structure of the atom. Then ask students to 
calculate the relative atomic mass of magnesium 
given the isotopic data: 24Mg: 79%, 25Mg: 10%, 
26Mg: 11% (Ar = 24.3). Or T&L Lesson starter 1 
could be used to review the relative scale used to 
compare atomic masses.

Main
Revise chemical formulae by displaying a chemical 
formula appropriate to the ability of the class (e.g. 
Na2CO3 for a less-confident class, or (NH4)3PO4 for 
a more-confident class). Review the number of 
each type of atom present, and the total number 
of atoms present. Then ask students how we could 
work out the relative mass of the formula – by 
adding up the relative masses of all the atoms 
present in the formula.

Practise calculating relative formula masses of a 
range of formulae (including some with brackets).

Now introduce the mole concept as a way of 
measuring the amount of a substance. For 
instance, start by discussing how we count eggs 
in units of a dozen (which is equal to 12 eggs, 
2 dozen is 24 eggs, half a dozen is 6 eggs, and 
so on). Then introduce the mole as the unit with 
which chemists measure particles. Share the size 
of a mole (6.02 × 1023) and illustrate this with 
‘how big is one mole’ stories (i.e. to count to 
6.02 × 1023 in billions per second would take over 
19 million years! Other stories can be found on 
the internet).

State that 1 mole of any substance contains 
6.02 × 1023 particles of that substance, and that 
the mass of 1 mole of any substance is simply 
equal to the relative formula mass, expressed in 
grams (per mole).
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Main
Discuss the link between the mass of a 
substance and the number of moles present using a 
simple molecule like H2O: weigh out 18 g of water 
and ask students how many moles of water are 
present (or how many water molecules are present). 
Repeat this with different masses of water (1.8 g, 
3.6 g, 36 g, 180 g) and ask students how many 
moles (or molecules) are present.

Define number of moles = mass/Mr, mass = 
number of moles × Mr, and Mr = mass/number 
of moles. Go through a few of these types of 
calculations before giving students plenty of 
these calculations to practise (including different 
units of mass: mg, kg and ton). Stress the 
need for mass to be measured in g, and show 
students Table 3.3 (11.3) on page 66 (179) of 
the textbook for the conversion factors. Table 3.4 
(11.4) on page 66 (179) of the textbook reviews 
this well.

Plenary
Review one type of calculation, for instance 
what is the mass of 0.17 moles of CO2, and 
use it to review the importance of significant 
figures.

Support
Use of the ‘magic triangle’ (Figure 3.2 (11.2) 
on page 66 (179) of the textbook) will support 
less-confident mathematicians. Clarity of 
explanation, and repetition of these types of 
calculations will support all students. Keep 
reminding students that there are two ways to 
determine the Mr of a substance: either by adding 
the Ars of the atoms present in the formula, or by 
Mr = mass/moles. Many students try to use this 
latter method when they should be adding the 
Ars. Students should watch the T&L Key concept: 
The mole concept on the mole concept for 
further support.

Extension
More-confident students could be asked to 
calculate the number of atoms in one mole of a 
formula. For instance, in 1 mole of (NH4)2SO4, 
there are 8 moles of H atoms, 2 moles of N 
atoms, and so on…)

Homework
‘Show you can’ and ‘Test yourself’ questions on 
page 67 of the textbook. Questions 6–9 of the 
Chapter review questions cover simple mole 
calculations.

Conservation of mass: Lesson 3 

1 Define the law of conservation of mass.
2 Review proportions of each atom in a 

chemical formulae.
3 Use normal script numbers in front of a 

chemical symbol to indicate multiples of that 
substance.

4 Recognise that the number in front represents 
a multiple of the number of moles of that 
substance.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the mole concept 
as a means of measuring the amount of particles 
present in a mass of a substance. Then introduce 
the idea that chemists are interested in knowing 
how many particles are present because of the way 
chemical reactions actually happen – a certain 
number of particles react together to form a 
certain number of products. During this process, 
particles are rearranged rather than created or 
destroyed.

Main
Conservation of mass during a reaction can be 
demonstrated (or done as a class practical) by 
carrying out a precipitation reaction on a mass 
balance, to ensure that the mass of reactants is 
recorded and compared to the mass of products. 
Adding potassium iodide solution to lead nitrate 
solution is an eye catching precipitation reaction 
that could be used.

Review the conservation of mass using a symbol 
equation, introducing the need to balance the 
equation to ensure that on both sides of the 
‘reacts to form’ arrow there are the same number 
of each type of atom. Simple equations to balance 
include:

● 2Mg + O2 → 2MgO,
● 2Na + Cl2 → 2NaCl, 
● and 2H2 + O2 → 2H2O.

Go through these carefully, as balancing equations 
is a vital skill for GCSE students, and is often 
taken for granted by teachers! Show that the total 
formula mass of the reactants is equal to the total 
formula mass of the products, and hence mass is 
conserved.



3 Quantitative chemistry

45

Plenary
Give students three or four simple equations to 
balance (avoiding the need to find the lowest 
common multiple to balance the equation), 
such as:

● Na2CO3 + 2HCl → 2NaCl + H2O + CO2
● Mg + 2HCl → MgCl2 + H2
● 4Na + O2 → 2Na2O

Support
Some students may still not fully understand what 
the subscript numbers within formulae mean, 
and this will lead to problems when balancing 
equations. Support for balancing equations can be 
delivered in the following lesson, which focuses on 
this skill.

Extension
Some students will be able to balance equations 
quickly and easily, and a selection of equations 
where the lowest common denominator of two 
numbers is required, or including formulae which 
include brackets, will extend these learners. For 
example:

● N2 + 3H2 → 2NH3
● 4Al + 3O2 → 2Al2O3
● Al2(CO3)3 + 6HNO3 → 2Al(NO3)3 + 3H2O + 3CO2

Homework
Students could complete the T&L Quick quiz 1 on 
conservation of mass, relative masses and molar 
masses. Questions 2 and 3 of the Chapter review 
questions (page 91 (194)) reviews conservation of 
mass.

Balancing chemical equations: Lesson 4 

1 Balance given equations

Learning outcomes

Suggested lesson plan
Starter
The T&L Lesson starter 3 can be used to review 
the conservation of mass.

Review last lesson’s learning by asking students 
to come up with a set of rules for how to balance 
equations.

Main
Review the rules for balancing equations, recording 
them if necessary: 

● There must be the same number of each type of 
atom on both sides of the arrow.

● You cannot change the formula of a substance.

● You can only add numbers in front of a formula, 
and this number multiplies all of the atoms in 
that formula.

Go through several examples at the board, before 
giving students many equations to balance, 
starting easy and then getting progressively harder. 
More challenging equations will include formulae 
with brackets, and where the lowest common 
multiple of two numbers needs to be found in 
order to balance the equation. 

For combustion reactions, ensure that students 
balance the carbon and hydrogen atoms first, and 
leave the oxygen atoms until the end.

Plenary
Balance one final more challenging equation 
such as:

C3H8 + 5O2 → 3CO2 + 4H2O

and introduce the idea that the balancing numbers 
refer to the number of moles of molecules reacting. 
In this case, one mole of C3H8 reacts with five 
moles of O2 to produce three moles of CO2 and four 
moles of H2O. We call this the molar ratio: 1:5:3:4.

Support
Many students always find balancing equations 
challenging. Allowing students to work in groups 
to facilitate peer teaching will help, and allow you 
to focus on supporting the least confident learners.

Extension
Many challenging equations can be found on the 
internet, but the combustion of gun cotton has 
a particularly challenging equation to balance for 
very able learners:

4C6H7(NO2)3O5 + 9O2 → 24CO2 + 14H2O + 6N2

Homework
More balancing equation practice or the ‘Test 
yourself’ questions on page 71 (186) of the 
textbook review molar ratios.

Mass changes with gases: Lesson 5

1 Recognise that mass may appear to increase 
if one of the reactants is a gas (e.g. metal + 
oxygen).

2 Recognise that mass may appear to decrease 
if one of the products is a gas (e.g. thermal 
decomposition).

3 Explain the observed changed in mass.

Learning outcomes



3 
Q

ua
nt

ita
tiv

e 
ch

em
is

tr
y

46

Suggested lesson plan
Starter
Carry out a reaction in which gas is visibly 
produced and allowed to escape - the mass 
will decrease, suggesting that mass has not 
been conserved (e.g. calcium carbonate with 
hydrochloric acid will work well). Ask the students 
if they can explain why the mass has decreased 
(the mass of CO2 produced is not recorded by the 
mass balance), and whether or not mass has been 
conserved.

Main
Students could carry out a class practical 
thermally decomposing copper carbonate, using 
mass balances to record the mass of the copper 
carbonate and test tube at the start, and the 
mass of copper oxide and test tube at the end 
of the reaction (the colour change from green to 
black will confirm a reaction has taken place). 
Discuss the loss of mass, and what this means 
for one of the products (one must be a gas and 
must have escaped to account for the decrease 
in mass).

Then demonstrate heating magnesium in a 
crucible, or burning iron wool, to show the 
increase in mass that takes place during 
oxidation of a metal. Ask students to 
explain what is happening here, and why the 
conservation of mass is still observed.

Plenary
Students could discuss the question: why might 
we think that the conservation of mass is 
nonsense?

Support
Many learners will believe that gases do not have 
mass, and this misconception can be corrected by 
weighing a balloon, and then filling the balloon 
with carbon dioxide and re-weighing it. Using a 
simple animation to show the loss or gain of a 
gas during a reaction (for instance, using particle 
diagrams to represent a reaction in a PowerPoint 
file, and having the escaping gas move away 
from the products) may support learners with this 
concept.

Extension
Interested students could be asked to research 
nuclear reactions where mass is converted into 
energy (E = mc2) - the only example of where mass 
is not conserved.

Homework
Use the ‘Test yourself’ questions on page 70 (185) 
of the textbook.

Reacting masses: Lesson 6 (Higher tier)

1 Describe what reacting mole ratios represent 
in a balanced equation. (HT)

2 Review the calculation of the number of 
moles in a given mass of a substance. (HT)

3 Review the calculation of the mass of a 
substance given the number of moles. (HT)

4 Calculate the reacting masses from given 
equations and the known mass of one 
substance. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the calculation 
of the number of moles from mass and relative 
formula mass (or molar mass), and mass from the 
number of moles and formula mass.

Main
Introduce the idea that chemists can calculate 
what masses of reactants are required to produce 
a certain mass of products and vice versa, and 
that these calculations are called reacting masses 
calculations.

Carefully review how to complete the calculations 
at the board before giving students questions to try 
for themselves or in small groups. Both methods 
(moles and ratios) are shown on page 72 (187) 
of the textbook – choose one and stick with it! 
Students will need a lot of practice in order to feel 
confident completing reacting masses calculations.

Plenary
Review a selection of the reacting masses 
calculations from class, particularly those that 
caused students the most problems.

Support
The T&L Key concept: Empirical formulae on 
reacting masses will support less-confident learners.

Extension
More-confident learners could be used to 
support those making slower progress with these 
calculations, giving you more time to focus your 
support on the least confident.

Homework
The ‘Test yourself’ questions on page 72 (187), 
and the ‘Show you can’ question on page 73 (188) 
of the textbook are reacting masses calculations. 
Questions 10 and 11 (8 and 9) of the Chapter 
review questions (page 91 (194)) are also reacting 
masses calculations.
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Using moles to balance equations: 
Lesson 7 (Higher tier)

1 Review calculation of the number of moles in 
a given mass of a substance. (HT)

2 Convert mole ratio to simple whole number 
equivalents. (HT)

3 Recognise whole number ratios as 
information to balance an equation given 
masses of reactants and products. (HT)

Learning outcomes

Suggested lesson plan
Starter
Review the previous lesson’s work on reacting 
masses calculations with a reacting masses 
question, or if students have access to the 
internet, they could complete the T&L Quick 
quiz 2.

Main
Introduce the idea that how an equation is 
balanced was originally worked out using the 
masses of reactants that reacted with each other 
to form masses of products. In other words, that 
we can use the molar ratios of the reactants and 
products to balance an equation.

Go through a typical calculation (there are three 
example calculations on pages 73 and 74 (188 and 
189) of the textbook).

Students then complete the questions in the 
‘Test yourself’ section on page 74 (189) of the 
textbook.

Plenary
Use this opportunity to review the last few 
lessons’ content from the conservation of mass to 
the determination of molar ratios to empirically 
balance equations.

Support
This is a challenging module for many learners. 
Peer teaching, one-to-one support and repetition 
of calculations will help less-confident learners.

Extension
The ‘Practical’ box on page 74 (189) of the 
textbook offers an opportunity to put these 
calculations into context and could act as a good 
extension task.

Homework
Chapter review question 12 (10) (page 92 (194)) 
reviews balancing equations from molar ratios 
could be set for the students to complete.

Limiting reactant: Lesson 8 (Higher tier)

1 State that in many reactions it is common to 
use an excess of one of the reactants. (HT)

2 Name the reactant that is completely used up 
as the limiting reactant. (HT)

3 Explain the effect of a limiting quantity on the 
amount of product that can form. (HT)

Learning outcomes

Suggested lesson plan
Starter
Review the previous lesson’s content with a similar 
calculation question, or by going through the 
homework questions. The T&L Lesson starter 4 
can then be used to introduce the idea of limiting 
reactants.

Main
Introduce the idea that when we carry out a 
reaction, there is often not the exact amounts 
of reactants that we require: we may have more 
of one reactant than we need (we say that this 
reactant is in excess) and therefore the other 
reactant will be the ‘limiting reactant’ that will 
determine the amount of products formed during 
the reaction. Explain that to determine which 
reactant is the limiting reactant, we must know the 
number of moles of each reactant, and the ratio in 
which they react.

This could be done with a practical demonstration 
using the reaction between excess copper oxide 
and sulfuric acid. The remaining copper oxide can 
be observed after the mixture has been heated 
gently, so is clearly in excess. Hence the amount 
of sulfuric acid is what determines the amount of 
copper sulfate formed.

Go through one or two of the example calculations 
given on pages 75 and 76 (190 and 191) of the 
textbook to show how we can determine which 
reactant is the limiting reactant, and hence the 
amount of products formed.

Students could then work through the remaining 
examples and begin the ‘Test yourself’ questions on 
page 77 (192) of the textbook.

Plenary
Review the questions completed in class.

Support
This is another challenging lesson for many 
learners. Peer teaching, one-to-one support and 
repetition of calculations will help less-confident 
learners.
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Extension
Ask students why in the reaction between copper 
oxide (a solid) and sulfuric acid (a solution) it is 
useful to have the sulfuric acid as the limiting 
reactant. Possible answers might include that the 
excess copper oxide can be removed more easily 
(by filtering) than an excess of sulfuric acid; or 
that when evaporating off the water to crystallise 
copper sulfate, any excess acid will become more 
concentrated, and hence more harmful. 

Homework
Complete the ‘Test yourself’ questions on page 77 
(192) of the textbook, or the ‘Show you can’ task 
on page 77 (192). Questions 19 and 20 of the 
Chapter review questions cover limiting reactants. 
And the T&L Quick quiz 3 reviews reacting masses 
calculations, including limiting reagents.

Percentage yield: Lesson 9 
(Chemistry only)

1 State reasons why it is not always possible to 
get the calculated amount of a product.

2 Calculate percentage yield.
3 Calculate the theoretical mass of a product 

from a given mass of reactant and the 
balanced equation. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by revising reacting masses 
calculations (as these will be required later).

Main
The concept of percentage yield can be delivered 
by getting students to carry out a reaction to 
produce crystals of a soluble salt (like copper 
sulfate) by reacting excess copper oxide with 
sulfuric acid. The students can determine that 
the sulfuric acid is the limiting reactant, and 
hence work out the mass of the copper sulfate 
crystals that should be formed, i.e. the theoretical 
yield (remember that these will be hydrated, so 
CuSO4.5H2O). This practical will take up at least 
half of a 60 minute lesson, but students can 
calculate the theoretical yield of crystals during 
the practical and leave their crystals to form 
overnight for the next lesson.

During the practical, incidents where reactants 
or products are ‘lost’ can be brought to the class’ 
attention, along with other reasons why we might 
not get as much product as we might expect.

Some example percentage yield calculations can be 
completed once the practical activity is over.

Plenary
Review the reasons why percentage yields are 
often less than 100%, and complete a percentage 
yield calculation.

Support
Those students who struggled with reacting 
masses calculations will require support or 
scaffolding in this lesson as determining the 
theoretical yield of a product is a reacting 
masses calculation.

Extension
Students could be asked to calculate the overall 
percentage yield of a two-stage reaction, when the 
percentage yield for the first stage is 50%, and the 
percentage yield for the second stage is 25%. The 
answer is 12.5%; we multiply the yields together 
for the overall yield.

Homework
The ‘Show you can’ and ‘Test yourself’ questions 
from page 79 of the textbook. Question 4 of the 
Chapter review questions (page 91) is a simple 
percentage yield calculation. Also, the T&L 
Homework task (a) reviews the mole concept, 
reacting masses and percentage yield calculations.

Atom economy: Lesson 10 
(Chemistry only)

1 State the importance of atom economy for 
sustainable development and economics.

2 Calculate atom economy from a given 
balanced equation.

3 Use atom economy to explain why a 
particular reaction may be chosen.

Learning outcomes

Suggested lesson plan
Starter
Complete the percentage yield calculation from the 
practical work from the previous lesson and discuss 
the issues associated with having low percentage 
yields (difficulties separating products from the 
reaction mixture, ‘wasted’ resources etc.).

Main
Introduce atom economy as another means of 
assessing the effectiveness of a chemical reaction. 
Make the link between high atom economy and 
sustainability, and check that students understand 
the meaning of ‘sustainability’. 
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Review how atom economy is calculated, and then 
give students the opportunity to practise several of 
these calculations. There are two worked examples 
on page 80 of the textbook, and practice questions 
in the ‘Test yourself’ section on page 81.

Plenary
Give students details about two chemical methods 
for producing a certain chemical product and ask 
them which method is the most sustainable. For 
instance, for the production of ethanol:

Method 1: fermentation of glucose: C6H12O6 → 
2C2H5OH + 2CO2; a relatively low energy process, 
but the ethanol has to be separated by distillation 
from the resulting solution.

Method 2: hydration of ethene: C2H4 + H2O → C2H5OH; 
the reaction is carried out at high temperatures, and 
ethene is sourced from crude oil (a finite resource) via 
an energy intensive process call cracking.

Support
A top tip for all learners is that if there is only one 
product in the reaction then the atom economy is 
always 100%.

Extension
More-confident learners, and those with a keen 
interest in chemistry or medicine could be asked to 
find out the atom economy for the manufacture of 
aspirin or paracetamol.

Homework
The ‘Show you can’ activity on page 81 of the 
textbook and question 5 from the Chapter review 
questions are all atom economy questions. Students 
could also watch the T&L Key concepts: The volume 
of gases, Calculations with volumes of gases and 
Calculations with volumes of gases – reactants 
and products from Chapter 6.

Gas volumes: Lesson 11 (Chemistry only)

1 State that one mole of any gas occupies 24 dm3 
at room temperature and pressure.

2 Calculate the volume of a gas from its mass 
and Mr.

3 Calculate volumes of gaseous reactants and 
products from a balanced equation and given 
mass or volume of another substance.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson with the revision of a reacting 
masses calculation as this type of calculation 

will be required later in the lesson. For instance, 
what mass of carbon dioxide will be produced 
when 2.34 g of aluminium carbonate thermally 
decompose as shown below:

Al2(CO3)3 → Al2O3 + 3CO2

Answer: 1.32 g of CO2 will be produced.

Main
Introduce the molar volume concept using three 
simple particle diagrams for a solid, liquid and a 
gas. Ask students what would happen to the total 
volume of one mole of a solid if the particle size 
was increased. The volume will increase as the 
particles are very close together. Ask a similar 
question about liquids, and finally about gases. 
In gases, particle size has little effect on volume 
because the particles themselves are relatively very 
far apart. Hence, one mole of any gas (no matter 
the particle size) occupies the same volume at a 
given temperature. But this is not true for solids 
and liquids.

State the molar volume of a gas as being 24 dm3 at 
room temperature and pressure and show how the 
volume of a given mass of a gas can be calculated; 
Figure 3.14 (11.2) on page 82 (179) shows the 
‘magic triangle’ for volume calculations:

● volume = number of moles × 24 dm3

● number of moles = volume/24 dm3.

Stress that the volumes will always be in dm3, 
and show students how to convert cm3 into dm3 
and vice versa (1 dm3 = 1000 cm3 and  
1 cm3 = 0.001 dm3).

Give students the opportunity to practise these 
types of calculations: there are worked examples 
on pages 82 and 83 of the textbook, along with 
‘Test yourself’ questions on page 83.

Then introduce the idea that given that one mole 
of any gas occupies the same volume, then the 
molar ratios in a balanced equation are also equal 
to the volume ratios for the gases in that reaction. 
Figure 3.15 on page 84 of the textbook (and in the 
T&L Diagram bank) shows this idea really clearly.

Plenary
Students could complete some of the questions 
from the ‘Test yourself’ section on page 85 of 
the textbook to review their understanding of 
molar volumes. They could also refer back to the 
reacting masses starter calculation and calculate 
the volume of CO2 that would be produced 
when 2.34 g of aluminium carbonate thermally 
decompose (0.72 dm3 or 720 cm3).
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Support
The T&L Key concepts: The volume of gases, 
Calculations with volumes of gases and 
Calculations with volumes of gases – reactants and 
products from Chapter 6 will support learners in their 
understanding of these learning objectives. Many 
students will need reminding of how to calculate 
the number of moles from a mass and the Mr, but 
will also get confused about when to use mass and 
Mr to calculate a number of moles, and when to use 
volumes. Clear explanations at the board are vital for 
students to make sound progress.

Extension
A demanding extension question for very able 
learners could be what is the total volume of gases 
produced when 1 g of gun cotton (C6H7(NO2)3O5) 
combusts, as shown below:

4C6H7(NO2)3O5 (s) + 9O2 (g) → 24CO2(g)  

        + 6N2(g) + 14H2O (l)

Answer: 606 cm3

Homework
Questions 16–18 on the Chapter review questions 
(page 92) cover volumes of gases and reacting 
volumes questions.

Concentration of solutions: Lesson 12

1 State the unit of concentration is g/dm3.
2 Calculate the mass of solute in a given volume.
3 Explain how the mass of solute and volume of 

solution relates to concentration. (HT)

Learning outcomes

Suggested lesson plan
Starter
Demonstrate dissolving different masses of sodium 
chloride into different volumes of water and 
ask the students how we should compare how 
concentrated each of the sodium chloride solutions 
are. Many will focus on the masses dissolved, but 
hopefully some will recognise that the volume of 
water is important as both variables will determine 
how concentrated solutions are. Once they have, 
ask what units might be appropriate for measuring 
the concentration of a solution: g/dm3.

Main
Introduce or review the idea that we can measure 
the concentration of a solution in g/dm3 and 
define what 1 dm3 is equal to. Ask students to 
describe two ways in which the concentration of 
a solution could be increased (by increasing the 

mass of solute dissolved, or by decreasing the 
volume of solvent used).

Use Figure 3.18 (11.15) on page 85 (193) 
of the textbook to illustrate the relationship 
between mass, volume and concentration. Then 
give students the opportunity to complete from 
concentration calculations: there is a worked 
example on page 86 of the textbook, along with 
‘Test yourself’ questions on the same page.

Plenary
Review the learning objectives from the lesson and 
the ‘Test yourself’ questions.

Support
Using copper sulfate solutions instead of sodium 
chloride solutions at the start of the lesson will 
support less-confident learners, as the intensity 
of the colour of the solution clearly reflects the 
concentration. However, these solutions will have to 
be prepared prior to the lesson as copper sulfate can 
take a long time to dissolve. The masses of solute 
and volume of solvent will need to be displayed.

Extension
More-confident learners could be asked to suggest 
another way of measuring the concentration of 
a solution that takes into account the number 
of particles present in a solution (i.e. mol/dm3), 
and then asked to convert a few concentrations in 
g/dm3 into mol/dm3.

Homework
Complete any remaining ‘Test yourself’ questions on 
page 86. Students could also watch the T&L Key 
concept: Calculating the concentration of a solution 
on how to calculate the concentration of a solution, as 
this will prepare them for the next, rather busy lesson.

Concentration and moles: Lesson 13 
(Chemistry only)

1 Represent concentration using the unit  
mol/dm3. (HT)

2 Calculate the amount in moles of a solute 
from its concentration. (HT)

3 Calculate an unknown concentration given 
the concentration of another and the exact 
reacting volumes. (HT)

4 Explain how the concentration of a solution in 
mol/dm3 is related to the mass of the solute 
and the volume of the solution. (HT)

5 Use volumetric equipment to determine 
reacting volumes accurately.

Learning outcomes
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Suggested lesson plan
Starter
The next two lessons are very busy, with a lot of 
content, including demonstrating how to carry out 
a titration, and the Required practical 2 (titration). 
You may find it better to spread the content of 
these two lessons over three lessons. 

Review how the concentration of a solution can 
be expressed in g/dm3 and how changes in the 
mass of solute and the volume of solvent alter the 
concentration of the solution. Then ask students 
if there is another way that we could express 
concentration that would give us an idea of the 
number of particles present in a solution: mol/dm3.

Main
Introduce the relationship between the number of 
moles, volume of solution and concentration using 
Figure 3.19 on page 86 of the textbook, and run 
through a few calculations to show how we can 
calculate the number of moles from a volume and 
concentration, the volume from the number of moles 
and concentration, and the concentration from the 
number of moles and volume. Worked examples 
are shown on pages 86 to 87 of the textbook, and 
suitable questions for students to practise are in the 
‘Test yourself’ boxes on these pages.

Then demonstrate how to carry out a titration 
in order to determine the concentration of an 
unknown solution, introducing the apparatus used, 
the need for an indicator, and going through the 
titration calculation. The students could follow 
the method on page 88 of the textbook as the 
demonstration progresses.

Plenary
Give students a set of data from a titration to 
calculate the concentration of the acid or alkali 
solution. One of the example calculations on page 
89 of the textbook could be used here.

Support
There is a lot of support available for all students 
on the T&L site. The Personal tutor: Titrations 
resource reviews the method used, as do the T&L 
Practical videos. T&L Practical video: Titration 
investigation demonstrates the titration method 
while T&L Practical video: Titration calculations 
reviews the titration calculation.

Extension
There are not too many opportunities at this stage 
to extend more-able learners in this lesson. But 
having a dextrous and practically skilled student 
carry out the demonstration of the titration method 
under your instruction will help you to identify 
where common practical mistakes may arise.

Homework
Students should watch the Personal tutor: 
Titrations and two T&L Practical videos in 
preparation for the titration practical lesson.

Titrations: Lesson 14 (Chemistry only)

1 Describe how to carry out a titration to 
determine reacting volumes accurately.

2 Calculate chemical quantities involved. (HT)
3 Calculate concentration of one of the solutions 

from the reacting volumes and known 
concentration of the other solution. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson with one or two more titration 
calculations taken from the ‘Test yourself’ 
questions on page 89 of the textbook. 

Main
Remind students what the most challenging 
aspects of the titration method are having watched 
the T&L Practical video: Titration investigation 
(for homework) and discuss how to minimise the 
difficulty associated with those aspects.

Then begin the required practical 2: carrying out a 
titration to determine the concentration of an acid 
solution. You can use the T&L Practical worksheet 
and Teacher and technician notes.

Plenary
Review the titration method again and discuss 
the class results for the concentration of the 
acid solution. If there is a significant difference 
between individual’s results, ask students to 
suggest reasons why this might be.

Support
During the titration practical be sure to 
circulate in the room and watch students 
carefully to check that they are filling the 
burettes correctly, using the pipettes correctly, 
remembering to add the indicator, and reading 
the burette correctly. 

Again, there is a lot of support available for all 
students on the T&L. The T&L Personal tutor: 
Titrations resource reviews the method used, as do 
the two T&L Practical videos. T&L Practical video: 
Titration investigation demonstrates the titration 
method while T&L Practical video: Titration 
calculations reviews the titration calculation.
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Extension
The ‘Required practical 2’ box on page 90 of the 
textbook could be used to extend more-confident 
learners.

Homework
There are two resources available on the T&L 
website: Homework task (b) reviews volumes of 
gases, concentrations and titration calculations, 
and Quick quiz 4 reviews similar content. The 
‘Show you can’ activity on page 90 of the textbook 
reviews the titration method, and there are several 
titration calculation questions in the ‘Test yourself’ 
boxes on page 89, and questions 14 and 15 of the 
Chapter review questions (page 92).

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 1 molecule of CH4 reacts with two molecules 

of O2 to make one molecule of CO2 and two 
molecules of H2O

2 The total mass of the reactants equals the total 
mass of the products

3 36 g
4 Protons = 19, neutrons = 20, electrons = 19

Test yourself
1 a) 17

b) 59
c) 58
d) 74
e) 213

2 a) 56 g
b) 32 g
c) 30 g
d) 74.5 g
e) 164 g

3 a) Same
b) Same
c) He atoms

4 a) 20 000 g
b) 0.005 g
c) 300 000 g

5 a) 96 g
b) 4.6 g

6 a) 25 mol
b) 40 mol
c) 0.000 50 mol
d) 35 700 mol

7 60
8 a) 35 (2 sf), 34.8 (3 sf), 34.82 (4 sf)

b) 29 000 000 (2 sf), 28 600 000 (3 sf), 
28 550 000 (4 sf)

c) 0.023 (2 sf), 0.023 2 (3 sf), 0.023 19 (4 sf)
d) 0.000 63 (2 sf), 0.000 632 (3 sf), 0.000 6319 

(4 sf)
9 a) 25.3 cm3 (3 sf)

b) 170 (3 sf)
c) 1.68 g (3 sf)

10 a) Two molecules of H2 react with one molecule 
of O2 to form two molecules of H2O

b) Sum of Mr of reactants = 2(2) + 32 = 36; sum 
of Mr of products = 2(18) = 36

11 a) Gains/combined with oxygen
b) The total mass of the reactants equals the 

total mass of the products.
c) Total mass of copper plus oxygen = total 

mass of copper oxide produced
12 0.44 g of carbon dioxide given off into the air 

as the nickel carbonate decomposes
13 a) 5 mol

b) 6 mol
c) 0.15 mol
d) 5 mol

14 a) 16 mol
b) 2.5 mol
c) 2 mol
d) 0.65 mol

15 a) 10 mol
b) 6 mol
c) 0.5 mol
d) 4.5 mol

16 80 g
17 14 g
18 5 g
19 0.2 g
20 529 g
21 2.26 g
22 2H2O2 → 2H2O + O2
23 Ca + F2 → CaF2
24 2Ni + O2 → 2NiO
25 2Ca(NO3)2 → 2CaO + 4NO2 + O2
26 2K + Br2
27 TiCl4 + 4Na
28 a) 5 mol

b) 2 mol
c) 0.3 mol

29 a) 2 mol
b) 2 mol
c) 8 mol

30 a) 1.5 mol
b) 0.15 mol
c) 0.5 mol

31 14.4 g
32 0.48 g
33 7.12 g



3 Quantitative chemistry

53

34 a) 75%
b) The reaction may be incomplete/reversible; 

some of product lost on separation; other 
reactions may take place

35 a) 23.5%
b) Some of the products turn back into 

reactants
36 80%
37 a) 400 g

b) 200 g
c) Less waste (to dispose of)/fewer resources 

used
38 56.0%
39 45.9%
40 100%
41 52.9%
42 53.8%
43 a) 72 dm3

b) 9.6 dm3

c) 6 dm3

d) 240 dm3

44 a) 0.750 mol
b) 0.0417 mol
c) 0.0250 mol

45 a) 96.0 g
b) 1.33 g
c) 0.158 g

46 4 dm3

47 6 dm3

48 3.5 dm3

49 750 cm3

50 45 g/dm3

51 72 g/dm3

52 70 g/dm3

53 360 g
54 1.5 g
55 a) 0.5 mol/dm3

b) 3 mol/dm3

c) 1.44 mol/dm3

d) 2 mol/dm3

56 a) 1.2 mol
b) 3 mol
c) 0.15 mol
d) 0.0125 mol

57 a) mol NaOH = 3 mol, concentration  
= 1.5 mol/dm3

b) mol NH3 = 0.1, concentration = 0.5 mol/dm3

58 mol Na2CO3 = 0.40, mass Na2CO3 = 42.4 g
59 21.9 g/dm3

60 1.48 g/dm3

61 0.25 mol/dm3

62 0.0833 mol/dm3

63 1.10 mol/dm3

64 0.241 mol/dm3, 25.5 g/dm3

65 0.0223 mol/dm3

66 0.113 mol/dm3

67 0.0228 mol/dm3, 1.69 g/dm3

Show you can
Page 65

a) 2 oxygens, relative formula mass = 44
b) Ca(NO3)2, 6 oxygens, relative formula mass  

= 164
c) 54 = 16 + 2x, therefore x = 19, i.e. F

Page 67

Moles mass
rM

= ; mass = Mr × moles; mass
molesrM =

a) 9.8
98

0.1=

b) 0.5 × 74 = 37 g

c) 6.9
0.05

138= , 138 = 2Y + 12 + (3 × 16),  

2Y = 78, Y = 39, K

Practical: Oxidation of titanium
1 a) 17.36 − 16.34 = 1.02 g

b) 18.04 − 16.34 = 1.70 g
c) 1.70 − 1.02 = 0.68 g

2 The law of conservation of mass states that no 
atoms are lost or made in a chemical reaction 
so the mass of products (1.70 g) equals the 
mass of reactants (1.02 + 0.68 = 1.70 g).

3 To allow oxygen in to react with the titanium
4 Test a sample of the gas; it re-lights a glowing 

splint.
5 Mass of container, mass of container and titanium
6 The mass would increase due to titanium oxide 

forming/oxygen combining with titanium.
7 Allow the container to cool before weighing and 

so prevent burns, wear eye protection.
8 Repeat the experiment or get someone else to 

do the experiment.

Show you can
Page 71

a) In the equation C + O2 → CO2 1 mole of  
C atoms reacts with 1 mole of O2 molecules 
to form 1 mole of CO2 molecules.

b) i) In the equation C2H4 + 2O2 → CO2 + 2H2O, 
1 mole of C2H4 molecules reacts with 2 
moles of O2 molecules to form 1 mole of CO2 
molecules and 2 moles of H2O molecules.

ii) In the equation Be + Cl2 → BeCl2 1 
mole of Be atoms reacts with 1 mole of 
Cl2 molecules to form 1 mole of BeCl2 
molecules.
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iii) In the equation CxHy + 3O2 → 2CO2 + 2H2O 
1 mole of CxHy molecules reacts with 3 
moles of O2 molecules to form 2 moles of 
CO2 molecule and 2 moles of H2O molecules.

c) x = 2, y = 4

Page 73

a) 84

b) 4.2
84

0.05=

c) 0.025 mol
d) 0.025 × 106 = 2.65 g

Practical: Experiment to find the equation for 
the action of heat on sodium hydrogen carbonate

1 

heat

sodium hydrogen carbonate

evaporating
dish

gauze

tripod

2 Moles NaHCO3 = 8.01
84

0.0954=

3 a) Moles NaOH = 0.0954
b) Moles Na2CO3 = 0.0477
c) Moles Na2O = 0.0477

4 a) 0.0954 × 40 = 3.81 g
b) 0.0477 × 106 = 5.05 g
c) 0.0477 × 62 = 2.96 g

5 The correct equation is equation 2.
6 Carbon dioxide gas and water vapour have been 

lost.

Show you can
Page 77

Moles CaO = 84
56

1.5=

Moles C = 48
12

4=

Reagent in excess = CaO

Moles CaC2 formed = 1.33

Moles CaC2 = 1.33 × 64 = 85.3 g

Page 79

a) Percentage yield = 100
mass of product actu

maximum theoreti
× = 100

Percentage yield = 100
mass of product actually made

maximum theoretical mass of product
×

b) 40 5.48  100
maximum theoretical mass of product

= ×

 Theoretical mass = 13.7 g

 Moles of bromobutane 
13.7
137

0.1 mol= =

 Mass of bromobutane = 0.1 × 74 = 7.4 g
Page 81

a) Method 1: 
48
128

100 37.5%× =

 Method 2: 48
80

100 60.0%× =

b) The second reaction has a higher atom 
economy so there is less waste. However, 
it does use a substantial amount of 
electricity. Other useful information is the 
toxicity or environmental hazard of any 
products.

c) 100%

Page 83 See table below.

O2 H2 NH3

Mass of 1 mole of gas in g 32 2 17

Volume of 1 mole of gas in 
dm3 at room temperature 
and pressure

24 24 24

Number of moles in 12 cm3 
at room temperature and 
pressure

0.012

24
= 0.0005

0.012

24
= 0.0005

0.012

24
= 0.0005

Number of moles in 12 g 12

32
= 0.375

12

2
= 6

12

17
= 0.706
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Page 85

a) 12.5
125

0.1=

b) 0.1
c) 2.4 dm3

Page 87

0.1 × 4 = 0.4 mol/dm3

0.4 × 63 = 25.2 g/dm3

Page 90

a) A, B, C, E, F
b) C, it is only used to give a rough idea of the 

volume needed.

Required practical: Determination of the 
reacting volumes of solutions of a strong acid 
and a strong alkali by titration
1 3.92 × 4 = 15.68 g/dm3

2 (Rinse a pipette with XOH), use a pipette filler, 
fill pipette with XOH solution, until the bottom 
of the meniscus is on the mark at eye level, 
drain into conical flask

3 To make the colour change easier to detect
4 Blue to yellow
5 Add acid drop-wise, with swirling until the 

colour changes
6 To mix the solution and ensure the solutions 

have reacted
7 14.0, 14.0
8 14.0 (do not use reading 1)

9 14
1000

0.5 0.007× =

10 0.007

11 0.007
0.025

0.280 mol/dm3=

12 15.68
0.28

56, X = K=

Chapter review questions
1 a) 32

b) 44
c) 120
d) 164

2 a) Mr of reactants = 4(23) + 32 = 124; Mr of 
products = 2(62) = 124

b) 15.5 g
3 Given off as (carbon dioxide) gas.
4 a) 90%

b) Reaction may be incomplete/reversible; 
some of the product is lost on separation; 
other reactions may take place

5 a) 57.1%
b) 100%
c) 17.6%

6 a) 39 g
b) 28 g
c) 342 g

7 a) 198.8 g
b) 1.6 g

8 a) 0.075 mol
b) 62.5
c) 6250 mol
d) 1.28 × 10−4 mol

9 a) 36 g
b) 8 g

10 30 g
11 2963 g
12 mol NaNO3 = 0.02, mol NaNO2 = 0.02, mol O2 = 

0.01; 2NaNO3 → 2NaNO2 + O2
13 a) 1.25 mol/dm3

b) 22.4 g/dm3

14 0.173 mol/dm3

15 0.164 mol/dm3, 16.1 g/dm3

16 a) 36 dm3

b) 12 dm3

17 a) 0.333 mol
b) 0.0417 mol

18 O2 = 6 dm3, CO2 = 4 dm3

19 a) 5 mol
b) 7.5 mol
c) 10 mol

20 20.8 g
21 3.00 dm3

22 0.214 g
23 0.500 dm3

24 2.26 dm3

Practice questions
1 A [1 mark]
2 B [1 mark]
3 a) PbS = 239, Fe2O3 =160, CaMg(CO3)2 = 184 

 [3 marks]
b) 27 [1 mark], Al [1 mark]
c) i) No atoms are lost or made during 

a chemical reaction so the mass of 
the products equals the mass of the 
reactants [1 mark]

ii) Mr Fe2O3 = 160, CO = 28, Fe = 56, CO2 = 44
 reactants = 160 + 3(28) = 244
 products = 2(56) + 3(44) = 244 [2 marks]

4 a) 152 [1 mark]

b) 152 g [1 mark]

c) 200
1000

0.200 g=  [1 mark]

 moles = 0.200
152

0.00132=  [1 mark]
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5 a) 60 m3 [1 mark]

b) i) 1.92
64

0.03=  [1 mark]

ii)  2.4 − 1.92 = 0.48 g [1 mark]

iii)  0.48
48

0.01=  [1 mark]

iv)  2.4
80

0.03=  [1 mark]

v)  0.03 : 0.01 : 0.03 = 3 : 1: 3 [1 mark], 
3SO2 + O3 → 3SO3 [1 mark]

6 a) moles 4780
239

20= =
 Ratio 1 : 1; moles PbO = 20
 Mass PbO = 20 × 223 = 4460 g [3 marks]

b) Moles Pb = 20
 Mass Pb = 20 × 207 = 4140 g [2 marks]

c) i) Moles HNO3 = 2.4 × 20.0
1000

0.048=  [1 mark]

ii) Moles NO = 0.012 [1 mark]
iii) Volume NO = 0.012 × 24000 = 288 cm3 

 [1 mark]

7 a) Volume O2 = 150 x 13
2

 = 975 cm3 [1 mark]

b) 0.454 kg = 454 g [1 mark]

 moles 454
58

7.83 mol= =  [1 mark]

8 a) Mr = 84 [1 mark], 3.36
84

0.04=  [1 mark]

b) 0.02 [1 mark]
c) Mr = 106 [1 mark], 0.02 × 106 = 2.12 g 

 [1 mark]
d) mol = 0.02, volume = 0.02 × 24 = 0.48 dm3 

 [1 mark]
9 a) i) mol Ca = 0.4

40
0.01=  [1 mark]

  Mol H2 = 0.01 [1 mark]
  Volume H2 = 0.01 × 24 = 0.24 dm3 [1 mark]

ii) Moles HNO3 = 2 × 0.01 = 0.02 [1 mark]

 Volume HNO 0.02
2.0

0.01 dm3
3= =   

 [1 mark]
iii) 164 [1 mark]

b) i) Marks awarded for this answer will be 
determined by the quality of written 
communication as well as the standard of 
the scientific response.

 Level 3 answer = maximum 6 marks: A 
coherent and logical description of how an 
accurate volume is determined, using the 
appropriate equipment and technique. There 
must be a way of determining the end point 
using an indicator.

 Level 2 answer = maximum 4 marks: A 
reasonably coherent and logical description 
of how an accurate volume is determined. 
Some steps or pieces of apparatus may 
be missing but use of an indicator is 
essential.

 Level 1 answer = maximum 2 marks: Some 
simple statements are made, but the answer 
lacks a logical and detailed approach.

 Suitable marking points:
 Measure out barium hydroxide solution with 

pipette
 Into conical flask
 Add indicator
 Place on a white tile
 Add acid from burette
 Until colour changes
 Drop-wise at end point
 Record volume of acid added
 Repeat.

ii) Results 2, 3 and 4 [1 mark]
iii) 22.42 cm3 [1 mark]
iv) Moles = 0.02242 × 0.2 = 0.00484 [1 mark]
v) 0.00242  [1 mark]

vi) 0.00242
0.025

0.0897 mol/dm3=  [1 mark]

vii) 0.09 × 171 = 15.3 g/dm3 [2 marks]

10 a) Moles ZnCO 2.5
125

0.023 = =

 Moles ZnSO4 = 0.02
 Mass ZnSO4 = 0.02 × 161 = 3.22 g [3 marks]

b) 2.8
3.22

100 87%× =  [1 mark]

c) Some product may be lost in filtration, transfer 
of apparatus, etc.; some of the reactants 
may react in different ways to the expected 
reaction; reaction may be incomplete; reaction 
may be reversible; zinc sulfate may be impure 
[any two for 1 mark each].

11 a) Mr = 138 [1 mark], 4
138

0.0290=  [1 mark]

b) Mr = 102 [1 mark], 6.5
102

0.0637=  [1 mark]

c) 0.0290 [1 mark]

d) Mr = 180 [1 mark], 0.0290 × 180 = 5.22 g 
 [1 mark]

e) 2.9
5.22

100 56%× =   [1 mark]

f) 180
240

100 75%× =   [2 marks]
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Working scientifically
1 a) 0.025 dm3

b) 0.1 dm3

c) 10 000 cm3

d) 0.020 m3

e) 24 dm3

2 a) 0.025 kg
b) 1.032 tonnes
c) 10 000 kg
d) 0.043 g
e) 6 130 000 g
f) 300 g

3 a) 0.05 dm3

b) 0.032 tonnes
c) 22 dm3

d) 700 g
e) 2 450 000 g
f) 0.012 dm3

AQA GCSE (9–1) Combined Science Trilogy 1
Test yourself on prior knowledge
1 1 molecule of CH4 reacts with two molecules 

of O2 to make one molecule of CO2 and two 
molecules of H2O

2 The total mass of the reactants equals the total 
mass of the products

3 36 g
4 Protons = 19, neutrons = 20, electrons = 19

Test yourself
1 a) 17

b) 59
c) 58
d) 74
e) 213

2 a) 56 g
b) 32 g
c) 30 g
d) 74.5 g
e) 164 g

3 a) Same
b) Same
c) He atoms

4 a) 20 000 g
b) 0.005 g
c) 300 000 g

5 a) 96 g
b) 4.6 g

6 a) 25 mol
b) 40 mol
c) 0.000 50 mol
d) 35 700 mol

7 60
8 a) 35 (2 sf), 34.8 (3 sf), 34.82 (4 sf)

b) 29 000 000 (2 sf), 28 600 000 (3 sf), 
28 550 000 (4 sf)

c) 0.023 (2 sf), 0.023 2 (3 sf), 0.023 19 (4 sf)
d) 0.000 63 (2 sf), 0.000 632 (3 sf), 0.000 6319 

(4 sf)
9 a) 25.3 cm3 (3 sf)

b) 170 (3 sf)
c) 1.68 g (3 sf)

10 a) Two molecules of H2 react with one molecule 
of O2 to form two molecules of H2O

b) Sum of Mr of reactants = 2(2) + 32 = 36; sum 
of Mr of products = 2(18) = 36

11 a) Gains/combined with oxygen
b) The total mass of the reactants equals the 

total mass of the products.
c) Total mass of copper plus oxygen = total 

mass of copper oxide produced.
12 0.44 g of carbon dioxide given off into the air 

as the nickel carbonate decomposes
13 a) 5 mol

b) 6 mol
c) 0.15 mol
d) 5 mol

14 a) 16 mol
b) 2.5 mol
c) 2 mol
d) 0.65 mol

15 a) 10 mol
b) 6 mol
c) 0.5 mol
d) 4.5 mol

16 80 g
17 14 g
18 5 g
19 0.2 g
20 529 g (to 3 sf)
21 2.26 g (to 3 sf)
22 2H2O2 → 2H2O + O2
23 Ca + F2 → CaF2
24 2Ni + O2 → 2NiO
25 2Ca(NO3)2 → 2CaO + 4NO2 + O2
26 2K + Br2
27 TiCl4 + 4Na
28 a) 5 mol

b) 2 mol
c) 0.3 mol

29 a) 2 mol
b) 2 mol
c) 8 mol

30 a) 1.5 mol
b) 0.15 mol
c) 0.5 mol

31 14.4 g
32 0.48 g
33 7.12 g
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Show you can
Page 178

a) 2 oxygens, relative formula mass = 44
b) Ca(NO3)2, 6 oxygens, relative formula mass = 

164
c) 54 = 16 + 2x, therefore x = 19, i.e. F

Page 180

Moles mass
rM

= ; mass = Mr × moles; 
mass
molesrM =

a) 9.8
98

0.1=
b) 0.5 × 74 = 37 g

c) 6.9
0.05

138= , 138 = 2Y + 12 + (3 × 16),

 2Y = 78, Y = 39, K

Page 186

a) In the equation C + O2 → CO2, 1 mole of 
C atoms reacts with 1 mole of O2 molecules 
to form 1 mole of CO2 molecules.

b) i) In the equation C2H4 + 2O2 → CO2 + 
2H2O, 1 mole of C2H4 molecules reacts 
with 2 moles of O2 molecules to form 1 
mole of CO2 molecules and 2 moles of H2O 
molecules.

ii) In the equation Be + Cl2 → BeCl2, 1 mole 
of Be atoms reacts with 1 mole of Cl2 
molecules to form 1 mole of BeCl2 
molecules.

iii) In the equation CxHy + 3O2 → 2CO2 + 
2H2O, 1 mole of CxHy molecules reacts with 
3 moles of O2 molecules to form 2 moles 
of CO2 molecules and 2 moles of H2O 
molecules

c) x = 2, y = 4

Page 188

a) 84

b) 4.2
84

0.05=
c) 0.025 mol
d) 0.025 × 106 = 2.65 g

Page 192

Moles CaO = 84
56

1.5=

Moles C = 48
12

4=

Reagent in excess = CaO

Moles CaC2 formed = 1.33

Moles CaC2 = 1.33 × 64 = 85.3 g

Practical
Page 182

1 a) 17.36 − 16.34 = 1.02 g
b) 18.04 − 16.34 = 1.70 g
c) 1.70 − 1.02 = 0.68 g

2 The law of conservation of mass states that no 
atoms are lost or made in a chemical reaction 
so the mass of products (1.70 g) equals the 
mass of reactants (1.02 + 0.68 = 1.70 g).

3 To allow oxygen in to react with the titanium
4 Mass of container, mass of container and 

titanium
5 The mass would increase due to titanium oxide 

forming/oxygen combining with titanium.
6 Allow the container to cool before weighing and 

so prevent burns, wear eye protection
7 Repeat the experiment or get someone else to 

do the experiment.

Practical
Page 189

1 

heat

sodium hydrogen carbonate

evaporating
dish

gauze

tripod

2 Moles NaHCO3 = 8.01
84

0.0954=

3 a) Moles NaOH = 0.0954
b) Moles Na2CO3 = 0.0477
c) Moles Na2O = 0.0477

4 a) 0.0954 × 40 = 3.81 g
b) 0.0477 × 106 = 5.05 g
c) 0.0477 × 62 = 2.96 g

5 The correct equation is equation 2
6 Carbon dioxide gas and water vapour have been 

lost.

Chapter review questions
1 a) 32

b) 44
c) 120
d) 164
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2 a) Mr of reactants = 4(23) + 32 = 124; Mr of 
products = 2(62) = 124

b) 15.5 g
3 Given off as (carbon dioxide) gas.
4 a) 39 g

b) 28 g
c) 342 g

5 a) 198.8 g
b) 1.6 g

6 a) 0.075 mol
b) 62.5
c) 6250 mol
d) 1.28 × 10−4 mol

7 a) 36 g
b) 8 g

8 30 g
9 2960 g (to 3 sf)
10 mol NaNO3 = 0.02, mol NaNO2 = 0.02,  

mol O2 = 0.01; 2NaNO3 → 2NaNO2 + O2
11 a) 5 mol

b) 7.5 mol
c) 10 mol

12 20.8 g (to 3 sf)

Practice questions
1 A [1 mark]
2 B [1 mark]
3 a) PbS = 239, Fe2O3 =160, CaMg(CO3)2 = 184 

 [3 marks]
b) 27 [1 mark], Al [1 mark]
c) i) No atoms are lost or made during a chemical 

reaction so the mass of the products equals 
the mass of the reactants [1 mark]

ii) Mr Fe2O3 = 160, CO = 28, Fe = 56, CO2 = 44
 reactants = 160 + 3(28) = 244
 products = 2(56) + 3(44) = 244 [2 marks]

4 a) 152 [1 mark]
b) 152 g [1 mark]

c) 
200
1000

0.200 g=  [1 mark]

 moles = 0.200
152

0.00132=  [1 mark]

5 a) moles 4780
239

20= =

 Ratio 1 : 1; moles PbO = 20
 Mass PbO = 20 × 223 = 4460 g [3 marks]
b) Moles Pb = 20
 Mass Pb = 20 × 207 = 4140 g [2 marks]

6 a) Mr = 84 [1 mark], 3.36
84

0.04=  [1 mark]

b) 0.02 [1 mark]
c) Mr = 106 [1 mark], 0.02 × 106 = 2.12 g 

 [1 mark]
7 Moles ZnCO3 = 2.5

125
0.02=

 Moles ZnSO4 = 0.02
 Mass ZnSO4 = 0.02 × 161 = 3.22 g [3 marks]
8 a) Mr = 138 [1 mark], 4

138
0.0290=  [1 mark]

b) Mr = 102 [1 mark], 6.5
102

0.0637=  [1 mark]

c) 0.0290 [1 mark]
d) Mr = 180 [1 mark],

 0.0290 × 180 = 5.22 g [1 mark]

Working scientifically: Interconverting units
Pages 197–98

1 a) 0.025 dm3

b) 0.1 dm3

c) 10 000 cm3

d) 0.020 m3

e) 24 dm3

2 a) 0.025 kg
b) 1.032 tonnes
c) 10 000 kg
d) 0.043 g
e) 6 130 000 g
f) 300 g

3 a) 0.05 dm3

b) 0.032 tonnes
c) 22 dm3

d) 700 g
e) 2 450 000 g
f) 0.012 dm3
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4 Chemical changes

Overview
Specification points
4.3.1.4 Chemical measurements; 4.4.1.1 Metal 
oxides; 4.4.1.2 The reactivity series; 4.4.1.3 
Extraction of metals and reduction; 4.4.1.4 Oxidation 
and reduction in terms of electrons (HT only); 4.4.2.1 
Reactions of acids with metals; 4.4.2.2 Neutralisation 
of acids and salt production; 4.4.2.3 Soluble salts; 
4.4.2.4 The pH scale and neutralisation; 4.4.2.6 
Strong and weak acids (HT only); 4.4.3.1 The process 
of electrolysis; 4.4.3.2 Electrolysis of molten ionic 
compounds; 4.4.3.3 Using electrolysis to extract 
metals; 4.4.3.4 Electrolysis of aqueous solutions; 
4.4.3.5 Representation of reactions at electrodes as 
half-equations (HT only)

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 4 pages 97–127

AQA GCSE (9–1) Combined Science Trilogy 1: 
Chapter 12 pages 199–229

AQA GCSE (9–1) Combined Science Trilogy: Chapter 12  
pages 199–229

Recommended number of lessons: 18

Chapter overview

Contains AQA required practical Yes – RP 1 and RP 3

Contains higher-only material Yes

Contains chemistry-only material No

Useful prior learning
Students may recall their work on the reactivity 
series and displacement reactions from KS3, 
and some of the reactions of metals and 
metal carbonates with acid. The pH scale and 
neutralisation reactions may also be familiar to 
many students at the start of this chapter. This 
chapter of work also provides opportunities to revise 
the formation of ions in ionic compounds from 
Chapter 2, and mole calculations from Chapter 3.

Common misconceptions
Students often believe that chemical changes 
are irreversible (while physical changes are 
reversible) based on what they may have been 
taught at KS3 or KS2. This is not the case, as 
many chemical changes are easily reversible 
and exist in equilibrium in a closed system (see 
Chapter 6). At this stage it is worth correcting 
this misconception by showing students some 
simple reversible reactions – a very visual 
demonstration of a reversible reaction can 
be found at www.rsc.org/learn-chemistry/
resource/res00000001/the-equilibrium-
between-twocoloured-cobalt-species but this 
demonstration must be properly risk assessed 
before it is carried out.

Preparation
Reviewing the T&L Prior knowledge catch-up 
teacher sheet is a good place to start, as it 
provides links to many RSC practical resources 
relevant to this chapter of work. The T&L Topic 
overview resource gives a concise overview of 
the module, and would make an effective starting 
place when preparing students for an end of 
chapter assessment. Less-confident students 
could be asked to complete the  

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson Starter 1

• Lesson Starter 2

• Lesson Starter 3

• Lesson Starter 4

• Key terms

• Key concept: Writing ionic equations

• Key concept: Introduction to electrolysis

• Key concept: Electrolysis of Al2O3

• Key concept: Electrolysis of solutions of ionic 
compounds

• Animation: Obtaining metals from their ores

• Personal tutor: Electrolysis

• Practical: Preparing a pure dry sample of a soluble 
salt

• Teacher and technician notes: Preparing a pure dry 
sample of a soluble salt

• Practical: Investigating the electrolysis of solutions

• Teacher and technician notes: Investigating the 
electrolysis of solutions

• Practical video: Preparing a pure dry sample of a 
soluble salt

• Practical video: Extracting a pure dry salt from a 
solution

• Practical video: Electrolysing solutions part 1

• Practical video: Electrolysing ionic solutions part 2

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank

www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-twocoloured-cobalt-species
www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-twocoloured-cobalt-species
www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-twocoloured-cobalt-species
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Review the observations and ask students how 
they are determining reactivity. Check the order of 
reactivity (Mg, Zn, Fe and Cu, although zinc often 
has a zinc oxide layer that reduces its reactivity).

If you have time, repeat the reaction of magnesium 
with hydrochloric acid and test the hydrogen gas 
produced using a lit splint.

Plenary
Give the students a selection of symbol equations 
showing the reaction of different metals with acid, 
and get them to balance them. For example:

Ca(s) + 2HCl(aq) → CaCl2(aq) + H2(g)

2Al(s) + 6HCl(aq) → 2AlCl3(aq) + 3H2(g)

Zn(s) + 2HNO3(aq) → Zn(NO3)2(aq) + H2(g)

2Al(s) + 3H2SO4(aq) → Al2(SO4)3(aq) + 3H2(g)

Support
Make sure that students recognise that the 
rate of bubble formation during the reaction 
of metals with acids can be used as a measure 
of reactivity. Although students will have met 
balancing equations in earlier chapters, try to 
avoid using equations involving formulae with 
brackets with less-confident learners (at least to 
start with).

Extension
More-confident students could be asked to construct 
a balanced symbol equation for the reaction 
between magnesium and phosphoric acid (H3PO4). 
Give them no more information than this, and 
perhaps a list of common ions and their formulae 
(from which they could work this problem out).

Homework
Use questions 2 and 4 of the ‘Test yourself’ activity 
on page 102 (204) of the textbook.

Displacement reactions: Lesson 2

1 Describe what happened when a more 
reactive metal is combined with a compound 
containing a less reactive metal.

2 Write balanced symbol equations, including 
state symbols, for reactions of metals.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing how the reactivity 
of different metals can be deduced from practical 
observation by demonstrating the reactions 

1 Define reactivity of metals as the tendency to 
form an ion.

2 Describe the reactions of metals with oxygen, 
water and dilute acids.

3 Describe reactions with oxygen as oxidation.
4 Explain how the reactions with water or dilute 

acids can be used to place metals in order of 
reactivity.

5 Deduce an order of reactivity based on 
experimental results.

Learning outcomes

T&L Prior knowledge catch-up student sheet, 
which reviews a lot of the prior learning 
mentioned above.

The reactivity series of metals:  
Lesson 1

Suggested lesson plan
Starter
Begin this lesson by demonstrating the formation 
of magnesium oxide by burning a small piece of 
magnesium strip in a Bunsen flame. Once the 
reaction is over, construct the balanced symbol 
equation for the reaction and ask students to 
identify what type of compound magnesium oxide 
is (ionic). Get them to work out the charges on the 
ions present in MgO (Mg2+ and O2–). Finally, state 
that the reaction is an example of oxidation as the 
metal has gained oxygen during the reaction.

Main
Introduce the idea that when metals react, they 
form positively charged ions by losing their outer-
shell of electrons. Ask students to predict the 
charges of ions formed by Group 1, Group 2 and 
Group 3 metals based on the number of electrons 
in their outer shell (they should recall this from 
Chapter 1).

Then introduce the idea that the easier it is for 
a metal to form an ion, the greater its reactivity, 
and that the order of reactivity of a group of 
metals can be deduced by observing how they 
react with acids. The T&L Lesson starter 1 
could be used here to illustrate the reactivity of 
different metals. Lesson 1 of this two-lesson RSC 
practical (www.rsc.org/learn-chemistry/resource/
res00000446/metals-and-acids-experiment) can 
be used as a demonstration or class practical 
to show how reactivity can be deduced from 
practical observation. You must carry out a risk 
assessment before carrying out this practical.

www.rsc.org/learn-chemistry/resource/res00000446/metals-and-acids-experiment
www.rsc.org/learn-chemistry/resource/res00000446/metals-and-acids-experiment
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of lithium, sodium, potassium, calcium and 
magnesium with water. Review the products 
of these reactions as the metal hydroxide and 
hydrogen gas, and construct a couple of balanced 
symbol equations for these reactions (Table 4.1 
(12.1) on page 100 (202) of the textbook shows 
these equations).

Main
Ask students what they recall about displacement 
reactions (assuming that this is covered at KS3), 
before introducing these reactions again. A great 
way to introduce displacement reactions is to 
demonstrate the thermite reaction (see the RSC 
practical www.rsc.org/learn-chemistry/resource/
res00000724/the-thermite-reaction). You must 
carry out a risk assessment before carrying out 
this practical.

Review what is happening during the thermite 
reaction before carrying out the ‘Show you can’ 
activity on page 102 (204) of the textbook, which 
reviews students’ understanding of displacement 
reactions. 

Plenary
Review the answers to the ‘Show you can’ activity.

Support
The analogy used in the T&L Lesson starter 2 
could be used to support less-confident learners.

Extension
More-confident students could be asked to find 
out why the reaction between magnesium powder 
and silver nitrate powder is very hazardous (the 
big difference in the reactivities of the two metals 
means a lot of heat energy is released during 
the reaction, and this can ignite the magnesium 
powder that remains).

Homework
Use questions 1 and 3 of the ‘Test yourself’ activity 
on page 102 (204) of the textbook.

Oxidation and reduction: Lesson 3 
(Higher tier)

1 Define oxidation as the loss of electrons and 
reduction as the gain of electrons. (HT)

2 Write ionic equations for displacement 
reactions. (HT)

3 Identify in a given equation which species are 
oxidised and which are reduced. (HT)

Learning outcomes

Suggested lesson plan
Starter
Review the concept that during reactions metal 
atoms tend to lose electrons to form positive ions, 
and that the ease with which this takes place 
determines the reactivity of the metal. Introduce 
the term ‘oxidation’ as the loss of electrons (as 
well as the gain of oxygen).

Main
Go on to show that when a metal reacts with oxygen, 
not only does it gain oxygen as it forms the oxide, 
but it also loses electrons to the oxygen to form 
positive ions – hence both definitions for oxidation 
are correct. Using the reaction of magnesium with 
oxygen from Lesson 1 would show this nicely, and 
can be used to introduce half-equations:

Mg → Mg2+ + 2e–; this half-equation shows loss of 
electrons from the Mg atom (oxidation)

O2 + 4e– → 2O2–; this half-equation shows 
the gain of electrons to the two O atoms in the 
O2 molecule.

Introduce the idea that if something is losing 
electrons (and being oxidised), then something 
else must be gaining the electrons. We call the 
gain of electrons reduction. A redox reaction 
involves the gain (reduction) and loss (oxidation) 
of electrons. OIL RIG is a great way to remember 
this: Oxidation Is Loss Reduction Is Gain.

As a class work through the three examples on 
page 104 (206) of the textbook that show how 
we can construct half-equations and/or ionic 
equations to show the changes that take place 
during redox reactions. Students often find these 
challenging, but with lots of practice and support 
they will eventually become confident. Reassure 
them that there are plenty of opportunities to 
practice half-equations in this chapter.

If there is time, go through Question 5 of the ‘Test 
yourself’ activity on page 102 (204) of the textbook 
and construct the appropriate half-equations and 
ionic equation for that displacement reaction:

Al → Al3+ + 3e– and Cr3+ + 3e– → Cr;

Overall: Al + Cr3+ → Al3+ + Cr

Plenary
Complete the ‘Show you can’ activity on page 105 
(207) of the textbook.

Support
A common issue that students struggle with is the 
way that electrons appear in the half-equation for 

www.rsc.org/learn-chemistry/resource/res00000724/the-thermite-reaction
www.rsc.org/learn-chemistry/resource/res00000724/the-thermite-reaction
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oxidation. The ‘+e–’ term confuses students because 
they see it as a gain, rather than a loss of electrons. 
The temptation to construct oxidation half-
equations as M – e– → M+ will lead to problems in 
the future, so try to avoid this. Just emphasise that 
the metal is not gaining the electrons on the right-
hand side of the half-equation - they have been 
removed as the metal atom forms the metal ion.

Extension
More-confident students could be shown how to 
combine half-equations to give the overall ionic 
equation by balancing the number of electrons lost 
and gained in each half-equation. For instance:

magnesium can displace aluminium from 
aluminium oxide and the half-equations are:

Mg → Mg2+ + 2e– and Al3+ + 3e– → Al

To balance the electrons lost and gained we find 
the lowest common multiple of 2e– and 3e– (6) and 
multiply each half-equation appropriately:

3Mg → 3Mg2+ + 6e– and 2Al3+
 + 6e– → 2Al

The two half-equations are then combined, and the 
electrons cancel out as they appear on both sides 
of the arrow: 

3Mg + 2Al3+ → 3Mg2+
 + 2Al3+

Homework
Use questions 6–10 of the ‘Test yourself’ activity 
on page 105 (207) of the textbook.

Extraction of metals by reduction: 
Lesson 4 

1 Explain why metals must be extracted from 
their ores.

2 Describe metals that are found in the Earth 
as the metal itself and those which need 
extraction.

3 Describe that metals less reactive than 
carbon can be extracted from their oxides 
using carbon.

4 Define reduction as loss of oxygen.
5 Recognise which species are oxidised or 

reduced in terms of gain or loss of oxygen.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing some of the 
questions from last lesson on constructing half-
equations and ionic equations.

Main
Ask students what they know about where metals 
come from, and why they are so important in modern 
society. Go on to link the reactivity of a metal 
to how it is found in nature (the very unreactive 
metals are found in their native states as the metals 
themselves, while more reactive metals are found as 
compounds (minerals) in ores (bodies of rock with 
sufficient amounts of the metal compounds to make 
extraction of the metal profitable).

Display Figure 4.11 (12.11) on page 106 (208) 
of the textbook and link the use of displacement 
reactions with carbon to the reactivity of the 
metal. The RSC practical found at www.rsc.org/
learn-chemistry/resource/res00000417/extracting-
metals-withcharcoal can be used to demonstrate 
the extraction of lead and/or copper from their 
oxides using charcoal. Or the RSC practical 
found at www.rsc.org/learn-chemistry/resource/
res00000722/extraction-of-iron-on-a-match-head 
can be used to show how iron can be extracted 
on a small scale using carbon. You must carry 
out a risk assessment before carrying out this 
practical.

Review the changes taking place during extraction 
reactions in terms of loss and gain of oxygen 
(reduction can be defined as the loss of oxygen) 
and in terms of loss and gain of electrons. 
Construct balanced symbol equations and half-
equations for these reactions. For instance:

Cu2+ + 2e– → Cu and Pb2+ + 2e– → Pb, or Fe3+ 
+ 3e– → Fe

Plenary
Use the ‘Show you can’ activity on page 107 (209) 
of the textbook to review the lesson.

Support
The T&L Animation: Obtaining metals from their 
ores can be used to support students with these 
learning objectives. Many students will still be 
feeling unsure about constructing half-equations 
and ionic equations from the previous lesson, so 
take lots of opportunities to practice these skills 
during this lesson. 

Extension
More-confident students could be given the 
equation for the reduction of iron using carbon 
monoxide and asked to balance it, and identify the 
species being oxidised and reduced. The balancing 
of this equation often causes problems for students:

Fe2O3 + 3CO → 2Fe + 3CO2 

www.rsc.org/learn-chemistry/resource/res00000417/extracting-metals-withcharcoal
www.rsc.org/learn-chemistry/resource/res00000417/extracting-metals-withcharcoal
www.rsc.org/learn-chemistry/resource/res00000417/extracting-metals-withcharcoal
www.rsc.org/learn-chemistry/resource/res00000722/extraction-of-iron-on-a-match-head
www.rsc.org/learn-chemistry/resource/res00000722/extraction-of-iron-on-a-match-head
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One way to explain the balancing is that each CO 
molecule removes one O atom from Fe2O3, so we 
need three CO molecules to remove all three O 
atoms, and we will therefore form three CO2.

Homework
Complete the ‘Test yourself’ activity on page 107 
(209) of the textbook. Also, the T&L Homework 
task (a) could be set know as a review of the 
learning objectives to date.

pH scale: Lesson 5

1 Define pH scale as a measure of acidity or 
alkalinity.

2 Describe the measurement of pH with a wide 
range indicators or pH probes.

3 Describe neutral solutions as having a pH 
equal to 7.

4 Describe acidic solutions as having a pH less 
than 7 and alkaline solutions as having a pH 
greater than 7.

5 Use the pH scale to identify acidic or alkaline 
solutions.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by asking students what they can 
recall from KS3 about acids and alkalis. They often 
recall quite a lot, meaning that progress through 
the learning objectives above can be swift.

Main
Introduce the concept of dissociation (the splitting 
up of molecules into ions) in the context of acids and 
alkalis. All acids dissociate in aqueous solution to 
release hydrogen ions (H+) and it is these hydrogen 
ions that make the solution acidic. For instance:

HCl(aq) → H+(aq) + Cl–(aq)

HNO3(aq) → H+(aq) + NO3
–(aq)

H2SO4(aq) → 2H+(aq) + SO4
2–(aq)

Emphasise the names of the other ions that are 
formed: Cl– ions are chloride ions, NO3

– ions are 
nitrate ions, and SO4

2– ions are sulfate ions. 

Go on to show how alkalis dissociate to release 
hydroxide ions (OH–). For instance:

NaOH(aq) → Na+(aq) + OH–(aq)

Ca(OH)2(aq) → Ca2+(aq) + 2OH–(aq).

Emphasise that it is the presence of hydroxide ions 
that make a solution alkaline.

Review the pH scale and how the acidity or 
alkalinity of a solution can be determined.

Plenary
Complete the ‘Show you can’ activity on page 108 
(210) of the textbook.

Support
You may be surprised by what students can recall 
about acids, alkalis and the pH scale from KS3. 
There are rarely any issues with the content of this 
lesson.

Extension
More-confident students could be ask to find the 
numerical relationship between the concentration 
of H+ ions in solution and the pH of that solution 
(pH = –log [H+], and [H+] = 10–pH.

Homework
Use questions 14–17 of the ‘Test yourself’ activity 
on page 108 (210) of the textbook.

Neutralisation: Lesson 6

1 Identify the ions produced by acidic and 
alkaline solutions. 

2 Represent neutralisation with an ionic 
equation to produce water.

3 State that the other product of neutralisation 
is a salt.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the idea that acids 
always release H+ ions in solution. For instance, 
give students the formula of HCl and H2SO4 and 
ask them to explain why, for a given concentration 
of each acid, the sulfuric acid will have a lower 
pH than the hydrochloric acid (the H2SO4 releases 
twice as many H+ ions as the HCl).

Main
Review the concept of neutralisation as a reaction 
between an acid and an alkali (or base) to form a 
salt and water. A practical example could be shown 
here, but it’s probably a better use of time to get 
on with constructing balanced symbol equations 
and ionic equations as students often find this 
challenging.
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Display a balanced neutralisation symbol equation:

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

Then explain that most of these substances are 
ionic, and that in solution these ions will move 
around independently as separate ions. This means 
we can show all the ions individually:

H+(aq) + Cl–(aq) + Na+(aq) + OH–(aq) → 
Na+(aq) + Cl–(aq) + H2O(l)

Emphasise that H2O is not ionic – it is covalent, 
so we cannot split it up into ions. Now underline 
or colour code the ions that do not change during 
the reaction; these are spectator ions that can be 
ignored:

H+(aq) + Cl– (aq) + Na+ (aq) + OH–(aq) → 
Na+ (aq) + Cl– (aq) + H2O(l)

Removing these spectator ions gives us the ionic 
equation for the neutralisation reaction:

H+(aq) + OH–(aq) → H2O(l).

You could then repeat this process with a different 
acid and alkali (e.g. HNO3 and KOH) and prove 
that the same ionic equation takes place. Table 4.6 
(12.9) on page 112 (213) reviews some reactions 
of acids with alkalis.

State that the positive and negative spectator ions 
go on to form the salt.

Plenary
Provide students with pairs of acids and alkalis 
and ask them to identify the salt that would be 
produced when they react. For example: H2SO4 and 
Ca(OH)2 would form calcium sulfate salt (the Ca2+ 
ions come from the calcium hydroxide, and the 
SO4

2– ions come from the hydrochloric acid).

Support
The T&L Key concept: Writing ionic equations 
will help all students with the concept of spectator 
ions and constructing ionic equations without 
those ions.

Extension
More-confident students could be asked to 
construct balanced symbol equations for a range of 
neutralisation reactions.

Homework
Use question 24 (23) of the ‘Test yourself’ activity 
on page 113 (215) of the textbook.

Strong and weak acids: Lesson 7 
(Higher tier)

1 Describe the degree of ionisation in solution 
as a measure of acidic strength. (HT)

2 Give examples of strong and weak acids. (HT)
3 Explain the terms dilute and concentrated (in 

terms of amount of substance), and weak and 
strong (in terms of the degree of ionisation) in 
relation to acids. (HT)

4 Describe relative acidity in terms of hydrogen 
ion concentration and the numerical value of 
pH (whole numbers only). (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the concept of 
dissociation in terms of strong acids and alkalis, 
and then introduce the idea that some acids do 
not dissociate completely, and that these acids are 
weak acids. Use Figure 4.17 (12.18) on page 109 
(211) of the textbook (and the T&L Diagram bank) 
to illustrate this.

Main
The RSC practical found at www.rsc.org/
learn-chemistry/resource/res00000462/the-
acidicreactions-of-ethanoic-acid can be used 
or adapted to show the difference in reactivity 
of a strong and weak acid due to the extent of 
dissociation. Solutions of hydrochloric acid and 
ethanoic acid with equal concentrations are 
reacted with a range of substances. You must 
carry out a risk assessment before carrying out 
this practical.

Having reviewed the practical work, as students 
‘what factors determine the pH of an acidic 
solution?’. Hopefully they will suggest the strength 
of the acid, but may need reminding that the 
concentration of the acid is also important. Use 
Figure 4.19 (12.20) on page 110 (212) of the 
textbook (and the T&L Diagram bank) to illustrate 
the difference between concentration and strength 
of an acid.

Discuss that the pH scale is a negative logarithmic 
measure of the concentration of hydrogen ions in 
solution. This means that a) as the concentration 
of H+ increases, the pH decreases, and b) that a 
decrease in pH by 1 unit is caused by an increase 
in the concentration of H+ ions by a factor of 10.

www.rsc.org/learn-chemistry/resource/res00000462/the-acidicreactions-of-ethanoic-acid
www.rsc.org/learn-chemistry/resource/res00000462/the-acidicreactions-of-ethanoic-acid
www.rsc.org/learn-chemistry/resource/res00000462/the-acidicreactions-of-ethanoic-acid
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Finally, review how the acidity or alkalinity of a 
solution relates to the concentration of H+ and OH– 
ions. Ask students to state which of the following 
solutions are acidic, alkaline and neutral:

● one in which the concentration of H+ is less 
than the concentration of OH– (alkaline);

● one in which the concentration of H+ is greater 
than the concentration of OH– (acidic);

● one in which the concentration of H+ equals the 
concentration of OH– (neutral).

Plenary
Work through the example on page 110 (212) of 
the textbook to review the difference between 
concentration and strength of an acid.

Support
Use of practical experiments to emphasise the 
difference in the reactivity of a strong and a 
weak acid is very powerful in supporting students 
understanding of strong and weak acids, and 
the diagrams in Figures 4.17 and 4.19 (12.18 
and 12.19) on page 109 (211) are very good 
illustrations of these ideas.

Extension
Students could be asked to calculate how many more 
times concentrated the H+ ions are in a 0.5 mol/
dm3 solution of HCl with a pH of 0.3 compared to a 
0.5 mol/dm3 solution of ethanoic acid with a pH of 
2.5 using the equation [H+] = 10–pH (approximately 
170 times more concentrated).

Homework
Use the ‘Test yourself’ questions 18–21 (18–20) on 
pages 108 and 110 (210 and 212) of the textbook.

Reactions of acids and metals:  
Lesson 8

1 Describe production of hydrogen when acids 
react with metals.

2 Write balanced symbol equations including 
state symbols for reactions of Mg, Zn, Fe with 
HCl or H2SO4.

3 Explain why these are redox reactions. (HT)
4 Identify which species are oxidised or 

reduced. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the concept of 
strong and weak acids by completing the ‘Show you 
can’ activity on page 111 (212) of the textbook.

Main
Carry out a simple reaction between magnesium 
strip and sulfuric acid in a test tube. Collect the 
gas by putting your thumb over the mouth of the 
test tube, and then ignite it to prove that the 
gas is hydrogen. Ask students to predict the name 
of the salt formed during the reaction given the 
reactants used (magnesium sulfate), and then go 
on to construct a balanced symbol equation for the 
reaction:

Mg(s) + H2SO4(aq) → MgSO4(aq) + H2(g).

Continue the starter activity by asking students 
what type of reaction this is. Hopefully some will 
recognise that this is a displacement reaction 
as hydrogen is being displaced from the acid 
solution.

Then ask the students what happens, in terms of 
electrons, to the magnesium atoms during the 
reaction. Hopefully they will recognise that they 
are being oxidised and could suggest a half-
equation for this: Mg → Mg2+ + 2e–. Then ask the 
students what is being reduced – some might see 
that the H+ ions from the acid are being reduced as 
follows:

2H+ + 2e– → H2 

(each H+ ion gains one electron to form a H atom, 
and two H atoms pair up to form a molecule of H2 
gas).

Use Table 4.5 (12.8) on page 111 (213) of the 
textbook to provide students with reactions 
between the metals and acids described in the 
learning objectives, and ask students to construct 
word and balanced symbol equations for those 
reactions.

Plenary
Display the reactivity series of metals (including 
hydrogen) on the whiteboard, and ask students 
which metals will react with acids, and which will 
not. Hopefully some will realise that the metal has 
to be more reactive than hydrogen to react with 
an acid because the reaction is a displacement 
reaction, during which the metal is oxidised and 
the H+ ions are reduced. 

Support
Many students will still need help with 
constructing half-equations so make sure that you 
go through these clearly at the board. Similarly 
some will need reminding how to work out the 
identity of the salt formed during these reactions. 
Table 4.4 (12.7) on page 111 (213) of the textbook 
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may help students to see the link between the 
reactants used and the salt formed.

Extension
Students could be asked to construct a balanced 
symbol equation for the reaction between 
aluminium and nitric acid:

(2Al(s) + 6HNO3(aq) → 2Al(NO3)2(aq) + 3H2(g))

Homework
Once Lesson 9 is complete, several questions from 
the textbook become relevant.

Neutralisation reactions: Lesson 9

1 State the salts produced from common acids.
2 Summarise the reaction of acids with alkalis, 

bases and metal carbonates.
3 Name the salt produced from a given 

reaction.
4 Write word and symbol equations for given 

neutralisation reactions.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the reactions of 
acids studied so far:

acid + alkali → salt + water

acid + metal → salt + hydrogen

Main
Introduce the reactions of metal oxides (bases) 
and metal carbonates with acids. Students could 
carry out the reaction between an acid and a metal 
carbonate and bubble the carbon dioxide gas 
produced through limewater to prove that the gas 
is carbon dioxide.

Use Tables 4.7 and 4.8 (12.10 and 12.11) on page 113  
(214) of the textbook to summarise these reactions 
with examples and then compile the list of the four 
reactions of acids that students need to know for this 
chapter:

1 acid + alkali → salt + water

2 acid + metal oxide → salt + water

3 acid + metal carbonate → salt + water + carbon 
dioxide

4 acid + metal → salt + hydrogen

Remind students that only the first three of these 
reactions are neutralisation, and that the fourth 
reaction is a displacement or redox reaction.

Students could then complete questions 22 and 
25 (21 and 24) from the ‘Test yourself’ activity 
on page 113 (215) of the textbook to check their 
ability to construct word and symbol equations 
for these types of reaction. Alternatively, the T&L 
Lesson starter 3 could be used to check their 
understanding of the reagents used to make a 
particular salt.

Plenary
Complete the ‘Show you can’ activity on page 116 
(217) of the textbook. 

Support
Students may still be uncertain of how to 
determine the identity of the salt formed during 
these reactions. Emphasise that the salt is ionic 
so contains positive and negative ions. The 
negative ion comes from the acid used (sulfate 
ions (SO4

2–) from sulfuric acid, chloride ions (Cl–) 
from hydrochloric acid and nitrate ions (NO3

–) 
from nitric acid). The positive ion is the metal ion 
from whatever was reacted with the acid. Table 4.9 
(12.13) on page 114 (216) illustrates this.

Extension
More-confident students could be used to support 
less-confident students with the construction of 
word and symbol equations.

Homework
Students can complete the ‘Show you can’ activity 
on page 114 (215) of the textbook. Or they could 
be asked to watch the T&L Practical videos: 
Preparing a pure dry sample of a soluble salt 
and Extracting a pure dry salt from a solution 
in preparation for Required practical 1.

Salt production: Lesson 10

1 Review writing work and symbol equations 
for given neutralisation reactions.

2 Describe practical steps in salt production.
3 Use context of equipment for salt production 

(measuring cylinders, burettes, balance) to 
review uncertainty in measuring equipment. 

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by introducing Required practical 1 
as a practical in which students will prepare a pure 
dry sample of a soluble salt by reacting an acid with 
an insoluble metal oxide. Ask students what acid 
and metal oxide they would use to form the salt 
copper sulfate (sulfuric acid and copper oxide).
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Suggested lesson plan
Starter
Briefly review the method for producing a pure dry 
sample of a soluble salt.

Main
Students carry out Required practical 1 using the 
T&L Practical worksheet: Preparing a pure dry 
sample of a soluble salt, copper sulfate. The 
Teacher and technician notes for this practical 
are also available on the T&L. You must carry out 
a risk assessment before doing this practical.

Students should aim to have heated the solution 
of copper sulfate and have left it to cool and 
crystallise by the end of the lesson. The crystals 
can be observed and collected next lesson.

Plenary
Students can complete the questions at the end of 
the required practical worksheet.

Support
Students can be helped with their apparatus and 
practical method to ensure that they are working 
safely.

Extension
More-confident students could use burettes to 
measure out the 15 cm3 of sulfuric acid solution. 
Higher tier students could also be asked to 
calculate the mass of CuSO4.5H2O that should be 
formed from the amount of sulfuric acid used (the 
concentration of the acid is 1.4 mol/dm3).

Homework
Higher Tier Chemistry students could be asked 
to revise reacting masses and percentage yield 
calculations for next lesson.

Making soluble salts part 2: Lesson 12 

1 Find mass of pure dry sample.
2 Write up report on method including balanced 

symbol equation with state symbols.
3 Calculate the theoretical mass. (HT)
4 Calculate the percentage yield. (Chemistry 

only)

Learning outcomes

Suggested lesson plan
Starter
Distribute the Petri dishes of crystals to the students 
and ask them to weigh their crystals. Higher tier 
students taking Chemistry GCSE could then calculate 
the theoretical mass of hydrated copper sulfate 

Main
Review the method for the practical: Figure 4.22 
(12.23) on page 115 (216) of the textbook, 
the T&L Practical videos, or demonstrating the 
method to the class could be used here.

Emphasise the usefulness of using an insoluble 
solid to react with the acid in terms of being able 
to add it in excess to ensure all the acid reacts, 
and then being able to remove the excess solid 
by filtration to leave a pure solution of copper 
sulfate.

Spend a little time explaining the importance of 
heating the solution of the salt to produce a hot 
saturated solution from which crystals of the salt 
will form as the solution cools. Also explain that 
heating the solution until all the water has been 
removed is not a good option for hydrated salts 
like blue copper sulfate (CuSO4.5H2O) as this will 
prevent these hydrated crystals from forming.

Finally, introduce the idea of uncertainty when 
making measurements – pages 126 and 127 
(228 and 229) of the textbook illustrate this 
concept nicely.

Plenary
Review questions 26–29 (25–28) in the ‘Test 
yourself’ activity on page 115 (217)of the 
textbook.

Support
This is a relatively straightforward lesson, with few 
opportunities for misconceptions to arise.

Extension
More-confident students could be asked to find out 
how the design of burettes and pipettes compared 
to a measuring cylinder make them more accurate 
at measuring volumes of solutions.

Homework
Students could complete the questions on 
uncertainties on page 127 (229) of the textbook. 
Alternatively students could be asked to watch the 
T&L Practical videos in preparation for Required 
practical 1.

Making soluble salts part 1: Lesson 11

1 Order steps in salt production
2 Explain the purpose of each step.
3 Complete preparation of a pure dry sample 

of a soluble salt from insoluble oxide or 
carbonate.

Learning outcomes
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(CuSO4.5H2O) that they should have made from the 
limiting amount of sulfuric acid. They could then 
calculate the percentage yield of their method.

No. of moles of H2SO4 = 1.4 mol/dm3 
× (15/1000) dm3 = 0.021 mol

No. of moles of CuSO4.5H2O formed  
= 0.021 mol (1:1 ratio of H2SO4:CuSO4)

Mass of CuSO4.5H2O = 0.021 mol × 249.5 g/mol 
= 5.24 g

Percentage yield = (actual mass of crystals/5.24 g)  
× 100 

Main
Students could complete questions 1–10 of the 
Required practical 1 (8) activity on page 116 (218) 
of the textbook.

Plenary
Review the answers to the questions in the Required 
practical 1 (8) activity on page 116 (218).

Support
Some students will need support working through 
the calculations for determining the theoretical 
mass of salt formed and the percentage yield of 
their method. Work with these students in a small 
group or go through the calculations at the board.

Extension
More-confident students could be asked to explain 
why their percentage yields were either greater 
than or less than 100%.

Homework
Students could complete question 6 of the Chapter 
review questions on page 122 (224) of the textbook.

Introduction to electrolysis: Lesson 13

1 Review that once molten or dissolved, ionic 
compounds will conduct electricity.

2 Describe these liquids or solution as 
electrolytes.

3 Describe that when an electric current is 
passed ions will move to oppositely charged 
electrodes.

4 Describe the negative electrode as the cathode 
and the positive electrode as the anode.

5 Describe that ions are discharged at the 
electrodes producing elements.

6 Write half-equations to show what happens 
at each electrode. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the properties of 
ionic compounds, in particular, their electrical 
conductivity. The T&L Lesson starter 4 could also 
be used to introduce electrolysis.

Main
Introduce electrolysis as the breakdown of a 
compound into its elements by the passing 
of electricity through it and demonstrate the 
electrolysis of a suitable ionic compound – the RSC 
practical for the electrolysis of zinc chloride usually 
works well and can be found at www.rsc.org/learn-
chemistry/resource/res00000826/electrolysis-
ofmolten-zinc-chloride. You must carry out a risk 
assessment before carrying out this practical.

As the demonstration is running, describe the 
process and introduce the terms electrode, anode, 
cathode and electrolyte. Describe the movement 
of ions toward the oppositely charged electrodes 
and the subsequent discharging of ions at those 
electrodes. Figure 4.24 (12.26) and Table 4.10 
(12.14) on page 117 (219) of the textbook 
illustrate these concepts clearly.

For higher tier classes construct the appropriate half-
equations to show what happens during the discharge 
of ions. For instance, in the context of zinc chloride:

At the cathode (negative): Zn2+ + 2e– → Zn 
(reduction)

At the anode (positive): 2Cl– → Cl2 + 2e– 
(oxidation)

Next, get students to predict the products (and 
where they form) for the electrolysis of molten 
lead bromide (PbBr2). Use Figure 4.25 (12.27) on 
page 118 (220) of the textbook to go through this 
electrolysis, and construct the appropriate half-
equations if relevant.

Emphasise that during electrolysis, reduction 
always occurs at the cathode while oxidation 
always occurs at the anode.

Plenary
Review the key terms introduced in this lesson, 
and the terms oxidation and reduction by providing 
students with an unlabelled diagram of an 
electrolysis cell and annotating it.

Support
The T&L Key concept: Introduction to 
electrolysis can be used to support any student 
that struggles with the concept of electrolysis.

www.rsc.org/learn-chemistry/resource/res00000826/electrolysis-ofmolten-zinc-chloride
www.rsc.org/learn-chemistry/resource/res00000826/electrolysis-ofmolten-zinc-chloride
www.rsc.org/learn-chemistry/resource/res00000826/electrolysis-ofmolten-zinc-chloride
www.rsc.org/learn-chemistry/resource/res00000826/electrolysis-of-molten-zinc-chloride
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Students could then complete the ‘Show you can’ 
activity on page 118 (220) of the textbook.

If students seem confident with these sorts of 
problems at this stage, set some mole calculation 
problems in the context of electrolysis. For instance:

● What mass of lead will be formed when 100 kg 
of molten lead bromide (PbBr2) are electrolysed? 
Answer: 56.4 kg

● What mass of potassium will be formed when 
5.0 g of molten potassium oxide (K2O) are 
electrolysed? Answer: 4.15 g

● What volume of chlorine gas at room 
temperature will be formed when 1 ton 
of molten aluminium chloride (AlCl3) is 
electrolysed? Answer: 269 663 dm3

Plenary
Depending on the outcome of the main part of the 
lesson, focus your plenary to suit the needs of the 
class.

Support
The T&L Key concept: Introduction to 
electrolysis can be used to support any student 
that struggles with the concept of electrolysis.

Extension
The mole calculation questions above provide 
extension for many students.

Homework
If not set already, students could complete 
questions 30–33 (29–32) in the ‘Test yourself’ 
activity on page 118 (220) of the textbook, and 
higher tier students could complete questions 34 
and 35 (33 and 34) as well.

Using electrolysis to extract metals: 
Lesson 15

1 Review metals that are found in the Earth 
as the metal itself and those which need 
extraction.

2 Describe that electrolysis can be used to 
extract metals too reactive to be extracted by 
reduction with carbon.

3 State that large amounts of energy are used to 
melt the ore and produce the electrical current.

4 Explain why the positive electrode (which is 
made of carbon) must be continually replaced 
during the electrolysis of aluminium oxide and 
cryolite.

5 Explain why a mixture is used as the 
electrolyte in the manufacture of aluminium.

Learning outcomes

Extension
More-confident students could be asked to 
calculate the volume of oxygen gas produced 
at room temperature when 100 g of molten 
magnesium oxide are electrolysed:

2MgO → 2Mg + O2; answer: 30 dm3

Homework
Students could complete questions 30–33 (29–32) 
in the ‘Test yourself’ activity on page 118 (220) 
of the textbook, and higher tier students could 
complete questions 34 and 35 (33 and 34) as 
well.

Electrolysis of molten ionic 
compounds: Lesson 14

1 Label a diagram of equipment used for 
electrolysis of molten ionic compounds.

2 Describe that the metal is produced at the 
cathode and the non-metal at the anode.

3 Predict the products of the electrolysis of 
substances containing two different elements.

4 Write half-equations for the reactions at the 
cathode and anode. (HT)

Learning outcomes

Suggested lesson plan
Starter
For many students, this lesson will provide a good 
opportunity to revise some earlier work, as the 
outcomes for this lesson are very similar to those 
from the previous lesson. It could also provide 
an opportunity to revise some mole calculation 
problems from Chapter 3 if teaching in chapter 
order.

Begin this lesson by using the T&L Key terms 
resource to review the key terms that have been 
introduced in this chapter of work.

Main
Display a diagram of an electrolytic cell and get 
students to annotate it with the appropriate terms 
from last lesson.

Then ask them to determine the products for the 
electrolysis of molten calcium fluoride, and state 
where each of the products form. For higher tier 
classes, ask them to construct the half-equations 
for the discharge reactions as well:

At the cathode: Ca2+ + 2e– → Ca (reduction)

At the anode: 2F– → F2 + 2e– (oxidation)



4 Chemical changes

71

Suggested lesson plan
Starter
Begin this lesson by reminding students of the 
need to use electrolysis in order to extract reactive 
metals from their naturally occurring minerals 
instead of reacting with carbon is a displacement 
reaction. You could then watch the following 
‘Periodic Table of Videos’ video about aluminium 
found at www.youtube.com/watch?v=4AhZ8503WPs, 
which is a great introduction to current aluminium 
chemistry research.

Main
Introduce aluminium as a versatile and very useful 
metal that is extracted from bauxite (aluminium 
oxide) by electrolysis. The RSC video on the 
extraction of aluminium can be found at  
www.youtube.com/watch?v=NW1k4wNEq14 and 
provides a good introduction to all the learning 
objectives in this lesson. 

Use Figure 4.26 (12.28) on page 119 (221) of 
the textbook (and in the T&L Diagram bank) to 
review the electrolysis process and to emphasise 
the changes that take place at each electrode, 
including the reaction of oxygen with the carbon 
anode to form CO2 and the subsequent loss of the 
anode material. Hopefully by this stage, many 
higher tier students will be able to construct the 
half-equations for the oxidation and reduction 
processes at each electrode.

Also emphasise the use of cryolite as a flux for the 
aluminium oxide that lowers its melting point and 
reduces the energy cost of the process.

Plenary
Ask students why the recycling of aluminium is so 
commonplace, or why aluminium extraction plants 
are often located near hydroelectric plants.

Support
The T&L Key concept: Electrolysis of aluminium 
oxide and the T&L Personal tutor: Electrolysis 
resources can be used to support students with the 
learning objectives from this lesson. 

Extension
More-confident students could be asked to find out 
the molar mass of cryolite.

Homework
Students could complete the ‘Test yourself’ 
questions on page 119 (221) of the textbook. 
Students could also be asked to watch the T&L 
Key concept: Electrolysis of solutions of ionic 
compounds in preparation for the next lesson 
(flipped learning).

Electrolysis of aqueous solutions 
part 1: Lesson 16

1 Describe that in aqueous solutions the water 
molecule can be ionised into H+ and OH– ions.

2 Describe that at the cathode, hydrogen is 
produced if the metal is more reactive than 
hydrogen.

3 Describe that at the anode, oxygen is 
produced unless the solution contains halide 
ions.

4 Develop a hypothesis for the observations 
and reactions expected in the electrolysis of a 
given solution.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by briefly reviewing the 
electrolysis of molten ionic compounds before 
introducing the idea that when we electrolyse 
solutions of ionic compounds, the presence of 
water often results in us not getting the products 
we might expect.

Main
Demonstrate the electrolysis of a dilute solution 
of sodium chloride (the RSC practical found 
at www.rsc.org/learn-chemistry/resource/
res00000466/the-electrolysis-ofsolutions can 
give you guidance as to what concentrations 
and voltage to use). Emphasise the importance 
of using inert (or unreactive) electrodes during 
electrolysis to prevent the electrodes from 
reacting with any substances in the electrolyte or 
any products of electrolysis.

Before you start, test the pH of the solution to 
show that it is neutral, and ask students to predict 
the products at each of the electrodes. Then begin 
the electrolysis. 

You can test for the chlorine produced at the anode 
using damp litmus paper – it will be bleached by the 
chlorine produced at the anode. But students may 
not expect to see bubbles forming at the cathode. 
If possible, collect this gas and test it using a lit 
splint, to show that it is hydrogen.

Go on to explain how water molecules can be 
forced to split up (or dissociate) during electrolysis 
to form hydrogen ions (and hydroxide ions) that 
can be reduced to H2 gas at the cathode, instead 
of the metal ions:

2H+ + 2e– → H2

https://www.youtube.com/watch?v=4AhZ8503WPs
https://www.youtube.com/watch?v=NW1k4wNEq14
www.rsc.org/learn-chemistry/resource/res00000466/the-electrolysis-ofsolutions
www.rsc.org/learn-chemistry/resource/res00000466/the-electrolysis-ofsolutions
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State that when the metal in solution is more 
reactive than hydrogen, then hydrogen ions will 
be discharged at the cathode instead of those 
metal ions.

Now test the pH of the solution again and show 
that it has become alkaline. Ask the students 
why this is the case – hopefully some will realise 
that there are now hydroxide ions present in the 
solution from the dissociation of water.

Now demonstrate the electrolysis of copper sulfate 
solution. Point out that this time we do get 
copper at the cathode and ask students why, and if 
possible, collect the gas formed at the anode. Test 
the gas with a glowing splint to prove that it is 
oxygen.

Go on to explain that hydroxide ions from water 
can be oxidised at the anode to form oxygen:

4OH– → O2 + 2H2O + 4e–

State that oxygen is produced at the anode unless 
halide ions are present in solution, in which case 
the halogen will be produced.

Table 4.12 (12.19) on page 120 (222) of the 
textbook summarises this, and Table 4.13 (12.20) 
on the same page gives some examples of what 
products form when different solutions are 
electrolysed.

Plenary
There is a lot to take in during this lesson, 
particularly because some of it contradicts what 
students have learnt in the previous lesson on 
electrolysis. The T&L Practical comprehension gap 
worksheet is a gap fill activity that reviews the 
electrolysis of molten and aqueous ionic compounds, 
and would make an effective plenary task.

Support
The T&L Key concept: Electrolysis of solutions of 
ionic compounds can be used to support students 
with the learning objectives from this lesson. 

Extension
There is enough going on in this lesson to keep 
even the most-able students occupied.

Homework
Students could complete the ‘Test yourself’ 
question on page 120 (222) of the textbook. 
Students could also be asked to watch the T&L 
Practical videos: Electrolysing solutions and 
Electrolysing ionic solutions in preparation for 
the required practical next lesson.

Electrolysis of aqueous solutions part 2: 
Lesson 17

1 Based on your hypothesis, plan an 
investigation into what happens when an 
aqueous solution is electrolysed.

2 Carry out your investigation.
3 Write a report comparing observations to your 

hypothesis.

Learning outcomes

Suggested lesson plan
Starter
Introduce ‘Required practical 3’ (9) and help 
students to devise a hypothesis (as a class) that 
they could test by investigating the electrolysis 
of aqueous ionic compounds. Suitable hypotheses 
could include:

● oxygen gas is produced at the anode during 
electrolysis of an aqueous ionic compound, 
unless that compound contains halide ions;

● hydrogen gas is produced at the cathode during 
electrolysis of an aqueous ionic compound, 
unless that compound contains a metal that is 
less reactive than hydrogen;

● the metal is produced at the cathode during 
electrolysis of an aqueous ionic compound, 
unless that compound contains a metal that is 
more reactive than hydrogen.

Main
Students can then carry out the T&L Practical: 
investigating the electrolysis of solutions 
(RP3). Teacher and technician notes are also 
available on the T&L. You must carry out a risk 
assessment before carrying out this practical.

Once completed, discuss whether the students were 
able to test their hypotheses effectively.

If there is time, students can then complete the 
questions at the end of the practical worksheet.

Plenary
Review the questions at the end of the practical 
worksheet.

Support
Give guidance and support to students to ensure 
that they work safely and effectively.

Extension
Higher-tier students should be taking this 
opportunity to construct half-equations for the 
changes they observe at either electrode.
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Homework
Students could complete the ‘Required practical 3’ 
(9) activity on page 121 (223) of the textbook.

Using half-equations: Lesson 18 
(Higher tier)

1 Represent reduction reactions that occur at 
the cathode using half-equations. (HT)

2 Represent oxidation reactions that occur at 
the anode using half-equations. (HT)

Learning outcomes

Suggested lesson plan
Starter
This lesson can be used to review the construction 
of half-equations for the electrolysis of molten and 
aqueous ionic compounds, as well as reviewing 
RP3 (RP9).

Main
If not set for homework, students could carry out 
the ‘Required practical 3’ (9) activity on page 121 
(223) of the textbook, or questions 7 and 9 of the 
Chapter review questions on page 123 (225) of the 
textbook.

If students have access to the internet, the T&L 
Quick quizzes 1–4 can be used to review the 
learning objectives of the entire chapter.

Plenary
Use the T&L Topic overview resource to review the 
key learning outcomes of Chapter 4.

Support
During this lesson you will hopefully have time to 
work with smaller groups of less-confident students 
while more-confident learners make progress 
through the revision material provided.

Extension
Not applicable for this review lesson.

Homework
The T&L Homework task (b) could be set now. 
It reviews the work done on acids, salts and 
electrolysis. Alternatively, the Chapter review 
questions on pages 122–123 can be used.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Two reactive metals, e.g. sodium, calcium, 

magnesium
2 Two unreactive metals, e.g. copper, silver, gold
3 Electrolysis

4 a) Hydrogen
b) Carbon dioxide

5 a) Alkaline
b) Acidic
c) Neutral
d) Acidic

Test yourself
1 a) Calcium + oxygen → calcium oxide

b) Gold + oxygen no reaction
c) Copper + water no reaction
d) Lithium + water → lithium hydroxide + 

water
e) Calcium + nitric acid → calcium nitrate + 

hydrogen
f) Copper + sulfuric acid no reaction
g) Zinc + hydrochloric acid → zinc chloride + 

hydrogen
h) Iron + sulfuric acid → iron sulfate + 

hydrogen
i) Tin + magnesium chloride no reaction
j) Zinc + lead nitrate → zinc nitrate + lead
k) Magnesium + aluminium sulfate → 

magnesium sulfate + aluminium
2 a) Magnesium + oxygen → magnesium oxide

b) 2Mg + O2 → 2MgO
c) Mg atoms lose electrons to form Mg2+ ions

3 a) Fizzing and white solid forms
b) Calcium + water → calcium hydroxide + 

water
c) Ca + 2H2O → Ca(OH)2 + H2
d) Ca atoms lose electrons to form Ca2+ ions

4 a) i) Magnesium
ii) Greater tendency to form ions/loses 

electrons more easily
b) i) Magnesium + sulfuric acid → magnesium 

sulfate + hydrogen
ii) Mg + H2SO4 → MgSO4 + H2

5 a) Aluminium is more reactive than chromium
b) Aluminium
c) Chromium oxide

6 a) Rubidium + water → rubidium hydroxide + 
water

b) 2Rb + 2H2O → 2RbOH + H2
c) Rb atoms lose electrons to form Rb+ ions
d) Oxidised as they lose electrons

7 a) Mg gains oxygen
b) Mg – 2e– → Mg2+ or Mg → Mg2+ + 2e–

c) Mg loses electrons
d) CuO loses oxygen
e) Cu2+ + 2e– → Cu
f) Cu2+ gains electrons

8 a) Zn + Cu2+ → Zn2+ + Cu
 Cu2+ + 2e– → Cu
 Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
b) Zn + 2Ag+ → Zn2+ + 2Ag
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 Ag+ + e– → Ag
 Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
c) 2Al + 3Cu2+ → 2Al3+ + 3Cu
 Cu2+ + 2e– → Cu
 Al – 3e– → Al3+ (or Al → Al3+ + 3e–)

9 a) Zinc + iron sulfate → zinc sulfate + iron
b) Zn + FeSO4 → ZnSO4 + Fe
c) Zn + Fe2+ → Zn2+ + Fe
d) Fe2+ + 2e– → Fe and Zn – 2e– → Zn2+ (or Zn 

→ Zn2+ + 2e–)
e) Fe2+ + 2e– → Fe
f) Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
g) Both reduction and oxidation take place

10 a) Magnesium + silver nitrate → magnesium 
nitrate + silver

b) Mg + 2AgNO3 → Mg(NO3)2 + 2Ag
c) Mg + 2Ag+ → Mg2+ + 2Ag
d) Ag+ + e– → Ag and Mg – 2e– → Mg2+ (or Mg 

→ Mg2+ + 2e–)
e) Ag+ + e– → Ag
f) Mg – 2e– → Mg2+ (or Mg → Mg2+ + 2e–)
g) Both reduction and oxidation take place.

11 a) Low reactivity
b) Rock from which a metal can be extracted 

for profit.
12 a) Heat with carbon

b) Electrolysis
c) Electrolysis
d) Found as an element
e) Heat with carbon

13 a) Tin oxide + carbon → tin + carbon 
monoxide/dioxide

b) Tin oxide loses oxygen (or tin ions gain 
electrons)

14 a) Alkaline
b) Acidic
c) Acidic
d) Neutral

15 a) 13
b) –1

16 a) Universal Indicator solution, pH probe
b) pH probe

17 a) H+

b) OH–

18 a) C
b) B has a concentration of H+ ions that is 

10 times greater than A.
c) C has a concentration of H+ ions that is 

1000 times greater than A.
19 Concentration of H+ ions = concentration of  

OH– ions
20 a) An acid where all the molecules break down 

into ions when added to water.
b) An acid where only a small fraction of the 

molecules break down into ions when added 
to water.

21 a) Concentrated = lots of acid dissolved; dilute 
= small amount of acid dissolved.

b) They are the same
c) Nitric acid because it is a strong acid

22 a) Calcium + hydrochloric acid → calcium 
chloride + hydrogen

b) Tin + sulfuric acid → tin sulfate + hydrogen
c) Barium hydroxide + nitric acid → barium 

nitrate + water
d) Lithium hydroxide + hydrochloric acid → 

lithium chloride + water
e) Nickel oxide + nitric acid → nickel nitrate + 

water
f) Magnesium oxide + sulfuric acid → 

magnesium sulfate + water
g) Potassium carbonate + nitric acid → 

potassium nitrate + water + carbon dioxide
h) Zinc carbonate + hydrochloric acid → zinc 

chloride + water + carbon dioxide
23 a) Hydrogen

b) Carbon dioxide
24 a) Aqueous/dissolved in water

b) H+(aq) + OH–(aq) → H2O(l)
c) Produces OH– in water

25 Ca + 2HCl → CaCl2 + H2
 LiOH + HCl → LiCl + H2O
 MgO + H2SO4 → MgSO4 + H2O
 K2CO3 + 2HNO3 → 2KNO3 + H2O + CO2
26 a) Hydrochloric acid + calcium/calcium oxide/

calcium hydroxide/calcium carbonate
b) Nitric acid + copper oxide/copper hydroxide/

copper carbonate
c) Sulfuric acid + aluminium/aluminium oxide/

aluminium hydroxide/aluminium carbonate
27 a) As people are going to take the tablets.

b) To use up all the acid
c) Filter
d) Iron + sulfuric acid → iron sulfate + 

hydrogen
e) Fe + H2SO4 → FeSO4 + H2

28 a) Solution in which no more solute can be 
dissolved at that temperature

b) Nickel nitrate becomes less soluble as it 
cools and so it cannot all stay dissolved.

29 a) Copper does not react with hydrochloric 
acid/copper has low reactivity/copper is less 
reactive than hydrogen.

b) i) copper oxide + hydrochloric acid → copper 
chloride + water

 copper hydroxide + hydrochloric acid → 
copper chloride + water

 copper carbonate + hydrochloric acid → 
copper chloride + water + carbon dioxide

ii) CuO + 2HCl → CuCl2 + H2O
 Cu(OH)2 + 2HCl → CuCl2 + H2O
 CuCO3 + 2HCl → CuCl2 + H2O + CO2
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30 a) Because the ions can move
b) Because the ions cannot move

31 

Ionic compound 
(molten)

Product at the 
negative electrode 
(cathode)

Product at 
the positive 
electrode (anode)

Potassium iodide (KI) Potassium Iodine

Zinc bromide (ZnBr2) Zinc Bromine

Magnesium oxide 
(MgO)

Magnesium Oxygen

32 a) Lose electrons
b) Gain electrons
c) Ions
d) Electrons

33 a) Liquid or solution that conducts electricity
b) Electrode where oxidation takes place 

(positive electrode in electrolysis)
c) Electrode where reduction takes place 

(negative electrode in electrolysis)
34 a) Cu2+ + 2e– → Cu, reduction

b) 2I– – 2e– → I2, oxidation
c) 2F– → F2 + 2e–, oxidation
d) Fe3+ + 3e– → Fe, reduction

35 a) 2O2– – 4e– → O2
b) K+ + e– → K

36 a) Metal is more reactive than carbon; metal 
may react with carbon.

b) Two reactive metals, e.g. sodium, potassium, 
calcium, magnesium, lithium

c) Heat energy for high temperature to melt 
mixture, electricity for electrolysis

37 a) Aluminium oxide
b) To lower its melting point and lower heat 

energy costs
c) Oxide ions lose electrons to form oxygen
d) Aluminium ions gain electrons to form 

aluminium
e) Graphite/carbon
f) Reacts/burns with the oxygen to form 

carbon dioxide
38 

Ionic compound 
(aqueous)

Product at the 
negative electrode 
(cathode)

Product at the 
positive electrode 
(anode)

Potassium iodide (KI) Hydrogen Iodine

Copper(II) chloride 
(CuCl2)

Copper Chlorine

Magnesium sulfate 
(MgSO4)

Hydrogen Oxygen

Copper(II) nitrate 
(Cu(NO3)2)

Copper Oxygen

Zinc bromide (ZnBr2) Hydrogen Bromine

39 a) 2Br– – 2e– → Br2, oxidation
b) 2H+ + 2e– → H2, reduction

40 a) 4OH– – 4e– → 2H2O + O2, oxidation
b) Cu2+ + 2e– → Cu, reduction

Show you can 
Page 102

a) Mg, Zn, Ni, Cu
b) NiO + Mg → MgO + Ni
c) i) Nickel + hydrochloric acid → nickel 

chloride + hydrogen
 Ni + 2HCl → NiCl2 + H2

ii) Zinc + water no reaction
iii) Nickel + water no reaction
iv) Zinc + sulfuric acid → zinc sulfate + hydrogen
 Zn + H2SO4 → ZnSO4 + H2
v) Magnesium + zinc oxide → magnesium 

oxide + zinc
 Mg + ZnO → MgO + Zn

Page 105

a) CH4
b) CuO is reduced as it has lost oxygen
c) H2 is oxidised as it has gained oxygen
d) Cu2+ + Mg → Cu + Mg2+

 Mg → Mg2+ + 2e–

 Magnesium is oxidised as it has lost 
electrons to form magnesium ions

Page 107

a) Gold
b) Two of: sodium, zinc, copper
c) Carbon or hydrogen
d) Sodium

Page 108

a) pH meter probe
b) 4 minutes
c) 8 minutes

Page 111

a) Compare the colour with the Universal 
Indicator colour chart.

b) A = acidic, B = acidic
c) More H+ ions in solution so a lower pH. 

Indicator colours would be the same.
d) Gives the pH rather than just whether a 

solution is acidic or alkaline.
Practical: Investigation of pH changes when a 
strong acid neutralises a strong alkali
1 Burette
2 Conical flask
3 Pipette
4 Place a pH probe into the solution and record 

value to 1 decimal place.
5 To ensure the solution is mixed and X and Y 

have reacted together.
6 Acidic – low pH before Y added
7 Alkaline – on adding Y to X the pH increases.
8 The pH starts low and acidic. As Y is added it 

rises slowly. It rises very quickly around the 
endpoint and then continues to rise slowly.



4 
C

he
m

ic
al

 c
ha

ng
es

76

9 Starts with high pH as Y is alkali, and falls as 
acid is added, ends at low pH.

10 10 cm3

Show you can
Page 114

a) Sodium hydroxide + sulfuric acid → sodium 
sulfate + water

 2NaOH + H2SO4 → Na2SO4 + 2H2O
b) A, contains sodium carbonate which reacts 

with acid
c) Carbon dioxide
d) Bubble into limewater – colourless to cloudy
e) Na2SiO3

Page 116

a) A Magnesium + hydrochloric acid → 
magnesium chloride + hydrogen

 B Magnesium oxide + hydrochloric acid → 
magnesium chloride + water

 C Magnesium hydroxide + hydrochloric acid 
→ magnesium chloride + water

 D Magnesium carbonate + hydrochloric acid 
→ magnesium chloride + water + carbon 
dioxide

b) Bubbles, magnesium carbonate used up/
disappears

Required practical 1: Preparation of a pure 
dry sample of a soluble salt from an insoluble 
oxide or carbonate (magnesium sulfate from 
magnesium carbonate)
1 Measuring cylinder

2 

heat

gauze

tripod

stirring rod

conical flask

magnesium
carbonate

3 To ensure all acid reacted
4 Solid remaining/no more gas evolved
5 Residue
6 To remove some water (and to prevent splitting)
7 As there is water (of crystallisation) in the salt
8 Solubility decreases on cooling
9 Between two pieces of filter paper or in a low 

temperature oven

10 Magnesium carbonate + sulfuric acid → 
magnesium sulfate + carbon dioxide + water; 
MgCO3 + H2SO4 → MgSO4 + H2O + CO2

Show you can
Page 118

Anode Cathode

Product Chlorine Lithium

Observation Bubbles Molten grey solid

Half-equation 2Cl– – 2e– → Cl2
or 2Cl– → Cl2 + 2e–

Li+ + e– → Li

Oxidation or 
reduction

Oxidation Reduction

Page 119

Anode Cathode

Product Oxygen (and carbon 
dioxide)

Aluminium 

Half-equation 2O2– – 4e– → O2
or 2O2– → O2 + 4e–

Al3+ + 3e– → Al

Oxidation or 
reduction

Oxidation Reduction

Conditions for the 
electrolysis

950°C molten (mixture 
of bauxite and cryolite)

Required practical 3: Investigation of 
what happens when aqueous solutions are 
electrolysed using inert electrodes
1 Graphite conducts electricity and is unreactive/

inert
2 To avoid adding any extra ions
3 Lamp/ammeter
4 Some products are toxic/chlorine and bromine 

are toxic
5 Copper, hydrogen, silver, hydrogen, hydrogen, 

hydrogen
6 Hydrogen is produced unless the metal ions 

are from a metal that is less reactive than 
hydrogen, then the metal is produced

7 Chlorine, oxygen, oxygen, bromine, iodine, 
oxygen

8 Yes, oxygen is produced unless the solution 
contains halide ions, when the halogen is produced

Chapter review questions
1 a) C

b) A
c) E

2 a) iron + oxygen → iron oxide
b) zinc + sulfuric acid → zinc sulfate + 

hydrogen
c) magnesium oxide + hydrochloric acid → 

magnesium chloride + water
d) sodium carbonate + nitric acid → sodium 

nitrate + water + carbon dioxide
e) potassium hydroxide + sulfuric acid → 

potassium sulfate + water
f) gold + magnesium nitrate no reaction
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g) iron + copper sulfate → iron sulfate + copper
h) zinc + iron nitrate → zinc nitrate + iron

3 a) Electrolysis
b) Electrolysis
c) Heating with carbon
d) Electrolysis
e) Found as an element

4 a) 2Ca + O2 → 2CaO
b) 2NaOH + H2SO4 → Na2SO4 + 2H2O
c) Fe2O3 + 3C → 2Fe + 3CO

5 a) Sodium hydroxide + nitric acid → sodium 
nitrate + water

b) NaOH + HNO3 → NaNO3 + H2O
c) H+(aq) + OH–(aq) → H2O(l)
d) Neutralisation

6 a) To use up all the acid
b) To remove excess magnesium oxide
c) Heat the solution until crystals start to 

form; allow solution to cool; filter off 
crystals

d) magnesium oxide + sulfuric acid → 
magnesium sulfate + water

e) MgO + H2SO4 → MgSO4 + H2O
7 

Ionic compound Product at the 
negative electrode 
(cathode)

Product at 
the positive 
electrode (anode)

Molten magnesium 
bromide (MgBr2)

Magnesium Bromine

Aqueous magnesium 
bromide (MgBr2)

Hydrogen Bromine

Molten potassium 
oxide (K2O)

Potassium Oxygen

Molten sodium iodide 
(NaI)

Sodium
Iodine

Aqueous calcium 
nitrate (Ca(NO3)2)

Hydrogen Oxygen

Aqueous copper(II) 
chloride (CuCl2)

Copper Chlorine

8 a) Aluminium is more reactive than zinc
b) Al, gains oxygen (or loses electrons)
c) ZnO, loses oxygen (or gains electrons)

9 a) i) Positive = chlorine; negative = sodium
ii) Na+ + e– → Na, reduction
iii) 2Cl– – 2e– → Cl2, oxidation

b) i) Positive = chlorine, negative = hydrogen
ii) 2H+ + 2e– → H2, reduction
iii) 2Cl– – 2e– → Cl2, oxidation

c) In aqueous solution there are H+ and OH– 
ions present as well

10 a) Fe + 2Ag+ → Fe2+ + 2Ag
b) Fe – 2e– → Fe2+

, Ag+ + e– → Ag+

c) Fe oxidised, loses electrons
d) Both oxidation and reduction take place

11 a) 2K + 2H2O → 2KOH + H2
b) CuCO3 + 2HCl → CuCl2 + H2O + CO2
c) MgO + H2SO4 → MgSO4 + H2O

d) Zn + 2AgNO3 → Zn(NO3)2 + 2Ag
e) 2Al + 3O2 → 2Al2O3

12 Solution is 100 times more dilute (10 → 1000 cm3)  
and so pH rises from 2 to 4

Practice questions
1 B [1 mark]
2 C [1 mark]
3 D [1 mark]
4 B [1 mark]
5 D [1 mark]
6 A [1 mark]
7 a) i)

Ion present in all acids Ion present in all 
alkalis

Name Hydrogen    [1 mark] Hydroxide    [1 mark]

Formula H+        [1 mark] OH–      [1 mark]

ii) H+ (aq) + OH– (aq) → H2O (l) [1 mark for 
equation, 1 mark for state symbols]

b) i)  2NaOH + H2SO4 → Na2SO4 + 2H2O [1 mark 
for formulae, 1 mark for balanced equation]

ii) CuO + H2SO4 → CuSO4 + H2O [1 mark for 
formulae, 1 mark for balanced equation]

c) Evaporate off some of the solution, cool 
and crystallise, filter, dry between filter 
paper  [4 marks]

8 a) Conducts electricity [1 mark]
b) Two of: silver coloured, reacts with acid, 

burns to give a white powder [2 marks]
c) Oxygen [1 mark]
d) Magnesium [1 mark]
e) magnesium + sulfuric acid → magnesium 

sulfate + hydrogen [1 mark]
9 Level 3 answer = maximum 6 marks: A detailed 

and coherent answer giving correct observations 
and names of products. There must be correct 
comparisons and contrasts made between both 
reactions

 Level 2 answer = maximum 4 marks: A number 
of observations and products considered and a 
clear comparison has been made between either 
the observations or the names of products. 
There may be some detail missing but all 
observations given are correct

 Level 1 answer = maximum 2 marks: Simple 
statements but disjointed with vague 
observations given. There has been no attempt 
at a comparison

 Indicative content [6 marks]:
 Same salt in both/calcium chloride in both
 Calcium chloride and water products for first 

reaction
 Calcium chloride and hydrogen products for 

second reaction
 Observations reaction with calcium hydroxide:
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● test tube gets warm/heat released (any extra 
incorrect observation loses this mark)

 Observations reaction with calcium (any 2):
● bubbles/effervescence/gas produced
● test tube gets warm/heat increased
● solid disappears
● colourless solution formed
10 a) Decomposition of an ionic compound using 

electricity [1 mark]
b) Bauxite [1 mark]
c) i) Z = anode (positive electrode),  

X = cathode (negative electrode) [2 marks]
ii) Aluminium oxide [1 mark], cryolite [1 mark]
iii) So that it is molten, so that it conducts 

electricity [1 mark]
iv) Anode = oxygen, cathode = aluminium  

 [2 marks]
v) Anode = 2O2– → O2 + 4e– or 2O2– – 4e– → O2
 Cathode = Al3+ + 3e– → Al [2 marks]
vi) Anode, C + O2 → CO2 [2 marks]

d) Al3+ gains electrons [1 mark]
11 a) A: anode/positive electrode; B: cathode/negative 

electrode; C: evaporating basin  [3 marks]
b) Lamp/ammeter [1 mark]
c) 

Electrode Name of product Half-equation

A Bromine  [1 mark] 2Br– – 2e– → Br2 or 2Br–  
→ Br2 + 2e–        [1 mark]

B Lead     [1 mark] Pb2+ + 2e– → Pb     [1 mark]

d) Bromine is toxic [1 mark]
e) Copper conducts by delocalised electrons, 

molten lead bromide conducts by ions 
moving [2 marks]

f) Anode = chlorine, cathode = hydrogen [2 marks]

Working scientifically
1 A: 10 cm3; B: 15 cm3; C: 15 cm3; D: 40 cm3

2 E: 26.8 cm3; F: 20.4 cm3; G: 29.5 cm3

3 H: 67°C; I: 13°C; J: 16°C; K: 3°C; L: 24.4°C;  
M: –6°C

4 i) 2.04 g
ii) 4.36 g

5 124 ± 2°C
6 0.36 ± 0.04 g (0.18 is anomalous)
7 26 ± 1 cm3 (20 is anomalous)

AQA GCSE (9–1) Combined Science Trilogy 1
Test yourself on prior knowledge
1 Two reactive metals, e.g. sodium, calcium, 

magnesium
2 Two unreactive metals, e.g. copper, silver, gold
3 Electrolysis
4 a) Hydrogen

b) Carbon dioxide
5 a) Alkaline

b) Acidic
c) Neutral
d) Acidic

Test yourself
1 a) calcium + oxygen → calcium oxide

b) gold + oxygen no reaction
c) copper + water no reaction
d) lithium + water → lithium hydroxide + water
e) calcium + nitric acid → calcium nitrate + 

hydrogen
f) copper + sulfuric acid no reaction
g) zinc + hydrochloric acid → zinc chloride + 

hydrogen
h) iron + sulfuric acid → iron sulfate + 

hydrogen
i) tin + magnesium chloride no reaction
j) zinc + lead nitrate → zinc nitrate + lead
k) magnesium + aluminium sulfate → 

magnesium sulfate + aluminium
2 a) Magnesium + oxygen → magnesium oxide

b) 2Mg + O2 → 2MgO
c) Mg atoms lose electrons to form Mg2+ ions

3 a) Fizzing and white solid forms
b) Calcium + water → calcium hydroxide + 

water
c) Ca + 2H2O → Ca(OH)2 + H2
d) Ca atoms lose electrons to form Ca2+ ions

4 a) i) Magnesium
ii) Greater tendency to form ions/loses 

electrons more easily
b) i) Magnesium + sulfuric acid → magnesium 

sulfate + hydrogen
ii) Mg + H2SO4 → MgSO4 + H2

5 a) Aluminium is more reactive than chromium
b) Aluminium
c) Chromium oxide

6 a) Rubidium + water → rubidium hydroxide + 
water

b) 2Rb + 2H2O → 2RbOH + H2
c) Rb atoms lose electrons to form Rb+ ions
d) Oxidised as they lose electrons

7 a) Mg gains oxygen
b) Mg – 2e– → Mg2+ or Mg → Mg2+ + 2e–

c) Mg loses electrons
d) CuO loses oxygen
e) Cu2+ + 2e– → Cu
f) Cu2+ gains electrons

8 a) Zn + Cu2+ → Zn2+ + Cu
 Cu2+ + 2e– → Cu
 Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
b) Zn + 2Ag+ → Zn2+ + 2Ag
 Ag+ + e– → Ag
 Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
c) 2Al + 3Cu2+ → 2Al3+ + 3Cu
 Cu2+ + 2e– → Cu
 Al – 3e– → Al3+ (or Al → Al3+ + 3e–)

9 a) Zinc + iron sulfate → zinc sulfate + iron
b) Zn + FeSO4 → ZnSO4 + Fe
c) Zn + Fe2+ → Zn2+ + Fe
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d) Fe2+ + 2e– → Fe and Zn – 2e– → Zn2+ (or Zn 
→ Zn2+ + 2e–)

e) Fe2+ + 2e– → Fe
f) Zn – 2e– → Zn2+ (or Zn → Zn2+ + 2e–)
g) Both reduction and oxidation take place

10 a) Magnesium + silver nitrate → magnesium 
nitrate + silver

b) Mg + 2AgNO3 → Mg(NO3)2 + 2Ag
c) Mg + 2Ag+ → Mg2+ + 2Ag
d) Ag+ + e– → Ag and Mg – 2e– → Mg2+ (or Mg 

→ Mg2+ + 2e–)
e) Ag+ + e– → Ag
f) Mg – 2e– → Mg2+ (or Mg → Mg2+ + 2e–)
g) Both reduction and oxidation take place

11 a) Low reactivity
b) Rock from which a metal can be extracted 

for profit
12 a) Heat with carbon

b) Electrolysis
c) Electrolysis
d) Found as an element
e) Heat with carbon

13 a) Tin oxide + carbon → tin + carbon 
monoxide/dioxide

b) Tin oxide loses oxygen (or tin ions gain 
electrons)

14 a) Alkaline
b) Acidic
c) Acidic
d) Neutral

15 a) 13
b) 1

16 a) Universal Indicator solution, pH probe
b) pH probe

17 a) H+

b) OH–

18 a) C
b) B has a concentration of H+ ions that is 10 

times greater than A
c) C has a concentration of H+ ions that is 1000 

times greater than A
19 Concentration of H+ ions = concentration of OH– 

ions
20 a) An acid where all the molecules break down 

into ions when added to water
b) An acid where only a small fraction of the 

molecules break down into ions when added 
to water

21 a) calcium + hydrochloric acid → calcium 
chloride + hydrogen

b) tin + sulfuric acid → tin sulfate + hydrogen
c) barium hydroxide + nitric acid → barium 

nitrate + water
d) lithium hydroxide + hydrochloric acid → 

lithium chloride + water

e) nickel oxide + nitric acid → nickel nitrate + 
water

f) magnesium oxide + sulfuric acid → 
magnesium sulfate + water

g) potassium carbonate + nitric acid → 
potassium nitrate + water + carbon dioxide

h) zinc carbonate + hydrochloric acid → zinc 
chloride + water + carbon dioxide

22 a) Hydrogen
b) Carbon dioxide

23 a) Aqueous/dissolved in water
b) H+(aq) + OH–(aq) → H2O(l)
c) Produces OH– in water

24 Ca + 2HCl → CaCl2 + H2
 LiOH + HCl → LiCl + H2O
 MgO + H2SO4 → MgSO4 + H2O
 K2CO3 + 2HNO3 → 2KNO3 + H2O + CO2
25 a) Hydrochloric acid + calcium/calcium oxide/

calcium hydroxide/calcium carbonate
b) Nitric acid + copper oxide/copper hydroxide/

copper carbonate
c) Sulfuric acid + aluminium/aluminium oxide/

aluminium hydroxide/aluminium carbonate
26 a) As people are going to take the tablets

b) To use up all the acid
c) Filter
d) Iron + sulfuric acid → iron sulfate + 

hydrogen
e) Fe + H2SO4 → FeSO4 + H2

27 a) Solution in which no more solute can be 
dissolved at that temperature

b) Nickel nitrate becomes less soluble as it 
cools and so it cannot all stay dissolved.

28 a) Copper does not react with hydrochloric acid 
acid/copper has low reactivity/copper is less 
reactive than hydrogen.

b) i) copper oxide + hydrochloric acid → copper 
chloride + water

  copper hydroxide + hydrochloric acid → 
copper chloride + water

  copper carbonate + hydrochloric acid → 
copper chloride + water + carbon dioxide

ii) CuO + 2HCl → CuCl2 + H2O
 Cu(OH)2 + 2HCl → CuCl2 + H2O
 CuCO3 + 2HCl → CuCl2 + H2O + CO2

29 a) Because the ions can move in this state
b) Because the ions cannot move in this state

30 

Ionic compound 
(molten)

Product at 
the negative 
electrode 
(cathode)

Product at the 
positive electrode 
(anode)

Potassium iodide (KI) Potassium Iodine

Zinc bromide (ZnBr2) Zinc Bromine

Magnesium oxide (MgO) Magnesium Oxygen
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31 a) Lose electrons
b) Gain electrons
c) Ions
d) Electrons

32 a) Liquid or solution that conducts electricity
b) Electrode where oxidation takes place 

(positive electrode in electrolysis)
c) Electrode where reduction takes place 

(negative electrode in electrolysis)
33 a) Cu2+ + 2e– → Cu, reduction

b) 2I– – 2e– → I2, oxidation
c) 2F– → F2 + 2e–, oxidation
d) Fe3+ + 3e– → Fe, reduction

34 a) 2O2– – 4e– → O2
b) K+ + e– → K

35 a) Metal is more reactive than carbon; metal 
may react with carbon

b) Two reactive metals, e.g. sodium, potassium, 
calcium, magnesium, lithium

c) Heat energy for high temperature to melt 
mixture, electricity for electrolysis

36 a) Aluminium oxide
b) To lower its melting point and lower heat 

energy costs
c) Oxide ions lose electrons to form oxygen
d) Aluminium ions gain electrons to form 

aluminium
e) Graphite/carbon
f) Reacts/burns with the oxygen to form 

carbon dioxide
37 

Ionic compound (aqueous) Product at 
the negative 
electrode 
(cathode)

Product at 
the positive 
electrode 
(anode)

Potassium iodide (KI) Hydrogen Iodine

Copper(II) chloride (CuCl2) Copper Chlorine

Magnesium sulfate (MgSO4) Hydrogen Oxygen

Copper(II) nitrate (Cu(NO3)2) Copper Oxygen

Zinc bromide (ZnBr2) Hydrogen Bromine

38 a) 2Br– – 2e– → Br2, oxidation
b) 2H+ + 2e– → H2, reduction

39 a) 4OH– – 4e– → 2H2O + O2, oxidation
b) Cu2+ + 2e– → Cu, reduction

Show you can 
Page 204

a) Mg, Zn, Ni, Cu
b) NiO + Mg → MgO + Ni
c) i) Nickel + hydrochloric acid → nickel 

chloride + hydrogen
  Ni + 2HCl → NiCl2 + H2

ii) Zinc + water no reaction
iii) Nickel + water no reaction
iv) Zinc + sulfuric acid → zinc sulfate + hydrogen
   Zn + H2SO4 → ZnSO4 + H2

v) Magnesium + zinc oxide → magnesium 
oxide + zinc

   Mg + ZnO → MgO + Zn

Page 207

a) CH4
b) CuO is reduced as it has lost oxygen
c) H2 is oxidised as it has gained oxygen
d) Cu2+ + Mg → Cu + Mg2+

 Mg → Mg2+ + 2e–

 Magnesium is oxidised as it has lost 
electrons to form magnesium ions

Page 209

a) Gold
b) Two of: sodium, zinc, copper
c) Carbon or hydrogen
d) Sodium

Page 210

a) pH meter probe
b) 4 minutes
c) 8 minutes

Page 212

a) Compare the colour with the Universal 
Indicator colour chart

b) A = acidic, B = acidic
c) More H+ ions in solution so a lower pH. 

Indicator colours would be the same
d) Gives the pH rather than just whether a 

solution is acidic or alkaline

Page 215

a) Sodium hydroxide + sulfuric acid → sodium 
sulfate + water

 2NaOH + H2SO4 → Na2SO4 + 2H2O
b) A, contains sodium carbonate which reacts 

with acid
c) Carbon dioxide
d) Bubble into limewater – colourless to cloudy
e) Na2SiO3

Page 217

a) A Magnesium + hydrochloric acid → 
magnesium chloride + hydrogen

 B Magnesium oxide + hydrochloric acid → 
magnesium chloride + water

 C Magnesium hydroxide + hydrochloric acid 
→ magnesium chloride + water

 D Magnesium carbonate + hydrochloric acid 
→ magnesium chloride + water + carbon 
dioxide

b) Bubbles, magnesium carbonate used up/
disappears
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Page 220

Anode Cathode

Product Chlorine Lithium

Observation Bubbles Molten grey solid

Half-equation 2Cl– – 2e– → Cl2
or 2Cl– → Cl2 + 2e–

Li+ + e– → Li

Oxidation or reduction Oxidation Reduction

Page 221

Anode Cathode

Product Oxygen (and carbon 
dioxide)

Aluminium 

Half-equation 2O2– – 4e– → O2
or 2O2– → O2 + 4e–

Al3+ + 3e– → Al

Oxidation or 
reduction

Oxidation Reduction

Conditions for the 
electrolysis

950°C molten (mixture 
of bauxite and cryolite)

Required practical 8
Page 218

1 Measuring cylinder
2 

heat

gauze

tripod

stirring rod

conical flask

magnesium
carbonate

3 To ensure all acid reacted
4 Solid remaining/no more gas evolved
5 Residue
6 To remove some water (and to prevent splitting) 
7 As there is water (of crystallisation) in the salt
8 Solubility decreases on cooling
9 Between two pieces of filter paper or in a low 

temperature oven
10 Magnesium carbonate + sulfuric acid→ 

magnesium sulfate + carbon dioxide + water; 
MgCO3 + H2SO4 → MgSO4 + H2O + CO2

Required practical 9
Page 223

1 Graphite conducts electricity and is unreactive/
inert

2 To avoid adding any extra ions
3 Lamp/ammeter
4 Some products are toxic/chlorine and bromine 

are toxic

5 From left to right: copper; hydrogen; silver; 
hydrogen; hydrogen; hydrogen

6 Hydrogen is produced unless the metal ions 
are from a metal that is less reactive than 
hydrogen, then the metal is produced

7 From left to right: chlorine; oxygen; oxygen; 
bromine; iodine; oxygen

8 Yes, oxygen is produced unless the solution 
contains halide ions, when the halogen is produced

Chapter review questions
1 a) C b) A c) E
2 a) iron + oxygen → iron oxide

b) zinc + sulfuric acid → zinc sulfate + hydrogen
c) magnesium oxide + hydrochloric acid → 

magnesium chloride + water
d) sodium carbonate + nitric acid → sodium 

nitrate + water + carbon dioxide
e) potassium hydroxide + sulfuric acid → 

potassium sulfate + water
f) gold + magnesium nitrate no reaction
g) iron + copper sulfate → iron sulfate + copper
h) zinc + iron nitrate → zinc nitrate + iron

3 a) Electrolysis
b) Electrolysis
c) Heating with carbon
d) Electrolysis
e) Found as an element

4 a) 2Ca + O2 → 2CaO
b) 2NaOH + H2SO4 → Na2SO4 + 2H2O
c) Fe2O3 + 3C → 2Fe + 3CO

5 a) Sodium hydroxide + nitric acid → sodium 
nitrate + water

b) NaOH + HNO3 → NaNO3 + H2O
c) H+(aq) + OH–(aq) → H2O(l)
d) Neutralisation

6 a) To use up all the acid
b) To remove excess magnesium oxide
c) Heat the solution until crystals start to form; 

allow solution to cool; filter off crystals
d) magnesium oxide + sulfuric acid → 

magnesium sulfate + water
e) MgO + H2SO4 → MgSO4 + H2O

7 
Ionic compound Product at the 

negative electrode 
(cathode)

Product at 
the positive 
electrode (anode)

Molten magnesium 
bromide (MgBr2)

Magnesium Bromine

Aqueous magnesium 
bromide (MgBr2)

Hydrogen Bromine

Molten potassium oxide 
(K2O)

Potassium Oxygen

Molten sodium iodide (NaI) Sodium Iodine

Aqueous calcium 
nitrate (Ca(NO3)2)

Hydrogen Oxygen

Aqueous copper(II) 
chloride (CuCl2)

Copper Chlorine
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8 a) Aluminium is more reactive than zinc
b) Al, gains oxygen (or loses electrons)
c) ZnO, loses oxygen (or gains electrons)

9 a) i) Positive = chlorine; negative = sodium
ii) Na+ + e– → Na, reduction
iii) 2Cl– – 2e– → Cl2, oxidation

b) i) Positive = chlorine, negative = hydrogen
ii) 2H+ + 2e– → H2, reduction
iii) 2Cl– – 2e– → Cl2, oxidation

c) In aqueous solution there are H+ and OH– 
ions present as well

10 a) Fe + 2Ag+ → Fe2+ + 2Ag
b) Fe – 2e– → Fe2+

, Ag+ + e– → Ag+

c) Fe oxidised, loses electrons
d) Both oxidation and reduction take place

11 a) 2K + 2H2O → 2KOH + H2
b) CuCO3 + 2HCl → CuCl2 + H2O + CO2
c) MgO + H2SO4 → MgSO4 + H2O
d) Zn + 2AgNO3 → Zn(NO3)2 + 2Ag
e) 2Al + 3O2 → 2Al2O3

12 Solution is 100 times more dilute (10 → 1000 cm3)  
and so pH rises from 2 to 4

Practice questions
1 B  [1 mark]
2 C  [1 mark]
3 D [1 mark]
4 B [1 mark]
5 D [1 mark]
6 A [1 mark]
7 a) i)

Ion present in all acids Ion present in all alkalis

Name Hydrogen       [1 mark] Hydroxide       [1 mark]

Formula H+        [1 mark] OH–          [1 mark]

ii) H+ (aq) + OH– (aq) → H2O (l) [1 mark for 
equation, 1 mark for state symbols]

b) i)  2NaOH + H2SO4 → Na2SO4 + 2H2O [1 mark 
for formulae, 1 mark for balanced equation]

ii) CuO + H2SO4 → CuSO4 + H2O [1 mark for 
formulae, 1 mark for balanced equation]

c) Evaporate off some of the solution, cool 
and crystallise, filter, dry between filter 
paper  [4 marks]

8 a) Conducts electricity  [1 mark]
b) Two of: silver coloured, reacts with acid, 

burns to give a white powder  [2 marks]
c) Oxygen  [1 mark]
d) Magnesium  [1 mark]
e) magnesium + sulfuric acid → magnesium 

sulfate + hydrogen  [1 mark]
9 Level 3 answer: A detailed and coherent answer 

giving correct observations and names of products. 
There must be correct comparisons and contrasts 
made between both reactions  [5–6 marks]

 Level 2 answer: A number of observations and 
products considered and a clear comparison has 

been made between either the observations 
or the names of products. There may be some 
detail missing but all observations given are 
correct [3–4 marks]

 Level 1 answer: Simple statements but disjointed 
with vague observations given. There has been 
no attempt at a comparison [1–2 marks]

 Indicative content:
● Same salt in both/calcium chloride in both
● Calcium chloride and water products for first reaction
● Calcium chloride and hydrogen products for 

second reaction
● Observations reaction with calcium hydroxide:
● Test tube gets warm/heat released (any extra 

incorrect observation loses this mark)
● Observations reaction with calcium (any 2):
● Bubbles/effervescence/gas produced
● Test tube gets warm/heat increased
● Solid disappears
● Colourless solution formed
10 a) Decomposition of an ionic compound using 

electricity  [1 mark]
b) Bauxite  [1 mark]
c) i) Z = anode (positive electrode),  

X = cathode (negative electrode) [2 marks]
ii) Aluminium oxide [1 mark], cryolite [1 mark]
iii) So that it is molten [1 mark], so that it 

conducts electricity [1 mark]
iv) Anode = oxygen, cathode = aluminium  

 [2 marks]
v) Anode = 2O2– → O2 + 4e– or 2O2– – 4e– → O2

 Cathode = Al3+ + 3e– → Al [2 marks]
vi) Anode, C + O2 → CO2 [2 marks]

d) Al3+ gains electrons [1 mark]
11 a) A: anode/positive electrode; B: cathode/

negative electrode; C: evaporating basin  
 [3 marks]

b) Lamp/ammeter  [1 mark]
c) 

Electrode Name of product Half-equation

A Bromine   [1 mark] 2Br– – 2e– → Br2 or 2Br– → Br2 
+ 2e–             [1 mark]

B Lead      [1 mark] Pb2+ + 2e– → Pb    [1 mark]

d) Bromine is toxic [1 mark]
e) Copper conducts by delocalised electrons, molten 

lead bromide conducts by ions moving [2 marks]
f) Anode = chlorine, cathode = hydrogen [2 marks]

Working scientifically: Measurements and uncertainties
Pages 228–29
1 A: 10 cm3; B: 15 cm3; C: 15 cm3; D: 40 cm3

2 E: 26.8 cm3; F: 20.4 cm3; G: 29.5 cm3

3 H: 67°C; I: 13°C; J: 16°C; K: 3°C; L: 24.4°C; M: –6°C
4 i) 2.04 g ii) 4.36 g
5 124 ± 2°C
6 0.36 ± 0.04 g (0.18 is anomalous)
7 26 ± 1 cm3 (20 is anomalous)
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5 Energy changes

Overview
Specification points
4.5.1.1 Energy transfer during exothermic and 
endothermic reactions; 4.5.1.2 Reaction profiles; 
4.5.1.3 The energy change of reactions (HT only); 
4.5.2.1 Cells and batteries; 4.5.2.2 Fuel cells 

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 5 pages 128–145

AQA GCSE (9–1) Combined Science Trilogy 1: 
Chapter 13 pages 230–242

AQA GCSE (9–1) Combined Science Trilogy: Chapter 13 
pages 230–242

Recommended number of lessons: 7

Chapter overview

Contains AQA required practical No

Contains higher-only material Yes

Contains chemistry-only material Yes

that heat is either released into the surroundings 
causing the surrounding to heat up, or absorbed 
from the surroundings, causing the surroundings to 
cool down. The terms exothermic and endothermic 
to describe these two reaction types respectively 
may be familiar to some students. Students should 
also be aware of the law of conservation of energy 
and the idea that, during a chemical reaction, 
energy is transferred from a store of chemical 
energy into other stores of energy, such as light or 
heat. The T&L Prior knowledge catch-up student 
sheet reviews this prior knowledge nicely.

Common misconceptions
Students often confuse the thermal energy of the 
surroundings with the chemical energy store of 
the products of a reaction. For instance, during an 
exothermic reaction, because the enthalpy of the 
products has decreased, students expect that the 
temperature of the products should decrease also, 
but they observe a temperature rise. Emphasising 
that the thermometer records the temperature 
of the surroundings rather than the temperature 
of the products themselves, and that the energy 
that is released was stored as chemical energy 
rather than thermal energy should help with this 
misconception.

Preparation
Reviewing the T&L Prior knowledge catch-up 
teacher sheet is a good place to start, as it 
provides some interesting ways to introduce the 
chapter content. The T&L Topic overview resource 
gives a concise overview of the module, and would 
make an effective starting place when preparing 
students for an end of chapter assessment.

Energy changes in reactions: Lesson 1

1 State the law of conservation of energy.
2 State that some chemical reactions involve 

energy changes.
3 Describe how we can monitor energy 

changes by measuring the temperature of the 
surroundings.

4 Describe an exothermic reaction as one 
which transfers energy to the surroundings so 
increasing the temperature.

5 Describe an endothermic reaction as one 
which takes in energy from the surroundings 
so decreasing the temperature.

6 Give examples of everyday uses of reactions 
involving energy changes.

7 Evaluate uses and applications of exothermic 
and endothermic reactions.

Learning outcomes

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Key concept: Using bond energies to calculate 
enthalpy changes

• Key terms

• Personal tutor: Energy from reactions

• Practical: Investigate a variable that affects the 
temperature change of a reaction in solution

• Teacher and technician notes: Investigate a variable 
that affects the temperature change of a reaction in 
solution

• Practical video: Investigating a variable that affects the 
temperature change of a reaction in solution video

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank

Useful prior learning
Students should be familiar with the concept of 
energy changes during chemical reactions and 
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and 2 of the Chapter review questions on page 140 
(238). Alternatively students could prepare for the 
Required practical by watching the T&L Practical 
video: Investigating a variable that affects the 
temperature change of a reaction in solution.

Investigating energy changes: Lesson 2

1 Investigate variables that affect temperature 
changes in reacting solutions.

Learning outcomes

Suggested lesson plan

Starter
This is a busy practical lesson, so begin by 
introducing the practical investigation and 
reviewing the risk assessment with the students. 
Students may need to be reminded of the three 
types of variable (independent, dependent and 
controlled) before they start the practical work.

Main
Students carry out Required practical 4 (10). A 
suitable investigation is given in the T&L Practical 
worksheet. Teacher and technician notes are also 
available on the T&L.

Plenary
Review the findings of the practical and discuss 
what other variables could have been investigated 
instead of the mass of zinc added (for instance, the 
concentration of the copper sulfate solution, the 
volume of copper sulfate solution, or the type of 
metal used will all have affected the temperature 
change).

Support
The T&L Practical video: Investigating a 
variable that affects the temperature change 
of a reaction in solution reviews this practical 
effectively, and can be used to support less-
confident students.

Extension
More-confident students could be asked to predict 
the effect of changing different variables on the 
temperature change of the reaction, or could be 
asked to plan a method that could be used to 
investigate a different independent variable.

Homework
There are questions at the end of the practical 
sheet that students could complete for homework, 
or they could complete the Required practical 4 
(10) box on page 132 (234) of the textbook.

Suggested lesson plan
Starter
Begin the lesson by demonstrating a series of 
exothermic and endothermic reactions: combustion, 
neutralisation or displacement reactions 
are all exothermic, and a really endothermic 
reaction is the one between hydrated barium 
hydroxide and ammonium chloride (see www.
rsc.org/learn-chemistry/resource/res00000739/
endothermic-solid-solid-reactions for the details 
of this demonstration). Use these reactions to 
review student knowledge about exothermic and 
endothermic reactions. The T&L Lesson starter 1  
could also be used as an introduction to this lesson.

Main
Students could carry out a circus of experiments, 
measuring the temperature changes as the 
reactions proceed to check their understanding. 
Suitable reactions include:

● magnesium strip with 25 cm3 of hydrochloric 
acid solution (exothermic)

● 1 spatula of iron filings with 25 cm3 of copper 
sulfate solution (exothermic)

● three spatulas of ammonium nitrate with 25 cm3 
of distilled water (endothermic)

● two spatulas of sodium carbonate added to a 
solution of citric acid (two spatulas of citric acid 
dissolved in 25 cm3 of distilled water).

A risk assessment must be completed by the 
teacher before carrying out these reactions.

Review the findings from the class practical and 
then go on to discuss everyday uses of exothermic 
and endothermic reactions. Pages 129 to 130 (231 
and 232) in the textbook give several examples 
and uses of exothermic and endothermic reactions.

Plenary
Students could answer the ‘Test yourself’ questions 
on page 131 (233) of the textbook as a means of 
reviewing their understanding from the lesson.

Support
Less-confident students could be supported by 
working through the T&L Prior knowledge catch-
up student sheet before beginning this lesson.

Extension
More-confident students could be asked to find out 
what chemical reactions are used in cool packs and 
to produce balanced symbol equations for these 
reactions.

Homework
Students could try the ‘Show you can’ activity on 
page 131 (233) of the textbook, and questions 1 
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Energy profiles: Lesson 3

1 Define activation energy.
2 Draw simple reaction profiles for exothermic 

and endothermic reactions.
3 Recognise whether a reaction is exothermic 

or endothermic based on its reaction profile. 

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the homework from last 
lesson, or even working through the Required practical 
4 (10) box on page 132 (234) of the textbook.

Main
Introduce reaction profiles as a way of illustrating the 
heat energy changes that take place during chemical 
reactions, and review/construct reaction profiles for 
both exothermic and endothermic reactions. Figure 
5.5 (13.5) on page 131 (233) of the textbook (and 
available in the T&L Diagram bank) could be used, 
but constructing these profiles will be more effective 
in terms of learning and recall.

Plenary
With books closed, show students two unlabelled 
reaction profiles and ask them to state which one 
is for an exothermic reaction and which is for an 
endothermic reaction, and get them to label the:
● position of reactants and products,
● the activation energy
● the overall energy change for the reaction.

Support
It is important to emphasise that in an exothermic 
reaction the reactants lose energy (and this is why 
we say the reaction has a negative enthalpy change) 
and the surroundings gain this energy, hence the 
temperature of the surroundings increases. Students 
sometimes think that because the products have 
lower energy that the reactants, there should also be 
a decrease in temperature as the reaction proceeds.

Extension
Students could be asked to draw the appropriate 
reaction profile based on a written description 
of a reaction. For instance: when 1 spatula of 
ammonium nitrate was dissolved in 25 cm3 of 
distilled water, the temperature of the water 
changed from 19.0 °C to 14.5 °C. Draw an 
appropriate reaction profile for this change.

Homework
The ‘Show you can’ and ‘Test yourself’ activities on 
page 133 (235) of the textbook or questions 3–5 
of the Chapter review questions on page 140 (238) 
of the textbook review reaction profiles.

Bond energies: Lesson 4 (Higher tier)

1 Describe how energy must be supplied to 
break bonds in reactants. (HT)

2 Describe how energy is released when bonds 
in the products are formed. (HT)

3 Describe how each type of bond has a 
specific bond energy. (HT)

4 Be able to identify the type and number of 
bonds in a given symbol equation. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson with a displayed formula diagram 
for the reaction between hydrogen and oxygen, so 
that students can see what bonds are present in 
both the reactants and the products (similar to the 
diagram in the example box at the bottom of page 
134 (236)). Ask the students whether any bonds 
in the reactants still exist in the products – none 
do, meaning that we have had to break the bonds 
in the reactants to enable bonds in the products 
to form. Introduce the idea that to break bonds 
requires energy, and that during bond making 
energy is released.

Main
Introduce the concept of bond energies:

• the energy required to break one mole of a 
particular bond;

• measured in units of kilojoules per mole (kJ/
mol);

• when making a bond the amount of energy 
released is the same as absorbed when 
breaking it, but the sign is negative;

• hand out a table containing common bond 
energies (the table in the ‘Test yourself’ box 
on page 135 (237) would do) and discuss 
what it means for bonds to have different 
bond energies (the greater the bond energy, 
the stronger the bond).

Work through the bond energy calculation for 
the reaction between hydrogen and oxygen 
that the lesson was started with. Identify the 
bonds broken and made, the energy absorbed 
and released during bond breaking and making, 
and the overall energy change. There are several 
worked examples on page 134 and 135 (236 and 
237) of the textbook.

Students should then complete some bond energy 
calculations by themselves.
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Plenary
Link the energy changes associated with bond 
breaking and bond making to the reaction profile 
for a reaction – the energy profile rises as bonds in 
the reactants are broken; at the peak of the energy 
profile we have unbonded atoms, and then energy 
falls as new bonds form and energy is released.

Support
The T&L Key concept: Using bond energies to 
calculate enthalpy changes effectively reviews 
these calculations and can be used by less-
confident learners to support their progress. The 
T&L Animation: Exothermic and endothermic 
reactions is another online resource that students 
can use to support their learning.

Extension
A twist on these calculations can be made for 
more-confident students. For instance: the overall 
energy change for the combustion of C3H8 is  
–2062 kJ/mol. 

C3H8 + 5O2 → 3CO2 + 4H2O

Using the following bond energies, calculate the 
average bond energy for the C–C bond in C3H8. C–H 
= 413, O=O = 496, C=O = 805, H–O = 464. Answer: 
C–C = 348 kJ/mol.

Homework
The ‘Test yourself’ and ‘Show you can’ activities on 
page 135 (237) of the textbook, or questions 8 and 
9 (6 and 7) in the Chapter review questions on page 
141 (239) of the textbook. The T&L Quick quizzes 1 
and 3 could also be used for students to check their 
understanding on the last four lessons’ content.

Calculating energy changes: Lesson 5 
(Higher tier)

1 State that the difference between the sum 
of energy needed to break bonds in the 
reactants and the energy released when 
bonds form is the overall energy change of 
the reaction. (HT)

2 Calculate the overall energy change in given 
reactions. (HT)

3 Recognise an exothermic reaction as one 
where energy from forming new bonds is 
greater than energy needed to break bonds in 
reactants. (HT)

4 Recognise an endothermic reaction as one 
where energy needed to break bonds in 
reactants is greater than energy released 
from forming new bonds. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing bond energy 
calculations and providing students with another 
bond energy calculation to complete.

Main
Ask students how they would describe what 
determines whether a reaction is exothermic or 
endothermic in terms of bond energies, and discuss 
their answers.

Emphasise that in an exothermic reaction, the 
energy absorbed during bond breaking is less 
than the energy released during bond making, 
so that there is a net release of energy into the 
surroundings. In an endothermic reaction, the 
opposite is true; the energy absorbed during bond 
breaking is greater than the energy released during 
bond making, so that there is a net absorption of 
energy from the surroundings.

The rest of the lesson can be used to practice bond 
energy calculations.

Plenary
Display reaction profiles for an exothermic and 
an endothermic reaction, and link the relative 
sizes of the energy absorbed during bond breaking 
and released during bond making to the reaction 
profile.

Support
The T&L Key concept: Using bond energies to 
calcula te enthalpy changes effectively reviews 
these calculations and can be used by less 
confident learners to support their progress. The 
T&L Personal tutor: Energy from reactions will 
also support less-confident learners.

Extension
Students could be asked to explain why the 
energy released when butane (CH3CH2CH2CH3) 
is completely combusted is very similar to 
the energy released when methylpropane 
(CH3CH(CH3)CH3) is completely combusted. If 
they are shown the displayed formulae of these 
two molecules, they might recognise that the 
same number of each type of bond is both 
broken and formed, so the overall energy change 
must be very similar.

Homework
The T&L Homework task (a) reviews the work 
completed to date on energy changes. 



5 Energy changes

87

Cells and batteries: Lesson 6 
(Chemistry only)

1 Describe a cell as containing chemicals which 
react to produce electricity.

2 Describe how the voltage produced by the 
cell is dependent on the type of electrode and 
electrolyte.

3 Compare a simple cell with a battery.
4 Compare rechargeable batteries to non-

rechargeable batteries.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by demonstrating a simple 
displacement reaction between zinc powder 
and copper sulfate solution, emphasising the 
exothermic nature of the reaction. Repeat the 
demonstration using magnesium powder instead 
(a lot more heat energy will be released – carry 
out a risk assessment before completing this 
demonstration), and make the link between the 
difference in reactivity of the two metals involved 
in each reaction, and the amount of heat energy 
released. The T&L Lesson starter 2 could also be 
used here.

Main
Introduce the idea that batteries (or cells) are 
simply devices that convert the energy released 
during an exothermic displacement reaction into 
more useful energy that can be used to power 
electrical devices.

Demonstrate this by measuring the voltage across 
the two electrodes in a simple ‘lemon cell’, and 
introduce the terms: electrode and electrolyte. 

The class could be split into two halves and 
students could investigate:

● how the voltage produced changes when using 
different metal electrodes (using sodium 
chloride as the electrolyte);

● how the voltage produced changes when the 
concentration of the sodium chloride electrolyte 
is increased.

Review the practical findings and emphasise 
the factors that can affect the voltage of a cell. 
Go on to clarify the difference between cells 
and batteries, and between rechargeable and  
non-rechargeable batteries. Use Table 5.6 on 
page 138 of the textbook to evaluate the use 
of batteries.

Plenary
As a class you could complete the T&L Quick quiz 2 
activity online to review the learning objectives of 
this lesson (and a few others).

Support
The T&L Key terms resource will support students 
with the new terminology introduced in this 
lesson, and in this chapter.

Extension
Students could be asked to plan an investigation 
that could be used to investigate a factor that 
affects the voltage produced by a cell.

Homework
The ‘Test yourself’ and ‘Show you can’ questions on 
pages 136–138 of the textbook review the learning 
objectives from this lesson, as do questions 6 and 
7 from the Chapter review questions on pages 140 
and 141 of the textbook.

Fuel cells: Lesson 7

1 Describe that fuel is oxidised in a fuel cell to 
produce a potential difference.

2 Describe the reactions in a hydrogen fuel cell.
3 Evaluate the use of hydrogen fuel cells in  

comparison to rechargeable cells and batteries.
4 Write half-equations for the electrode 

reactions in the hydrogen fuel cell. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the advantages and 
disadvantages of cells and batteries, and then 
introduce the concept of a fuel cell as a device 
like a cell (in that it converts chemical energy into 
useful electrical energy) but different in that the 
reactants are continually fed into the fuel cell, so 
fuel cells can produce energy indefinitely as long 
as the reactants are available (so they do not run 
flat or need recharging).

Main
Introduce the hydrogen fuel cell as a device that 
converts the energy released when hydrogen and 
oxygen react into useful electrical energy. This is 
electrochemistry: a potential difference is created 
during the reaction instead of a less controlled 
release of energy during a normal chemical reaction.

A great video to explain how hydrogen fuel 
cells work can be found at www.youtube.com/
watch?v=Tk_iIzOUjTU, and how fuel cells are used 

www.youtube.com/watch?v=Tk_iIzOUjTU,
www.youtube.com/watch?v=Tk_iIzOUjTU,
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in cars is shown in the following video clip:  
www.youtube.com/watch?v=LSxPkyZOU7E.

Review the chemistry taking place in an operating 
fuel cell and carefully explain how the half-
equations show what is happening in terms of 
electron transfer at each electrode:

2H2 → 4H+ + 4e– oxidation (or loss of electrons)

O2 + 4H+ + 4e– → 2H2 reduction (or gain of 
electrons)

Plenary
Review the electrochemistry that takes place 
during the operation of a hydrogen fuel cell, and 
the use Table 5.7 to evaluate the use of fuel cells 
in comparison to batteries and rechargeable cells.

Support
Students often find half-equations challenging, 
and in particular do not ‘like’ having +4e– on the 
product side of the oxidation half-equation. They 
see this as a gain of electrons even though the H2 
is losing electrons. It is important to stress that 
the hydrogen is losing electrons, and that those 
four electrons pass through the wiring and are then 
gained by the oxygen as it reacts with the H+ ions. 

Extension
Students could be asked to find out more about 
methanol fuel cells, including the half-equations 
involved in the reaction that takes place (CH3OH + H2O 
→ CO2 + 6H+ + 6e– and 1½O2 + 6H+ + 6e– → 3H2O).

Homework
The ‘Test yourself’ and ‘Show you can’ questions 
on page 139 of the textbook, questions 7 and 10 
in the Chapter review questions on page 141 of 
the textbook, all cover the learning objectives 
associated with fuel cells. The T&L Homework task 
(b) reviews cells, batteries and fuel cells.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Three of: kinetic (movement) energy, sound 

energy, light energy, elastic (potential) energy, 
gravitational (potential) energy, nuclear energy

2 Energy cannot be made or destroyed – it can 
only be transferred from one form to another.

3 Substances that are good stores of energy.
4 Three fuels, e.g. coal, oil, gas, petrol, hydrogen

Test yourself
1 a) Exothermic

b) Endothermic
c) Exothermic

2 a) Exothermic
b) Endothermic
c) Endothermic
d) Exothermic

3 a) Thermal energy transferred from chemicals to 
the surroundings.

b) Thermal energy transferred from the 
surroundings to the chemicals.

4 a) Reaction 2 and 3 are exothermic.
b) Reaction 1 is endothermic.

5 

CuO + CO2

A

CuCO3

En
er

g
y

Progress of reaction

O

6 a) –103 kJ; exothermic as more energy is released 
making bonds than is needed to break bonds

b) –76 kJ; exothermic as more energy is released 
making bonds than is needed to break bonds

c) –95 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

d) –1690 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

7 a) A liquid that conducts electricity.
b) Salt solution
c) Water does not conduct electricity.

8 a) By ions
b) By electrons

9 The identity of the electrodes, the identity/
concentration of the electrolyte.

10 The two electrodes are made of the same 
material so there is no potential difference.

11 Two or more cells connected together
12 Higher voltage
13 Chemicals inside are used up.
14 Electricity is used to reverse the chemical reactions 

to re-form the chemicals inside the cell/battery.
15 Non-rechargeable
16 They contain harmful/toxic chemicals.
17 Fuel cell has a continuous supply of chemicals 

into the fuel cell.
18 a) Water

b) 2H2 + O2 → 2H2O
c) There are no pollutants, but there is the 

emission of water but this is not a pollutant.
19 Fuel cells are very expensive.
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Show you can
Page 131

Combustion Decomposition Neutralisation Oxidation Respiration Exothermic Endothermic

P ✓ ✓

Q ✓ ✓

Required practical 4: Investigating the variables 
that affect temperature change in reacting 
solutions – the temperature change in a 
neutralisation reaction
1 a) Independent = volume of HCl added

b) Dependent = temperature
c) Control = volume of sodium hydroxide 

solution, concentration of hydrochloric acid, 
concentration of sodium hydroxide.

2 To check results are repeatable.
3 To minimise heat loss.
4 To ensure the solutions mix and react.
5 The x-axis is volume of acid added in cm3; 

y-axis is temperature in °C; the best-fit 
line should be drawn or two lines could be 
extrapolated to find the highest temperature.

6 As the volume of acid increases, so the temperature 
increases to a maximum and then decreases.

7 Add a few drops of indicator to the sodium 
hydroxide solution and repeat the experiment 
noting the volume at which the indicator 
changes colour – if it is the same volume as 
the highest temperature then neutralisation has 
occurred at this point

8 a) Independent = type of acid
b) Dependent = temperature
c) Control = volume and concentration of 

sodium hydroxide solution, volume and 
concentration of acid.

9 Any two of the following: strong acids/
hydrochloric and sulfuric acid have a similar 
highest temperature/temperature rise; strong 
acids/sulfuric and hydrochloric acid have a 
higher temperature rise (at neutralisation) than 
weaker acids/ethanoic acid; neutralisation gives 
out heat/has a temperature increase and so is 
exothermic.

Show you can 
Page 133

a) Exothermic
b) A

Page 135

Bonds broken = 150 + 242 = 392

Bonds made = 2x (where x = I–Cl bond energy)

392 – 2x = –30

392 + 30 = 2x

2x = 422

x = 211 kJ

Page 137

a) C
b) D
c) C and D
d) 1.3 V

Page 138

Non-rechargeable Rechargeable

Cheap to buy More expensive to buy

Using these cells means 
disposal of many cells and more 
chemical pollution 

Using these cells means 
disposal of fewer cells and less 
chemical pollution

Can only be used once Can be used many times

Output falls gradually with time Output stays constant until flat

Page 139

a) i) H+

ii) O2/H2
iii) H2O/O2/H2
iv) H2O

b) There is a gain of electrons
c) There is a loss of electrons
d) 4H+(aq) + O2(g) + 4e– → 2H2O(l), 2H2(g)  

→ 4H+(aq) + 4e–

Chapter review questions
1 Reaction 1: endothermic; reaction 2: 

exothermic; reaction 3: exothermic
2 Rises/increases, endothermic, falls/decreases
3 Collide, activation
4 a) C

b) F
c) Exothermic

5 a) Exothermic
b) Endothermic
c) Endothermic
d) Exothermic
e) Exothermic
f) Endothermic

6 a) A liquid that conducts electricity
b) Salt solution
c) Most reactive first: Mg, Zn, Ni, Cu, Ag
d) 0 V
e) 1.61 V
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7 a) Two or more cells connected together
b) Chemicals inside are used up.
c) Electric current used to reverse the chemical 

reactions inside the cell.
d) Contain harmful/toxic substances that could 

harm the environment if not recycled.
8 a) –184 kJ

b) Exothermic, more energy is released making 
bonds than is needed to break bonds.

9 –590 kJ
10 a) Constant supply of chemicals/fuel so it does 

not need to be recharged
b) 2H2 + O2 → 2H2O
c) H2 → 2H++ 2e– or 2H2 → 4H++ 4e–

d) O2 + 4H+ + 4e– → 2H2O or 1
2
O2 + 2H+ + 2e– 

→ H2O
e) Only product is water which is not a 

pollutant.
f) Production of hydrogen may release 

greenhouse gases.

Practice questions
1 B  [1 mark]
2 B  [1 mark]
3 a) A: decomposition; B: neutralisation; C: 

combustion/oxidation; D: combustion/
oxidation; E: neutralisation [5 marks]

b) An exothermic reaction is one that 
transfers thermal energy to the 
surroundings so the temperature of 
the surroundings increases [1 mark]; 
an endothermic reaction is one that 
takes in thermal energy from the 
surroundings so the temperature of the 
surroundings decreases  [1 mark]

c) A: endothermic; B: exothermic; C: exothermic; 
D: exothermic; E: exothermic  [5 marks]

d) Measure a volume of hydrochloric acid 
[1 mark], into a polystyrene beaker [1 mark], 
measure the temperature [1 mark], add 
magnesium [1 mark], measure the temperature 
[1 mark], if the temperature increases the 
reaction is exothermic  [1 mark]

4 a) An endothermic reaction is one that takes 
in thermal energy from the surroundings 
so the temperature of the surroundings 
decreases  [1 mark]

b) The minimum amount of energy which 
particles must have in order to react  
 [1 mark]

c) [4 marks]
 Axis labelled correctly [1 mark], products 

above reactants [1 mark], activation energy 
indicated and labelled [1 mark], energy 
change indicated and labelled  [1 mark]

ac
tiv

at
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en
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gy

 (E
a)

C6H12O6 + 6O2

6CO2 + 6H2O

En
er

g
y

Progress of reaction

d) The energy needed to break the bonds in 
the reactants is greater than the energy 
released from forming new bonds in the 
products [2 marks]

5 a) Endothermic [1 mark]
b)  [4 marks]
 Axis labelled correctly [1 mark], products 

above reactants [1 mark], activation energy 
indicated and labelled [1 mark], energy 
change indicated and labelled [1 mark]

 

Ea

En
er

g
y

Progress of reaction

2Na + 3N2

2NaN3

Enthalpy change

c) Moles of N2 = 72
24

 = 3 [1 mark]

 Moles NaN3 = 2  [1 mark]
 Mass = 2 × Mr = 2 × 65 = 130 g  [1 mark]

6 a) Exothermic
b) No effect
c) 

without catalyst

with
catalyst

products

En
er

g
y

Reaction profile 

reactants

A B
Ea(without)

d) The presence of a catalyst lowers the 
activation energy.

7 436 + 158 – (2 × 568) = –542 kJ [2 marks]
 Exothermic [1 mark]; more energy released 

making bonds than is needed to break bonds  
 [1 mark]
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 Control: mass of copper sulfate, surface area of 
copper sulfate, volume of water, temperature

e) Independent: mass of calcium carbonate
 Dependent: volume of carbon dioxide
 Control: surface area of calcium carbonate, 

volume of HCl, concentration of HCl, 
temperature

f) Independent: type of acid
 Dependent: temperature
 Control: volume of acid, concentration of 

acid, volume of NaOH, concentration of NaOH

AQA GCSE (9–1) Combined Science Trilogy 1
Test yourself on prior knowledge
1 Three of: kinetic (movement) energy, sound 

energy, light energy, elastic (potential) energy, 
gravitational (potential) energy, nuclear energy

2 Energy cannot be made or destroyed – it can 
only be transferred from one form to another.

Test yourself
1 a) Exothermic

b) Endothermic
c) Exothermic

2 a) Exothermic 
b) Endothermic
c) Endothermic
d) Exothermic

3 a) Thermal energy transferred from chemicals to 
the surroundings

b) Thermal energy transferred from the 
surroundings to the chemicals

4 a) Reactions 2 and 3 are exothermic
b) Reaction 1 is endothermic

5 

CuO + CO2

A

CuCO3

En
er

g
y

Progress of reaction

O

6 a) –103 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

b) –76 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

c) –95 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

d) –1690 kJ; exothermic as more energy is 
released making bonds than is needed to 
break bonds

8 

Bonds broken Bonds made

5C–H = 5(412) 4C=O = 4(743)

C–C = 348 6O–H = 6(463)

C–O = 360

O–H = 463

3O=O = 3(496)

Total = 4719 kJ         [1 mark] Total = 5750 kJ          [1 mark]

Energy change = energy needed to break bonds – 
energy released making bonds

= 4719 – 5750

= –1031 kJ  [1 mark]

9 a) 2H2 + O2 → 2H2O, water is produced which 
does not cause pollution  [2 marks]

b) At one of the electrodes hydrogen gas loses 
electrons and forms hydrogen ions/2H2 →  
4H+ + 4e–

 The hydrogen ions move to the other 
electrode through the electrolyte

 The electrons move to the other electrode 
through a wire

 This current can be used to power a 
connected device

 The hydrogen ions and electrons react with 
the oxygen gas at the other electrode making 
water/O2 + 4H+ + 4 e– → 2H2O [5 marks]

Working scientifically
1 a) Continuous

b) Categoric
c) Continuous
d) Categoric
e) Continuous
f) Continuous
g) Continuous
h) Categoric
i) Categoric
j) Continuous

2 a) Independent: volume of hydrochloric acid
 Dependent: temperature
 Control: mass of magnesium, surface area of 

magnesium, concentration of acid
b) Independent: mass of copper carbonate
 Dependent: time taken to react
 Control: surface area of copper carbonate, 

volume of acid, concentration of acid, 
temperature

c) Independent: concentration of copper 
sulfate

 Dependent: temperature
 Control: mass of magnesium, surface area of 

magnesium, volume of copper sulfate
d) Independent: stirring/no stirring
 Dependent: time to dissolve
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Show you can
Page 233

Combustion Decomposition Neutralisation Oxidation Respiration Exothermic Endothermic

P ✓ ✓

Q ✓ ✓

Page 235

a) Exothermic
b) A

Page 237

Bonds broken = 150 + 242 = 392

Bonds made = 2x (where x = I–Cl bond energy)

392 – 2x = –30

392 + 30 = 2x

2x = 422

x = 211 kJ

Required practical 10
Page 234

1 a) Independent = volume of HCl added
b) Dependent = temperature
c) Control = volume of sodium hydroxide 

solution, concentration of hydrochloric acid, 
concentration of sodium hydroxide

2 To check if the results are repeatable.
3 To minimise heat loss.
4 To ensure the solutions mix and react.
5 The x-axis is the volume of acid added in 

cm3; y-axis is temperature in °C; the best-fit 
line should be drawn or two lines could be 
extrapolated to find the highest temperature

6 As the volume of acid increases, so the 
temperature increases to a maximum and then 
decreases.

7 Add a few drops of indicator to the sodium 
hydroxide solution and repeat the experiment 
noting the volume at which the indicator 
changes colour – if it is the same volume as 
the highest temperature then neutralisation has 
occurred at this point.

8 a) Independent = type of acid
b) Dependent = temperature
c) Control = volume and concentration of 

sodium hydroxide solution, volume and 
concentration of acid 

9 Any two of the following: strong acids/
hydrochloric and sulfuric have a similar 
highest temperature/temperature rise; strong 
acids/sulfuric and hydrochloric have a higher 
temperature rise (at neutralisation) than weaker 

acids/ethanoic acid; neutralisation gives out 
heat/has a temperature increase and so is 
exothermic.

Chapter review questions
1 Reaction 1: endothermic; reaction 2: 

exothermic; reaction 3: exothermic
2 Rises/increases, endothermic, falls/decreases
3 Collide, activation
4 a) C

b) F
c) Exothermic

5 a) Exothermic
b) Endothermic
c) Endothermic
d) Exothermic
e) Exothermic
f) Endothermic

6 a) –216 kJ
b) Exothermic, more energy is released making 

bonds than is needed to break bonds.
7 –590 kJ

Practice questions
1 B  [1 mark]
2 B  [1 mark]
3 a) A: decomposition; B: neutralisation; C: 

combustion/oxidation; D: combustion/
oxidation; E: neutralisation  [5 marks]

b) An exothermic reaction is one that transfers 
thermal energy to the surroundings so the 
temperature of the surroundings increases 
[1 mark]; an endothermic reaction is one 
that takes in thermal energy from the 
surroundings so the temperature of the 
surroundings decreases  [1 mark]

c) A: endothermic; B: exothermic; C: 
exothermic; D: exothermic; E: exothermic 
 [5 marks]

d) Measure a volume of hydrochloric acid 
[1 mark], into a polystyrene beaker [1 mark], 
measure the temperature [1 mark], add 
magnesium [1 mark], measure the temperature 
[1 mark], if the temperature increases the 
reaction is exothermic [1 mark]

4 a) An endothermic reaction is one that takes in 
thermal energy from the surroundings so the 
temperature of the surroundings decreases 
 [1 mark]
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Energy change = energy needed to break bonds – 
energy released making bonds

= 4719 – 5750

= –1031 kJ  [1 mark]

Working scientifically: Identifying variables 
when planning experiments
Pages 241–42

1 a) Continuous
b) Categoric
c) Continuous
d) Categoric
e) Continuous
f) Continuous
g) Continuous
h) Categoric
i) Categoric
j) Continuous

2 a) Independent: volume of hydrochloric acid
 Dependent: temperature
 Control: mass of magnesium, surface area of 

magnesium, concentration of acid
b) Independent: mass of copper carbonate
 Dependent: time taken to react
 Control: surface area of copper carbonate, 

volume of acid, concentration of acid, 
temperature

c) Independent: concentration of copper 
sulfate

 Dependent: temperature
 Control: mass of magnesium, surface area of 

magnesium, volume of copper sulfate
d) Independent: stirring/no stirring
 Dependent: time to dissolve
 Control: mass of copper sulfate, surface 

area of copper sulfate, volume of water, 
temperature

e) Independent: mass of calcium carbonate
 Dependent: volume of carbon dioxide
 Control: surface area of calcium carbonate, 

volume of HCl, concentration of HCl, 
temperature

f) Independent: type of acid
 Dependent: temperature
 Control: volume of acid, concentration of 

acid, volume of NaOH, concentration of 
NaOH

b) The minimum amount of energy which 
particles must have in order to react  [1 mark]

c)  [4 marks] 
 Axis labelled correctly [1 mark], products 

above reactants [1 mark], activation energy 
indicated and labelled [1 mark], energy 
change indicated and labelled  [1 mark]

 

ac
tiv

at
io

n
en

er
gy

 (E
a)

C6H12O6 + 6O2

6CO2 + 6H2O

En
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y

Progress of reaction

d) The energy needed to break the bonds in the 
reactants is greater than the energy released 
from forming new bonds in the products  
 [2 marks]

5 a) Exothermic  [1 mark]
b) No effect  [1 mark]
c)  [2 marks]

 
without catalyst

with
catalyst

products

En
er

g
y

Reaction profile 

reactants

A B
Ea(without)

d) The presence of a catalyst lowers the 
activation energy.  [1 mark]

6 436 + 158 – (2 × 568) = –542 kJ [2 marks]
 Exothermic [1 mark]; more energy released 

making bonds than is needed to break bonds  
 [1 mark]

7 

Bonds broken Bonds made

5C–H = 5(412) 4C=O = 4(743)

C–C = 348 6O–H = 6(463)

C–O = 360

O–H = 463

3O=O = 3(496)

Total = 4719 kJ [1 mark] Total = 5750 kJ [1 mark]
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6 The rate and extent of 
chemical change

Overview
Specification points
4.6.1.1 Calculating rates of reactions; 4.6.1.2 
Factors which affect the rates of chemical 
reactions; 4.6.1.3 Collision theory and activation 
energy; 4.6.1.4 Catalysts; 4.6.2.1 Reversible 
reactions; 4.6.2.2 Energy changes and reversible 
reactions; 4.6.2.3 Equilibrium; 4.6.2.4 The effect 
of changing conditions on equilibrium (HT only); 
4.6.2.5 The effect of changing concentration (HT 
only); 4.6.2.6 The effect of temperature changes 
on equilibrium (HT only); 4.6.2.7 The effect of 
pressure changes on equilibrium (HT only)

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 6 pages 146–169

AQA GCSE (9–1) Combined Science Trilogy 2: 
Chapter 28 pages 117–140

AQA GCSE (9–1) Combined Science Trilogy: 
Chapter 28 pages 473–496

Recommended number of lessons: 14

Chapter overview

Contains AQA required practical Yes: RP5 

Contains higher-only material Yes

Contains chemistry-only material No

Useful prior learning
Many students will recall that some reactions 
proceed slowly while others proceed quickly, and 
this provides the obvious introduction to the 
chapter. Exothermic and endothermic reactions 
will be revisited in the equilibrium section of this 
chapter, and this should still be relatively fresh 
in students minds from Chapter 5. The T&L Prior 
knowledge catch-up student sheet will help some 
students to feel more-confident at the start of this 
chapter.

Common misconceptions
Students always find Le Châtelier’s principle 
(factors that change the position of an equilibrium 
mixture) challenging, particularly in the context of 
how pressure affects the position of equilibrium. 
Making sure that students understand the 
relationship between the number of gaseous 
particles present and the pressure of the gas 
is important when understanding how pressure 
affects the position of equilibrium.

Preparation
The T&L Prior knowledge catch-up teacher sheet 
gives advice on how to begin this chapter of work, 
and the Practical activities for RP5 (including 
student sheets, and teacher and technician notes) 
will help you to prepare for the required practical 
associated with this chapter.

Rate of reaction: Lesson 1 

1 Define the rate of reaction in terms of 
reactant used or product formed over time.

2 Describe ways to measure change in mass or 
change in volume.

3 Calculate the mean rate of reaction in g/s or 
cm3/s.

4 Calculate the mean rate of reaction in 
mol/s. (HT)

Learning outcomes

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key terms

• Personal tutor: Rates of reaction

• Practical: Investigating the effect of concentration on 
the rate of a reaction.

• Teacher and technician notes: Investigating the 
effect of concentration on the rate of a reaction

• Practical video: Investigating the effect of 
concentration on the rate of reaction

• Practical video: Investigating the effect of varying the 
concentration on the rate of a reaction

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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the gradient of a point on a curve, in particular the 
concept of the tangent to the curve being equal 
to the gradient at that point. Take time to explain 
this clearly.

Extension
Students could be given a sketch graph of amount 
of reactant over time (a progress curve) and be 
asked to describe how the rate of reaction changes 
over the course of the reaction.

Homework
Students could complete the ‘Test yourself’ and 
‘Show you can’ questions on page 148 (119; 475) 
of the textbook. Question 3 of the Chapter review 
questions on page 165 (136; 492) of the textbook 
also reviews calculating mean rate.

Graphs and gradients: Lesson 2

1 Draw and interpret graphs of mass or volume 
against time.

2 Draw tangents to the curve and use the slope 
as a measure of the rate of reaction.

3 Calculate the gradient of a tangent as a 
measure of rate at a specific time. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing what a rate of 
reaction is and how we can measure rates of 
reaction in the lab. 

Main
Go on to display a graph similar to Figure 6.1 
(28.1) on page 149 (120; 476) of the textbook, 
but without the annotations. Ask students to 
describe and explain how the rate of the reaction 
changes as the reaction proceeds (in terms of the 
amount of product being produced). They should 
be able to see that at the start of the reaction a 
lot of product is being formed is a short space of 
time (so the rate is high), but that as the reaction 
proceeds, the increase in the amount of product 
over time decreases.

Ask students to sketch a similar graph showing the 
amount of reactants over time (this curve will be 
concave from top left to bottom right).

If you want students to practise graph drawing 
then give them some made up data (that will give 
a good curve for them to draw tangents on!) to 
plot. If not, supply students with clear copies of 
a typical rate of reaction graph. Introduce and 
clearly demonstrate how a tangent to a curve at 

Suggested lesson plan
Starter
Introduce this chapter of work by demonstrating 
some eye catching fast reactions (such as the 
combustion of milk powder or the deflagration of 
gun cotton) as well as some slow reactions (like the 
reaction between solid potassium iodide and solid 
lead nitrate). The T&L Lesson starter 1 can be 
used if you are unable to demonstrate experiments, 
or while you’re preparing your demonstrations.

Main
Introduce ‘rate of reaction’ as the measure of 
how quickly a reaction proceeds, and define rate 
of reaction as per page 147 (118; 474) of the 
textbook.

In groups, students could then carry out a variety 
of practicals that allow the rate of a reaction to be 
measured. Alternatively, these methods could be 
demonstrated to them. For instance:

● the change in mass when calcium carbonate 
reacts with hydrochloric acid;

● the collection of gas over water when calcium 
carbonate reacts with hydrochloric acid;

● the collection of gas with a gas syringe when 
calcium carbonate reacts with hydrochloric acid;

● the increase in cloudiness (or turbidity) of a 
solution as hydrochloric acid reacts with sodium 
thiosulfate. 

You must carry out appropriate risk assessments 
before carrying out these reactions.

Discuss how the mean rate of a reaction can be 
calculated in a variety of units, depending on what 
measurements are being taken as the reaction 
proceeds. Units of g/s or cm3/s are common units 
for rate of reaction, but mol/s could also be used 
(HT).

If students ask why it is called the ‘mean rate of 
reaction’, then display Figure 6.1 (28.1) on page 
149 (120; 476) of the textbook (and in the T&L 
Diagram bank) and discuss the idea that the rate 
of a reaction varies over the course of the reaction, 
so a mean rate of reaction is sometimes useful.

Plenary
Give students a variety of rates data, and ask them 
to calculate the mean rate of reaction. The worked 
examples on page 148 (119; 475) of the textbook 
could be used here.

Support
Some HT students may need reminding how to 
calculate the number of moles from a mass (or 
volume of gas) if Chapter 3 has been taught 
already. Many students struggle with determining 
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a given point (or time) is drawn, and how the 
gradient can be calculated from that tangent. 
Figure 6.3 (28.3) on page 150 (121; 477) of the 
textbook could be displayed as students then draw 
their own tangents and calculate rate.

Give students plenty of practice at this important 
skill.

Plenary
Draw a graph similar to that in Figure 6.1 (28.1) 
on page 149 (120; 476), and ask students to 
come up to the board and draw a curve that would 
represent a faster and slower reaction.

Support
Students always struggle with drawing tangents 
to a curve and then calculating the rate from the 
tangent. Figure 6.3 (28.3) on page 150 (121; 477) 
of the textbook will support those students, but a 
clear demonstration of how to draw a tangent is 
really important. You could ask your Mathematics 
department how they go about teaching this if you 
are not sure.

Extension
Competent students could be given some 
experimental data and asked to determine the 
initial rate by drawing a tangent to the curve at 
the very start of the reaction.

Homework
Students could answer the ‘Test yourself’ question 
on page 150 (121; 477) of the textbook, and/or 
the ‘Show you can activity’ on page 151 (122; 478). 
Question 9 of the Chapter review questions on page 
166 (137; 493) of the textbook reviews tangents 
and rate. Students could also be asked to watch 
the T&L Practical video: Investigating the effect 
of concentration on the rate of a reaction, in 
preparation for the required practical next lesson.

Factors affecting chemical change: 
Lesson 3

1 List the factors affecting the rate of a 
reaction.

2 Investigate the effect of concentration by a  
method measuring the volume of gas produced.

3 Use graphical methods to analyse data 
collected.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by introducing and demonstrating 
the first of two practicals that make up RP5 (RP11) 

(Investigating the effect of concentration on the 
rate of a reaction). Ask students to develop their 
own hypothesis for the practical.

Main 
Students then carry out the practical activity using 
the T&L Practical worksheet. N.B. This practical 
will produce data that will allow students to 
calculate the mean rate of reaction, but not data 
that can be plotted to give a graph from which 
tangents can be drawn and rate at a given time 
can be calculated. 

Students can then complete the questions on the 
worksheet, but if you have not yet explained collision 
theory, they will need help with the final question.

Plenary
Review the answers to the questions at the end of 
the worksheet.

Support
Less-confident students may struggle to fit the 
bung onto their conical flasks quick enough once 
they have added the calcium carbonate to the 
flask. If necessary, help them to do this as it will 
give them more reliable results.

Extension
Students could be asked to calculate the number of 
moles of carbon dioxide in 50 cm3 of the gas, and 
then calculate the mean rate in mol/s.

Homework
Students could complete the questions in the 
‘Required practical 5a’ (11a) box on page 156 (127; 
483) of the textbook.

Colour change or turbidity: Lesson 4

1 Investigate the effect of concentration by 
a method measuring a colour change or 
turbidity.

2 Use graphical methods to analyse data 
collected.

Learning outcomes

Suggested lesson plan
Starter
Introduce and demonstrate the second of the 
required practical activities, RP5b (RP11b).

Main 
This required practical can be adapted from the RSC 
resource found at www.rsc.org/learn-chemistry/
resource/res00000743/the-effect-of-concentration-
on-reaction-rate. The practical involves reacting 
hydrochloric acid solution with differing 

http://www.rsc.org/learn-chemistry/resource/res00000743/the-effect-of-concentration-on-reaction-rate?cmpid=CMP00000821
http://www.rsc.org/learn-chemistry/resource/res00000743/the-effect-of-concentration-on-reaction-rate?cmpid=CMP00000821
http://www.rsc.org/learn-chemistry/resource/res00000743/the-effect-of-concentration-on-reaction-rate?cmpid=CMP00000821


6 The rate and extent of chemical change

97

concentrations of sodium thiosulfate solution. The 
reaction produces a precipitate of sulfur that makes 
the reaction mixture go cloudy (or turbid). The 
extent of the reaction is judged by placing a black 
cross underneath the reaction vessel; the time 
taken from the cross to disappear is proportional to 
the rate of reaction.

Plenary
Discuss the results of the practical and the idea of 
reproducibility; the fact that two different methods 
produced the same outcome suggests that the 
results are reproducible.

Support
Some students will be confused by the way that 
rate is calculated by taking 1/mean time. This is 
simply because we assume that the amount of 
sulfur formed before the cross disappears is the 
same each time, but that we have no easy way of 
working out how much sulfur that actually is. The 
true mean rate of reaction can only be calculated 
if we know the amount of sulfur made before 
the cross disappears, but substituting ‘1’ for this 
unknown amount gives a result that is proportional 
to the true mean rate.

Extension
Students could be asked to explain why the 
shape or size of the reaction vessel must be a 
controlled variable; anything that changes the 
depth of solution between the black cross and 
the observer will alter how long it takes for the 
cross to disappear. 

Homework
Students could complete the questions in the 
‘Required practical 5b’ (11b) box on page 158 
(129; 485) of the textbook.

Collision theory and concentration: 
Lesson 5 

1 Review the effect of concentration on the 
rate of reaction

2 State that reactions occur when particles collide 
with sufficient energy (review activation energy)

3 Explain the effect of increasing concentration 
as a variable that increases the frequency of 
collisions.

4 Explain the effect of increasing gas pressure 
as a variable that increases the frequency of 
collisions.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the outcomes of 
the Required practicals (a and b): the greater the 
concentration the greater the rate of reaction; the 
relationship is directly proportional (i.e. a graph of 
concentration against rate of reaction goes through 
the origin and is a straight line) for many reactants.

Ask students why this graph must go through the 
origin (because at zero concentration of one of the 
reactants, there can be no reaction, so the rate will 
be zero too).

Main
Introduce collision theory (the T&L Lesson starter 2  
could be used here): a reaction will take place when 
reactant particles collide with sufficient energy (the 
activation energy). To emphasise the importance of 
the energy of collisions you could discuss the idea 
that there are many collisions between nitrogen and 
oxygen molecules at room temperature, but none of 
them result in the formation of oxides of nitrogen 
as the energy of these collisions is too low to break 
the strong bonds in these molecules. In the very 
high temperatures of a lightning strike, the collisions 
between these molecules do have enough energy 
to overcome the activation energy, and oxides of 
nitrogen form.

Then discuss that for many reactions at room 
temperature, only a very small proportion of 
collisions have energy greater than the activation 
energy, so reactions are slow. Anything that 
increases the frequency of collisions, or the energy 
of collisions will increase the rate of reaction.

Show students Figure 6.6 (28.8) on page 152 
(123; 479) of the textbook (and in the T&L 
diagram bank) and ask them to explain why at 
higher concentrations, the rate of a reaction 
is greater. Be sure to correct any student who 
suggests that at higher concentrations, the energy 
of collisions is greater – this is not correct. At 
higher concentrations, there is a greater number 
of reacting particles per unit volume, so the 
frequency of collisions increases. A good analogy 
is the idea of going to a supermarket late one 
night compared to going at 9 am on a Saturday 
morning – far more trolley collisions occur when 
the supermarket is packed full of shoppers.

Plenary
Show students Figure 6.7 (28.9) on page 152 (123; 
479) of the textbook, and ask them to predict the 
effect of increasing the pressure of reacting gases 
on the rate of reaction. The explanation is the 
same as for concentration.



6 
Th

e 
ra

te
 a

nd
 e

xt
en

t 
of

 c
he

m
ic

al
 c

ha
ng

e

98

Support
The T&L Personal tutor: Rates of reaction can be 
used to support any student who is struggling with 
these concepts.

Extension
Ask students to explain (in terms of particles) why 
the relationship between concentration and rate 
(or pressure and rate) is directly proportional. 
Doubling the concentration doubles the number of 
reacting particles, and this doubles the frequency 
of collisions, so the rate doubles.

Homework
Students can complete the T&L Quick quiz 1 which 
reviews a lot of the learning to date. Question 2 of 
the Chapter review questions on page 165 of the 
textbook also reviews collision theory.

Investigating effect of temperature: 
Lesson 6

1 Investigate the effect of temperature on the 
rate of reaction. 

2 Explain the effect of increasing temperature 
as a variable which increases both the 
frequency of collisions and the energetics of 
the collisions.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the (often) directly 
proportional relationship between concentration 
and rate. For instance: When the concentration 
of hydrochloric acid is 1.0 mol/dm3 the rate of 
reaction is 0.40 g/s. What will be the rate of 
reaction when the concentration is 0.5 mol/dm3? 
(0.20 g/s)

Main 
A suitable practical to investigate the effect 
of temperature on the rate of a reaction can 
be found at www.rsc.org/learn-chemistry/
resource/res00000448/the-effect-of-temperature-
on-reaction-rate. It is a modification of the 
disappearing cross practical.

Different groups of students could do different sets 
of temperatures in order to collect a set of class 
data. It is often useful to use Excel to record the 
data collected by the students (including repeats), 
and then discussing whether any repeats are 
anomalous. You can then discard these anomalies 
and get the spreadsheet to calculate the mean 
time for a given temperature.

Students can then plot the graph of temperature 
against rate of reaction.

Plenary
Review the findings of the practical: as 
temperature increases, rate increases, but the 
graph of temperature against rate is a curve, so not 
proportional. At higher and higher temperatures, the 
increase in rate increases. Go on to explain this effect 
using collision theory: an increase in temperature 
increases the energy and hence the speed of particles. 
As a result particles collide more frequently, and with 
more energy, so a greater proportion of collisions 
have energy greater than the activation energy, so 
the rate of reaction increases significantly. Stress that 
it is the increase in energy of the collisions that has 
the greatest effect on the rate.

Support
Many students will want to draw their curve of 
best fit going through the origin. Ask them if 
they think the rate of reaction will be zero if the 
temperature is 0 °C – hopefully they will recognise 
that it probably will not be, so the curve need not 
go through the origin. The T&L Personal tutor: 
Rates of reaction can be used to support any 
student who is struggling with these concepts.

Extension
More-able students could be asked to find out 
about Maxwell-Boltzmann distribution curves, 
and how they can be used to explain the effect of 
temperature on the rate of reaction.

Homework
Question 5 of the Chapter review questions on 
page 165 (136; 492) of the textbook reviews the 
effect of concentration and temperature on the 
rate of reaction.

Investigating surface area: Lesson 7

1 Investigate the effects of surface area on the 
rate of reaction.

2 Explain the effect of surface area as a variable 
that increases the frequency of collisions.

3 Use simple ideas about proportionality when 
explaining the effect of a factor affecting rate 
of reaction to give quantitative explanations. 

Learning outcomes

Suggested lesson plan
Starter
Take a moment to review the learning to date on 
collision theory and the rate of reaction; it has 
been a busy few lessons!

http://www.rsc.org/learn-chemistry/resource/res00000448/the-effect-of-temperature-on-reaction-rate?cmpid=CMP00000518
http://www.rsc.org/learn-chemistry/resource/res00000448/the-effect-of-temperature-on-reaction-rate?cmpid=CMP00000518
http://www.rsc.org/learn-chemistry/resource/res00000448/the-effect-of-temperature-on-reaction-rate?cmpid=CMP00000518
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Main
Introduce the idea that the surface area of a solid 
reactant can also affect the rate of a reaction. 
Discuss the relationship between surface area 
and solid sizes: for a given mass, the smaller the 
solid pieces the greater the surface area. Table 6.2 
(28.4) on page 153 (124; 480) reviews this nicely 
in terms of surface area to volume ratios.

A suitable practical that could be used to 
investigate the effect of surface area on the 
rate of a reaction can be found at www.rsc.org/
learn-chemistry/resource/res00000745/rates-and-
rhubarb. The reaction is between the oxalic acid 
from rhubarb pieces and potassium manganate(VII) 
solution; the surface area of the rhubarb pieces 
can be calculated.

Plenary
Review the findings of the practical: the greater 
the surface area, the greater the rate, and the 
relationship should be directly proportional. Explain 
this relationship in terms of the number of reacting 
particles exposed at the surface of the solid: the 
greater the surface area:volume ratio, the greater 
the number of exposed particles, so the greater the 
frequency of collisions, and the greater the rate.

Support
The T&L Personal tutor: Rates of reaction can be 
used to support any student who is struggling with 
these concepts.

Extension
There are no relevant extension opportunities for 
these learning objectives.

Homework
Questions 4 and 8 of the Chapter review questions 
on pages 165 (136; 492) and 166 (137; 493) of the 
textbook review the effect of surface area on rate.

Catalysts: Lesson 8

1 Describe catalysts as substances that change 
the rate of a reaction but are not used up 
during the reaction. 

2 State that different reactions require different 
catalysts.

3 Explain the effect of a catalyst through the 
provision of different pathways, which have 
a lower activation energy, for the reaction to 
occur.

4 Draw a reaction profile for the same reaction 
with and without a catalyst.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by finding out what students 
already know about catalysts, and go on to 
describe catalysts appropriately.

Main
A suitable demonstration of the effect of 
catalysts can be found at www.rsc.org/learn-
chemistry/resource/res00000831/hydrogen-
peroxide-decomposition. Various substances are 
added to a mixture of hydrogen peroxide solution 
and washing-up liquid. Those with a catalytic 
effect produce a very visual demonstration of an 
increasing in rate.

Explain that catalysts do not increase the 
frequency of collisions, and nor do they increase 
the energy of collision. Ask students how else 
the rate of reaction could be increased; hopefully 
some students will suggest that lowering the 
activation energy for the reaction will increase the 
rate as a greater proportion of collisions will have 
energy greater than the activation energy at room 
temperature.

Show this lowering of activation energy on an 
energy profile like Figure 6.9 (28.11) on page 
153 (124; 480) of the textbook (or the T&L 
Diagram bank). Explain that the activation 
is lowered by providing an alternative way 
for the reaction to happen (an ‘alternative 
reaction pathway’) that has a lower activation 
energy.

Plenary
Take time to review collision theory and all the 
four factors that affect the rate of a reaction.

Support
The T&L Personal tutor: Rates of reaction can be 
used to support any student who is struggling with 
these concepts.

Extension
More-able students could be asked to find out 
about Maxwell-Boltzmann distribution curves, and 
how they can be used to explain the effect of a 
catalyst on the rate of reaction.

Homework
The T&L Homework task (a) reviews the 
work on rates. Students could also use the 
T&L Quick quizzes 3 and 4 to check their 
understanding.

http://www.rsc.org/learn-chemistry/resource/res00000745/rates-and-rhubarb?cmpid=CMP00005903
http://www.rsc.org/learn-chemistry/resource/res00000745/rates-and-rhubarb?cmpid=CMP00005903
http://www.rsc.org/learn-chemistry/resource/res00000745/rates-and-rhubarb?cmpid=CMP00005903
http://www.rsc.org/learn-chemistry/resource/res00000831/hydrogen-peroxide-decomposition?cmpid=CMP00002415
http://www.rsc.org/learn-chemistry/resource/res00000831/hydrogen-peroxide-decomposition?cmpid=CMP00002415
http://www.rsc.org/learn-chemistry/resource/res00000831/hydrogen-peroxide-decomposition?cmpid=CMP00002415
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Reversible reactions: Lesson 9

1 State that some chemical reactions are 
reversible.

2 Represent reversible reaction using the 
double-headed arrow.

3 Give examples of reversible reactions.
4 Describe that the direction of reversible 

reactions can be changed by changing the 
conditions.

5 Describe how if a reversible reaction is 
exothermic in one direction it is endothermic 
in the opposite direction.

6 Describe that the same amount of energy will 
be transferred in either direction.

Learning outcomes

Suggested lesson plan
Starter
A very visual reaction that can be used to 
show the reversibility of some reactions can be 
found at www.rsc.org/learn-chemistry/resource/
res00000001/the-equilibrium-between-two-
coloured-cobalt-species. This demonstration 
involves using toxic and corrosive reactants, 
so should only be carried out by a confident 
practitioner. But it makes an excellent introduction 
to reversible reactions and equilibria. The T&L 
Lesson starter 3 could also be used to begin this 
lesson.

Main
Introduce the concept of reversible reactions, 
listing some, and using the appropriate 
double-headed arrow to represent the 
reversibility (É).

Review the energetics of reversible reactions: if 
the forward reaction is exothermic, and releases 
50 kJ/mol of energy, then the reverse reaction 
will be endothermic, and will absorb 50 kJ/mol of 
energy. This can be demonstrated (or carried out 
as a practical) by heating hydrated copper sulfate 
to dehydrate it (this reaction is endothermic 
and absorbs heat from the Bunsen). Once the 
anhydrous copper sulfate is cool, a small amount 
of water can be added and the reaction mixture 
should feel warm as the rehydration reaction is 
exothermic.

Plenary
Review these learning objectives using the 
following activity: methane (CH4(g)) reacts with 
steam (H2O(g)) in a reversible reaction to form 
carbon monoxide (CO(g)) and hydrogen gas 
(H2(g)). The forward reaction releases 201.6 kJ/
mol of energy. Write a balanced symbol equation 

for this reaction, and state the energy change for 
the reverse reaction.

Answer: CH4(g) + H2O(g) É CO(g) + 3H2(g) The 
reverse reaction absorbs 201.6 kJ/mol of energy.

Support
This is a fairly factual lesson, with hopefully few 
opportunities for misconceptions to arise. The use of 
visual reversible reactions will support all learners in 
grasping the learning objectives of this lesson.

Extension
Given the appropriate bond energies, more-able 
students could be asked to prove that the energy 
change for the forward reaction is equal but 
opposite to the energy change for the reverse 
reaction.

Homework
This could be a good opportunity to revise 
bond energy calculations from Chapter 5 (for HT 
students).

Equilibrium: Lesson 10 

1 Define dynamic equilibrium as the forward 
and reverse reactions occurring at the same 
rate.

2 Describe the condition of a closed system 
required for a reversible reaction to reach 
equilibrium.

3 Describe that the relative amounts of all 
substances depends on the conditions. (HT)

4 Explain that if a system is at equilibrium and a 
change is made to the conditions the system 
responds to counteract the change (Le 
Châtelier’s principle). (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the concept of 
reversible reactions.

Main 
Introduce the concept of dynamic equilibrium 
using a thought experiment. 

● Two reactants, A and B react as follows: 
A + B É C + D. Assume we start with only A and 
B in a sealed container and let them begin 
reacting. 

● What can we say about the rate of the forward 
reaction? It will start high, but then slow down 
as A and B get used up.

● What can we say about the rate of the reverse 
reaction? At the start of the reaction the rate 

http://www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-two-coloured-cobalt-species?cmpid=CMP00005957
http://www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-two-coloured-cobalt-species?cmpid=CMP00005957
http://www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-two-coloured-cobalt-species?cmpid=CMP00005957
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of the reverse reaction will be zero as no C and 
D have been made yet. As C and D get formed 
by the forward reaction, then the rate of the 
reverse reaction will increase.

● Over time, the rate of the forward reaction 
decreases and the rate of the reverse reaction 
increases, and eventually, the rates become 
equal. This is ‘dynamic equilibrium’.

● It is ‘dynamic’ because the forward and reverse 
reactions are still taking place (change is 
happening at the molecular scale), but it is an 
equilibrium because as quickly as reactants turn 
into products, products turn into reactants, so 
there is no overall change in the amounts of 
reactants and products.

Emphasise the importance of a closed system in 
order for dynamic equilibrium to become established, 
and ask students to explain why this is so. 

Then introduce the idea of position of equilibrium 
– the escalator and athlete analogy in Table 6.4 
(28.10) on page 160 (131; 487) of the textbook 
could be useful here.

Finally, state that the position of equilibrium – i.e. 
the relative amounts of reactants and products 
once dynamic equilibrium has become established 
– can be changed by changing the conditions 
of temperature, pressure and concentration of 
reactants and/or products. 

Define Le Châtelier’s principle: when a change in 
temperature, pressure or concentration is made to an 
equilibrium mixture, the position of equilibrium will 
change to oppose the change that has been made.

Plenary
Review these ideas using the ‘Test yourself’ 
questions on page 160 (131; 487) of the textbook.

Support
Students often struggle with the concept of position 
of equilibrium, and using the escalator and athlete 
analogy may help students to visualise the idea that 
once equilibrium has been reached there can be 
more products, or more reactants present.

Extension
There is an excellent activity at www.chemguide.co.uk/
physical/equilibria/introduction.html using red and blue 
squares to model dynamic equilibrium that more-able 
students could be asked to carry out.

Homework
Question 1 of the Chapter review questions (page 
165 (136; 492)) and the ‘Show you can’ activity 
on page 160 (131; 487) of the textbook review 
dynamic equilibrium.

Changes in concentration: Lesson 11 
(Higher tier)

1 Describe how changes in concentration affect 
the position of equilibrium. (HT)

2 Predict the effect of changing concentration 
in given examples. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by carefully reviewing dynamic 
equilibrium and the position of equilibrium. 
If there are more reactants than products at 
equilibrium, we say the equilibrium lies to the 
left. If there are more products than reactants at 
equilibrium, we say the equilibrium lies to the 
right. 

Main
Reintroduce Le Châtelier’s principle, and use 
concentration as the condition to be changed.  
This can be demonstrated (or carried out as a 
practical) using the practical described at www.
rsc.org/learn-chemistry/resource/res00001710/an-
equilibrium-involving-chromate-vi-and-dichromate-
vi-ions. This is very visual display of the change in 
position of an equilibrium and will help students 
to grasp which way the equilibrium is moving when 
the concentration of reactants is changed.

Explain these outcomes carefully: increasing the 
concentration of a reactant favours the forward 
reaction, so the equilibrium shifts to the right, 
using up more of the reactant(s), and hence 
lowering the concentration of it. Increasing the 
concentration of a product favours the reverse 
reaction, so the equilibrium shifts to the left, 
using up more of the product(s), and hence 
lowering the concentration of it. Table 6.5 on 
page 161 of the textbook summarises these 
changes, and there are two worked examples on 
page 161 also.

Plenary
Using the same demonstration as in Lesson 9  
(www.rsc.org/learn-chemistry/resource/
res00000001/the-equilibrium-between-two-
coloured-cobalt-species) students could be asked 
to predict the effect of adding concentrated 
hydrochloric acid to the position of equilibrium 
(and therefore colour) and of adding water.

http://www.chemguide.co.uk/physical/equilibria/introduction.html
http://www.chemguide.co.uk/physical/equilibria/introduction.html
http://www.rsc.org/learn-chemistry/resource/res00001710/an-equilibrium-involving-chromate-vi-and-dichromate-vi-ions?cmpid=CMP00005224
http://www.rsc.org/learn-chemistry/resource/res00001710/an-equilibrium-involving-chromate-vi-and-dichromate-vi-ions?cmpid=CMP00005224
http://www.rsc.org/learn-chemistry/resource/res00001710/an-equilibrium-involving-chromate-vi-and-dichromate-vi-ions?cmpid=CMP00005224
http://www.rsc.org/learn-chemistry/resource/res00001710/an-equilibrium-involving-chromate-vi-and-dichromate-vi-ions?cmpid=CMP00005224
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Support
Again, the athlete and escalator analogy on pages 
160–161 (131–132; 487–488) may help students 
to visualise how changing concentration changes 
the position of an equilibrium.

Extension
This content is usually challenging enough for 
even the most-able students!

Homework
Question 7 in the Chapter review questions reviews 
the effect of concentration on the position of an 
equilibrium.

Changes in temperature: Lesson 12 
(Higher tier)

1 Describe how changes in temperature affect 
the position of equilibrium. (HT)

2 Predict the effect of changing temperature in 
given examples. (HT)

3 Describe how changes in pressure affect the 
position of equilibrium. (HT)

4 Predict the effect of changing pressure in 
given examples. (HT)

Learning outcomes

Suggested lesson plan
Starter
Review Le Châtelier’s principle from last lesson in 
the context of concentration.

Main
Introduce the idea of changing the temperature 
of an equilibrium mixture and ask students 
how an equilibrium mixture could possibly 
change the temperature of its surroundings – 
hopefully someone will make the link between 
the exothermic and endothermic reactions and 
the ability for temperature to be altered. This 
can be demonstrated wonderfully using the 
demonstration found at www.rsc.org/learn-
chemistry/resource/res00001737/le-chateliers-
principle-the-effect-of-concentration-and-
temperature-on-an-equilibrium.

Emphasise that an increase in temperature 
favours the endothermic reaction (that can lower 
the temperature of the surroundings) while a 
decrease in temperature favours the exothermic 
reaction (that can increase the temperature of the 
surroundings).

Work through the worked examples on page 162 
(133; 488) of the textbook before giving students 

a final reaction to have a go at themselves. For 
instance:

2H2 + CO É CH3OH (the forward reaction is 
exothermic).

Then move on to the effect of pressure on equilibrium 
position. First, ensure that students are happy with 
the idea that for a given volume and temperature, the 
greater the number of moles of gaseous molecules, 
the greater the pressure of the gas.

Then work through the worked examples on page 
163 (134; 489) of the textbook.

Finally, review the fact that catalysts have no 
effect on the position of equilibrium, but they do 
speed up the rate of both the forward and reverse 
reactions, so dynamic equilibrium is established 
more rapidly with a catalyst.

Plenary
Give students one final equilibrium equation, and 
ask them what changes to conditions they could 
make to increase the yield of the product (i.e. shift 
the equilibrium to the right). For instance:

C2H4(g) + H2O(g) É C2H5OH(g). The forward 
reaction releases 87.5 kJ/mol of energy.

Answer: low temperatures, high pressure and the 
removal of ethanol will all shift the equilibrium 
position to the right hand side.

Support
This is often a challenging concept for students 
to grasp and it can take quite a while for some 
students to feel confident with these ideas. Keep 
going back to Le Châtelier’s principle and the 
idea that the equilibrium will move to oppose the 
change made to the mixture, and then talk through 
the effect of opposing that change. 

The T&L Topic overview can be used to reiterate 
Le Châtelier’s principle, and reinforce the other key 
ideas from this chapter.

Extension
More-confident students could be asked to explore 
some other equilibrium mixtures online. For 
instance there are many online videos looking at 
the NO2 and N2O4 equilibrium.

Homework
The T&L Homework task (b) reviews all the learning 
objectives associated with equilibria, and questions 
6 and 7 of the Chapter review questions on pages 
165 (136; 492) and 166 (137; 493) could also 
be used. Students could also use the T&L Quick 
quizzes 2 and 4 to check their understanding.

http://www.rsc.org/learn-chemistry/resource/res00001737/le-chateliers-principle-the-effect-of-concentration-and-temperature-on-an-equilibrium
http://www.rsc.org/learn-chemistry/resource/res00001737/le-chateliers-principle-the-effect-of-concentration-and-temperature-on-an-equilibrium
http://www.rsc.org/learn-chemistry/resource/res00001737/le-chateliers-principle-the-effect-of-concentration-and-temperature-on-an-equilibrium
http://www.rsc.org/learn-chemistry/resource/res00001737/le-chateliers-principle-the-effect-of-concentration-and-temperature-on-an-equilibrium
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Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 a) Two examples of very fast reactions, e.g. any 

explosions, fuels burning
b) Two examples of very slow reaction, e.g. 

rusting, food going off
c) Two examples of exothermic reactions, e.g. 

explosions, fuels burning
d) Two examples of endothermic reactions, 

e.g. decomposition reactions, reaction of 
hydrogen carbonates with acids

2 a) Exothermic reactions release thermal energy 
to the surroundings and so the temperature 
increases.

b) Endothermic reactions take in thermal 
energy from the surroundings and so the 
temperature decreases.

Test yourself
1 2.5 cm3/s
2 0.00625 g/s
3 0.00020 mol/s
4 a) A, slope is steepest at this point

b) F, slope is zero or line is horizontal
c) B, slope is steeper than at E

5 a) P
b) R

6 a) 3 cm3/s
b) 
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c) About 2.3 cm3/s
d) About 1.1 cm3/s
e) Magnesium + sulfuric acid → magnesium 

sulfate + hydrogen
f) Mg + H2SO4 → MgSO4 + H2

7 a) A substance that increases the rate of a 
reaction but is not used up.

b) They provide an alternative route with a 
lower activation energy.

c) E
d) The molecules that act as catalysts in 

biological systems.

8 The higher the pressure, the more reactant 
particles are present and so the more frequent 
successful collisions.

9 a) D
b) The higher the concentration the greater the 

rate of reaction, experiments A, B, C.
c) The higher the concentration, the more 

reactant particles are present and so the 
more frequent successful collisions.

d) The higher the temperature the greater the 
rate of reaction, experiments B, D.

e) The higher the temperature, the more 
energy the particles have and the faster 
they more so the more frequent successful 
collisions.

10 a) Powder
b) Large pieces = 1.3 cm3/s, small pieces 

= 2.1 cm3/s, powder = 20 cm3/s
c) The higher the surface area the greater the 

rate of reaction.
d) The higher the surface area, the more 

reactant particles are available for 
collisions and so the more frequent 
successful collisions.

11 a) 600 cm2

b) 600:1000 = 0.6:1
c) 6000 cm2

d) 6000:1000 = 6:1
12 a) Exothermic

b) One where no substances can get in or out
c) Both reactions take place simultaneously 

and at the same rate.
d) 2HI É H2 + I2

13 a) Exothermic
b) Endothermic
c) +42 kJ

14 a) 2
b) 1, 2
c) 4

15 Goes darker brown; equilibrium moves right 
in endothermic direction to oppose increase 
in temperature, this produces more of the 
brown NO2.

16 a) If a change is made to the conditions of a 
system at equilibrium, then the position of 
the equilibrium moves to oppose the change 
in conditions.

b) Goes blue; equilibrium moves right to 
remove added Cl− ions.

c) Endothermic; equilibrium moves left in 
exothermic direction to oppose decrease in 
temperature.
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b) Exothermic; equilibrium moves left in 
endothermic direction giving less R as 
temperature increases.

c) To increase rate of reaction/rate of reaction 
too slow at low temperatures.

Show you can
Page 148

Rate = 
1.2
40= 0.03 g/s

Page 151

a) Carbon dioxide gas escapes from flask
b) To prevent loss of mass due to acid spray
c) 

A

B

to
ta

l m
as

s/
g

time/s

d) See graph in answer (c).

Required practical 5a: Investigating how changes 
in concentration affect the rate of reaction by 
measuring the volume of a gas produced
1 Gas syringe
2 So no gas escapes.
3 Stopwatch/measuring cylinder/balance
4 Mg + 2HCl → MgCl2 + H2
5 Bubbles/Mg gets smaller and disappears.
6 Use same volume of acid, same temperature, 

same mass of magnesium, same surface area of 
magnesium.

7 Temperature is not controlled/loss of gas on 
inserting bung

8 9 minutes, 12 minutes
9 At 6 minutes for 1.0 mol/dm3 concentration, it 

does not fit the trend.

10 0.5 mol/dm3

11 Increasing the concentration of acid increases 
the rate of reaction.

12 At higher concentration, there are more 
particles present per unit volume/particles 
are closer together and so there is a greater 
frequency of successful collisions.

Practical: Investigating the rate of 
decomposition of hydrogen peroxide solution by 
measuring the loss in mass
1 a) 2H2O2 → 2H2O + O2

b) Allows gas to escape but prevents solution 
spraying out.

c) 
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B

d) 0.40/0.41 g
e) Gas syringe to collect the oxygen.
f) The graph rises to the same height but is 

less steep e.g. graph B.
2 a) Diagram of filtration apparatus, with 

manganese(IV) oxide labelled in the filter 
paper (as residue).

b) Dry the manganese(IV) oxide and find its 
mass at the end of the experiment, it should 
remain the same.

c) Catalyst

Required practical 5b: Investigating how 
changes in concentration affect the rates of the 
reaction by methods involving a colour change
1 Sulfur
2 0.0313 s−1

3 Any three of: same concentration of HCl; same 
volume of HCl; same volume of sodium thiosulfate 
solution; same temperature, same cross.

4 Rate increases as concentration increases
5 The rate increases because there are more 

reactant/sodium thiosulfate particles and 
so there is a greater frequency of successful 
collisions.

6 Use a thermostatically controlled water 
bath as it is difficult to control the room 
temperature and increased temperature 
increases rate.
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Show you can 
Page 160

a) 

N2 + 3H2

2NH3

En
er

g
y

Reaction progress 

energy change
for forward

reaction

Ea forward

Ea backward

b) In a closed system when the forward and 
reverse reactions are taking place at the 
same rate.

Page 164

a) Low pressure gives more tetrafluoroethene 
as there are more gas molecules on the right 
hand side so equilibrium moves right at low 
pressure to increase pressure; however the 
reaction rate would be slower.

b) High temperature gives more 
tetrafluoroethene as the reaction is 
endothermic and so the equilibrium position 
moves right in the endothermic direction to 
a lower temperature; rate is also increased.

Chapter review questions
1 a) Reversible reaction where both forward and 

reverse reactions take place simultaneously 
and at the same rate.

b) Exothermic
c) +42 kJ
d) Substance that speeds up a chemical 

reaction but is not used up
2 a) Minimum energy that particles need to react

b) Particles do not have enough energy to react
c) 2H2 + O2 → 2H2O

3 a) 1.25 cm3/s
b) 0.008 g/s

4 2 = R, reaction 2 is slower than reaction 1 as 
the acid concentration is lower.

 3 = Q , reaction 3 is faster than reaction 1 as 
the temperature is higher.

 4 = P, reaction 4 is faster than reaction 1 as 
the surface area is greater, reaction 4 is faster 
than reaction 3 as the effect of producing 
a powder is greater than increasing the 
temperature by 10°C.

5 a) The higher the temperature, the more 
energy the particles have and the faster 
they move, so the more frequent successful 
collisions.

b) The higher the concentration, the more 
reactant particles are present and so the 
more frequent successful collisions.

c) Increasing temperature
6 a) Equilibrium shifts right to the side with 

least gas molecules to oppose increase in 
pressure; this gives more methanol.

b) High pressure is very expensive
c) There are more particles/closer together so 

there are more frequent successful collisions
d) Reaction rate is too slow at low 

temperatures.
e) i) 100%

ii) 64%
iii) All of mass of reactants become products, 

no waste.
7 a) Goes orange; equilibrium position shifts 

right to remove added H+.
b) Goes yellow; equilibrium position shifts left 

to replace H+ ions removed by OH−.
8 a) Experiment 1, volume of rhubarb = 5 cm3

; 
experiment 2, volume of rhubarb = 5 cm3

b) Experiment 1, surface area of rhubarb = 22 cm2
; 

experiment 2, surface area of rhubarb = 30 cm3

c) Experiment 1, ratio = 22:5 = 4.4:1; 
experiment 2, ratio = 30:5 = 6:1

d) The greater the surface area the greater the 
rate of reaction.

e) The greater the surface area the more 
particles available for collisions and so the 
greater the frequency of successful collisions.

f) Temperature, mass of rhubarb, volume of 
solution, concentration of solution.

9 a) 

b) About 1.0 cm3/s
c) About 0.25 cm3/s
d) Calcium carbonate + hydrochloric acid → 

calcium chloride + water + carbon dioxide
e) CaCO3 + 2HCl → CaCl2 + H2O + CO2

Practice questions
1 A [1 mark]
2 C [1 mark]
3 C [1 mark]
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4 a) 70 s [1 mark]

b) 30
70

0.43 cm /s3=  [1 mark]

c) B, faster reaction but same amount  
of gas produced. [2 marks]

d) D, slower reaction but same amount  
of gas produced. [2 marks]

e) E, same initial rate but half the mass of 
magnesium used so half the volume  
of gas produced. [2 marks]

f) Reactant particles closer together, more 
frequent successful collisions, increases rate 
of reaction. [3 marks]

5 a) The products of the reaction can react to 
produce the original reactants/the reaction 
can occur in both directions. [1 mark]

b) Energy is transferred from the chemicals 
to the surroundings as thermal energy 
increasing the temperature. [1 mark]

c) Yield increases, more moles of gas on left 
hand side of equation, equilibrium position 
moves right to reduce the pressure. [3 marks]

d) Decreases yield, reaction is exothermic, 
equilibrium position moves left in endothermic 
direction to reduce the temperature. [3 marks]

e) Catalyst speeds up the rate of a chemical 
reaction, but is not used up during the 
reaction. [2 marks]

f) No effect [1 mark]

g) Moles of ethanol = 460 000
46

 = 100 moles 

(actual yield), moles of ethene required with 
80% = 12 500 moles, mass of ethene required = 
12 500 × 28 = 350 kg (units needed) [3 marks]

6 a) Forward and reverse reactions take place 
simultaneously, and have the same rate of 
reaction. [2 marks]

b) More gas molecules on left hand side, 
equilibrium position moves left to increase 
pressure, more brown gas is formed. [3 marks]

c) Forward reaction is exothermic, equilibrium 
position moves right to increase the 
temperature, brown colour fades. [3 marks]

Working scientifically
1 

2 a) 

b) Increasing the temperature increases the 
solubility

3 a) The result at 4.5 minutes.
b) Time

Time in s 10 20 30 40 50

Volume 1 in cm3 30 49 59 63 63

Volume 2 in cm3 32 51 59 63 65

Mean volume in cm3 31 50 59 63 64

Temperature in °C 10 30 50 70 90

Solubility in g/100 
g water

9.3 13.0 16.5 19.8 22.9

c) 7 minutes
d) 100.3 g

AQA GCSE (9–1) Combined Science Trilogy 2
Test yourself on prior knowledge
1 a) Two examples of very fast reactions, e.g. any 

explosions, fuels burning
b) Two examples of very slow reaction, e.g. 

rusting, food going off
c) Two examples of exothermic reactions, e.g. 

explosions, fuels burning
d) Two examples of endothermic reactions, 

e.g. decomposition reactions, reaction of 
hydrogen carbonates with acids

2 a) Exothermic reactions release thermal energy 
to the surroundings and so the temperature 
increases.

b) Endothermic reactions take in thermal 
energy from the surroundings and so the 
temperature decreases.

Test yourself
1 2.5 cm3/s
2 0.00625 g/s
3 0.00020 mol/s
4 a) A, slope is steepest at this point.

b) F, slope is zero or line is horizontal.
c) B, slope is steeper than at E.

5 a) P
b) R

6 a) 3 cm3/s
b) 
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c) About 2.3 cm3/s
d) About 1.1 cm3/s
e) Magnesium + sulfuric acid → magnesium 

sulfate + hydrogen
f) Mg + H2SO4 → MgSO4 + H2

7 a) A substance that increases the rate of a 
reaction but is not used up.

b) They provide an alternative route with a 
lower activation energy.

c) E
d) The molecules that act as catalysts in 

biological systems.
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8 The higher the pressure, the more reactant 
particles are present and so the more frequent 
successful collisions.

9 a) D
b) The higher the concentration the 

greater the rate of reaction; experiments 
A, B, C.

c) The higher the concentration, the more 
reactant particles are present and so the 
more frequent successful collisions.

d) The higher the temperature the greater the 
rate of reaction; experiments B, D.

e) The higher the temperature, the more 
energy the particles have and the faster 
they more so the more frequent successful 
collisions.

10 a) Powder
b) Large pieces = 1.3 cm3/s, small pieces 

= 2.1 cm3/s, powder = 20 cm3/s
c) The higher the surface area the greater the 

rate of reaction.
d) The higher the surface area, the more 

reactant particles are available for collisions 
and so the more frequent successful 
collisions.

11 a) 600 cm2

b) 600:1000 = 0.6:1
c) 6000 cm2

d) 6000:1000 = 6:1
12 a) Exothermic

b) One where no substances can get in or out
c) Both reactions take place simultaneously 

and at the same rate.
d) 2HI É H2 + I2

13 a) Exothermic
b) Endothermic
c) +42 kJ

14 a) 2
b) 1, 2
c) 4

15 Goes darker brown; equilibrium moves right 
in endothermic direction to oppose increase 
in temperature, this produces more of the 
brown NO2.

16 a) If a change is made to the conditions of a 
system at equilibrium, then the position of 
the equilibrium moves to oppose the change 
in conditions.

b) Goes blue; equilibrium moves right to 
remove added Cl− ions.

c) Endothermic; equilibrium moves left in 
exothermic direction to oppose decrease in 
temperature.
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b) Exothermic; equilibrium moves left in 
endothermic direction giving less R as 
temperature increases.

Show you can
Page 119 (475)

Rate = 
1.2
40= 0.03 g/s

Page 122 (478)

a) Carbon dioxide gas escapes from flask.
b) To prevent loss of mass due to acid spray.
c) 

A

B

to
ta

l m
as

s/
g

time/s

d) See graph in answer c).

Page 131 (487)

a) 

N2 + 3H2

2NH3

En
er

g
y

Reaction progress 

energy change
for forward

reaction

Ea forward

Ea backward

b) In a closed system when the forward and 
reverse reactions are taking place at the 
same rate.

Page 135 (491)

a) Low pressure gives more tetrafluoroethene 
as there are more gas molecules on the right 
hand side so equilibrium moves right at low 
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pressure to increase the pressure; however 
the reaction rate would be slower.

b) High temperature gives more 
tetrafluoroethene as the reaction is 
endothermic and so the equilibrium position 
moves right in the endothermic direction to 
a lower temperature; rate is also increased.

Required practical 11a
Page 127 (483)

1 Gas syringe
2 So no gas escapes
3 Stopwatch/measuring cylinder/balance
4 Mg + 2HCl → MgCl2 + H2
5 Bubbles/Mg gets smaller and disappears
6 Use same volume of acid, same temperature, 

same mass of magnesium, same surface area of 
magnesium.

7 Temperature is not controlled/loss of gas on 
inserting bung

8 9 minutes, 12 minutes
9 At 6 minutes for 1.0 mol/dm3 concentration, it 

does not fit the trend.
10 0.5 mol/dm3

11 Increasing the concentration of acid increases 
the rate of reaction.

12 At higher concentration, there are more 
particles present per unit volume/particles 
are closer together and so there is a greater 
frequency of successful collisions.

Practical
Page 128 (484)

1 a) 2H2O2 → 2H2O + O2
b) Allows gas to escape but prevents solution 

spraying out
c) 
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B

d) 0.40/0.41 g
e) Gas syringe to collect the oxygen
f) The graph rises to the same height but is 

less steep e.g. graph B
2 a) Diagram of filtration apparatus, with 

manganese(IV) oxide in the filter paper 
labelled (as residue)

b) Dry the manganese(IV) oxide and find its 
mass at the end of the experiment; it should 
remain the same.

c) Catalyst

Required practical 11b
Page 129 (485)

1 Sulfur
2 0.0313 s−1 (to 3 sf)
3 Any three of: same concentration of HCl; 

same volume of HCl; same volume of sodium 
thiosulfate solution; same temperature, same 
cross

4 Rate increases as concentration increases.
5 The rate increases because there are more 

reactant/sodium thiosulfate particles and 
so there is a greater frequency of successful 
collisions.

6 Use a thermostatically controlled water bath as 
it is difficult to control the room temperature 
and increased temperature increases rate.

Chapter review questions
1 a) Reversible reaction where both forward and 

reverse reactions take place simultaneously 
and at the same rate.

b) Exothermic
c) +42 kJ
d) Substance that speeds up a chemical 

reaction but is not used up.
2 a) Minimum energy that particles need to react

b) Particles do not have enough energy to react
c) 2H2 + O2 → 2H2O

3 a) 1.25 cm3/s
b) 0.008 g/s

4 2 = R, reaction 2 is slower than reaction 1 as 
the acid concentration is lower

 3 = Q , reaction 3 is faster than reaction 1 as 
the temperature is higher

 4 = P, reaction 4 is faster than reaction 1 as the 
surface area is greater, reaction 4 is faster than 
reaction 3 as the effect of producing a powder 
is greater than increasing the temperature by 
10°C.

5 a) The higher the temperature, the more energy 
the particles have and the faster they move, 
so the more frequent successful collisions.

b) The higher the concentration, the more 
reactant particles are present and so the 
more frequent successful collisions.

c) Increasing temperature
6 a) Equilibrium shifts right to the side with 

least gas molecules to oppose increase in 
pressure; this gives more methanol.

b) High pressure is very expensive.
c) There are more particles/closer together 

so there are more frequent successful 
collisions.

d) Reaction rate is too slow at low 
temperatures
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7 a) Goes orange; equilibrium position shifts 
right to remove added H+

b) Goes yellow; equilibrium position shifts left 
to replace H+ ions removed by OH−

8 a) Experiment 1, volume of rhubarb = 5 cm3; 
experiment 2, volume of rhubarb = 5 cm3

b) Experiment 1, surface area of rhubarb 
= 22 cm2; experiment 2, surface area of 
rhubarb = 30 cm3

c) Experiment 1, ratio = 22 : 5 = 4.4 : 1; 
experiment 2, ratio = 30 : 5 = 6 : 1

d) The greater the surface area the greater the 
rate of reaction

e) The greater the surface area the more 
particles available for collisions and so the 
greater the frequency of successful collisions.

f) Temperature, mass of rhubarb, volume of 
solution, concentration of solution

9 a) 
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b) About 1.0 cm3/s
c) About 0.25 cm3/s
d) Calcium carbonate + hydrochloric acid → 

calcium chloride + water + carbon dioxide
e) CaCO3 + 2HCl → CaCl2 + H2O + CO2

Practice questions
1 A, catalyst [1 mark]
2 C, zinc powder reacting with an excess  

of 80 g/dm3 HCl at 30°C [1 mark]
3 C [1 mark]
4 a) 70 s [1 mark]

b) 30
70

0.43 cm /s3=  [1 mark]

c) B, faster reaction but same amount of gas 
produced [2 marks]

d) D, slower reaction but same amount of gas 
produced [2 marks]

e) E, same initial rate but half the mass of 
magnesium used so half the volume of gas 
produced [2 marks]

f) Reactant particles closer together, more 
frequent successful collisions, increases rate 
of reaction [3 marks]

5 a) Forward and reverse reaction take place 
simultaneously, and have the same rate of 
reaction [2 marks]

b) More gas molecules on left hand side, 
equilibrium position moves left to 
increase pressure, more brown gas is  
formed [3 marks]

c) Forward reaction is exothermic, equilibrium 
position moves right to increase 
temperature, brown colour fades [3 marks]

Working scientifically: Presenting data and 
information in a scientific way
Pages 139–40 (495–6)

1 Time in s 10 20 30 40 50

Volume 1 in cm3 30 49 59 63 63

Volume 2 in cm3 32 51 59 63 65

Mean volume in cm3 31 50 59 63 64

2 a) 

b) Increasing the temperature increases the 
solubility.

3 a) The result at 4.5 minutes.
b) Time
c) 7 minutes
d) 100.3 g

Temperature in °C 10 30 50 70 90

Solubility in g/100 
g water

9.3 13.0 16.5 19.8 22.9
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7 Organic chemistry

Overview
Specification points
4.7.1.1 Crude oil, hydrocarbons and alkanes; 
4.7.1.2 Fractional distillation and petrochemicals; 
4.7.1.3 Properties of hydrocarbons; 4.7.1.4 
Cracking and alkenes; 4.7.2.1 Structure and 
formulae of alkenes; 4.7.2.2 Reactions of alkenes; 
4.7.2.3 Alcohols; 4.7.2.4 Carboxylic acids; 4.7.3.1 
Addition polymerisation; 4.7.3.2 Condensation 
polymerisation (HT only); 4.7.3.3 Amino acids 
(HT only); 4.7.3.4 DNA (deoxyribonucleic acid) 
and other naturally occurring polymers 

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 7 pages  
170–200

AQA GCSE (9–1) Combined Science Trilogy 2: 
Chapter 29 pages 141–152

AQA GCSE (9–1) Combined Science Trilogy: Chapter 
29 pages 497–508

Recommended number of lessons: 16
Chapter overview

Contains AQA required practical No

Contains higher-only material Yes

Contains chemistry-only material Yes

Useful prior learning
This chapter of work provides opportunities 
to review prior learning on fossil fuels and 
combustion, covalent bonding between non-
metal atoms, separation methods (in particular 
for mixtures of miscible liquids using fraction 
distillation), and polymers.

Common misconceptions
A lot of this chapter is new material that most 
students will not have met before, so few students 
bring misconceptions with them. However, there are 
areas where misconceptions can arise, including the 
consistent misconception associated with drawing 
repeat units for addition polymers. Watch out when 
drawing the repeat unit for poly(propene): students 
commonly make the repeat unit three carbons 
wide, and lose the CH3 branch from the repeat unit 
(i.e. [–CH2CH2CH2–]), as opposed to having the CH3 
branch present (i.e.[–CH2CH(CH3)–]).

Preparation
Reviewing the T&L Prior knowledge catch-up 
teacher sheet is a good place to start, as it 
provides links to many RSC practical resources 
relevant to this chapter of work. The T&L Topic 
overview resource gives a concise overview of 
the module, and would make an effective starting 
place when preparing students for an end-of-
chapter assessment. Less-confident students could 
be asked to complete the T&L Prior knowledge 
catch-up student sheet, which reviews a lot of 
the prior learning mentioned above.

Crude oil and hydrocarbons: Lesson 1

1 Describe how crude oil forms from ancient 
biomass.

2 Describe crude oil as a mixture of many 
different compounds.

3 Define hydrocarbons as compounds made up 
of carbon and hydrogen only.

4 Review the atomic structure of carbon, 
identify that it requires four covalent bonds to 
achieve a full outer shell. 

5 State that carbon can bond to other carbon 
atoms or other non-metal atoms.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing what students 
can recall about fossil fuels and how they are 
formed. They may recall that fossil fuels include 

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key terms

• Animation: Fractional distillation

• Animation: The hydrocarbon series

• Personal tutor: Fractional distillation

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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Extension
More-confident students could be asked to 
determine the mathematical relationship between 
the number of carbon atoms and hydrogen atoms 
in the formulae of the first four alkanes.

Homework
Students could complete the ‘Test yourself on prior 
knowledge’ questions on page 171 (142; 498) of 
the textbook.

Alkanes: Lesson 2

1 Define the term homologous series.
2 Recognise that all alkanes contain single C–C 

bonds as the functional group.
3 Name and draw the first four members of 

the alkane group: methane, ethane, propane, 
butane.

4 Use the general formula CnH2n+2 to identify 
alkanes formulae beyond the first four.

Learning outcomes

Suggested lesson plan
Starter
Display a range of chemical formulae on the 
whiteboard such as H2O, CO2, C2H6, NaCl, MgO, 
C6H12O6, C2H5OH, SiO2, C4H8 and Na2CO3. Ask 
students to identify:

● which compounds are covalent compounds (H2O, 
CO2, C2H6, C6H12O6, C2H5OH, SiO2, and C4H8);

● which are hydrocarbons (C2H6 and C4H8);
● and which will conduct electricity when molten 

or dissolved in water (NaCl, MgO and Na2CO3).

Main
Introduce alkanes as an homologous series (or 
family) of hydrocarbons and display Table 7.1 
(29.1) on page 172 (143; 499) of the textbook, 
to show the various types of representation of 
alkanes. Make clear the link between the displayed 
formula and structural formula (a short-hand 
representation of the displayed formula), and the 
difference between the structural formula and the 
molecular formula (this just shows the numbers of 
each type of atom bonded in the compound).

Now is a good time to revise the concept of 
empirical formula in the context of alkanes. Ask 
students to give the empirical formula for each of 
the first four alkanes (CH4, CH3, C3H8 and C2H5).

Then ask students if they can see a pattern in the 
number of carbons and hydrogens in the formulae 
of the first four alkanes. Some may notice that the 

coal, oil and natural gas, and that they are often 
combusted to release heat energy. Figure 7.1 
(29.1) on page 171 (142; 498) could be used to 
review the formation of oil and natural gas; by 
covering up the descriptions at the bottom of each 
diagram in Figure 7.1 (29.1), students could then 
be asked to describe what is happening in each 
diagram.

Main
Introduce crude oil as a mixture of many different 
compounds, including hydrocarbons. Ask students 
what they think hydrocarbons are (compounds 
that contain only hydrogen and carbon), and 
then introduce alkanes as a family, or homologous 
series, of hydrocarbons. The T&L Lesson starter 1 
could be used here.

Revise the atomic structure of carbon and 
hydrogen atoms from their atomic numbers and 
mass numbers, and ask students: 

● What type of elements are they? (non-metals)
● What types of bonds will they form together? 

(covalent bonds sharing pairs of electrons)
● How many covalent bonds can C and H form 

given their electronic configurations? (4 and 1 
respectively)

Review covalent bonding and the drawing of dot 
and cross diagrams for some simple covalent 
compounds such as hydrogen chloride (HCl), water 
(H2O), methane (CH4), oxygen (O2) and carbon 
dioxide (CO2).

Finally revise the typical properties of simple 
covalent substances: low melting and boiling 
points (due to weak intermolecular forces between 
molecules) and poor conductivity (no delocalised 
electrons).

Plenary
Show students the molecular formulae for the 
first four alkanes (CH4, C2H6, C3H8 and C4H10) 
and ask them what these four compounds have 
in common. Students should identify that they 
are all hydrocarbons, all covalent compounds, 
and will all have properties of simple covalent 
compounds.

Support
Students often find drawing dot and cross diagrams 
challenging, and this is a good opportunity to 
revise this skill. Remind students that atoms are 
trying to achieve a full outer shell when they bond 
with other atoms, and that for every electron an 
atom has to gain, it has to bring one of its own 
electrons to the covalent bond to share. 
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number of H atoms is always twice + 2 the number 
of carbon atoms, hence introduce the general 
formula for alkanes as CnH2n+2.

Ask students to give the displayed, structural 
and molecular formulae of pentane and hexane 
(the next two alkanes after butane, based on 
their understanding of the general formula and 
Table 7.1.

Many students like to use memory aids to help 
remember the prefixes in alkane names, such 
as My Elephant Poos Bricks Please Help (for 
Methane, Ethane, Propane, Butane, Pentane and 
Hexane).

Now define an homologous series as a group 
of compounds with the same general formula 
(CnH2n+2) for alkanes), the same functional group 
(the C–C bond for alkanes) and similar chemical 
properties. 

Finally, introduce the term ‘saturated’ to describe 
how alkanes only contain single covalent bonds 
between their carbon atoms.

Plenary
Display a range of hydrocarbon formulae including 
alkanes, alkenes and alkynes (such as C2H2, 
C3H8, C4H8, C7H16, C7H14, C20H22, C3H6, C5H8). Ask 
students:

● which of the compounds are alkanes (C3H8, C7H16 
(heptane), and C20H22 (eicosane))

● which of the compounds will have names 
beginning with ‘eth’ (C2H2), ‘prop’ (C3H8 and 
C3H6), ‘but’ (C4H8) and ‘pent’ (C5H8).

Support
The T&L Animation: The hydrocarbon series can 
support less-confident learners with many of the 
learning objectives from today’s lesson.

Extension
More-confident students could be ask to find out 
what homologous series of hydrocarbons C2H2 
and C5H8 belong to (alkynes), and to determine 
the general formula for this homologous series 
(CnH2n−2).

Homework
Students could prepare a set of revision cards to 
review the terms: hydrocarbon, alkane, saturated, 
homologous series, general formula, displayed 
formula, structural formula, molecular formula and 
empirical formula. Alternatively, students could 
be asked to watch the T&L Animation: Fractional 
distillation and complete the T&L Personal tutor: 
Fractional distillation in preparation for the next 
lesson (flipped learning).

Fractional distillation of crude oil: 
Lesson 3

1 Review fractional distillation.
2 Describe that the many hydrocarbons in crude 

oil may be separated by fractional distillation.
3 Describe how fractions can be processed 

to produce fuels and feedstock for the 
petrochemical industry.

4 List petrol, diesel oil, kerosene, heavy fuel oil 
and liquefied petroleum gas as fuels products 
from crude oil.

5 List solvents, lubricants, polymer and 
detergents as other useful materials 
produced by the petrochemical industry.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by briefly revising work from 
Chapter 1 on how fractional distillation can be 
used as a separation technique to separate a 
mixture of miscible liquids. Review the terms 
miscible and immiscible, and the key ideas behind 
fractional distillation (heating, evaporation and 
condensation to give separation).

Main
The first 2 minutes and 40 seconds of the RSC 
video on Oil Refining (found at www.youtube.com/
watch?v=b5xScdRbXEU) can be used to review 
the process of fractional distillation of crude 
oil. Students could then be given a disordered 
series of statements describing the process of 
fractional distillation, and asked to put them in an 
appropriate order. 

A practical that shows the simple fractional 
distillation of synthetic crude oil can be found at 
www.rsc.org/learn-chemistry/resource/res00000754/
the-fractional-distillation-of-crude-oil, and this 
could be used as a demonstration to review the 
process further.

Display Figure 7.3 (29.3) on page 173 (144; 500) 
of the textbook (and in the T&L diagram bank) and 
use it to discuss the uses of the different fractions 
of crude oil. Emphasise the link between the height 
in the column where the fraction leaves and the 
size of hydrocarbon molecule and boiling point.

Plenary
Students could be asked to describe the path of 
a small hydrocarbon molecule with a low boiling 
point through an oil furnace and fractional 
distillation column compared to that of a large 
hydrocarbon molecule with a high boiling point.

https://www.youtube.com/watch?v=b5xScdRbXEU
https://www.youtube.com/watch?v=b5xScdRbXEU
http://www.rsc.org/learn-chemistry/resource/res00000754/the-fractional-distillation-of-crude-oil?cmpid=CMP00006603
http://www.rsc.org/learn-chemistry/resource/res00000754/the-fractional-distillation-of-crude-oil?cmpid=CMP00006603
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Support
The T&L Animation: Fractional distillation and 
the T&L Personal tutor: Fractional distillation 
resources can be used to support less-confident 
learners with the concept of fractional distillation.

Extension
More-confident students could be asked to find 
out how distillation under reduced pressure (as 
mentioned in the RSC Oil Refining video) helps to 
separate the heavy fractions further.

Homework
Students could complete the ‘Test yourself’ 
questions 1–3 on page 176 (147; 503) of the 
textbook.

Properties of hydrocarbons: Lesson 4

1 State that physical properties, such as boiling 
point, viscosity and flammability, depend on 
the size of the hydrocarbon molecule.

2 Review the trend that increasing molecular 
mass increases intermolecular forces.

3 Apply the trend of increasing molecular 
mass to explain the changes in boiling point, 
viscosity and flammability.

4 Describe the combustion of hydrocarbon fuels 
as an exothermic reaction. 

5 Write balanced symbol equations for the 
complete combustion of hydrocarbons given 
the formula. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by displaying an unlabelled 
diagram of a fractionating column (similar to 
Figure 7.3 (29.3) on page 173 (144; 500) of 
the textbook) and ask students to come up 
with appropriate labels to show how fractional 
distillation takes place.

Main
Revise the term ‘fraction’ as a group of molecules 
with similar boiling points and review the idea 
that these molecules must have similar strength 
intermolecular forces for them to have similar 
boiling points. Go on to ask students how the 
strength of intermolecular forces must change in 
fractions containing larger molecules: hopefully 
some students will recognise that intermolecular 
forces must be getting stronger with increasing 
molecular size. Hence conclude that the greater 
the molecular mass of a molecule the stronger its 
intermolecular forces, and the higher its boiling 
points.

Go on to introduce viscosity as a property of 
hydrocarbons that is also determined by the 
strength of intermolecular forces, and ask students 
to explain this relationship (the stronger the 
intermolecular forces, the harder it is for molecules 
to move past one another, so the greater the 
viscosity of the liquid).

Now introduce the idea that most fractions 
are used as fuels and that the flammability of 
an alkane is also determined by the strength 
of intermolecular forces: the stronger the 
intermolecular forces the less flammable the 
hydrocarbon. Review complete and incomplete 
combustion (the worked examples on page 174 
(145; 501) and 175 (146; 502) of the textbook 
could be used for balancing equations) and give 
students some practice constructing balanced 
equations for both complete and incomplete 
combustion. Stress the importance of balancing 
the carbon and hydrogen atoms first, and leaving 
the oxygen atoms until last.

Plenary
Show students a selection of combustion equations 
and get them to balance them, and then identify 
which show complete combustion and which show 
incomplete combustion. For example:

C3H8 + 5O2 → 3CO2 + 4H2O (complete)

C2H4 + 2O2 → 2CO + 2H2O (incomplete)

C5H12 + 8O2 → 5CO2 + 6H2O (complete)

2CH4 + 3O2 → 2CO + 4H2O (incomplete).

Support
Many students struggle to balance equations, and 
with combustion equations it is vital that students 
balanced the carbon and hydrogen atoms first, 
before balancing the oxygen atoms. Once they know 
the number of oxygen atoms required to form all the 
CO2 and H2O, they can then work out the number of 
O2 molecules required. For simplicity, alkanes with 
an odd number of carbon atoms will balance more 
easily for complete combustion, while alkenes are 
easier to balance for incomplete combustion.

Extension
More-confident students can be asked to balance 
equations for the complete combustion of alkanes 
with an even number of carbon atoms. This 
requires the doubling up of all reactants and 
products to avoid having halves of O2 molecules 
(although strictly speaking this is fine as we 
are referring to moles of molecules rather than 
individual molecules themselves).
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Homework
Students could complete the ‘Show you can’ 
activity and questions 4 and 5 of the ‘Test yourself’ 
activity on page 176 (147; 503) of the textbook.

Cracking and alkenes: Lesson 5

1 Describe how alkanes can be broken down 
into smaller, more useful molecules.

2 State the products of cracking as alkanes and 
another type of hydrocarbon called alkenes.

3 State the colour change when bromine water 
reacts with an alkene.

4 Describe the use of alkenes as the starting 
molecules for polymers and other useful 
chemicals.

5 Write balanced symbol equations for cracking 
given the formulae of reactants and products.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by getting students to construct 
balanced symbol equations for:

● the complete combustion of heptane (C7H16),
● the complete combustion of hexane (C6H14), and
● the incomplete combustion of propane (C3H8).

Main
Introduce cracking as a means of breaking down 
longer-chain alkanes into more useful shorter-
chain alkanes and another type of hydrocarbon, 
alkenes. Ask students why shorter-chain alkanes 
are more useful than longer-chain alkanes (they 
are better fuels: more flammable, less viscous, and 
burn with a cleaner flame).

The cracking practical found at www.rsc.org/
learn-chemistry/resource/res00000681/cracking-
hydrocarbons can be used as a demonstration, or 
with a very able group as a class practical. You must 
carry out a full risk assessment before carrying 
out this practical. The gaseous alkene product can 
be collected over water in test tubes and then sealed 
using a bung. Adding bromine water to the gaseous 
alkene and shaking will give the characteristic colour 
change from orange to colourless that signifies the 
unsaturation of the alkene.

Emphasise that the type of cracking taking 
place in the practical is catalytic cracking where 
vapours are passed over a solid catalyst at high 
temperatures where they thermally decompose. 
Introduce steam cracking as another way of 
cracking by heating longer-chain alkanes with 
steam to high temperatures.

Review cracking in terms of balanced symbol 
equations. For instance a) the cracking of decane 
(C10H22) to give butene (C4H8) and hexane (C6H14), 
or b) the cracking of decane to give ethene (C2H4) 
and butane (C4H10):

a) C10H22 → C4H8 + C6H14, and 
b) C10H22 → 3C2H4 + C4H10

Plenary
From 2 minutes and 40 seconds to 3 minutes  
50 seconds of the RSC video on Oil Refining (found 
at www.youtube.com/watch?v=b5xScdRbXEU) can be 
used to review the process of catalytic cracking.

Support
Using Molymod® sets to model how alkanes can be 
cracked may help some students to understand why 
we end up with an alkene as well as alkanes, rather 
than just a mixture of shorter-chain alkanes.

Extension
More-confident students could be asked to 
construct their own balanced symbol equations for 
cracking.

Homework
The T&L Homework task (a) could be set as it 
reviews the majority of learning objectives covered 
in this chapter to date. Alternatively, questions 6 
and 7 of the ‘Test yourself’ activity on page 180 of 
the textbook could be set.

Alkenes: Lesson 6 (Chemistry only)

1 Recognise that all alkenes contain one 
carbon–carbon double bond (C=C) as the 
functional group.

2 Name and draw the first four members of the 
alkene group: ethene, propene, butene and 
pentene.

3 Use the general formula CnH2n to identify 
alkenes from formulae beyond the first four.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the need for 
cracking, and the uses of the alkenes produced 
during cracking. This could be done by asking 
students to balance the following equation, and 
then asking them to say what process the equation 
represents, and how we can tell what products are 
alkanes (from the general formula), and so on.

C12H26 → C8H18 + 2C2H4

Main

http://www.rsc.org/learn-chemistry/resource/res00000681/cracking-hydrocarbons?cmpid=CMP00005002
http://www.rsc.org/learn-chemistry/resource/res00000681/cracking-hydrocarbons?cmpid=CMP00005002
http://www.rsc.org/learn-chemistry/resource/res00000681/cracking-hydrocarbons?cmpid=CMP00005002
https://www.youtube.com/watch?v=b5xScdRbXEU
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Introduce alkenes to the class as another 
homologous series of hydrocarbons, and take 
the opportunity to revise the definition of an 
homologous series.
Display Table 7.3 on page 177 of the textbook 
and review the different ways of representing the 
first four alkenes. Remind students of the general 
formula for alkanes, and then ask them to deduce 
the general formula for any alkene using the 
formulae of the first four alkenes to help.
Next, ask students to deduce the formula of 
alkenes with more than four carbon atoms, and 
why methene cannot exist (you need at least two 
carbon atoms for an alkene).
Introduce the term ‘unsaturated’ as containing a 
carbon to carbon double bond (C=C). Explain that 
the C=C bond is the functional group of all alkenes, 
and that this bond is more reactive than single 
C–C bonds, and this makes alkenes more useful 
compounds than alkanes.
Plenary
Take this opportunity to practise constructing 
balanced symbol equations for the complete and 
incomplete combustion of different alkenes.
Support
Using Molymod® sets to build alkene models 
will help more kinaesthetic learners relate the 
representations of alkenes shown in Table 7.3 to 
the actual structures of alkenes.
Extension
If not done already, more-confident learners could 
be asked to find out about a third homologous 
series of hydrocarbons, alkynes, or cycloalkanes.

Homework
Students could complete the T&L Quick quizzes 1 
and 2 to review the learning outcomes from this 
chapter that have been covered to date.

Reactions of alkenes: Lesson 7 
(Chemistry only)

1 Write balanced symbol equations for the 
complete combustion of alkenes.

2 Recognise that alkenes often undergo incomplete 
combustion as noted by smoky flames.

3 Draw fully displayed structural formulae for 
the first four members of the alkenes.

4 Describe reactions of alkenes with hydrogen, 
water and halogens by addition of atoms 
across the carbon–carbon double bond.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by displaying a range of 
hydrocarbon formulae (alkanes and alkenes) and 
asking students:

● which are saturated hydrocarbons (all the alkanes)
● which will decolourise bromine water (all the 

alkenes).

Main
If not carried out at the end of the last lesson, 
practise constructing balanced symbol equations 
for the complete and incomplete combustion 
of different alkenes. If you have access to a 
fume cupboard, demonstrate the combustion of 
cyclohexene to show the sooty flame as evidence 
of incomplete combustion.

Then revise the idea that the functional group of 
alkenes is the C=C double bond, and that the extra 
reactivity of this bond (relative to a C–C single 
bond) gives alkenes greater reactivity than alkanes. 
Use Figure 7.7 on page 178 of the textbook (and in 
the T&L Diagram bank) to describe the general way 
in which the C=C double bond reacts by opening up, 
leaving a C–C single bond in its place, and allowing 
the joining of new atoms (or groups of atoms) to 
each of the two C atoms in the double bond. This 
type of reaction is called ‘addition’ because we add 
atoms across the double bond.

Use Figures 7.8, 7.9 and 7.10 on pages 178–179 
of the textbook (and the T&L Diagram bank) to 
introduce and review the reactions of alkenes with 
halogens (to form dihaloalkanes), with hydrogen 
(to form saturated alkanes), and with water (to 
form saturated alcohols).

Plenary
Use the ‘Show you can’ activity on page 180 of the 
textbook to review the reactions of alkenes.

Support
Again, using Molymod® sets to model the reactions 
of a simple alkene, like ethene with hydrogen, 
halogens and water, will help more kinaesthetic 
learners to understand the nature of addition 
reactions.

Extension
More-confident learners could be asked to prove 
that the reaction of propene (C3H6) with hydrogen 
bromide (HBr) can produce two different products 
(1-bromopropane, and 2-bromopropane).

Homework
Questions 8–10 of the ‘Test yourself’ activity on 
page 180 of the textbook review the reactions of 
alkenes.
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Representing reactions of alkenes: 
Lesson 8 (Chemistry only)

1 Describe the reactions and condition for the 
addition of hydrogen, water and halogens to 
alkenes.

2 Draw fully displayed structural formulae 
for the products of the addition reactions 
with hydrogen, water, chlorine, bromine and 
iodine.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by asking students to 
draw the products of the reactions of butene 
(CH2=CH2CH2CH3) with:

● bromine (Br2),
● water, and 
● hydrogen.

Main
A lot of the learning objectives from this lesson 
have already been covered to a great extent in the 
previous lesson. This lesson can be used to revise 
the reactions further, and to introduce the concept 
of reaction conditions.

Review each of the three reactions above, and 
include the reaction conditions required for the 
reactions to take place:

● with hydrogen: a nickel catalyst, and heat to 
150 °C;

● with water: high temperature, high pressure, and a 
catalyst of concentrated phosphoric acid (H3PO4);

● with halogens: room temperature and pressure, 
no catalyst required.

Then, provide students with a) a variety of reactants 
and get them to draw out the products formed, and 
b) a variety of products, and get them to draw out 
the reactants required to make those products.

Plenary
Construct a reaction map (similar to the one in 
the ‘Show you can’ activity on page 180 of the 
textbook) including reaction conditions for the 
reactions of alkenes (including combustion).

Support
This lesson can be used to consolidate the 
large amount of factual content that has been 
introduced over the past few lessons. You should 
have time in this lesson to work with less-
confident students in smaller groups while more-
confident learners work independently.

Extension
Following on from the previous extension activity, 
more-confident students could be asked to find 
out about Markovnikov’s rule and apply it to the 
reaction between propene and hydrogen bromide.

Homework
Students can review their understanding of the 
work to date using the T&L Quick quiz 3.

Alcohols: Lesson 9 (Chemistry only)

1 Recognise that all alcohols contain an OH as 
the functional group.

2 Name and draw the first four members of the 
alcohol group: methanol, ethanol, propanol 
and butanol.

3 State the production of ethanol from 
fermentation of sugar using yeast.

4 State the main uses of the alcohols.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by asking students what their 
understanding of ‘alcohol’ is. Many will come up 
with the idea that alcohol is a drink that gets you 
drunk. Introduce alcohols as another homologous 
series of organic compounds that all contain the 
functional group –OH, and that ethanol is the 
alcohol found in alcoholic drinks.

Main
Use Table 7.5 on page 181 of the textbook to 
introduce the first four members of the alcohol 
homologous series and review the different 
representations of those alcohols. Then ask 
students to extend the table by deducing the 
formulae of pentanol (CH3CH2CH2CH2CH2OH) and 
hexanol (CH3(CH2)5OH).

Describe how ethanol can be produced by the 
fermentation of glucose using yeast, getting them 
to balance the equation for this reaction:

C6H12O6(aq) → 2CH3CH2OH(aq) + 2CO2(g)

Then ask students how else ethanol could be 
produced (the hydration of ethene with water at 
high temperatures and pressures, using a catalyst 
of concentrated phosphoric acid).

If you have access to a large blue polycarbonate 
bottle (like those used in office water towers), 
then the demonstration found at www.rsc.
org/learn-chemistry/resource/res00000708/
the-whoosh-bottle-demonstration shows the 

http://www.rsc.org/learn-chemistry/resource/res00000708/the-whoosh-bottle-demonstration?cmpid=CMP00005923
http://www.rsc.org/learn-chemistry/resource/res00000708/the-whoosh-bottle-demonstration?cmpid=CMP00005923
http://www.rsc.org/learn-chemistry/resource/res00000708/the-whoosh-bottle-demonstration?cmpid=CMP00005923
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flammability of alcohols in a really exciting way. 
You must carry out a full risk assessment before 
carrying out this demonstration.

Use this as a link to the uses of alcohols as fuels, 
solvents, and in the case of ethanol, in alcoholic 
beverages. 
Plenary
Finish the lesson by constructing balanced symbol 
equations for the complete combustion of ethanol 
(C2H6O) and butanol (C4H10O). Make sure that 
students do not forget the oxygen from the alcohol 
when balancing the oxygen atoms.

Support
Using Molymod® sets to build alcohol models 
will help more kinaesthetic learners relate the 
representations of alcohols shown in Table 
7.5 to the actual structures of alcohols. When 
constructing balanced symbol equations for the 
combustion of alcohols, many students will find 
using molecular formulae (like C3H8O) far easier 
to balance than using structural formulae (like 
CH3CH2CH2OH).

Extension
More-confident learners could be introduced to the 
use of numbers to indicate the position of the OH 
functional group in alcohols with three or more 
C atoms. For instance, CH3CH2CH2OH is actually 
called propan-1-ol, while CH3CHOHCH3 is called 
propan-2-ol. 

Homework
Students could be asked to construct balanced 
symbol equations for the following alcohols: 

methanol: 2CH3OH + 3O2 → 2CO2 + 4H2O

propanol: 2C3H8O + 9O2 → 6CO2 + 8H2O

pentanol: 2C5H12O + 15O2 → 10CO2 + 12H2O

Reactions of alcohols: Lesson 10 
(Chemistry only)

1 Recognise alcohols from their names or given 
formulae.

2 Write balanced symbol equations for the 
combustion of the first four alcohols.

3 Describe what happens when alcohols react 
with sodium or an oxidising agent.

4 Describe what happens when alcohols are 
mixed with water.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by displaying a range of 
structural and molecular formulae for alkanes, 
alkenes and alcohols (such as C7H14, C3H8, 
CH3CH2CH2CH2OH, C18H38, C9H18, C5H11OH), and 
ask the students:

 which are alkanes (C3H8 and C18H38);
 which could be reacted at 150 °C with hydrogen 

gas in the presence of a nickel catalyst to form 
alkanes (C7H14, and C9H18);

 which are alcohols (CH3CH2CH2CH2OH and 
C5H11OH);

 to name as many as they can (they should be 
able to name propane and butanol).

The T&L Lesson starter 2 could be used instead to 
review or introduce the combustion of alcohols. 

Main
The following RSC class practical (www.rsc.
org/learn-chemistry/resource/res00000463/
the-properties-of-alcohols) could be used as a 
demonstration, or as a class practical to show 
the typical reactions of alcohols. You must carry 
out a full risk assessment before carrying 
out this demonstration. The practical involves 
reacting ethanol and propanol with sodium and 
with dilute potassium dichromate solution, as 
well as mixing these alcohols with water, and 
testing their pH. This practical could easily be 
adapted to match the learning objectives more 
closely.

Review the outcomes of the practical and link them 
to the learning objectives above, and introduce 
the fact that alcohols can be partially oxidised by 
the oxygen in air to form carboxylic acids – this is 
what happens when wine is oxidised; the ethanol 
is partially oxidised to ethanoic acid.

Plenary
The reactions of alcohols covered in this lesson 
could be reviewed by constructing balanced symbol 
equations for them:

with sodium: 2CH3CH2OH + 2Na → 
2CH3CH2ONa + H2 

(sodium ethoxide is formed which contains Na+ and 
CH3CH2O

− ions)

with oxygen: CH3CH2OH + O2 → CH2COOH + 
H2O

Support
Comparing the reaction of sodium with ethanol 
to the reaction of sodium with water may help 
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students to understand what is happening during 
the former reaction. Representing it as follows may 
help:

with water: 2H–OH + 2Na → 2NaOH + H2

with ethanol: 2CH3CH2O–H + 2Na → 
2CH3CH2ONa + H2

The water splits into a hydroxide ion (OH−) and 
a hydrogen ion (H+), and the hydrogen ion goes 
on to form H2 by reduction. Ethanol splits into an 
ethoxide ion (CH3CH2O

−) and an H+ ion, but the 
rest is the same.

Extension
More-able students could be asked to find out 
how old breathalysers used potassium dichromate 
crystals to test how much ethanol was in the 
breath of a person.

Homework
Students could complete questions 13 and 14 
from the ‘Test yourself’ activity on page 186 of the 
textbook.

Carboxylic acids: Lesson 11 
(Chemistry only)

1 Recognise that all carboxylic acids contain a 
COOH as the functional group.

2 Name and draw the first four members of 
the carboxylic acids group: methanoic acid, 
ethanoic acid, propanoic acid and butanoic 
acid.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the partial oxidation 
of an alcohol by oxygen in the air to form a 
carboxylic acid and water. Students could be 
shown the reaction for ethanol, and then be asked 
to construct a similar equation for propanol or 
butanol. 

Main
This lesson is relatively empty compared to the 
following lesson on the properties and reactions 
of carboxylic acids, so it might be worth covering 
some of the learning objectives from the next 
lesson here.

Use Table 7.6 on page 183 of the textbook to 
introduce carboxylic acids as another homologous 
series of organic compounds that contain the 
–COOH functional group. Review the different 

representations of the four carboxylic acids, 
and then get students to extend the table by 
constructing displayed, structural and molecular 
formulae for the next two carboxylic acids 
(pentanoic acid and hexanoic acid).

Introduce the idea that, obviously, carboxylic 
acids are acids, but that they are only weak 
acids. This means that only a small number of the 
acid molecules dissociate in solution to release 
hydrogen ions. This makes carboxylic acids less 
acidic than strong acids (like hydrochloric acid, 
HCl) with the same concentration.

The RSC practical found at www.rsc.org/learn-
chemistry/resource/res00000462/the-acidic-
reactions-of-ethanoic-acid can be used to 
demonstrate (or carry out as a class practical) the 
reactions of ethanoic acid as a weak acid. You 
must carry out a full risk assessment before 
carrying out this demonstration.

The practical involves reacting equimolar solutions 
of ethanoic acid and hydrochloric acid with Universal 
Indicator, magnesium strip, sodium hydroxide 
solution and sodium carbonate solution. It clearly 
shows the difference between weak and strong 
acids and covers the learning objectives associated 
with the reaction of carboxylic acids with sodium 
carbonate solution and their solubility in water.

Plenary
Review the reactions of the first four carboxylic 
acids with sodium carbonate solution to form a 
carboxylate salt, water and carbon dioxide gas:

2CHCOOH(aq) + Na2CO3(aq) → 
2HCOONa(aq) + CO2(g) + H2O(l)

2CH3COOH(aq) + Na2CO3(aq) → 
2CH3COONa(aq) + CO2(g) + H2O(l)

2CH3CH2COOH(aq) + Na2CO3(aq) → 
2CH3CH2COONa(aq) + CO2(g) + H2O(l)

2CH3CH2CH2COOH(aq) + Na2CO3(aq) → 
2CH3CH2CH2COONa(aq) + CO2(g) + H2O(l)

Support
Some students may need reminding that acids 
dissociate (or split up) to release hydrogen ions 
when they dissolve in water (this is covered on 
page 109 of the textbook).

Extension
More-confident students could be given the 
balanced symbol equation for the reaction of 
hydrochloric acid with magnesium, and asked to 

http://www.rsc.org/learn-chemistry/resource/res00000462/the-acidic-reactions-of-ethanoic-acid?cmpid=CMP00005925
http://www.rsc.org/learn-chemistry/resource/res00000462/the-acidic-reactions-of-ethanoic-acid?cmpid=CMP00005925
http://www.rsc.org/learn-chemistry/resource/res00000462/the-acidic-reactions-of-ethanoic-acid?cmpid=CMP00005925
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construct a similar equation for the reaction of 
ethanoic acid with magnesium.

Mg(s) + 2HCl(aq) → MgCl2(aq) + H2(g)

Mg(s) + 2CH3COOH(aq) → (CH3COO)2Mg(aq) 
+ H2(g)

Homework
Students could complete question 15 from the ‘Test 
yourself’ activity on page 186 of the textbook.

Reactions of carboxylic acids:  
Lesson 12 (Chemistry only)

1 Recognise carboxylic acids from their names 
or given formulae.

2 Describe the reactions of the first four 
carboxylic acids with carbonates and alcohols.

3 Describe what happens when carboxylic acids 
are dissolved in water.

4 Explain why carboxylic acids are weak acids. 
(HT)

5 Describe the reaction of ethanoic acid with 
ethanol to form the ester, ethyl ethanoate.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the reactions 
of carboxylic acids from the last lesson, before 
introducing esters as another homologous series 
of organic compounds that contain the –COO– 
functional group and that can be formed by 
reacting alcohols with carboxylic acids, with an 
acid catalyst. Figure 7.20 on page 185 of the 
textbook (and in the T&L Diagram bank) could be 
used to show the structure of the ester functional 
group and introduce one of the key properties of 
esters (their scent).

Main
The following RSC practical (www.rsc.org/learn-
chemistry/resource/res00001743/making-esters-
from-alcohols-and-acids) can be used to do small-
scale preparation of a variety of esters, and this is 
a great practical to introduce students to esters. 
You must carry out a full risk assessment before 
carrying out this demonstration.

Having made a variety of esters, use Figure 7.19 on 
page 184 of the textbook (and in the T&L Diagram 
bank) to represent the reaction between ethanoic 
acid and ethanol. 

Plenary
Use the ‘Show you can’ activity on page 186 of 
the textbook to review some of the reactions of 
alcohols and carboxylic acids.

Support
Molymod® sets can be used to model the reaction 
between ethanol and ethanoic acid to help 
students to visualise the structural changes that 
take place during the reaction. 

Extension
More-confident students could have a go at 
drawing out displayed formulae equations for the 
reactions of other alcohols and carboxylic acids. 
For instance:

● methanol with propanoic acid to form methyl 
propanoate and water,

● propanol with butanoic acid to form propyl 
butanoate and water.

Homework
Students could complete questions 11 and 16 
from the ‘Test yourself’ activity on page 186 of the 
textbook. Alternatively, they could use the T&L 
Quick quiz 4 to review their understanding of a lot 
of the recent learning objectives.

Addition polymerisation: Lesson 13 
(Chemistry only)

1 State that alkenes can be used to make 
addition polymers.

2 Describe addition polymerisation.
3 Recognise addition polymerisation from 

diagrams or from the C=C in the monomer 
units.

4 Draw the formation of a polymer from a given 
alkene monomer.

Learning outcomes

Suggested lesson plan
Starter
Take this opportunity to revise the work from 
Chapter 2 on the structure and properties 
of polymers: polymers are simple molecular 
substances made up of very long molecules with 
strong intermolecular forces between them, 
so they are solids at room temperature. When 
thermosoftening polymers are heated, the long 
molecules get more energy and are able to 
overcome their intermolecular forces and move 
past one another, so the polymer softens. The T&L 
Lesson starter 3 could be used here too.

http://www.rsc.org/learn-chemistry/resource/res00001743
http://www.rsc.org/learn-chemistry/resource/res00001743
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Main
Introduce addition polymerisation as one way of 
making long-chain polymer molecules from small, 
unsaturated alkene molecules called monomers. 
The paper-clip analogy on page 187 of the 
textbook is a good place to start, before using 
Molymod® sets to show how the C=C double bond 
can open up and allow lots of monomer molecules 
to join together.

Use Figures 7.22 and 7.23 on page 187 to 
show how we represent the process of addition 
polymerisation, and the repeat unit of a polymer 
molecule.

Then introduce other unsaturated monomer 
molecules and get students to draw the repeat 
units for the polymers they would form. 
For instance, tetrafluoroethene (CF2=CF2), 
chloroethene (CH2=CHCl) and propene 
(CH2=CHCH3).

Then give students the structures of some 
repeat units, and ask them to draw the structure 
of the monomer that must have formed them. 
Table 7.7 on page 188 of the textbook shows a 
variety of polymers that could be used for this 
activity.

Plenary
Students can then complete the ‘Show you 
can’ activity on page 188 of the textbook 
to review their understanding of addition 
polymerisation.

Support
Once again, modelling the process of addition 
polymerisation with Molymod® sets can help more 
kinaesthetic learners. Watch out for a common 
misconception when drawing the repeat unit 
for poly(propene): students commonly make the 
repeat unit three carbons wide, and lose the 
CH3 branch from the repeat unit [–CH2CH2CH2–], 
as opposed to having the CH3 branch present  
[–CH2CH(CH3)–].

Extension
More-confident learners could be asked to explain 
how the strength of the intermolecular forces 
between polymer chains will affect the strength 
of the polymer, and therefore how the polymer is 
used.

Homework
Students can complete the ‘Test yourself’ questions 
on page 188 of the textbook.

Condensation polymerisation: Lesson 14 
(Chemistry only and Higher tier)

1 State that monomers with two function 
groups can be used to make condensation 
polymers. (HT)

2 In the condensation reaction a small molecule 
such as water is lost. (HT)

3 Describe an example of condensation 
polymerisation such as the formation of a 
polyester. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the previous 
learning on addition polymers – perhaps by 
reviewing the questions to the ‘Test yourself’ 
activity on page 188 of the textbook.

Main
Introduce condensation polymerisation as another 
way of forming long-chain polymer molecules, but 
using monomers with different functional groups to 
those used to make addition polymers. State that 
during condensation polymerisation, the monomers 
join together and a small molecule (often water) is 
produced for every join between two monomers.

Introduce polyesters as condensation polymers 
that form when monomers with two carboxylic 
acid functional groups (dicarboxylic acids) react 
with monomers with two alcohol functional 
groups (diols). Use Figures 7.25, 7.26 and 7.27 
on page 189 of the textbook (and in the T&L 
Diagram bank) to show how condensation 
polymerisation works – the simplification of these 
figures is a great help when introducing this type 
of polymerisation. Ask students where the ester 
functional group is in the repeat unit – hopefully 
they will recognise the –COO– linkages that join 
the monomers together.

Go through the formation of other polyesters, 
showing the complete structural formulae of the 
two monomers. For instance the polyester formed 
when hexanedioic acid polymerises with propan-
1,3-diol:

nHOOCCH2CH2CH2CH2COOH + 
nHOCH2CH2CH2OH →  
[–OCCH2CH2CH2CH2COOCH2CH2CH2O2]n 
+ 2nH2O
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Another example could be the formation of PET 
(polyethylene terephthalate) from benzene-1,4-
dicarboxylic acid and ethan-1,2-diol.

Finally, show students a monomer with both 
a carboxylic acid functional group and an OH 
functional group, and show how these monomers 
can polymerise. Figure 7.28 on page 190 of the 
textbook shows a simplified version of this.

Finally, draw up the repeat unit of a polyester 
and ask students to identify the structures of 
the monomers that must have formed it. For 
instance, [–OCCH2CH2COOCH2CH2CH2CH2O–] 
would have formed from the dicarboxylic acid 
HOOCCH2CH2COOH (butanedioic acid) and the diol 
HOCH2CH2CH2CH2OH (butan-1,2-diol).

Plenary
Use the ‘Show you can’ activity on page 192 of the 
textbook to review the lesson.

Support
Condensation polymerisation is conceptually more 
challenging than addition polymerisation, and the 
simplification of the monomers used in the textbook 
is definitely effective in simplifying matters for 
students. Using Molymod® sets to model the process 
could also be helpful for students.

Extension
More-confident students could be given more 
complicated polyester repeat units from which 
to determine the monomers. For instance [–
OCH2CH2CH(CH3)CH2CO–] is formed from the single 
monomer HOCH2CH2CH(CH3)CH2COOH. N.B. the CH3 
in brackets represents a branch off the main six 
carbon chain of the monomer.

Homework
Students could complete questions 22 and 24 
of the ‘Test yourself’ activity on page 192 of the 
textbook.

Natural polymers: Lesson 15  
(Higher Tier)

1 State that amino acids undergo condensation 
polymerisation to form polypeptides and 
proteins. (HT)

2 Describe how different amino acids can 
be combined to produce a wide variety of 
proteins. (HT)

3 List other naturally occurring polymers as 
DNA, starch and cellulose.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the formation of 
polyesters: give students three examples to check 
their understanding. For instance:

● draw the repeat unit for the polyester 
that forms from HOOCCH2CH2COOH and 
HOCH2CH2CH2CH2CH2CH2OH;

● draw the repeat unit of the polyester that forms 
from HOCH2CH2COOH; 

● and draw the two monomers that would form the 
repeat unit [–OCCH2COOCH2O–].

Main
Introduce polyamides as condensation polymers 
that form when monomers with two carboxylic 
acid functional groups (dicarboxylic acids) react 
with monomers with two amine functional groups 
(–NH2). Use Figures 7.29 and 7.30 on page 190 
of the textbook (and T&L Diagram bank) to show 
how polyamides form. Emphasise the similarities 
between the formation of polyamides and 
polyesters, but highlight the presence of amide 
linkages rather than ester linkages between the 
monomers.

Use the final three examples in Table 7.8 on 
page 191 to practise drawing the repeat units of 
polyamides from their monomer(s). Give examples 
of synthetic polyamides as nylon and Kevlar.

Then, introduce amino acids as molecules with 
both the –COOH and –NH2 functional groups, 
and state that when amino acids polymerise they 
form peptides, polypeptides and proteins. State 
that there are 20 essential amino acids that in 
different combinations make up all the proteins 
in the human body. These are one example of 
naturally occurring polymers (along with starch 
and cellulose).

Use the amino acid monomers in Table 7.9 on 
page 193 of the textbook for students to construct 
repeat units from.

Plenary
Now would be a good time to review the three 
types of polymers that have been studied: addition 
polymers, polyesters, and polyamides.

Support
Condensation polymerisation is conceptually more 
challenging than addition polymerisation, and 
the simplification of the monomers used in the 
textbook is definitely effective in simplifying 
matters for students. Using Molymod® sets to 
model the process could also be helpful for 
students.
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Extension
Students could be asked to find out the repeat unit 
for Kevlar, and work out the monomers that are 
used to form it. 

Homework
Students could complete question 25 from 
the ‘Test yourself’ activity on page 192 of 
the textbook, and question 30 from the ‘Test 
yourself’ activity on page 194 of the textbook. 
Alternatively, the T&L Homework task (b) 
could be set at this point.

DNA: Lesson 16 (Chemistry only)

1 State that DNA is a large molecule that 
encoded genetic instruction.

2 Describe DNA as two polymer chains formed 
into a double helix.

3 DNA polymer chains are made from four 
different monomers called nucleotide bases.

4 Name the types of monomers from which 
naturally occurring polymers are made. (HT)

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by asking students what they 
know about DNA – a lot of students will be able 
to recall something about the molecule. A great 
video that summarises the importance of DNA and 
how it works can be found at www.youtube.com/
watch?v=zwibgNGe4aY. 

Main
Introduce DNA as a naturally occurring polymer 
formed from only four different monomers 
called nucleotides. Each DNA molecule consists 
of two very long polymer chains consisting of 
nucleotides joined in a particular sequence. It 
is the sequence of nucleotides that determines 
what organism the DNA produces. The two 
polymer chains of DNA are held together in a 
double helix structure by the forces of attraction 
that exist between the side groups on the 
nucleotides in the polymer chains. DNA contains 
genetic code that enables cells to build proteins 
from amino acids, proteins are used to make 
new cells, tissues, organs, organ systems and 
ultimately organisms.

Finally, introduce starch and cellulose as other 
examples of naturally occurring polymers. These 
polymers are examples of carbohydrates that are 
made up of monomer units of glucose (C6H12O6).

Plenary
Now would be a good time to mind map polymers 
and polymerisation to cover synthetic polymers 
(addition polymers and condensation polymers like 
nylon, Kevlar and polyesters) and natural polymers 
(polypeptides, proteins, DNA, and carbohydrates 
like starch and cellulose).

Support
There has been a lot of factual content in this 
chapter, and the T&L Key terms resource will help 
students to bring a lot of the key terms together. 
Also, the T&L Topic overview could be used to 
review the chapter of work.

Extension
More-confident students could be asked to find out 
how the nucleotide monomers in DNA actually join 
together, or the importance of hydrogen bonding 
in DNA molecules.

Homework
Students could complete the ‘Test yourself’ 
questions 26–29 on page 194 of the textbook, 
along with the ‘Show you can’ activity on the 
same page. For a far broader review of this chapter 
of work, the Chapter review questions on pages 
195–196 of the textbook can be used.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Substances that burn in oxygen releasing a lot 

of thermal energy
2 Crude oil, coal and natural gas
3 Covalent
4 4
5 Long-chain molecules
6 Fractional distillation

Test yourself
1 a) Over millions of years, from plankton, died 

and buried in mud under the sea, heat and 
pressure converted them to oil.

b) Biomass is a resource made from living or 
recently living creatures; oil was made in 
this way but a very long time ago.

c) It cannot be replaced once it has been used.
2 a) A compound containing hydrogen and 

carbon only
b) They have different boiling points.
c) Oil is vaporised; put into a tower that is 

hot at the bottom and cool at the top; 
alkanes rise, cool and condense at different 
heights; smaller molecules are separated 
nearer the top.

https://www.youtube.com/watch?v=zwibgNGe4aY.
https://www.youtube.com/watch?v=zwibgNGe4aY.
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3 a) A molecule that only contains single 
covalent bonds.

b) C6H14
c) 

H C C C C C

H

H

H

H

H

H

H

H

H

C H

H H

H

4 a) Decane
b) Pentane
c) Decane

5 a) C5H12 + 8O2 → 5CO2 + 6H2O
b) 2C2H6 + 7O2 → 4CO2 + 6H2O

6 a) More viscous, less flammable, burn with 
smokier flames

b) Heat the alkanes to vaporise them and then 
pass them over a hot catalyst; heat the 
alkanes to vaporise them, mix them with 
steam and then heat them to very high 
temperature

c) Breaking down a substance into simpler 
substances using heat

d) Shorter alkanes used as fuels; alkenes as 
a starting material to make many other 
substances such as polymers and medicines

7 a) C18H38 → C12H26 + 2C3H6
b) C20H42 → C12H26 + 4C2H4
c) C18H38 → C10H22 + C4H8 + 2C2H4
d) C25H52 → C11H24 + 2C4H8 + 2C3H6

8 a) Contains C=C double bond(s)
b) A compound that contains hydrogen and 

carbon only
c) They contain a C=C double bond
d) Due to incomplete combustion

9 a) C6H12
b) (Note that there is more than one structure 

for hexene with the C=C double bond in 
different places.)

 

H C C C C C

H

H

H

H

H

H

H

H

C

H

H

H

c) Solution goes from orange to colourless.
d) (This is one example based on the structure 

shown in (b).)

H C C C C C

H

H

H

H

H

H

H

H

C

H

H

H

+ H C C C C C

H

H

H

H

H

H

H

H

H

C H

Br Br

H

Br2

C H + H C C C C C

H

H

H

H

H

H

H

H

H

C H

Br Br

H

Br2

10 a) Reaction in which atoms bond to the atoms 
in a C=C double bond to form a saturated 
molecule.

b) i)  (Note that there is more than one 
structure for butene with the C=C double 
bond in different places.)

H C C C

H

H

H

H

C

H

H

H

+ H C C C C H

H

H

H

H

H

H

H

H

H2

ii) (Also allow answers with the OH on the end 
C atom.)

H C C

H

H

C

H

H

H

+ H C C C H

H

H

H

OH

H

H

H2O

iii) 

iv) 

H C C

H

H

C

H

H

H

+ H C C C H

H

H I I

H H

I2

v) (Note that there is more than one 
structure for pentene with the C=C double 
bond in different places.)

 

H C C C C

H

H

H

H

H

H

C

H

H

H

+ H C C C

H

H

H

H

H

H

CI2

 

H C C C C

H

H

H

H

H

H

C

H

H

H

+ H C C C C C

H

H

H

H

H

H

H

Cl

H

H

Cl

CI2

c) All of them
d) ii
e) i

11 a) B, D, F
b) A, H
c) E, G

12 a) Carboxylic acid/–COOH
b) Alcohol/–OH

13 a) 

H C C

H

H

H

H

O H

b) –OH
c) Solvent, fuel, in alcoholic drinks
d) Fizzing would occur due to the formation of 

hydrogen.
e) It is oxidised to ethanoic acid

14 a) 2C3H7OH + 9O2 → 6CO2 + 8H2O
b) C4H9OH + 6O2 → 4CO2 + 5H2O

H C C

H

H

H

+ H C C H

H

Br

H

Br

Br2
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15 a) 

H C C

H

H

O H

O

b) –COOH
c) Fizzing occurs due to the formation of 

carbon dioxide
16 a) Ethyl ethanoate

b) An acid would be a suitable catalyst
17 a) A polymer is a long-chain molecule made 

from joining lots of small molecules 
together.

b) Monomers are small molecules that are 
joined together to make a polymer.

18 a) C=C
b) Nothing

19 a) Poly(styrene)
b) Bromoethene

20 

C C

Cl

Cl H

H

n

n

C C

CI

CI

H

H

21 

Structure of 
monomer

Repeating unit of 
polymer

Structure of 
polymer

CH3

CH3

C C

H

H CH3

C

CH3

C

H

H

C C

CH3

CH3

H

H
n

F

C

H

C

H

F

C C

H

F F

H

F

H

C

F

H

C

n

22 a) A small molecule (e.g. water) is produced as 
well as the polymer

b) No C=C; each monomer has two functional 
groups (e.g. –COOH, –OH, –NH2)

23 a) Nylon, Kevlar, terylene
b) Starch, cellulose, proteins

24 

CHO CH2

O

C OH

O

HO CH2 CH2 OHand

25 a) 
C CH2

O

CH2 CH2 C N

O

H

CH2 N

H

b) 

C CH2

O

CH2 CH2 C N

O

H

CH2 N

H
n

26 a) Amino acids
b) Sugars/glucose
c) Sugars/glucose

27 a) Biological molecules containing carbon, 
hydrogen and oxygen

b) Starch, cellulose, sugars/glucose
28 a) Deoxyribonucleic acid

b) i) Nucleotides
ii) 4

29 a) Molecules containing both a carboxylic acid 
and an amine functional group

b) Polymers/long molecules made from many 
different amino acids joined together.

30 a) 

HN CH C

O

O

CH2

CH

CH3

CH3

b) 

H2N CH C

O

OH

CH2

CH

CH3

CH3

HN CH C

O

O

CH2

CH

CH3

CH3

n

n + n H2O

Show you can
Page 176

a) It contains carbon and hydrogen only
b) x = 3, y = 8
c) Propane

 

CH

H

C

H

H

H

C H

H

H

Page 180

a) A: CO2 + H2O; B: C2H4Br2; C: C2H6; D: 
C2H5OH/C2H6O

b) Orange solution → colourless
c) D
d) C

Page 186

a) Ethyl ethanoate
b) Acid catalyst
c) Sodium
d) C2H5OH + 3O2 → 2CO2 + 3H2O
e) Sodium carbonate/calcium carbonate

Page 188

a) 
C

H

C

Cl

F

CH3
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b) H

C C

Cl CH3

F

c) No, because it contains F and Cl (and not 
just C and H).

Page 192

a) C3H4O2

b) HO C

O

CH2CH2 C

O

OH

Page 194

Monomer – nucleotide, ethanediol, glucose, amino 
acid, chloroethene, glycine, hexanedioic acid

Polymer – DNA, polyester, starch, cellulose, 
protein, poly(propene), polypeptide

Practical: Identification of functional groups
1 Incomplete combustion
2 C=C
3 –COOH
4 Mixes/dissolves
5 Bubbles/fizzing/effervescence
6 Ethyl ethanoate
7 –COOH

Chapter review questions
1 a) i) E

ii) C
iii) A
iv) B
v) D

b) A: propanol (propan-1-ol); B: propanoic 
acid; C: propene; D: poly(ethene); E: butane

2 a) Saturated: molecule containing only single 
bonds/no double bonds; unsaturated: 
molecules that contain double bond(s); 
hydrocarbon: compound containing hydrogen 
and carbon only.

b) i) It stays orange
ii) Goes from orange to colourless

3 a) Carboxylic acid/–COOH
b) Alcohol/–OH
c) Alkene/C=C
d) Carboxylic acid/–COOH
e) Alcohol/–OH

4 a) 

CH

H

H

H

b) 

CH

H

C

H

H

H

O H

c) 

CH

H

C

H

H

H

C C

H

H

O H

O

d) 
CH

H

C

H

H

C H

H

5 a) C5H12 + 8O2 → 5CO2 + 6H2O
b) 2C5H12O + 15O2 → 10CO2 + 12H2O

6 a) Oil is vaporised; put into a tower that is hot 
at the bottom and cool at the top; alkanes 
rise, cool and condense at different heights; 
due to having different boiling points; 
smaller molecules are separated nearer the 
top.

b) i) Any two of the following: less flammable, 
more viscous, burns with smokier flame

ii) Cracking
iii) Heat the alkanes to vaporise them and 

then pass them over a hot catalyst; or 
heat the alkanes to vaporise them, mix 
them with steam and then heat them to 
very high temperature.

iv) Alkenes
v) C18H38 → C10H22 + 2C3H6 + C2H4

7 a) C=C
b) Nothing
c) 

C

CH3

C

H

CH3

H

d) 
C

CH3

C

H

CH3

H

C C

CH3

H

CH3

H

n

n

8 a) 
CC

C

C C

CC

O O

H H

HH

C O CH2 CH2 O

b)

CC

C

C C

CCHO

O

H H

HH

C OH

O

+ n HO CH2 CH2 OH

CC

C

C C

CC

O O

H H

HH

C O CH2 CH2 O + H2O

n

n
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c) Water is also produced
9 a) 

H2N CH C

O

OH

CH CH3

CH2

CH3

b) 

H2N CH C

O

OH

CH CH3

CH2

CH3

c) 
HN CH C

O

O

CH

2CH

CH3

CH3

d) 
H2N CH C

O

OH

CH

2CH

CH3

CH3

HN CH C

O

O

CH

2CH

CH3

CH3
n

n + n H2O

 

N CH C

O

OH

CH

2CH

CH3

CH3

HN CH C

O

O

CH

2CH

CH3

CH3
n

+ n H2O

10 a) 
H C C C C

H

H

H H

H

H

H

+ H C C C C H

H

H

H

Br

H

Br

H

H

Br2

  

C

H

H

H

+ H C C C C H

H

H

H

Br

H

Br

H

H

Br2

b) 
C C C

H

H

H H

H

H

H

+H C H C C C C H

H

H

H

H

H

OH

H

H

H2O

 

C

H

H

H

+ H C C C C H

H

H

H

H

H

OH

H

H

H2O

c) 

C C C

H

H

H H

H

H

H

+H C H C C

H

H

H

H

H2

 

C C C

H

H

H H

H

H

H

+H C H C C C C H

H

H

H

H

H

H

H

H

H2

Practice questions
1 B  [1 mark]
2 D  [1 mark]
3 C  [1 mark]
4 D  [1 mark]
5 a) i)  Mixture of hydrocarbons/remains of an 

ancient biomass or plankton that was 
buried in the mud [1 mark]

ii) Fractional distillation  [1 mark]
iii) Any two from: petrol, diesel, kerosene,  

fuel oil, liquid petroleum gas (LPG)  [2 marks]
b) i) Only single bonds [1 mark], only contains 

carbon and hydrogen  [1 mark]
ii) CnH2n+2  [1 mark]

c) i) Cracking  [1 mark]
ii) C8H18 → C3H6 + C5H12 [1 mark for correct 

formula, 1 mark for balanced equation]
iii) Bromine water, changes from orange to 

colourless  [2 marks]
iv) C2H4 + Br2 → CH2BrCH2Br (or C2H4Br2)  

 [1 mark]
6 a) 2C17H36 + 35O2 → 34CO + 36H2O  [2 marks]

b) Heptadecane  [1 mark]
c)  i) Vapour passed over a hot catalyst; vapour 

mixed with steam and heated to a high 
temperature  [2 marks]

ii) C17H36 → 2C2H4 + C3H6 + C10H22 or C17H36 
→ 4C2H4 + 2C3H6 + C3H8  [2 marks]

d) i) Addition polymerisation  [1 mark]
ii)  [2 marks]
  

C

CH3

C

H

H

H

C C

CH3

H

H

H

n

n

7 a) i) Poly(tetrafluoroethene)  [1 mark]
ii) 

C

F

C

F

F

F

C C

F

F

F

F

n

n

 [2 marks]

b) i) Condensation polymerisation  [1 mark]
ii) 

H2N CH C

O

OH HN CH C

O

O

HH

n

n

n H2O+

 [2 marks]
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8 a) i) Contains C and H only  [1 mark]
ii) C=C  [1 mark]
iii) Unsaturated  [1 mark]

b) i) OH and C=C  [2 marks]
ii) C10H17OH + 14O2 → 10CO2 + 9H2O  [1 mark]
iii) Level 3 answer = maximum 6 marks: 

A detailed and coherent answer giving 
correct observations for both organic 
substances with both reagents. There must 
be correct comparisons and contrasts made 
between both reactions.

   Level 2 answer = maximum 4 marks: 
A number of observations considered 
and a clear comparison has been made. 
There may be some detail missing but all 
observations given are correct.

   Level 1 answer = maximum 2 marks: 
Simple statements but disjointed with 
vague observations given. There has been 
no attempt at a comparison.

   Indicative content [6 marks]:
   Myrcene reacts with bromine water
   Linacool reacts with bromine water
   Bromine water changes from orange to 

colourless in both compounds
   Myrcene does not react with sodium
   Linalool reacts with sodium
   Bubbles of hydrogen are observed

c) i) 
H C C O

H

H

H

H

H

 [1 mark]

ii) C2H4 + H2O → C2H5OH [1 mark], steam/
hot [1 mark], acid catalyst [1 mark]

iii) 
H C

H

C H

H  [1 mark]

iv) Addition reaction  [1 mark]
d) i) 

H C C O

H

H

H

O  [1 mark]

ii) Bubbles, sodium carbonate used up/
disappears  [2 marks]

Working scientifically
1 
Hazard Risk Control measure
Hydrated 
copper sulfate

Irritating to eyes 
(Hazcard 27c)

Wear safety glasses

Heating in a 
test tube

Solid may spit out of test 
tube and may cause 
burn or hurt eyes

Wear safety glasses; 
point test tube away 
from face and others

Cracked glass Causes cuts Check test tube 
carefully before 
heating; do not touch 
broken glass

Long hair May catch fire Keep long hair tied back
Bags and 
stools

Could be a tripping 
hazard

Tuck stools under 
benches; leave bags in 
bag store

2

Hazard Risk Control measure

Concentrated 
sulfuric acid 

Corrosive (Hazcard 
22)

Wear safety glasses; wear 
gloves; use the lowest 
concentration possible

Ethanol Flammable 
(Hazcard 60) 

Heat in a water bath; keep 
ethanol away from naked 
flames

Ethanoic acid Corrosive (Hazcard 
38a)

Wear safety glasses; wear 
gloves

Cracked glass Causes cuts Check boiling tube carefully 
before heating; do not 
touch broken glass

Long hair May catch fire Keep long hair tied back

Bags and 
stools

Could be tripping 
hazard

Tuck stools under benches; 
leave bags in bag store

3 Place 20 cm3/an excess of ethanol in a beaker 
and using forceps add a small piece of sodium 
(about 2 mm each side) to the ethanol; wear 
safety glasses.

4 Keep power pack away from water supply; 
ensure that there are no bare leads and that 
the power pack has been checked for electrical 
safety.

AQA GCSE (9–1) Combined Science Trilogy 2
Test yourself on prior knowledge
1 Substances that burn in oxygen releasing a lot 

of thermal energy
2 Crude oil, coal and natural gas
3 Covalent
4 4
5 Long-chain molecules
6 Fractional distillation

Test yourself
1 a) Over millions of years, from plankton, died 

and buried in mud under the sea, heat and 
pressure converted them to oil.

b) Biomass is a resource made from living or 
recently living creatures; oil was made in 
this way but a very long time ago.

c) It cannot be replaced once it has been used.
2 a) A compound containing hydrogen and 

carbon only.
b) They have different boiling points
c) Oil is vaporised; put into tower that is hot 

at the bottom and cool at the top; alkanes 
rise, cool and condense at different heights; 
smaller molecules are separated nearer the 
top.

3 a) A molecule that only contains single 
covalent bonds.

b) C6H14
c) 

H C C C C C

H

H

H

H

H

H

H

H

H

C H

H H

H
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4 a) Decane
b) Pentane
c) Decane

5 a) C5H12 + 8O2 → 5CO2 + 6H2O
b) 2C2H6 + 7O2 → 4CO2 + 6H2O

Show you can 
Page 147 (503)

a) It contains carbon and hydrogen only
b) x = 3, y = 8
c) Propane

 

CH

H

C

H

H

H

C H

H

H

Chapter review questions
1 a) Saturated: molecule containing only single 

bonds/no double bonds; unsaturated: 
molecules that contain double bond(s); 
hydrocarbon: compound containing hydrogen 
and carbon only

b) i) It stays orange
ii) Goes from orange to colourless

2 a) Oil is vaporised; put into a tower that is hot 
at the bottom and cool at the top; alkanes 
rise, cool and condense at different heights; 
due to having different boiling points; 
smaller molecules are separated nearer the 
top

b) i) Any two of the following: less flammable, 
more viscous, burns with smokier flame

ii) Cracking
iii) Heat the alkanes to vaporise them and 

then pass them over a hot catalyst; or 
heat the alkanes to vaporise them, mix 
them with steam and then heat them to 
very high temperature

iv) Alkenes
v) C18H38 → C10H22 + 2C3H6 + C2H4

Practice questions
1 D C4H10  [1 mark]
2 a) i)  Mixture of hydrocarbons/remains of an 

ancient biomass or plankton that was 
buried in the mud  [1 mark]

ii) Fractional distillation  [1 mark]
iii)  Any two from: petrol, diesel, kerosene, 

fuel oil, liquid petroleum gas (LPG)  
 [2 marks]

b) i) Only single bonds [1 mark], only contains 
carbon and hydrogen  [1 mark]

ii) CnH2n+2  [1 mark]

c) i) Cracking  [1 mark]
ii) C8H18 → C3H6 + C5H12 [1 mark for correct 

formula, 1 mark for balanced equation]
iii) Bromine water, changes from orange to 

colourless  [2 marks]
iv) C2H4 + Br2 → CH2BrCH2Br (or C2H4Br2)  

 [1 mark]
3 a) Heptadecane  [1 mark]

b) High temperature [1 mark] and steam or a 
catalyst  [1 mark].

4 a) Evaporation vaporises the crude oil, 
changing it to gas [1 mark]. The 
hydrocarbons condense (change back to 
liquid) at different heights in the tower as 
they have different boiling points  [1 mark].

b) The larger the hydrocarbon the higher the 
boiling point (or converse). The larger 
the hydrocarbon the more viscous it is (or 
converse). The larger the hydrocarbon the 
less flammable it is (easier to ignite) (or 
converse).  [3 marks]

5 a) 

H C C H

H

H

H

H

 [1 mark]

b) C3H8 [1 mark]

Working scientifically: Assessing risk in 
scientific experiments
Pages 151–52 (507–8)

1 

Hazard Risk Control measure

Hydrated 
copper sulfate

Irritating to eyes 
(Hazcard 27c)

Wear safety glasses

Heating in a test 
tube

Solid may spit out 
of test tube and 
may cause burn or 
hurt eyes

Wear safety glasses; point 
test tube away from face 
and others

Cracked glass Causes cuts Check test tube carefully 
before heating; do not 
touch broken glass

Long hair May catch fire Keep long hair tied back

Bags and stools Could be a tripping 
hazard

Tuck stools under benches; 
leave bags in bag store



7 Organic chemistry

129

2 

Hazard Risk Control measure

Concentrated 
sulfuric acid 

Corrosive 
(Hazcard 22)

Wear safety glasses; wear 
gloves; use the lowest 
concentration possible

Ethanol Flammable 
(Hazcard 60) 

Heat in a water bath; keep 
ethanol away from naked 
flames

Ethanoic acid Corrosive 
(Hazcard 38a)

Wear safety glasses; wear 
gloves

Cracked glass Causes cuts Check boiling tube carefully 
before heating; do not touch 
broken glass

Long hair May catch fire Keep long hair tied back

Bags and stools Could be tripping 
hazard

Tuck stools under benches; 
leave bags in bag store

3 Place 20 cm3/an excess of ethanol in a beaker 
and using forceps add a small piece of sodium 
(about 2 mm each side) to the ethanol; wear 
safety glasses.

4 Keep power pack away from water supply; 
ensure that there are no bare leads and that 
the power pack has been checked for electrical 
safety.
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8 Chemical analysis

Overview
Specification points
4.8.1.1 Pure substances; 4.8.1.2 Formulations; 
4.8.1.3 Chromatography; 4.8.2.1 Test for hydrogen; 
4.8.2.2 Test for oxygen; 4.8.2.3 Test for carbon 
dioxide; 4.8.2.4 Test for chlorine; 4.8.3.1 
Flame tests; 4.8.3.2 Metal hydroxides; 4.8.3.3 
Carbonates; 4.8.3.4 Halides; 4.8.3.5 Sulfates; 
4.8.3.6 Instrumental methods; 4.8.3.7 Flame 
emission spectroscopy

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 8 pages 201–
222

AQA GCSE (9–1) Combined Science Trilogy 2: 
Chapter 30 pages 153–165

AQA GCSE (9–1) Combined Science Trilogy: Chapter 
30 pages 509–521

Recommended number of lessons: 11

Chapter overview

Contains AQA required practical Yes: RP 6 and RP 7 
(Chemistry only)

Contains higher-only material No

Contains chemistry-only material Yes

Useful prior learning
The T&L Prior knowledge catch-up student sheet 
covers the useful prior learning for this chapter:

● pure substances, elements, compounds and 
mixtures;

● how pure substances change state at a fixed 
temperature, while mixtures change state over a 
range of temperatures;

● simple chemical tests for oxygen, hydrogen and 
carbon dioxide gases;

● the use of simple paper chromatography to 
separate mixtures of coloured substances.

Common misconceptions
Advertising phrases like ‘pure fruit juice’ can lead 
students to believe that pure substances can be 
mixtures. In this ‘pure’ refers to the fact that there 
are no further additives added to the fruit juice 
(such as sweeteners, preservatives or colourings). 
In science, a pure substance is one that contains 
only one type of particle.

Preparation
There is a huge range of resources available to 
prepare for this chapter, and to support student 
learning throughout the chapter. The T&L Prior 

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key concept: Working out the formulae of ionic 
compounds

• Key terms

• Practical: Using chromatography to separate and 
analyse a substance

• Teacher and technician notes: Using chromatography 
to separate and analyse a substance

• Practical: Flame tests to identify positive metal ions

• Teacher and technician notes: Flame tests to identify 
positive metal ions

• Practical: Identifying negatively charged ions in ionic 
compounds and solutions

• Teacher and technician notes: Identifying negatively 
charged ions in ionic compounds and solutions

• Practical: Precipitation reactions to identify positive 
metal ions

• Teacher and technician notes: Precipitation reactions 
to identify positive metal ions

• Practical video: Investigating paper chromatography 
to separate and analyse coloured substances

• Practical video: Use paper chromatography

• Practical video: Identifying ionic compounds – flame 
tests

• Practical video: Tests for ions – Mg2+, Ca2+ and Al3+

• Practical video: Identifying ionic compounds – 
precipitation reactions to identify positive metal ions

• Practical video: Test for metal ions Fe2+, Fe3+ and 
Cu2+

• Practical video: Identifying ionic compounds – 
carbonate ions

• Practical video: Test for carbonate ions 

• Practical video: Identifying ionic compounds – halide 
ions 

• Practical video: Test for halide ions Cl−, Br−, I−

• Practical video: Identifying ionic compounds – sulfate 
ions

• Practical video: Test for sulfate ions

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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page 204 (156; 512) of the textbook shows some 
examples of formulations.

Plenary
Use the questions in the ‘Test yourself’ box on page 
204 (156; 512) to review the learning objectives 
from this lesson.

Support
Advertising phrases like ‘pure fruit juice’ can lead 
students to believe that pure substances can be 
mixtures. In this ‘pure’ refers to the fact that there 
are no further additives added to the fruit juice 
(such as sweeteners, preservatives or colourings). 
In science a pure substance is one that contains 
only one type of particle.

Extension
Students could be asked to find out how the 
properties of the alloy ‘brass’ can be changed by 
changing the composition of the formulation.

Homework
The ‘Show you can’ questions on page 205 (157; 
513) of the textbook and question 1 of the Chapter 
review questions on page 217 (162; 518) of the 
textbook.

Chromatography part 1: Lesson 2

1 Describe how chromatography can be used 
to help identify a mixture of substances.

2 Describe how the separation depends on the 
distribution between a stationary phase and a 
mobile phase.

3 Calculate Rf values as the ratio of distance 
moved by substance to the distance moved 
by the solvent.

4 State that different compounds may separate 
into different spots depending on the solvent. 

5 State that pure compounds will produce a 
single spot in all solvents.

Learning outcomes

Suggested lesson plan
Starter
Remind students of their previous work on 
chromatography as a means of separating a mixture 
of substances and review the method for carrying 
out chromatography by demonstrating the technique 
(students will carry out RP6 next lesson).

Main
Review the theory behind chromatography: 
separation occurs because different components 
in the mixture will have different affinities to 
the stationary phase and solubilities in the 
mobile phase. Those components that are more 

knowledge catch-up teacher sheet suggests 
good introductions for this chapter, and there are 
many T&L videos reviewing the practical work and 
the theory behind the observations made for the 
Required practicals (RP6 and RP7). The T&L Topic 
overview and Key terms resources provide useful 
starting places for understanding the key learning 
outcomes of the chapter, and will provide good 
places to start when preparing for an end of topic 
assessment.

Pure substances and formulations: 
Lesson 1

1 Define a pure substance as a single element 
or compound not mixed with any other 
substances.

2 Describe how melting and boiling point data 
can be used to distinguish pure substances 
from mixtures.

3 Be aware of the use of the term pure in 
everyday language and how this differs from 
the chemical definition.

4 Define a formulation as a mixture designed as 
a useful product.

5 List fuels, cleaning agents, paints, medicines, 
alloys, fertilisers and food as examples of 
formulations. 

Learning outcomes

Suggested lesson plan
Starter
The T&L Lesson starter 1 gives a good 
introduction to the concept of pure substances, 
and addresses a key misconception. Alternatively 
T&L Lesson starter 3 could be used to revise the 
properties of mixtures.

Main
Remind students that pure substances change 
state at a fixed temperature (water freezes at 
0 °C and boils at 100 °C). With a practically-able 
class, you could investigate how the addition 
of salt to water affects the boiling point of 
water (a risk assessment must be carried out 
before completing this practical), or show that 
the addition of salt to iced water lowers the 
temperature of the mixture below 0 °C without 
causing the water to freeze.

Describe how physical properties like melting and 
boiling points can be used to distinguish pure 
substances from mixtures, and then introduce the 
concept of formulations: a mixture designed to be 
a useful product. Ask students if they can think 
of any common formulations. Table 8.1 (30.1) on 
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soluble in the mobile phase move further up the 
chromatogram.

Using a pre-prepared or sketched chromatogram, 
introduce and define the concept of the Rf value 
as a means of identifying certain components of 
a mixture. Figure 8.5 (30.5) of page 206 (158; 
514) shows how Rf values can be deduced from a 
chromatogram.

Discuss how the Rf for a particular substance 
is constant for a given solvent, but that it will 
be different in different substances. Now ask 
students to predict the effect on the Rf value of 
a given substance when using a solvent that the 
substance is more soluble in (the Rf value will 
increase), or less soluble in (the Rf value will 
decrease).

Plenary
Sketch a chromatogram on the board, or use the 
T&L Diagram bank paper chromatography image, 
and ask students to conclude as much as possible 
from it. This should include:

● which substance has the greatest/smallest Rf 
value;

● which substance is the most soluble/least 
soluble;

● what components are present in any mixtures 
analysed;

● whether there are any unknown components to 
any mixtures analysed.

Support
There are two videos on the T&L that 
cover the practical and theoretical aspects 
of chromatography that will support all 
students, particularly as they prepare for 
Required practical 6: 

● Practical video: Investigating paper 
chromatography to separate and analyse 
coloured substances

● Practical video: Use paper chromatography 

Extension
If possible, more-able students could be set the 
task of carrying out thin-layer chromatography. 
Your Biology department may have an appropriate 
practical activity that could be used.

Homework
Students should watch the two T&L videos 
associated with chromatography in preparation for 
RP6 next lesson. The ‘Test yourself’ questions on 
page 206 (158; 514) review the learning objectives 
from the lesson.

Chromatography part 2: Lesson 3

1 Complete a chromatogram with Rf analysis.
2 Explain how paper chromatography separate 

mixtures.
3 Interpret given chromatograms through Rf 

analysis.
4 Quote answers to an appropriate number of 

significant figures.

Learning outcomes

Suggested lesson plan
Starter
You could begin the lesson by watching the 
T&L video on the method for carrying out paper 
chromatography or the T&L video that reviews how 
to calculate an Rf value.

Main
Students complete Required practical 6 (Using 
chromatography to separate and analyse a 
substance) and complete the questions included in 
the T&L Practical worksheet.

Plenary
Review the answers to the questions at the end of 
the worksheet.

Support
The key to an effective and useful chromatogram is 
to ensure that the spots of the substances placed 
on the pencil line are small and concentrated. 
Less-confident learners could be helped to do this 
– stress the importance in having patience while 
waiting for the spots to dry before adding more of 
the food colouring!

Extension
More confident learners could be encouraged to 
complete more than one chromatogram, testing 
more than one food colouring.

Homework
The T&L Homework task (a) reviews the learning 
objectives covered to date in this chapter. The 
‘Test yourself’ questions on page 206 (158; 514) 
would also be appropriate.

Tests for hydrogen and oxygen: Lesson 4 

1 Describe the test for hydrogen.
2 Describe the result of the hydrogen test.
3 Describe the test for oxygen.
4 Describe the result of the oxygen test.

Learning outcomes
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Suggested lesson plan
Starter
Show students the equations for the two reactions 
that they can use later in the lesson:

Mg(s) + H2SO4(aq) → MgSO4(aq) + H2(g)

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

Introduce the use of state symbols (if you have 
not done already) and then use this opportunity to 
revise reacting masses/volumes calculations using 
these two equations. For instance:

1 What mass of hydrogen gas will be formed when 
0.75 g of magnesium react? (Answer: 0.063 g).

2 What volume of oxygen will be produced when 
10.0 g of potassium manganate(VII) thermally 
decompose? (Answer: 759 cm3)

Main
Students can carry out two simple test tube 
reactions that generate hydrogen and oxygen, and 
so test for these gases:

1 By adding a 1.5 cm length of magnesium strip 
to a 3 cm depth of sulfuric acid and then placing 
a thumb over the mouth of the text tube, the 
hydrogen gas produced can be trapped. Then the 
hydrogen can be ignited with a lit splint.

2 By placing two spatulas of potassium 
manganate(VII) powder in a boiling tube and 
filling it to the neck with mineral wool. Students 
can then heat the KMnO4 using a Bunsen flame 
until a reaction becomes visible. A partner can 
then place a glowing splint in the mouth of the 
boiling tube to test for the oxygen gas produced.

You must prepare a risk assessment for these 
practicals before carrying them out.

In my experience the glowing splint can be re-lit 
several times, and a competition to see how many 
times it can be re-lit adds a bit of competitive fun 
to the lesson.

Plenary
Review the tests for these two gases, and if 
necessary, give students time to practise more 
reacting masses/volumes questions associated with 
reactions that produce these two gases.

Support
It will likely have been a long time since students 
studied reacting masses and reacting volumes 
questions, so many students will need reminding 
of how to carry out these calculations. Perhaps go 
through the two questions at the start of the lesson, 
and then give students some similar questions after 
the practical work to do by themselves.

Extension
More-able students could be asked to explain, in 
terms of rates of reaction, why oxygen re-lights 
a glowing splint (the concentration (or pressure) 
of oxygen in pure oxygen is far greater than that 
in air, so with pure oxygen there will be more 
frequent collisions between the O2 molecules and 
the wood molecules in the glowing splint, so the 
rate of combustion increases, and the splint re-
lights).

Homework
Questions 7 and 10 of the ‘Test yourself’ box on 
page 208 (161; 517) review the learning objectives 
from this lesson.

Tests for carbon dioxide and chlorine: 
Lesson 5

1 Describe the tests for carbon dioxide.
2 Describe the result of the carbon dioxide 

tests.
3 Describe the test for chlorine.
4 Describe the result of the chlorine test.

Learning outcomes

Suggested lesson plan
Starter
Similar to the previous lesson, you could begin 
this lesson by providing an opportunity to revise 
reacting masses/volumes calculations using two 
reactions that generate CO2 and chlorine gas:

Al2(CO3)3(s) → Al2O3(s) + 3CO2(g)

What volume of carbon dioxide will be produced 
when 4.68 g of aluminium carbonate thermally 
decompose? (Answer: 1.44 dm3)

4HCl(g) + O2(g) → 2Cl2(g) + 2H2O(l)

What volume of HCl gas is required to produce 
75 cm3 of chlorine gas? (Answer: 150 cm3)

Main
Students can again carry out two simple reactions 
that liberate carbon dioxide and chlorine, and then 
carry out the tests for those gases:

1 Thermal decomposition of copper carbonate, 
using a delivery tube to bubble the CO2 into a 
test tube of limewater.

2 Electrolysis of sodium chloride solution: 
chlorine will be produced at the positive 
electrode (anode). Placing damp litmus paper 
at this electrode will allow for the gas to be 
tested.
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You must prepare a risk assessment for these 
practicals before carrying them out.

If the class has studied electrolysis this is a good 
opportunity to revise half-equations by deducing 
the half-equation at the anode: 2Cl− → Cl2 + 2e−

Plenary
Review all the tests for gases studied, and then 
complete question 2 in the Chapter review 
questions on page 217 (162; 518) of the textbook.

Support
It will likely have been a long time since students 
studied reacting masses and reacting volumes 
questions, so many students will need reminding 
of how to carry out these calculations. Perhaps 
go through the two questions at the start of 
the lesson, and then give students some similar 
questions after the practical work to do by 
themselves.

Extension
More-confident students could be asked to 
construct a balanced symbol equation for the 
reaction described below:

An early method for producing chlorine was to heat 
a mixture of brine, sulfuric acid and manganese(II) 
oxide. The products were sodium sulfate, 
manganese(II) sulfate, water and chlorine.

Answer: 2NaCl + 2H2SO4 + MnO2 → Na2SO4 + 
MnSO4 + 2H2O + Cl2
Homework
The ‘Show you can’ activity on page 208 of the 
textbook. Students could also watch the T&L 
Practical video: Identifying ionic compounds – 
flame tests to help prepare them for the Required 
practical 7 that begins next lesson.

Flame tests: Lesson 6 (Chemistry only)

1 Carry out flames tests to identify 
characteristic colours of some metal ions.

2 Describe limitations of flame tests in context 
of mixtures of ions.

Learning outcomes

Suggested lesson plan
Starter
Introduce and demonstrate flame tests to the class, 
emphasising the importance of not contaminating 
individual metal wires with more than one sample 
type.

Main
Students carry out Required practical 7 (part a) 
in which they carry out flame tests on the metal 
ions listed in the specification. Please note that at 
this stage, students will not be able to answer the 
questions at the end of the worksheet. They are 
good questions, but require knowledge of the other 
chemical tests for ions – save them for later.

Review the class results to confirm that all 
students observed the correct flame colours (it is 
highly likely that this will not be the case due to 
contamination).

Discuss any problems that students may have had 
carrying out the flame tests, and link these to the 
limitations of flame tests in terms of mixtures of 
ions giving colours that may be masked by a more 
intense flame colour (for instance, the potassium 
flame colour is easily masked by the orange flame 
colour of sodium).

For a particularly able group of students, you could 
go into the theory behind why some metals emit 
certain frequencies of light when they are heated: 
the heat energy excites electrons into higher 
energy levels (or electron shells). As the electrons 
fall back down to their original energy levels they 
have to emit the energy they absorbed, and this 
energy is equivalent to the frequencies of certain 
colours of light.

Plenary
Ask students to identify the names and formulae of 
the unknown compounds described below:

Compound A: A small sample of an unknown white 
ionic solid was placed into a blue Bunsen flame, 
and a lilac flame was observed. Hydrochloric acid 
was added to a fresh sample of the ionic solid and 
effervescence (bubbling) was observed. Answer: 
potassium carbonate, K2CO3.

Compound B: A small sample of an unknown 
green ionic solid was placed into a blue Bunsen 
flame, and a green flame was observed. Another 
sample of the green ionic solid was dissolved 
in water. Carbon electrodes were placed in the 
solution and the solution was electrolysed. At the 
positive electrode a gas was produced that turned 
damp blue litmus paper white. Answer: copper(II) 
chloride, CuCl2
Support
It is often very challenging to get good flame 
colours, particularly for calcium (reddy-orange) 
and potassium (lilac). Make sure that the Bunsen 
chimneys are clean (often solids from previous 
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flame tests fall into the chimney, get stuck there, 
and then contaminate the flame colour). The T&L 
Practical video: Identifying ionic compounds - 
flame tests can be used to reinforce the practical 
method and the flame colours observed.

Extension
If not discussed in class, more-able students 
could be asked to find out why some metals have 
characteristically coloured flames. A good place 
to start is at www.chemguide.co.uk/inorganic/
group1/flametests.html

Homework
Students could be asked to produce a poster that 
details the method for carrying out a flame test, and 
the results for the ions studied. Students could also 
be asked to watch the T&L Practical videos: Tests 
for ions – Mg2+, Ca2+ and Al3+, Identifying ionic 
compounds – precipitation reactions to identify 
positive metal ions and Test for metal ions Fe2+, 
Fe3+ and Cu2+. These three videos will help to prepare 
them for the next part of the Required practical 7.

Metal hydroxide tests: Lesson 7 
(Chemistry only)

1 Carry out test tube reactions with sodium 
hydroxide to identify characteristic colours 
formed with some metal ions.

2 Write balanced symbol equations, including 
state symbols, for the reactions observed (not 
sodium aluminate).

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the chemistry 
behind precipitation reactions, and how they can 
be represented using ionic equations. In general: 
Mx+(aq) + xOH−(aq) → M(OH)x(s)

Main
Students should carry out Required practical 
7 (part c) in which they use sodium hydroxide 
solution to identify a selection of metal ions.

Plenary
Complete the questions at the end of the T&L 
Practical worksheet that involve writing ionic 
equations for the precipitation reactions involved.

Support
The most challenging aspect of this lesson is the 
construction of ionic equations to represent the 
precipitation reactions that are taking place. The 

T&L Practical videos: Tests for ions – Mg2+, Ca2+ 
and Al3+ and Test for metal ions Fe2+, Fe3+ and 
Cu2+ are particularly useful in supporting less-
confident students in constructing ionic equations.

Extension
More-confident learners could be asked to 
construct full symbol equations, including the 
other ions present in solution for the precipitation 
reactions involved. For instance when adding 
sodium hydroxide solution to copper sulfate 
solution, the full equation is:

CuSO4(aq) + 2NaOH(aq) → Cu(OH)2(s) + 
Na2SO4(aq).

Homework
Students could watch these T&L Practical videos 
to prepare them for the final part of Required 
practical 7.

● Identifying ionic compounds – carbonate ions
● Test for carbonate ions 
● Identifying ionic compounds – halide ions
● Test for halide ions Cl–, Br–, I–

● Identifying ionic compounds – sulfate ions.

Tests for carbonates, halides and 
sulfate: Lesson 8 (Chemistry only)

1 Describe the test for carbonates.
2 Describe the result of the carbonate test.
3 Describe the test for halide ions.
4 Describe the result of the halide test.
5 Describe the test for sulfates.
6 Describe the result of the sulfate test.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by quickly reviewing some of the 
analytical tests completed to date. For instance:

A small sample of an unknown white ionic 
compound, compound X, was placed in a blue 
Bunsen flame and no colour was observed. A small 
amount of compound X was dissolved in distilled 
water, and a few drops of sodium hydroxide 
solution were added. A white precipitate formed. 
Another solution of compound X was prepared 
and electrolysed using carbon electrodes. At the 
negative electrode a gas was produced that made 
a popping sound with a lit splint. At the positive 
electrode another gas was produced that turned 
damp red litmus paper white. Identify compound X.

Answer: magnesium chloride, MgCl2.

www.chemguide.co.uk/inorganic/group1/flametests.html
www.chemguide.co.uk/inorganic/group1/flametests.html
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Main
Students carry out the final part of the Required 
practical 7 (part b) that covers the tests for 
negative ions. Students then complete the 
questions at the end of the T&L Practical 
worksheet.

Plenary
Review the results of the chemical tests for these 
anions, and then go through the questions at the 
end of the worksheet.

Support
Again, the construction of equations for the reactions 
that take place during these tests will cause the 
biggest problem in today’s lesson. The T&L Practical 
videos: Test for carbonate ions, Test for halide ions 
and Test for sulfate ions review how to construct 
these equations for the reaction of carbonate ions 
with acid, and the precipitation of silver halides.

Extension
More confident students could be asked to devise a 
flow chart of chemical tests that could be used to 
identify an ionic compound containing any of the 
ions from the tests they have learnt in the previous 
three lessons.

Homework
Students could be asked to create a set of 
revision cards for all of the chemical tests that 
they have completed to date, in preparation 
for the final lesson on chemical tests. Or, they 
could now complete the questions at the end of 
the first practical worksheet (Practical: Using 
chromatography to separate and analyse a 
substance). Also, the T&L Homework task (b) 
resource could also be set as homework.

Using chemical tests: Lesson 9 
(Chemistry only)

1 Use chemical tests to identify the ions in 
unknown single ionic compounds.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing all the chemical 
tests that have been studied in this chapter.

Main
A very enjoyable way of testing students’ 
understanding of these tests (and their listening 
skills) is to play a game similar to 20 questions. 
Supplying sweets (for a class you particularly like!) 
helps heighten the stakes.

Come up with 15 ionic compounds that consist of 
the ions tested for in this chapter - keep these 
secret! Split the class into two teams and have the 
teams sitting together on opposite sides of the 
classroom. You need three 1 litre beakers for the 
collection of sweets (one for each team, and one 
for you) and a stopwatch. The rules are as follows:

1 There are 3 minutes maximum to guess each 
compound. After this time the compound is out 
of the game.

2 You can only answer questions with a ‘yes’ or ‘no’.
3 If the answer is ‘yes’ the next student on the 

same team asks another question.
4 If the answer is ‘no’ then the next student on 

the opposite team asks a question.
5 Questions must be based on information from 

the chemical tests they have studied.
6 Three sweets are put into the team pot for 

every correctly named compound.
7 A further three sweets for the correct formula 

given by the same student that correctly 
guessed the identity of the compound (no 
conferring).

8 If the compound is not identified within the 
3 minutes, then six sweets go into the teacher 
pot.

9 There are 15 compounds in total – that is a 
maximum of 90 sweets to share amongst the 
class.

All the students need to listen to the questions 
asked and the responses given if they want to 
have a good chance of correctly identifying the 
compounds.

Plenary
Review the game in terms of what made it 
challenging (usually that students have to listen 
carefully to all questions and answers, not just 
their own). Review any chemical tests that caught 
students out during the game.

Support
This is primarily a review lesson, so any of the 
support resources from Lessons 6, 7 and 8 can 
be used if necessary. Some students may still 
struggle with determining the formula of ionic 
compounds from the formulae and charges of the 
ions involved. The T&L Key concept: Working out 
the formulae of ionic compounds can be used to 
remind students how this is done.

Extension
More confident students could be asked to use 
their chemical test flow diagrams (from the Lesson 
8 Extension activity) to identify one or more 
unidentified ionic compounds.
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Homework
The ‘Test yourself’ questions on page 212 of the 
textbook review, and questions 7–9 in the Chapter 
review questions on page 218 are all suitable for 
homework.

Instrumental methods: Lesson 10 
(Chemistry only)

1 Evaluate limitations of chemical tests.
2 Describe the advantages of instrumental 

methods as being accurate, sensitive and rapid.

Learning outcomes

Suggested lesson plan
Starter
This lesson is not a busy one, and time can be 
spent reviewing the work on chemical tests, 
including going through homework questions and 
the Required practical 7 box on page 216 of the 
textbook. If students have access to the internet 
then the T&L Quick quizzes 1, 2 and 3 provide an 
opportunity to revise recent work with immediate 
feedback.

Main
Introduce the concept of instrumental analysis as 
an alternative or supplementary method for the 
identification of unknown substances. 

Discuss where instrumental analysis is used and 
review the advantages of instrumental analysis 
over more traditional analytical techniques, which 
are purely qualitative, while instrumental methods 
are quantitative as well.

Plenary
Review the key learning points: the limitations of 
chemical tests, and the benefits of instrumental 
analysis.

Support
This is a purely factual lesson, with few 
opportunities for misconceptions to arise.

Extension
More-interested learners could be asked to find out 
more about certain instrumental techniques like 
mass spectrometry, gas chromatography, or infrared 
spectroscopy. There are several informative RSC 
videos online that cover these techniques.

Homework
If not carried out in class, students should 
complete the T&L Quick quizzes 1, 2 and 3 
online.

Flame emission spectroscopy:  
Lesson 11 (Chemistry only)

1 Describe the process of flame emission 
spectroscopy as an example of an 
instrumental method.

2 Interpret the result of flame emission 
spectroscopy given a reference.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by revising the method for 
carrying out a flame test, and the flame colours 
for Na, Li, K, Ca and Cu. Discuss the limitations of 
this analytical method – ask students whether it 
can tell us how much of a metal ion is present in 
a sample. The T&L Lesson starter 2 may be useful 
here too.

Main
Introduce flame emission spectroscopy as an 
instrumental method that can be used in place of 
simple flame tests to identify metal ions present 
in solution (qualitative analysis), and their 
concentration in solution (quantitative analysis). 

Display Figure 8.9 on page 215 of the textbook 
(available in the T&L Diagram bank for Chapter 
8) and use it to show that metals that give flame 
colours actually emit only a few certain frequencies 
of light that combine to give the overall flame 
colour. Each frequency of light emitted is observed 
as a line on the emission spectrum, and elements 
have characteristic emission spectra (a bit like 
a fingerprint), even if they have similar overall 
flame colours (e.g. for lithium and calcium). The 
presence of these characteristic frequencies allows 
different metal ions to be identified.

If you have hand-held spectroscopes (check with 
your Physics department) students can observe 
these characteristic emission lines by looking at a 
flame colour through the spectroscope.

The intensity of the light frequencies emitted 
is directly proportional to the concentration of 
the ions in solution, so we can determine the 
concentration of ions present once a calibration 
curve has been produced. Figure 8.10 on page 215 
illustrates this nicely.

The following video (www.youtube.com/watch?v=_
KZjb9G3hB8) could be used to show flame emission 
spectrometer at work.

https://www.youtube.com/watch?v=_KZjb9G3hB8
https://www.youtube.com/watch?v=_KZjb9G3hB8
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Plenary
Complete the ‘Show you can’ activity on page 216 
of the textbook to review the improvement over 
flame tests that flame emission spectroscopy 
offers. Alternatively, if students have access to the 
internet, the T&L Quick quiz 4 could be completed.

Support
Again, this is a purely factual lesson, with few 
opportunities for misconceptions to arise.

Extension
More interested learners could be asked to find out 
more about certain instrumental techniques like 
mass spectrometry, gas chromatography, or infrared 
spectroscopy. There are several informative RSC 
videos online that cover these techniques.

Homework
The ‘Test yourself’ questions on page 216 of the 
textbook review flame emission spectroscopy.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Diamond, carbon dioxide
2 a) Ag, S, Co, Br2

b) H2O, CH3COOH, CO, SiO2

3 Aluminium oxide (Al2O3), calcium bromide 
(CaBr2), sodium nitrate (NaNO3)

Test yourself
1 a) A natural substance that has had nothing 

added to it
b) It is a mixture of several different 

substances.
2 Not pure – it would freeze at 0°C if it was pure
3 C only – it melts at 136°C
4 a) A mixture that has been designed as a useful 

product.
b) Any four of: alloys, fertilisers, fuels, 

medicines, cleaning agents, foods (or 
specific examples of these)

5 a) So that the pencil would not run
b) So the samples do not dissolve in the 

solution in the beaker
c) 1, 3, 4, 6; only one spot
d) 2
e) 3 and 4
f) Green = 0.75, red = 0.33
g) Brown

6 a) Solvent 1 = 0.40, solvent 2 = 0.73
b) Substance had stronger attraction to solvent 

2 so moved faster
7 a) Hydrogen

b) Magnesium + hydrochloric acid → 
magnesium chloride + hydrogen

c) Mg + 2HCl → MgCl2 + H2
8 a) Carbon dioxide

b) Calcium hydroxide solution
c) Copper carbonate + nitric acid →  

copper nitrate + carbon dioxide + water
d) CuCO3 + 2HNO3 → Cu(NO3)2 + CO2 + H2O

9 a) Chlorine
b) Hydrogen
c) 2Cl− − 2e− → Cl2 or 2Cl− → Cl2 + 2e−, 

oxidation
d) 2H+ + 2e− → H2, reduction

10 a) Oxygen
b) Hydrogen
c) 4OH− − 4e− → O2 + 2H2O or  

4OH− → O2 + 2H2O + 4e−, oxidation
d) 2H+ + 2e− → H2, reduction

11 a) Na+

b) CO2–
3

c) Sodium carbonate, Na2CO3
d) Carbon dioxide

12 a) Cu2+

b) Cl−
c) Copper(II) chloride, CuCl2
d) CuCl2(aq) + 2AgNO3(aq) → 2AgCl(s) + 

Cu(NO3)2(aq)
e) Ag+(aq) + Cl−(aq) → AgCl(s)

13 a) Fe2+

b) I−

c) Iron(II) iodide, FeI2
d) FeI2(aq) + 2NaOH(aq) → Fe(OH)2(s) + 2NaI(aq)
e) FeI2 (aq) + 2AgNO3(aq) → 2AgI(s) + 

Fe(NO3)2(aq)
f) Fe2+(aq) + 2OH−(aq) → Fe(OH)2(s)
g) Ag+(aq) + I−(aq) → AgI(s)

14 a) Li+

b) CO2–
3

c) Lithium carbonate, Li2CO3
15 a) Ca2+

b) Br−

c) Calcium bromide, CaBr2
d) CaBr2(aq) + 2NaOH(aq) → Ca(OH)2(s) + 

2NaBr(aq)
e) CaBr2(aq) + 2AgNO3(aq) → 2AgBr(s) + 

Ca(NO3)2(aq)
f) Ca2+(aq) + 2OH−(aq) → Ca(OH)2(s)
g) Ag+(aq) + Br−(aq) → AgBr(s)

16 a) Al3+

b) SO2–
4

c) Aluminium sulfate, Al2(SO4)3
d) Al2(SO4)3(aq) + 6NaOH(aq) → 2Al(OH)3(s) + 

3Na2SO4(aq)
e) 3BaCl2(aq) + Al2(SO4)3(aq) → 3BaSO4(s) + 

2AlCl3(aq)
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f) Al3+(aq) + 3OH−(aq) → Al(OH)3(s)
g) Ba2+(aq) + SO2–

4  (aq) → BaSO4(s)
17 More sensitive, more informative, faster, more 

accurate
18 a) Ca2+

b) Identify ion with more certainty, can 
measure concentration of ion in solution

19 a) 
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b) 0.61 mmol/dm3

Show you can 
Page 205

a) Liquid
b) Solid
c) Solid
d) Mixture of metals with other elements
e) A: element; B: element; C: alloy. Elements 

are pure substances with exact boiling and 
melting points, alloys are mixtures and 
change state over a range

Page 208

a) It is not alkaline, not chlorine
b) Not carbon dioxide
c) Hydrogen

Page 213

Chloride, sulfate, carbonate

Required practical 6: Investigating how 
paper chromatography can be used to tell the 
difference between different coloured solutions
1 The pencil line is insoluble and will not move 

with the solvent or interfere with the results; it 
does not dissolve in the solvent in the tank.

2 If the solvent is too deep, the spots on the 
paper will be in it and will dissolve.

3 Using a capillary tube, add a spot of the solution 
to the base line, allow it to dry and re-apply the 
solution to make a concentrated spot.

4 Copper(II), iron(III)
5 Fe(OH)2
6 Rf = distance moved by spot/distance moved by 

solvent = 0.24–0.26

7 Rf values vary depending on the solvent used

Show you can
Page 216

a) Red-orange, green, crimson, orange-yellow
b) No – it may also contain copper ions as they 

also have a green flame test
c) Wavelengths given off are unique and will be 

different for Ba2+ and Cu2+

Required practical 7: Use of chemical tests 
to identify the ions in unknown single ionic 
compounds
1 Test 2: contains chloride ions; test 3: does not 

contain sulfate ions; test 4: contains copper(II) 
ions; test 5: contains copper(II) ions.

2 Copper(II) chloride
3 CuCl2
4 AgCl
5 Cu(OH)2

Chapter review questions
1 a) No it is a mixture, it contains several 

different substances
b) N2, O2, Ar

c) CO2, H2O
2 A: oxygen; B: chlorine; C: hydrogen; D: carbon dioxide
3 a) 2

b) X and Z
 c) i) W, X, Z

ii) Y
d) So it would not run/dissolve in the solvent
e) 0.40, 0.80
f) It would have a different value

4 A mixture that has been designed as a useful product
5 a) 
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c) It had reached room temperature
6 a) 

b) 0.032 mol/dm3

c) More sensitive, more informative, faster, 
more accurate

7 a) Lithium ions/Li+
b) Iodide ions/I−

c) Lithium iodide, LiI
8 a) Magnesium carbonate, MgCO3, and calcium 

carbonate, CaCO3
b) Flame test, CaCO3 gives a red-orange flame 

colour, MgCO3 has no flame colour
9 a) Iron(III) ions/Fe3+

b) Sulfate ions/SO2–
4

c) Iron(III) sulfate, Fe2(SO4)3
d) Fe2(SO4)3(aq) + 6NaOH(aq) → 2Fe(OH)3(s) + 

3Na2SO4(aq)
e) 3BaCl2(aq) + Fe2(SO4)3(aq) → 3BaSO4(s) + 

2FeCl3(aq)
f) Fe3+(aq) + 3OH−(aq) → Fe(OH)3(s)
g) Ba2+(aq) + SO2–

4 (aq) → BaSO4(s)

Practice questions
1 C  [1 mark]
2 C  [1 mark]
3 A  [1 mark]
4 C  [1 mark]
5 a) 

Gas Test Result of positive test

Carbon dioxide Bubble into 
limewater     [1 mark]

Goes cloudy       [1 mark]

Hydrogen Insert a burning 
splint            [1 mark]

Pop                     [1 mark]
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b) pH/Universal Indicator/blue litmus paper/
solution

 Red/1–6
 Add a few drops of aqueous silver nitrate
 White precipitate  [4 marks]
c) i) Iron(II) = green precipitate,  

iron(III) = brown precipitate  [2 marks]
ii) Fe2+(aq) + 2OH−(aq) → Fe(OH)2(s)  [2 marks]

6 a) i)  HBr = cream precipitate,  
HCl = white precipitate,  
HI = yellow precipitate  
 [3 marks]

ii)  Ag+ + Cl− → AgCl  [1 mark]
b) i) Flame test, yellow-orange flame  [2 marks]

ii) Level 3 answer = 5–6 marks: A relevant and 
coherent description of a safe laboratory 
procedure, that can be followed by 
another person for determining that the 
mouthwash contained magnesium ions. The 
use of excess reagent must be mentioned 
with a statement about validity.

   Level 2 answer = 3–4 marks: A description of a 
safe laboratory procedure that can be followed 
by another person, for determining that the 
mouthwash contained magnesium ions. Validity 
of the experiment may not be mentioned.

 Level 1 answer = 1–2 marks: Simple steps 
of the experiment may be given, but 
they may be disjointed, lacking in detail 
and not in a logical method that can be 
followed by another person.

 Indicative content:
 Add a few drops of sodium hydroxide 

solution
 White precipitate
 Add excess sodium hydroxide, white 

precipitate remains
 Result not valid alone as Ca2+ gives same 

result
 Need another test to distinguish whether 

Mg2+ or Ca2+

 For example, flame test where Mg2+ has no 
colour but Ca2+ gives orange-red flame

7 a) Potassium ions  [1 mark]
b) Aluminium ions  [1 mark]
c) SO2–

4  [1 mark]
d) Aluminium sulfate, potassium sulfate  [2 marks]
e) Ba2+ + SO2–

4 → BaSO4  [1 mark]
8 a) i) Negative ion  [1 mark]

ii) A solid formed when two solutions 
are mixed  [1 mark]

iii) Barium chloride  [1 mark]
iv) Yellow  [1 mark]
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b) i)

Metal ion Copper ion Calcium ion

Flame test result Green flame   [1 mark] Orange-red flame
                    [1 mark]

Result on adding 
some sodium 
hydroxide solution 
to the metal ion 
solution, until in 
excess

Blue precipitate 
                        [1 mark]

White precipitate  
                    [1 mark]

ii) Flame emission spectroscopy  [1 mark]
iii) Any two of: rapid, sensitive,  

accurate  [2 marks]
c) Level 3 answer = 5–6 marks: A relevant and 

coherent description of a safe laboratory 
procedure that can be followed by another 
person. The idea of the level of solvent 
below the spots is essential.

 Level 2 answer = 3–4 marks: A description 
of a safe laboratory procedure that can be 
followed by another person. All detail may 
not be included.

 Level 1 answer = 1–2 marks: Simple 
disjointed statements are given. There is no 
coherent order.

 Indicative content:
 Pencil line 2 cm from end of chromatography 

paper
 Place spot of sports drink on pencil line
 Hang in a beaker of solvent
 Level of solvent below spots/line allow 

solvent to soak up paper
 When it nears the top, remove and mark the 

level the solvent has reached [6 marks]
Working scientifically
1 a) Copper sulfate + magnesium →  

copper + magnesium sulfate
b) The observations should be that the grey 

magnesium turned red brown and the blue 
colour of the solution faded. The student 
simply recorded names of products, not 
observations.

2 a) CaCO3 + 2HCl → CaCl2 + H2O + CO2
b) Bubbles (calcium carbonate disappears)

3 

Reaction Observations

Ethanoic acid + sodium carbonate Bubbles

Potassium iodide solution and 
silver nitrate solution

Colourless solution to yellow 
precipitate

Bromine water + alkene Orange solution to colourless 
solution

Hydrochloric acid + magnesium Bubbles

Acidified barium chloride and 
sulfuric acid

Colourless solution to white 
precipitate

AQA GCSE (9–1) Combined Science Trilogy 2
Test yourself on prior knowledge
1 Diamond, carbon dioxide
2 a) Ag, S, Co, Br2

b) H2O, CH3COOH, CO, SiO2
3 aluminium oxide (Al2O3), calcium bromide 

(CaBr2), sodium nitrate (NaNO3)

Test yourself
1 a) A natural substance that has had nothing 

added to it
b) It is a mixture of several different 

substances
2 Not pure – it would freeze at 0°C if it was 

pure
3 C only – it melts at 136°C
4 a) A mixture that has been designed as a useful 

product.
b) Any four of: alloys, fertilisers, fuels, 

medicines, cleaning agents, foods 
(or specific examples of these)

5 a) So that the pencil would not run.
b) So the samples do not dissolve in the 

solution in the beaker.
c) 1, 3, 4, 6; only one spot
d) 2
e) 3 and 4
f) Green = 0.75, red = 0.33 (to 2 sf)
g) Brown

6 a) Solvent 1 = 0.40, solvent 2 = 0.73 (to 2 sf)
b) Substance had stronger attraction to solvent 

2 so moved faster.
7 a) Hydrogen

b) Magnesium + hydrochloric acid → 
magnesium chloride + hydrogen

c) Mg + 2HCl → MgCl2 + H2
8 a) Carbon dioxide

b) Calcium hydroxide solution
c) Copper carbonate + nitric acid →  

copper nitrate + carbon dioxide + water
d) CuCO3 + 2HNO3 → Cu(NO3)2 + CO2 + H2O

9 a) Chlorine
b) Hydrogen
c) 2Cl− − 2e− → Cl2 or 2Cl− → Cl2 + 2e−, 

oxidation
d) 2H+ + 2e− → H2, reduction

10 a) Oxygen
b) Hydrogen
c) 4OH− − 4e− → O2 + 2H2O or  

4OH− → O2  
+ 2H2O + 4e−, oxidation

d) 2H+ + 2e− → H2, reduction
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Show you can
Page 157 (513)

a) Liquid
b) Solid
c) Solid
d) Mixture of metals with other elements
e) A: element; B: element; C: alloy. Elements 

are pure substances with exact boiling and 
melting points, alloys are mixtures and 
change state over a range

Page 161 (517)
a) It is not alkaline, not chlorine
b) Not carbon dioxide
c) Hydrogen

Required practical 12
Page 159 (515)
1 The pencil line is insoluble and will not move 

with the solvent or interfere with the results; it 
does not dissolve in the solvent in the tank.

2 If the solvent is too deep, the spots on the 
paper will be in it and will dissolve.

3 Using a capillary tube, add a spot of the solution 
to the base line, allow it to dry and re-apply the 
solution to make a concentrated spot.

4 Copper(II), iron(III)
5 Fe(OH)2
6 Rf = distance moved by spot/distance moved by 

solvent = 0.24–0.26
7 Rf values vary depending on the solvent used

Chapter review questions
1 a) No it is a mixture, it contains several 

different substances
b) N2, O2, Ar
c) CO2, H2O

2 A: oxygen; B: chlorine; C: hydrogen;  
D: carbon dioxide

3 a) 2
b) X and Z
c) i) W, X, Z

ii) Y
d) So it would not run/dissolve in the solvent
e) 0.40, 0.80
f) It would have a different value

4 A mixture that has been designed as a useful 
product

Practice questions
1 C determine the melting point  [1 mark]
2 a) See graph at bottom of page.

 Axis [1 mark] scaling [1 mark] points  
and curve [1 mark]

b) No the change of state takes place over a 
range of temperatures (starts at −5°C rather 
than 0 °C).  [1 mark]

c) The temperature of the water is the same 
as its surroundings (the temperature of 
the air).  [1 mark]

3 a) The solvent front is the distance the  
solvent travelled up the chromatography 
paper. [1 mark]

b) The Rf value is the distance the substance 
(spot) travels divided by the solvent front 
– a substance can never travel further than 
the solvent front.  [1 mark]

c) You could run a chromatogram of the 
mixture and the three dyes separately  
[1 mark]. The three dyes in the mixture 
will separate on the chromatography paper 
and each will have an Rf value [1 mark] 
the same as one of the separate dyes  
 [1 mark]
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Working scientifically: Recording observations
Pages 164–65 (520–21)

1 a) Copper sulfate + magnesium → copper + 
magnesium sulfate

b) The observations should be that the grey 
magnesium turned red brown and the blue 
colour of the solution faded. The student 
simply recorded names of products, not 
observations

2 a) CaCO3 + 2HCl → CaCl2 + H2O + CO2

b) Bubbles (calcium carbonate disappears)
3 Reaction Observations

ethanoic acid + sodium 
carbonate

Bubbles

potassium iodide solution 
and silver nitrate solution

Colourless solution to 
yellow precipitate 

bromine water + alkene Orange solution to 
colourless solution

hydrochloric acid + 
magnesium

Bubbles

acidified barium chloride  
and sulfuric acid

Colourless solution to 
white precipitate 
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9 Chemistry of the atmosphere

Overview
Specification points
4.9.1.1 The proportions of different gases in the 
atmosphere; 4.9.1.2 The Earth’s early atmosphere; 
4.9.1.3 How oxygen increased; 4.9.1.4 How carbon 
dioxide decreased; 4.9.2.1 Greenhouse gases; 
4.9.2.2 Human activities which contribute to an 
increase in greenhouse gases in the atmosphere; 
4.9.2.3 Global climate change; 4.9.2.4 The carbon 
footprint and its reduction; 4.9.3.1 Atmospheric 
pollutants from fuels; 4.9.3.2 Properties and 
effects of atmospheric pollutants

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 9  
pages 223–245

AQA GCSE (9–1) Combined Science Trilogy 2: 
Chapter 31 pages 166–188

AQA GCSE (9–1) Combined Science Trilogy: Chapter 
31 pages 522–544

Recommended number of lessons: 8

Chapter overview

Contains AQA required practical No

Contains higher-only material No

Contains chemistry-only material No

gases, including 0.04% CO2). Most students will 
also be aware of the issues of global warming and 
climate change, but their understanding of how the 
greenhouse effect operates may not be as strong. 
Our reliance on the combustion of fossil fuels to 
transfer energy into more useful stores has also 
been covered at KS3. 

Common misconceptions
We can often over-estimate students’ 
understanding of how the greenhouse effect works 
based on their understanding of global warming. 
Many students believe that the greenhouse effect 
and global warming are the same thing, but 
this is not the case. The greenhouse effect is a 
natural phenomenon without which the average 
temperature in Earth would be much lower, and life 
on Earth would be very difficult. Global warming is 
the enhancement of the natural greenhouse effect 
by the increase in concentration of greenhouse 
gases in the atmosphere.

Preparation
The T&L Prior knowledge catch-up student sheet 
reviews all of the prior learning from KS3, and 
would make an effective starting place for less-
confident students. The T&L Prior knowledge 
catch-up teacher sheet gives advice on the 
location of RSC resources for teaching global 
warming and climate change. The T&L Topic 
overview gives a concise review of the chapter, 
and will make an effective starting place for 
preparing for an end of chapter assessment. This 
chapter also provides a great opportunity to 
revise mole and volumes of gases calculations, so 
reviewing this work would be beneficial as well.

Development of the Earth’s 
atmosphere: Lesson 1

1 State the proportions of different gases in the 
atmosphere today.

2 Describe the timeline of changes in the 
Earth’s atmosphere.

3 Explain changes in terms of volcanic activity 
and formation of the oceans.

Learning outcomes

Suggested lesson plan
Starter
With a more-able class, the content from Lessons 
1 and 2 could probably be combined into one 
lesson. The T&L Lesson starter 1 can be used to 
check students’ knowledge of the composition of 
the atmosphere. Then use the ‘Prior knowledge’ 

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2 

• Lesson starter 3

• Key terms

• Animation: The fate of fossil fuels

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram banks

Useful prior learning

Most students will be aware of the composition of 
the atmosphere (78% N2, 21% O2 and 1% other 
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How the atmosphere changed: Lesson 2

1 Describe how algae and plants undergo 
photosynthesis, which produces the oxygen 
now in the atmosphere.

2 Describe the timeline of algae and plant 
evolution that led to increase in oxygen.

3 Describe how algae and plants also decreased 
levels of carbon dioxide by photosynthesis.

4 Describe how carbon dioxide levels were also 
decreased by the formation of sedimentary 
rocks and fossil fuels.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by briefly reviewing the origin 
of the early atmosphere from volcanic eruptions, 
and the composition of the early atmosphere: high 
CO2 levels, high H2O levels and low N2 levels. If 
students have access to the internet, they could 
carry out the T&L Quick quiz 1.

Main
Emphasise the big differences between the early 
atmosphere and today’s atmosphere: much less 
CO2, much more N2 and O2.

Go on to ask students where all the carbon dioxide 
went – many will suggest photosynthesis as a 
means of consuming CO2, but on the early Earth 
this sink of CO2 is likely to have been small. 

Introduce the idea that CO2 is soluble in water and 
that a lot of CO2 will have moved into the newly 
formed oceans. Display Figure 9.6 (31.6) on page 
226 (169; 525) of the textbook (also available in 
the T&L Diagram bank) to summarise the sinks of 
CO2 in the early atmosphere.

Review the importance of cyanobacteria on the 
early Earth as the main photosynthesisers, and 
then, as O2 levels rose, how new photosynthetic 
life evolved and O2 levels rose further.

Plenary
Provide students with a set of jumbled statements 
that describe the formation and evolution of the 
Earth’s atmosphere, and get them to re-order the 
statements to describe these events.

Support
This is a factually heavy lesson with few 
opportunities for misconceptions to arise.

Extension
Interested students could be asked to find out 
about the importance of the formation of ozone for 
the evolution of life on Earth.

test yourself questions on page 224 (167; 523). 
These questions could then be extended to become 
volumes of gases questions. For instance:

What volume of oxygen is required to combust 0.68 
g of H2S, as shown below?

2H2S + O2 → 2H2O + 2SO2 Answer: 240 cm3

Main
Compare our atmosphere’s composition to the 
atmospheres of Venus and Mars using Figure 9.2 
(31.2) on page 225 (168; 524) of the textbook 
(and available in the T&L Diagram bank for 
Chapter 9) and ask students why there might be 
such a difference in the atmospheric compositions 
of these three similar planets.

Introduce the idea that the early atmosphere was 
likely to be similar to the current atmospheres on 
Mars and Venus, and that volcanic activity on the 
early Earth was likely to have been the source of 
the early atmosphere. List the gases likely to have 
been emitted by early volcanoes, and ask students 
what would have happened to all the water vapour 
(and other gases).

Plenary
The following video (www.youtube.com/watch?v=X5oR-
IaPY_I) reviews the formation of the Earth and the 
formation of the early atmosphere, and so reviews the 
content from this lesson well. The video then goes on to 
introduce how the Earth’s atmosphere evolved over time.

Support
Other than the volumes of gases calculations that 
could be delivered in this lesson, the rest of the 
lesson is fairly straightforward. The T&L Prior 
knowledge catch-up student sheet could be used 
to support students with little prior knowledge of 
the chapter.

Extension
If teaching in the correct chapter order, then this 
lesson provides a great opportunity to revise volumes 
of gases calculations. Extend more-able students 
with more challenging calculations, such as:

What volume of oxygen gas is required to produce 
0.156g of carbon monoxide in the equation below:

2CH4(g) + 3O2(g) → 2CO(g) + 4H2O(l)

Answer: 201 cm3

Homework
Depending on how well the volumes of gases 
questions went, more of these types of questions 
could be set for homework. Alternatively question 
2 of the Chapter review questions on page 240 
(183; 539) of the textbook could be set.
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Homework
Complete the ‘Test yourself’ questions on page 227 
(170; 526). Alternatively the T&L Homework task 
(a) could be set or questions 1 and 4–6 of the 
Chapter review questions on page 240 (183; 539) 
of the textbook.

Greenhouse gases and human 
activity: Lesson 3

1 Describe how greenhouse gases in the 
atmosphere maintain temperatures on Earth.

2 List water vapour, carbon dioxide and 
methane as greenhouse gases.

3 Describe the greenhouse effect in terms of 
the interaction of radiation with matter.

4 Describe how human activities increase the 
amounts of carbon dioxide and methane in 
the atmosphere. 

Learning outcomes

Suggested lesson plan
Starter
If students have access to the internet, they could 
carry out the T&L Quick quiz 2. Then, start the 
lesson by reviewing students’ understanding of the 
greenhouse effect, checking that they understand 
that it is a natural phenomenon that is beneficial to 
life on Earth. Figure 9.7 (31.7) on page 227 (170; 
526) of the textbook (or in the T&L diagram bank) 
could be used to start with. Alternatively the RSC 
resource at www.rsc.org/learn-chemistry/resource/
res00000767/the-greenhouse-effect-and-global-
warming could also be used.

Main
Then display Figure 9.8 (31.8) on page 228 (171; 
527) of the textbook and discuss how this diagram 
links to Figure 9.7 (31.7):

● The Sun emits mostly in the visible part of 
the spectrum with shorter wavelength, high 
frequency and higher energy radiation.

● The Earth emits mostly in the infrared part 
of the spectrum (longer wavelength, lower 
frequency and lower energy radiation).

● Carbon dioxide, methane and water vapour can 
all absorb frequencies of infrared radiation, and 
in doing so they can dissipate that thermal 
energy into the atmosphere, creating a warming 
effect called the greenhouse effect. These three 
gases are greenhouse gases.

● Emphasise that different greenhouse gases have 
different warming abilities. For instance methane 
is a far more effective greenhouse gas than CO2.

Now display the Figures 9.9–9.11 (31.9–31.11) 
from pages 228–229 (171–172; 527–528) of 
the textbook that show the increase in CO2 in 
the atmosphere, the global increase in carbon 
emissions, and the increase in CH4 in the 
atmosphere, and make the link between rising 
greenhouse gases and global warming. Some 
students may notice the different scales for CO2 
and CH4 concentrations, but point out that even 
though there is far less CH4 in the atmosphere than 
CO2, methane is a more potent greenhouse gas.

Finally, review the anthropogenic sources of CO2 
and CH4 in terms of deforestation, combustion of 
fossil fuels and increasing livestock farming.

Plenary
Ask students to describe and explain the difference 
between the greenhouse effect and global warming.

Support
It is often easy to assume that students fully 
understand how the greenhouse effect operates, 
and understand that the greenhouse effect and 
global warming are two different phenomena. Take 
time to check students’ understanding carefully.

Extension
Students could be asked to find out about the 
Kyoto Protocol.

Homework
Complete the ‘Show you can’ and ‘Test yourself’ 
activities on page 230 (173; 529) of the textbook. 
Alternatively questions 3 and 12 of the Chapter 
review questions on page 240 (183; 539) and 241 
(184; 540) of the textbook.

Evaluating evidence on climate 
change: Lesson 4

1 Describe the importance of peer review and 
of communicating results to a wide audience.

2 Evaluate the evidence on human impact on 
global climate change.

3 Describe uncertainties in the evidence base.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by looking at the questions in 
the ‘Show you can’ box on page 230 (173; 529) of 
the textbook and also at Figure 9.9 (31.9) on page 
228 (171; 527). Alternatively, use the T&L Lesson 
starter 2 to review the types and sources of two 
important greenhouse gases.

http://www.rsc.org/learn-chemistry/resource/res00000767/the-greenhouse-effect-and-global-warming?cmpid=CMP00000848
http://www.rsc.org/learn-chemistry/resource/res00000767/the-greenhouse-effect-and-global-warming?cmpid=CMP00000848
http://www.rsc.org/learn-chemistry/resource/res00000767/the-greenhouse-effect-and-global-warming?cmpid=CMP00000848
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Main
The RSC work sheet at www.rsc.org/learn-
chemistry/resource/res00000776/theories-about-
global-warming could be used to introduce the idea 
that there are some different theories about the 
cause of global warming.

The following video (www.youtube.com/
watch?v=0gDErDwXqhc) describes some of the 
uncertainties in climate modelling due to the 
complexity of the Earth-atmosphere-ocean system, 
and gives a more sceptical view of the global 
warming theory and could be a good place to 
begin the discussion about the variety of opinion 
about global warming and climate change.

Having watched the video discuss two of the 
feedbacks that were mentioned: the positive feedback 
of higher temperatures meaning more water vapour 
in the atmosphere leading to further heating; and 
the negative feedback of more water vapour meaning 
more clouds, so great albedo and more cooling.

Ask students why some people might have an 
interest in promoting a sceptical view of global 
warming (industries reliant on fossil fuels) or 
promoting the global warming message (industries 
that promote the use of renewable energy sources).

Discuss how the science of global warming has 
developed, and the importance of peer review in 
ensuring the validity of that science.

Finally, compare Figure 9.16 (31.16) on page 231 
(174; 530) of the textbook (available in the T&L 
diagram bank) to Figures 9.9 (31.9) and 9.10 (31.10) 
on pages 229–229 (172–173; 528–529) and discuss.

Plenary
Finish the lesson by asking students what their 
beliefs are about the causes of global warming, 
and encourage them to explain those beliefs in 
terms of the science that they understand.

Support
This is a factual and opinion-based lesson, with 
hopefully few opportunities for misconceptions to 
arise.

Extension
Students could be asked to research more positive 
and negative feedbacks in the Earth’s climate system.

Homework
Students could be asked to read pages 231–233 
(175–177; 530–532) in the textbook in preparation 
for the next lesson on the consequences of global 
warming. Alternatively question 8 of the Chapter 
review questions on page 241 (184; 540) of the 
textbook.

Global climate change: Lesson 5

1 Describe the potential effects of global 
climate change; sea levels rising, rainfall/
storms, temperature and water stress, wildlife 
and food production.

2 Describe the scale, risk and environmental 
impacts of global climate change.

3 Define the concept of a carbon footprint for a 
product, service, or event.

4 Evaluate actions that could be taken to 
reduce emissions of carbon dioxide and 
methane.

Learning outcomes

Suggested lesson plan
Starter
Begin the lesson by reviewing the potential effects 
of global warming.

Main
Ask students to rate these effects in order of 
greatest impact/threat to humans and/or life on 
Earth. Discuss their ratings.

Next, introduce the concept of carbon footprint 
in the context of a polythene bag and then 
review how the carbon footprint of any product, 
service, or event can be reduced. Table 9.1 (31.2) 
on page 234 (177; 533) of the textbook could be 
used here.

Finally, review the difficulties associated with 
reducing carbon footprints (Table 9.2 (31.3) on 
page 235 (178; 534)).

Plenary
Ask students to consider the carbon footprint of 
a typical day in their lives, and suggest five ways 
that they could reduce their own carbon footprint.

Support
The T&L key terms resource could be used to help 
students define all the key terms from this chapter.

Extension
Students could be asked to use an online carbon 
footprint calculator (such as www.carbonfootprint.
com/calculator.aspx) to actually calculate their 
own carbon footprint.

Homework
Use the ‘Test yourself’ questions on page 233 
(176; 532) and 236 (179; 535) of the textbook. 
Alternatively question 9 of the Chapter review 
questions on page 241 (184; 540) of the textbook 
could be used. The T&L Homework task (b) could 
alternatively be set here.

http://www.carbonfootprint.com/calculator.aspx
http://www.carbonfootprint.com/calculator.aspx
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Products of combustion: Lesson 6

1 State that the combustion of fuels is a major 
source of pollutants.

2 State that most fuels contain carbon, 
hydrogen or sulfur.

3 List gases released from the combustion 
of fuels as carbon dioxide, water vapour, 
carbon monoxide, sulfur dioxide and oxides of 
nitrogen.

4 State that solid particles of unburned 
hydrocarbons may also be released and form 
particulates in the atmosphere. 

5 Write balanced symbol equations, including 
state symbols, for the combustion of fuels.

Learning outcomes

Suggested lesson plan
Starter
If students have access to the internet, the 
lesson could start with the T&L Quick quiz 3. 
Alternatively use the T&L Lesson starter 3 to 
review their understanding of carbon footprints.

Begin the lesson by demonstrating the products 
of combustion using cobalt chloride paper to 
test for the presence of water, and limewater 
to test for the carbon dioxide. State that there 
are several other pollutants, along with carbon 
dioxide, that are emitted when we combust fuels. 
Remind students that during combustion, oxygen 
combines with each of the elements within the 
fuel. 

Ask students to write balanced equations for the 
complete combustion of methane (CH4), ethanol 
(C2H5OH, or C2H6O), and hydrogen (H2).

Main
Introduce the concept of incomplete combustion 
as combustion in an insufficient supply of oxygen, 
leading to the formation of carbon monoxide (CO) 
or carbon soot (particulates). Stress that with a 
hydrocarbon fuel, water is always formed during 
incomplete combustion. Then ask students to 
construct balanced symbol equations for a variety 
of incomplete combustion reactions of methane 
(CH4), and ethanol (C2H6O).

Next, introduce other compounds present in oil 
that can release sulfur dioxide when they are 
combusted: carbon disulfide (CS2) and ethanethiol
(C2H5SH, or C2H6S), and ask students to construct
balanced symbol equations for the complete and 
incomplete combustion of these two compounds. 
Table 9.3 (31.4) on page 237 (180; 536) reviews 
many of these combustion reactions.

Finally, review how oxides of nitrogen can be 
produced during combustion (oxidation of 
nitrogen in high temperatures of the combustion 
engine) and how particulates can also be formed 
(incomplete combustion).

Plenary
Give students the formula of an unknown fuel, 
and ask them to list the possible products formed 
during a) complete combustion, and b) incomplete 
combustion. For instance, benzothiophene (C8H6S) 
which is found in some diesel fuels. Answer: 
complete combustion – CO2, SO2, H2O (and NOx);
incomplete combustion – CO or C, SO2, H2O (and 
possibly NOx). 

Support
The T&L Animation: The fate of fossil fuels 
can be used to support learners with little prior 
knowledge of combustion and fossil fuels. Some 
students will need support with constructing and 
balancing equations. Giving students the formulae 
for the reactants and products will help them to 
focus on the balancing of the equation.

Extension
Students could be asked to construct a balanced 
equation for the complete or incomplete combustion 
of benzothiophene. Really able mathematicians 
could be asked to come up with a general equation 
for the combustion of any alkane (CnH2n+2) :  

CnH(2n+2) + (1½ n + ½)O2 → nCO2 + (n+1)H2O

Homework
Students should complete the ‘Practical’ box on 
page 239 (182; 538) of the textbook.

Pollutants from fuels: Lesson 7

1 Describe how pollutant gases are produced 
by burning fuels. 

2 Predict the products of combustion given the 
composition of the fuel and the conditions it 
is used in.

Learning outcomes

Suggested lesson plan
Starter
This lesson is relatively quiet in terms of 
learning objectives, so could again be used as 
a good opportunity to revise reacting masses 
and reacting volumes questions in the context 
of burning fuels. Alternatively, the learning 
objectives from this lesson could be combined 
with those from Lesson 8.
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Begin the lesson by displaying the formulae of all 
of the possible products of combustion of a fuel, 
and ask students to describe how each of these 
products are formed. 

Main
Create a variety of reacting masses and reacting 
volumes questions for the balanced symbol equations 
that have been constructed in the previous lesson 
(those in Table 9.3 (31.4) on page 237 (180; 536)).

Plenary
Review the strategies for completing reacting 
masses and reacting volumes calculations.

Support
The T&L Key concept: Reacting masses from 
Chapter 3 could be used to support students who 
are struggling with these calculations.

Extension
Ammonia can be combusted to form nitrogen gas 
and water. What volume of nitrogen gas will be 
formed when 10.0 g of oxygen are consumed in this 
reaction? Answer: 5 dm3.

Homework
Students should complete questions 10 and 11 in the 
Chapter review questions on page 241 (184; 540) of 
the textbook.

Effects of atmospheric pollution: 
Lesson 8 

1 Describe carbon monoxide as a colourless 
and odourless toxic gas.

2 Describe sulfur dioxide and oxides of nitrogen 
as possible causes of respiratory problems 
and in causing acid rain.

3 Describe particulates as causing global 
dimming and posing health problems.

Learning outcomes

Suggested lesson plan
Starter
Remind students of the common pollutants and 
sources of those pollutants during the combustion 
of fuels.

Main
Ask students what they can recall about the effects 
of these pollutants, and then use Table 9.4 (31.5) 
on page 238 (181; 537) of the textbook to review 
these effects.

Students can then complete the ‘Show you can’ and 
‘Test yourself’ questions on page 239 (182; 538) of 
the textbook.

Plenary
Review the answers to the questions answered in 
class.

Support
This is a factual lesson, and a gap-fill activity 
to review the sources and effects of common 
pollutants would help students make quicker 
progress through the factual content.

Extension
Students could be asked to find out how fuels burn 
in microgravity environments like the International 
Space Station.

Homework
Students could complete the T&L Quick quiz 4 and 
answer question 7 in the Chapter review questions 
on page 240 (183; 539).

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 Nitrogen, oxygen
2 Carbon dioxide + water → glucose + oxygen
3 The temperature of the Earth is rising
4 Coal, oil, natural gas
5 a) Hydrogen + oxygen → water

b) Carbon + oxygen → carbon dioxide
c) Sulfur + oxygen → sulfur dioxide
d) Methane + oxygen → carbon dioxide + water
e) Hydrogen sulfide + oxygen → water + sulfur 

                  dioxide

Test yourself
1 a) Bar chart showing 78% nitrogen and 21% 

oxygen
b) Argon, other noble gases, carbon dioxide, 

water vapour
2 a) Inside the Earth/volcanoes

b) Water vapour released from volcanoes cooled 
and condensed

3 a) Photosynthesis
b) Carbon dioxide + water → glucose + oxygen
c) 6CO2 + 6H2O → C6H12O6 + 6O2

4 a) The remains of plants were buried in swamps 
and compressed to form coal, which is a 
sedimentary rock, over millions of years.

b) Algae and other plankton died in oceans and 
their remains were buried in the mud on the 
sea floor and compressed over millions of 
years, forming crude oil and natural gas that 
was trapped under rocks.

5 Carbon dioxide dissolved in oceans to form 
insoluble compounds that became sediment; 
carbon dioxide dissolved in oceans to form 
soluble compounds that became part of shells 
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and skeletons of animals that died and those 
shells and skeletons fell into sediment.

6 The radiation given off by the Earth has a 
longer wavelength.

7 a) A gas that absorbs long wavelength infrared 
radiation given off by the Earth but does not 
absorb the Sun’s radiation.

b) Water vapour, carbon dioxide, methane
8 a) Increasing

b) More fossil fuels being burned, deforestation
9 a) Increasing

b) Increased farming; increased production 
from landfill sites.

10 It is examined by other scientists who are 
experts in the same area of science to check 
that it is scientifically valid.

11 a) An increase in the temperature at the Earth’s 
surface

b) An increase in the amount of greenhouse 
gases in the atmosphere

12 a) Melting of ice; thermal expansion of water in 
the oceans

b) Rising sea levels cause flooding
c) The sea wears away the rock along the coast.

13 a) A shortage of fresh water
b) May cause more droughts

14 a) More frequent and severe storms, changes in 
rainfall patterns

b) Could affect the capacity of some regions 
to produce food due to changes in rainfall 
patterns, drought, flooding, higher 
temperatures and the type and number of 
pests in the region.

15 Plants may flower earlier, birds may lay eggs 
earlier, animals may come out of hibernation 
earlier, some species may migrate further north 
as temperatures rise.

16 The amount of carbon dioxide and other 
greenhouse gases given out over the full life 
cycle of a product, service or event.

17 a) Wind turbines, solar cells, nuclear power, etc.
b) Using more energy efficient engines in cars 

and other vehicles; increasing insulation in 
homes; using more energy efficient boilers 
in heating systems; using low energy light 
bulbs instead of filament light bulbs; 
using better detergents so clothes can be 
washed at lower temperatures; switching off 
electrical devices instead of leaving them on 
standby.

c) Capture carbon dioxide in waste gases at 
power station, pump and compress, store 
deep underground in rocks.

d) Setting up renewable energy projects, setting 
up plants to prevent the emission of methane 
from landfill sites, planting more trees.

e) High cost of fuel causes consumer demand 
for cars that use less fuel.

f) Their use results in zero net release of 
greenhouse gases to the atmosphere. It 
releases the same amount of carbon dioxide 
when it burns as the crops it was made from 
took in for photosynthesis as they grew.

18 It is costly to reduce greenhouse gas emissions 
and any doubt about whether it needs to be 
done could stop it happening.

19 We are using more electrical devices, we expect 
to be warmer in our homes than in the past, we 
are travelling more.

20 a) Hydrogen + oxygen → water,  
2H2 + O2 → 2H2O

b) Propane + oxygen → carbon dioxide + water, 
C3H8 + 5O2 → 3CO2 + 4H2O

c) Butanol + oxygen → carbon dioxide + water, 
C4H10O + 6O2 → 4CO2 + 5H2O

d) Thiophene + oxygen → carbon dioxide + 
sulfur dioxide + water,  
C4H4S + 6O2 → 4CO2 + 2H2O + SO2

21 a) i) Carbon in isooctane reacts with oxygen 
with complete combustion

ii)  Carbon in isooctane reacts with oxygen 
with incomplete combustion

iii)  Carbon in isooctane reacts with oxygen 
with incomplete combustion

iv) Hydrogen in isooctane reacts with oxygen
b) There may be some sulfur in petrol which 

reacts with oxygen.
c) Nitrogen in the air reacts with oxygen in the 

air at high temperature.
d) Acid rain, respiratory problems
e) Wastes fuel, greenhouse gas.

22 a) i)  When a substance burns with a poor 
supply of oxygen.

ii)  Combines with haemoglobin in blood 
reducing the ability of the blood to carry 
oxygen.

iii) Colourless and has no smell.
b) i) Carbon

ii)  Blacken buildings, cause respiratory 
problems, global dimming.

Show you can
Page 227

a) Decrease in carbon dioxide. This is because 
plants developed, photosynthesised and 
removed carbon dioxide; carbon dioxide also 
dissolved in oceans and formed sedimentary 
rocks and fossil fuels formed.

b) Increase in nitrogen; volcanoes produced 
nitrogen; nitrogen is not very reactive and, 
once formed, it is not easily removed from 
the atmosphere again.
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c) Increase in oxygen; this is because plants 
developed and photosynthesised producing 
oxygen.

Page 230

a) The concentration of carbon dioxide has 
risen steadily since 1960.

b) There has been no decrease in carbon 
dioxide concentration over the past  
50 years.

Page 239

a) NO
b) NO2
c) Air
d) Water
e) SO2
f) Remove sulfur from fuels, remove SO2/NO2 

from waste gases

Practical: Investigating the products of 
combustion of a fuel
1 The hot gas is cooled in the U-tube and 

condenses to form a liquid.
2 Water
3 Limewater/calcium hydroxide; the carbon 

dioxide produced reacts with the limewater to 
form a solid.

4 Water and carbon dioxide
5 Carbon/soot; incomplete combustion of fuel
6 a) Sulfur dioxide

b) Reacts with liquid A (calcium hydroxide) and 
is neutralised.

c) The sulfur dioxide produced causes acid rain/
respiratory problems.

Chapter review questions
1 Billion, little, volcanic
2 a) Bar chart showing 78% nitrogen, 21% 

oxygen and 1% other gases
b) Evolution of life/algae/plants

3 a) Gas that does not absorb the Sun’s radiation 
but does absorb the Earth’s radiation.

b) Carbon dioxide: combustion of fossil fuels; 
methane: animal farming and landfill sites; 
water vapour: combustion of fossil fuels.

c) Temperature increasing
d) Sea levels rising, more frequent/severe 

storms, changes in rainfall patterns, water 
stress for humans and wildlife.

4 a) Pie chart showing 38% water vapour, 50% 
carbon dioxide, 10% sulfur dioxide, 2% other 
gases.

b) Water vapour cooled and condensed
5 a) Mars, Venus

b) Carbon dioxide + water → glucose + oxygen, 
6CO2 + 6H2O → C6H12O6 + 6O2

6 Sedimentary, calcium carbonate, shells
7 a) Sulfur in fuel reacts with oxygen; causes 

acid rain/respiratory problems.
b) Nitrogen in air reacts with oxygen at high 

temperatures; causes acid rain/respiratory 
problems.

c) Carbon in fuel reacts with oxygen with 
complete combustion; greenhouse gas.

d) Carbon in fuel reacts with oxygen with 
incomplete combustion; toxic.

e) Carbon in fuel reacts with oxygen with 
incomplete combustion; global dimming/
respiratory problems/blackens buildings.

8 a) Animal farming, landfill sites
b) Burning large amounts of fossil fuels, 

deforestation
9 a) The amount of carbon dioxide and other 

greenhouse gases given out over the full life 
cycle of a product, service or event.

b) Any three of: energy conservation/efficiency, 
use of alternative energy sources, carbon 
capture and storage, carbon off-setting, 
carbon taxes and licences, using carbon 
neutral fuels.

c) Any three of: scientists disagree about 
global warming, expense, incomplete 
international co-operation, lack of public 
information and education, lifestyle 
changes.

10 a) 2H2 + O2 → 2H2O
b) C7H16 + 11O2 → 7CO2 + 8H2O
c) 2CH3OH + 3O2 → 2CO2 + 4H2O

11 2C4H10S + 15O2 → 8CO2 + 10H2O + 2SO2
12 a) Earth’s radiation is longer wavelength

b) Absorb the Earth’s radiation but not the 
Sun’s

Practice questions
1 D  [1 mark]
2 B  [1 mark]
3 a) i) Break up a substance, using heat  [2 marks]

ii) 2Fe(OH)3 → Fe2O3 + 3H2O [1 mark 
for correct formulae, 1 for balanced 
equation]

b) In Earth’s atmosphere there is: (much) less 
carbon dioxide, (much) more nitrogen, 
(much) more oxygen, also trace amounts of 
methane, also has small amounts of noble 
gases  [4 marks]

c) i) 6CO2 + 6H2O → C6H12O6 + 6O2 [1 mark]
ii) Energy is needed to break bonds and 

energy is released when making bonds. 
There is less energy released making bonds 
than is needed breaking bonds  [3 marks]

iii) Carbon dioxide dissolved in the water  
 [1 mark]
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4 a) i)  Increasing the % carbon increases the heat 
energy released when burned  [1 mark]

ii) Increasing the % moisture decreases the 
heat energy released when burned  [1 mark]

b) Lignite: is softer, lower % C, higher % 
moisture, lower heat energy released when 
burned [any three for 3 marks]

c) Carbon/soot/particulates, carbon monoxide 
 [2 marks]

d) Sulfur dioxide, acid rain, respiratory 
problems  [3 marks]

e) i) Suitable way of holding and heating lignite, 
suitable way of condensing and collecting 
water, well drawn and labelled  [3 marks]

   

lignite

heat beaker

ice water

cooled test
tube

ii) Carbon dioxide, water  [1 mark]
5 a) i) CO2, CH4  [2 marks]

ii) Infrared  [1 mark]
iii) An increase in temperature at the Earth’s 

surface  [1 mark]
iv) More carbon dioxide is being produced  

 [1 mark]
b) There is evidence that shows if there is a 

high concentration of carbon dioxide there 
is an increase in temperature; however this 
could be due to other factors [2 marks]

c) Carbon capture and storage, carbon  
off-setting, using carbon neutral fuels, carbon 
taxes, energy conservation, renewable energy 
sources [any two for2 marks]

d) Companies can only produce as much CO2 as 
they have a permit licence for [1 mark]

Working scientifically
1 Presented at press conference rather than to a 

scientific journal
2 Presented to a scientific journal; peer review by 

other scientists
3 a) That as the number of particulates in the 

air increases, the number of people seeking 
medical attention for asthma increases.

b) Data has not been repeated so this set of 
results may be a ‘one off’; only one town has 
been investigated, data from other towns may 
disagree with this data, more evidence is needed.

c)  i) Confidence is low because: correlation 
does not mean cause, there could be 
other causes; opinions of other scientists 
have not been given and there is no 
peer review; the journalist may not be a 
scientist and could be biased so may have 
his/her own interpretation of data; claim 
may be correct because: there is a clear 
correlation so asthma could be affected 
by particulates and also the points are all 
close to a straight line and there are no 
anomalies/outliers so conclusions from 
data will have some validity.

ii) During incomplete combustion of 
hydrocarbon fuels carbon particulates are 
formed.

AQA GCSE (9–1) Combined Science Trilogy 2
Test yourself on prior knowledge
1 Nitrogen, oxygen
2 Carbon dioxide + water → glucose + oxygen
3 The temperature of the Earth is rising
4 Coal, oil, natural gas
5 a) hydrogen + oxygen → water

b) carbon + oxygen → carbon dioxide
c) sulfur + oxygen → sulfur dioxide
d) methane + oxygen → carbon dioxide + water
e) hydrogen sulfide + oxygen → water + sulfur 

dioxide

Test yourself
1 a) Bar chart showing 78% nitrogen and 21% 

oxygen
b) Argon, other noble gases, carbon dioxide, 

water vapour
2 a) Inside the Earth/volcanoes

b) Water vapour released from volcanoes cooled 
and condensed

3 a) Photosynthesis
b) carbon dioxide + water → glucose + oxygen
c) 6CO2 + 6H2O → C6H12O6 + 6O2

4 a) The remains of plants were buried in 
swamps and compressed to form coal, 
which is a sedimentary rock, over millions 
of years.

b) Algae and other plankton died in oceans and 
their remains were buried in the mud on the 
sea floor and compressed over millions of 
years, forming crude oil and natural gas that 
was trapped under rocks.

5 Carbon dioxide dissolved in oceans to form 
insoluble compounds that became sediment; 
carbon dioxide dissolved in oceans to form 
soluble compounds that became part of shells 
and skeletons of animals that died and those 
shells and skeletons fell into sediment.

6 The radiation given off by the Earth has a 
longer wavelength.
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7 a) It is a gas that absorbs long wavelength 
infrared radiation given off by the Earth but 
does not absorb the Sun’s radiation.

b) Water vapour, carbon dioxide, methane
8 a) Increasing

b) More fossil fuels being burned, deforestation
9 a) Increasing

b) Increased farming; increased production 
from landfill sites

10 It is examined by other scientists who are 
experts in the same area of science to check 
that it is scientifically valid.

11 a) An increase in the temperature at the Earth’s 
surface

b) An increase in the amount of greenhouse 
gases in the atmosphere

12 a) Melting of ice; thermal expansion of water in 
the oceans

b) Rising sea levels cause flooding
c) The sea wears away the rock along the coast.

13 a) A shortage of fresh water
b) May cause more droughts

14 a) More frequent and severe storms, changes in 
rainfall patterns

b) Could affect the capacity of some regions 
to produce food due to changes in rainfall 
patterns, drought, flooding, higher 
temperatures and the type and number of 
pests in the region.

15 Plants may flower earlier, birds may lay eggs 
earlier, animals may come out of hibernation 
earlier, some species may migrate further north 
as temperatures rise.

16 The amount of carbon dioxide and other 
greenhouse gases given out over the full life 
cycle of a product, service or event.

17 a) Wind turbines, solar cells, nuclear power, 
etc.

b) Using more energy efficient engines in cars 
and other vehicles; increasing insulation in 
homes; using more energy efficient boilers 
in heating systems; using low energy light 
bulbs instead of filament light bulbs; 
using better detergents so clothes can be 
washed at lower temperatures; switching off 
electrical devices instead of leaving them on 
standby.

c) Capture carbon dioxide in waste gases at 
power station, pump and compress, store 
deep underground in rocks.

d) Setting up renewable energy projects, setting 
up plants to prevent the emission of methane 
from landfill sites, planting more trees.

e) High cost of fuel causes consumer demand 
for cars that use less fuel.

f) Their use results in zero net release of 
greenhouse gases to the atmosphere. It 
releases the same amount of carbon dioxide 
when it burns as the crops it was made from 
took in for photosynthesis as they grew.

18 It is costly to reduce greenhouse gas emissions 
and any doubt about whether it needs to be 
done could stop it happening.

19 We are using more electrical devices, we expect 
to be warmer in our homes than in the past, we 
are travelling more.

20 a) i)  Carbon in isooctane reacts with oxygen 
with complete combustion.

ii) Carbon in isooctane reacts with oxygen 
with incomplete combustion.

iii)  Carbon in isooctane reacts with oxygen 
with incomplete combustion.

iv) Hydrogen in isooctane reacts with oxygen.
b) There may be some sulfur in petrol which 

reacts with oxygen.
c) Nitrogen in the air reacts with oxygen in the 

air at high temperature.
d) Acid rain, respiratory problems
e) Wastes fuel, greenhouse gas

21 a) i)  When a substance burns with a poor 
supply of oxygen.

ii) Combines with haemoglobin in blood 
reducing the ability of the blood to carry 
oxygen.

iii) Colourless and has no smell
b) i) Carbon

ii) Blacken buildings, cause respiratory 
problems, global dimming.

Show you can
Page 170 (526)

a) Decrease in carbon dioxide. This is because 
plants developed, photosynthesised and 
removed carbon dioxide; carbon dioxide also 
dissolved in oceans and formed sedimentary 
rocks and fossil fuels formed.

b) Increase in nitrogen; volcanoes produced 
nitrogen; nitrogen is not very reactive and, 
once formed, it is not easily removed from 
the atmosphere again.

c) Increase in oxygen; this is because plants 
developed and photosynthesised producing 
oxygen.

Page 173 (529)

a) The concentration of carbon dioxide has 
risen steadily since 1960.

b) There has been no decrease in carbon 
dioxide concentration over the past  
50 years.
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Page 182 (538)

a) NO
b) NO2
c) Air
d) Water
e) SO2
f) Remove sulfur from fuels, remove SO2/NO2 

from waste gases.

Practical
Page 182 (538)

1 The hot gas is cooled in the U-tube and 
condenses to form a liquid.

2 Water
3 Limewater/calcium hydroxide; the carbon 

dioxide produced reacts with the limewater to 
form a solid.

4 Water and carbon dioxide
5 Carbon/soot; incomplete combustion of fuel
6 a) Sulfur dioxide

b) Reacts with liquid A (calcium hydroxide) and 
is neutralised

c) The sulfur dioxide produced causes acid  
rain/respiratory problems.

Chapter review questions
1 billion; little; volcanic
2 a) Bar chart showing 78% nitrogen, 21% 

oxygen and 1% other gases
b) Evolution of life/algae/plants

3 a) Gas that does not absorb the Sun’s radiation 
but does absorb the Earth’s radiation.

b) Carbon dioxide: combustion of fossil fuels; 
methane: animal farming and landfill sites; 
water vapour: combustion of fossil fuels

c) Temperature increasing
d) Sea levels rising, more frequent/severe 

storms, changes in rainfall patterns, water 
stress for humans and wildlife

4 a) Pie chart showing 38% water vapour, 50% 
carbon dioxide, 10% sulfur dioxide, 2% other 
gases

b) Water vapour cooled and condensed
5 a) Mars, Venus

b) Carbon dioxide + water → glucose + oxygen, 
6CO2 + 6H2O → C6H12O6 + 6O2

6 sedimentary; calcium carbonate; shells
7 a) Sulfur in fuel reacts with oxygen; causes 

acid rain/respiratory problems.
b) Nitrogen in air reacts with oxygen at high 

temperatures; causes acid rain/respiratory 
problems.

c) Carbon in fuel reacts with oxygen with 
complete combustion; greenhouse gas.

d) Carbon in fuel reacts with oxygen with 
incomplete combustion; toxic.

e) Carbon in fuel reacts with oxygen with 
incomplete combustion; global dimming/
respiratory problems/blackens buildings.

8 a) Animal farming, landfill sites
b) Burning large amounts of fossil fuels, 

deforestation
9 a) The amount of carbon dioxide and other 

greenhouse gases given out over the full life 
cycle of a product, service or event.

b) Any three of: energy conservation/efficiency, 
use of alternative energy sources, carbon 
capture and storage, carbon off-setting, 
carbon taxes and licences, using carbon 
neutral fuels.

c) Any three of: scientists disagree about global 
warming, expense, incomplete international 
co-operation, lack of public information and 
education, lifestyle changes.

10 a) 2H2 + O2 → 2H2O
b) C7H16 + 11O2 → 7CO2 + 8H2O
c) 2CH3OH + 3O2 → 2CO2 + 4H2O

11 2C4H10S + 15O2 → 8CO2 + 10H2O + 2SO2
12 a) Earth’s radiation is longer wavelength

b) Absorb the Earth’s radiation but not the 
Sun’s

Practice questions
1 D, oxygen  [1 mark]
2 B, calcium hydroxide  [1 mark]
3 a) i) Break up a substance, using heat  [2 marks]

ii) 2Fe(OH)3 → Fe2O3 + 3H2O [1 mark 
for correct formulae, 1 for balanced 
equation]

b) In Earth’s atmosphere there is: (much) less 
carbon dioxide, (much) more nitrogen, 
(much) more oxygen, also trace amounts of 
methane, also has small amounts of noble 
gases  [4 marks]

c) i) 6CO2 + 6H2O → C6H12O6 + 6O2  [1 mark]
ii) Energy is needed to break bonds and 

energy is released when making bonds. 
There is less energy released making bonds 
than is needed breaking bonds.  [3 marks]

iii) Carbon dioxide dissolved in the water  
 [1 mark]

4 a) i)  Increasing the % carbon increases the 
heat energy released when burned  
 [1 mark]

ii) Increasing the % moisture decreases the 
heat energy released when burned  
 [1 mark]

b) Lignite: is softer, lower %C, higher % 
moisture, lower heat energy released when 
burned [any three for 3 marks]
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c) Carbon/soot/particulates, carbon monoxide 
 [2 marks]

d) Sulfur dioxide, acid rain, respiratory 
problems  [3 marks]

e) i) Suitable way of holding and heating 
lignite, suitable way of condensing  
and collecting water, well drawn and  
labelled  [3 marks]

   

lignite

heat beaker

ice water

cooled test
tube

ii) Carbon dioxide, water  [1 mark]
5 a) i) CO2, CH4  [2 marks]

ii) Infrared  [1 mark]
iii)  An increase in temperature at the  

Earth’s surface  [1 mark]
iv) More carbon dioxide is being  

produced.  [1 mark]
b) There is evidence that shows if there is a 

high concentration of carbon dioxide there 
is an increase in temperature; however this 
could be due to other factors.  [2 marks]

c) Carbon capture and storage, carbon off-
setting, using carbon neutral fuels, carbon 
taxes, energy conservation, renewable 
energy sources [any two for 2 marks]

d) Companies can only produce as much CO2 as 
they have a permit licence for.  [1 mark]

Working scientifically: Communicating scientific 
conclusions
Pages 187–88 (543–44)

1 Presented at press conference rather than to a 
scientific journal

2 Presented to a scientific journal; peer review by 
other scientists

3 a) That as the number of particulates in the 
air increases, the number of people seeking 
medical attention for asthma increases.

b) Data has not been repeated so this set of 
results may be a ‘one off’; only one town has 
been investigated, data from other towns 
may disagree with this data, more evidence 
is needed.

c) i) Confidence is low because: correlation 
does not mean cause, there could be 
other causes; opinions of other scientists 
have not been given and there is no 
peer review; the journalist may not be a 
scientist and could be biased so may have 
his/her own interpretation of data; claim 
may be correct because: there is a clear 
correlation so asthma could be affected 
by particulates and also the points are 
all close to straight line and there are no 
anomalies/outliers so conclusions from 
data will have some validity.

ii) During incomplete combustion of 
hydrocarbon fuels carbon particulates are 
formed.
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10 Using the Earth’s resources

Overview
Specification points
4.10.1.1 Using the Earth’s resources and 
sustainable development; 4.10.1.2 Potable 
water; 4.10.1.3 Waste water treatment; 4.10.1.4 
Alternative methods of extracting metals (HT 
only); 4.10.2.1 Life cycle assessment; 4.10.2.2 
Ways of reducing the use of resources; 4.10.3.1 
Corrosion and its prevention; 4.10.3.2 Alloys as 
useful materials; 4.10.3.3 Ceramics, polymers and 
composites; 4.10.4.1 The Haber process; 4.10.4.2 
Production and uses of NPK fertilisers

Textbook chapter references
AQA GCSE (9–1) Chemistry: Chapter 10 pages 246–275

AQA GCSE (9–1) Combined Science Trilogy 2: 
Chapter 32 pages 189–205

AQA GCSE (9–1) Combined Science Trilogy: Chapter 
32 pages 545–561

Recommended number of lessons: 16

Chapter overview

Contains AQA required practical Yes: Chemistry RP 8

Contains higher-only material Yes

Contains chemistry-only material Yes

Useful prior learning
A lot of useful prior learning comes from the 
earlier chapters of this specification, including the 
extraction of metals, alloys and their properties, 
polymers and their properties, and reversible 
reactions and equilibria.

Common misconceptions
This chapter provides many opportunities to revise 
earlier work (including equilibria, structure and 
bonding, extraction of metals, electrolysis and 
mole calculations) and clear up misconceptions 
associated with that work. A lot of the learning 
outcomes of this chapter will be new to many 
students, so hopefully few students will have 
misconceptions regarding these learning outcomes.

Preparation
Reviewing the T&L Prior knowledge catch-up 
teacher sheet is a good place to start, as it 
provides links to many RSC practical resources 
relevant to this chapter of work. The T&L Topic 
overview resource gives a concise overview of 
the module, and would make an effective starting 
place when preparing students for an end of 
chapter assessment. Less-confident students could 
be asked to complete the T&L Prior knowledge 
catch-up student sheet, which reviews a lot of 
the prior learning mentioned above.

Using the Earth’s resources: Lesson 1

1 Describe that humans use the Earth’s 
resources for warmth, shelter, food and 
transport.

2 Describe how natural resources are 
supplemented by agriculture to provide food, 
timber, clothing and fuels.

3 Describe how finite resources are processed 
to provide energy and materials.

4 Distinguish between finite and renewable 
resources.

5 Interpret information about resources.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson with a quiz matching the 
resources we commonly use with their sources on 
Earth. Table 10.1 (32.1) on page 248 (191; 547) 
of the textbook can be used as a source of this 
information. Emphasise that many of the resources 
that we rely upon are finite and that Chemistry has 
played an important role in helping us to extract 
what we need from the Earth’s resources.

Useful Teaching and Learning resources
• Learning outcomes

• Prior knowledge catch-up student sheet

• Prior knowledge catch-up teacher sheet

• Topic overview

• Lesson starter 1

• Lesson starter 2

• Lesson starter 3

• Key terms

• Personal tutor: Hard and soft water

• Personal tutor: The Haber process

• Practical: Distillation of salt water to obtain water

• Teacher and technician notes: Distillation of salt 
water to obtain water

• Practical video: Distillation of salt water to obtain 
water

• Homework task (a)

• Homework task (b)

• Quick quiz 1

• Quick quiz 2

• Quick quiz 3

• Quick quiz 4

• Answers to homework tasks

• Answers to all questions

• Diagram bank
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Suggested lesson plan
Starter
Begin the lesson by completing the ‘Show you can’ 
activity on page 249 (192; 548) of the textbook.

Main
Watch the following video clip on the importance of 
recycling (www.youtube.com/watch?v=6BkcviD65Bo) 
and use it as an introduction to the principles of 
reduce, re-use and recycle.

Provide students with a list of resources and ask 
them to discuss their methods of extraction and 
the impact on the environment of those methods. 
For instance:

● metals: mining followed by smelting or 
electrolysis; high energy extraction methods 
release CO2 into the atmosphere and contribute 
to global warming, mining changes, habitats 
and landscapes.

● plastics: extraction and refining of crude oil, 
followed by cracking and then polymerisation; 
high energy processes again.

● food: planting and harvesting, and associated 
use of fertilisers; landscape change and habitat 
loss, and energy costs associated with making 
fertilisers.

● clothing: extraction and refining of 
crude oil, followed by cracking and then 
polymerisation; high energy processes again. 
Or planting and harvesting, and associated 
use of fertilisers; landscape change and 
habitat loss, and energy costs associated with 
making fertilisers.

State that reducing, reusing or recycling resources 
will clearly have very beneficial outcomes for the 
environment and for future generations given the 
sustainability of the three ‘r’s concept.

Use Table 10.3 (32.3) on page 249 (192; 548) of 
the textbook to discuss the general stages in the 
recycling of three key materials before watching 
this fascinating video that shows how polyester 
bottles are recycled into clothes (www.youtube.
com/watch?v=zyF9MxlcItw). If you have time, 
revise the formation of polyester via condensation 
polymerisation.

Discuss the limitations of recycling in terms of the 
need for effective sorting of the material being 
recycled, and the importance of this on the quality 
of the material produced.

Plenary
Think, pair, share the advantages and limitations 
of recycling.

Main
In this final chapter there are several opportunities 
to review and revise key concepts from earlier 
chapters, and you can use the resources from those 
chapters to do so.

Take this opportunity to revise how different 
metals can be extracted from their ores (smelting 
or electrolysis (of aluminium) depending on their 
reactivity), and even to revise the structure and 
properties of metals.

Then go on to revise combustion of fuels extracted 
from crude oil, including incomplete and complete 
combustion, products of combustion (including NOx 
and SO2), and using bond energies to calculate the 
energy change during a reaction.

Finally, using Table 10.1 (32.1) on page 248 (191; 
547) of the textbook, ask students which of the 
resources listed there do they think are renewable 
and which are finite and define these terms if 
necessary. Go on to define sustainability and 
discuss its importance in the modern age.

Plenary
Ask students to list what things they recycle, and 
what things they throw away, and ask them what 
factors prevent them from recycling more materials 
than they currently do.

Support
Many of the learning objectives in this lesson 
are straightforward and will have been covered 
before in other subjects, as well as science lessons. 
Hopefully, few misconceptions or issues will arise.

Extension
More-able students could be asked to find out what 
mass of copper is associated with all the smart 
phones in the world.

Homework
Students could complete the ‘Prior knowledge’ 
questions on page 247 (190; 546) of the textbook.

Reducing the use of resources: 
Lesson 2 

1 State that the principles of reduce, re-use, and 
recycle decrease the use of limited resources.

2 List materials produced from limited 
resources.

3 Describe how obtaining raw materials causes 
environmental impacts.

4 Evaluate ways of reducing the use of limited 
resources.

Learning outcomes

https://www.youtube.com/watch?v=6BkcviD65Bo
https://www.youtube.com/watch?v=zyF9MxlcItw
https://www.youtube.com/watch?v=zyF9MxlcItw
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Support
If there is time, it is worth revising the formation 
of polyesters (and other condensation polymers) as 
this is a concept some students will have struggled 
with in Chapter 7 of the textbook.

Extension
More-confident students could be asked to list five 
commonly used materials in their lives that could 
not be re-used, recycled, or used less.

Homework
Students could answer questions 4–6 in the ‘Test 
yourself’ questions on page 251 (194; 550) of the 
textbook.

Life cycle assessments: Lesson 3

1 List the stages of a life cycle assessment.
2 Recognise that life cycle assessment can be 

based on opinion.
3 Carry out simple comparisons on life cycle 

assessments for shopping bags made from 
plastic or paper.

Learning outcomes

Suggested lesson plan
Starter
Show students Figure 10.3 (32.3) on page 250 
(193; 549) of the textbook (and the T&L Diagram 
bank) and ask them what the symbols are and 
why they are useful. (They identify what type 
of polymer the polymer is, and therefore allow 
recyclers to identify them and separate them 
appropriately).

Main
Introduce the concept of life cycle assessments 
using the following video that shows the LCA 
for Gore-Tex® footwear (www.youtube.com/
watch?v=iD-m6qBij8Q).

Review the key aspects of a life cycle assessment 
and then use Table 10.4 (32.4) on page 251 
(193; 549) of the textbook as a starting point 
for comparing the LCA of shopping bags. The 
information in Table 10.4 (32.4) illustrates how 
all products have negative environmental impacts 
and that determining which product is more 
sustainable is not always easy.

Finally, discuss the limitations of LCAs in terms 
of the difficulty in measuring the environmental 
impact of some aspects of a product’s life, and 
hence the subjectivity that may result. Ask 
students whether Toyota or Gore-Tex® would 

benefit from misleading us with their LCA videos, 
and hence introduce the idea that some companies 
may mislead consumers by not completing LCAs 
properly.

Plenary
Complete the ‘Show you can’ activity on page 251 
(194; 550) of the textbook.

Support
There are many online videos that introduce and 
review life cycle assessments that could be used to 
support students with this concept.

Extension
More-confident students could be asked to suggest 
ways of making all LCAs free from manufacturer 
bias or improper reporting. (A peer review system 
similar to what is used in science publishing could 
be one solution.)

Homework
Questions 7–9 of the ‘Test yourself’ activity on 
page 251 (194; 550) of the textbook could be set 
for students to complete.

Potable water: Lesson 4

1 Define the term potable water.
2 Describe the methods used in the UK to 

produce potable water.
3 Describe the process of desalination of 

seawater.
4 Recognise that these processes require large 

amounts of energy.

Learning outcomes

Suggested lesson plan
Starter
The following video is a great introduction to just 
how much freshwater is available on the planet 
(www.youtube.com/watch?v=4HSFKwho7MQ) and 
would make a good start to this lesson.

Main
Use Table 10.5 (32.6) on page 252 (195; 551) 
of the textbook to introduce the terms used to 
describe different types of water available to us.

Review the two main stages in water purification 
in the UK (Table 10.6 (32.7) on page 252 (195; 
551)) before introducing the methods used to 
produce potable water from seawater in countries 
where freshwater is scarce: desalination and 
reverse osmosis.

https://www.youtube.com/watch?v=iD-m6qBij8Q
https://www.youtube.com/watch?v=iD-m6qBij8Q
https://www.youtube.com/watch?v=4HSFKwho7MQ
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The laboratory method for distilling salt water 
could be demonstrated here and this may be 
a good time to introduce RP8. Then use Table 
10.7 (32.8) on page 253 (196; 552) of the 
textbook to compare and contrast the two main 
methods for desalination of water. The following 
video details one of the largest reverse osmosis 
desalination plants in the world (www.youtube.
com/watch?v=pHP8i4Yuahk) and could be used 
to introduce the less familiar reverse osmosis 
process.

The fascinating video found at www.youtube.
com/watch?v=k5Tjy_90WBU shows how research 
is being carried out into the use of graphene for 
the membranes in the reverse osmosis process and 
provides an opportunity to revise the structure of 
graphene from Chapter 2.

Plenary
Get students to think, pair, share ways to make 
the energy intensive desalination of water as 
sustainable as possible.

Support
This lesson is factually heavy, and students may 
struggle with this amount. Making gap-fill notes 
to review the content of this lesson will support 
less-confident learners in making progress through 
these learning objectives.

Extension
If there is not time in class to watch the video 
clip about the use of graphene in semipermeable 
membranes, then this could be used as an 
extension activity. Students could be asked to 
explain how using graphene would increase the 
sustainability of desalination by this method.

Homework
Students could be asked to watch the T&L 
Practical video: Distillation of salt water to 
obtain water in preparation for the required 
practical next lesson.

Analysis and purification of water 
samples: Lesson 5

1 Give reasons for the steps used to produce 
potable water.

2 Undertake analysis of pH and dissolved solids 
in water samples.

3 Use distillation to purify water samples and 
obtain dissolved solids for analysis.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by revising the work carried out 
in Chapter 9 on chemical analysis. For instance, 
the following question could be used:

A sample of water was evaporated to dryness and a 
white solid (X) remained. A flame test was carried 
out on a small sample of X and no colour was 
observed. A solution of X was prepared and sodium 
hydroxide solution was added drop-wise. A white 
precipitate formed that did not dissolve when 
excess sodium hydroxide was added. To a fresh 
solution of X, barium chloride solution was added 
and a white precipitate formed. Give the name 
and formula of compound X. (Answer: magnesium 
sulfate, MgSO4).

Main
Introduce Required practical 8. Students can 
then follow the T&L Practical: Distillation of 
salt water to obtain water worksheet that gives 
a method for the distillation of salt water using 
Quickfit® apparatus. You must complete a risk 
assessment for this practical before carrying it 
out. The Teacher and technician notes for this 
practical are also available in the T&L.

Once completed, students can answer the 
questions on the practical worksheet.

Plenary
Review the questions on the practical worksheet.

Support
Many students will struggle with the setting up of 
Quickfit® apparatus, but the scientific principles 
behind distillation will hopefully be familiar to 
most students. Check the students’ apparatus 
before allowing them to proceed with the 
distillation. The T&L Practical video: Distillation 
of salt water to obtain water can support less-
confident students.

Extension
More-confident students could be asked 
to create a flow chart that shows how the 
chemical test they learnt in Chapter 9 could be 
used to identify unknown solids found in water 
samples. 

Homework
Students can answer the questions in the  
'Required practical 8’ (13) box on page 254  
(197; 553) of the textbook.

https://www.youtube.com/watch?v=pHP8i4Yuahk
https://www.youtube.com/watch?v=pHP8i4Yuahk
www.youtube.com/watch?v=k5Tjy_90WBU
www.youtube.com/watch?v=k5Tjy_90WBU
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Waste water treatment: Lesson 6 

1 Explain why waste water requires treatment. 
2 Describe stages of sewage treatment.
3 Evaluate ease of obtaining potable water from 

waste, ground and salt water. 

Learning outcomes

Suggested lesson plan
Starter
Introduce the idea that with only very limited 
supplies of fresh, potable water, the need to treat 
wastewater is vital. The T&L Lesson starter 1 
reviews the causes of limitations to water supplies. 

Main
The following video (www.watercare.co.nz/Water-
and-wastewater/Water-treatment-and-supply/
Treating-water) details the wastewater treatment 
process very clearly (and matches the process 
displayed in Figure 10.6 (32.8) on page 255 (198; 
554) of the textbook) and shows the steps taken 
to make the process sustainable. The video is set 
in Auckland, New Zealand.

Having discussed the key elements of the 
Auckland wastewater treatment process and 
the sustainability of that treatment process (no 
use of chemicals, use of biofuel to generate 
electricity), use Figure 10.6 (32.8) to summarise 
the wastewater treatment process. 

Students could then be given a series of 
statements that describe the wastewater treatment 
process, and asked to put them correctly in order 
to describe that process correctly.

You could take the opportunity to revise bond 
energy calculations by calculating the energy 
change for the complete combustion of methane 
gas, or a mole calculation question associated with 
the combustion of methane.

Plenary
Complete the ‘Show you can’ activity of page 256 
(199; 555) of the textbook.

Support
This is another fairly factual lesson, so providing 
students with statement sort activities, or gap-fill 
notes will support all students.

Extension
In the UK each person uses approximately 150 
litres of water each day. The 2017 UK population 
was 65 511 098 people. Ask students to calculate 
the volume of water, in standard form and to three 

significant figures, consumed each day by the 
entire population of the UK.

Homework
Use the ‘Test yourself’ questions on page 256  
(199; 555) of the textbook.

Corrosion: Lesson 7 (Chemistry only)

1 Define corrosion and use rusting as an 
example.

2 State that both air and water are necessary 
for iron to rust.

3 Describe and interpret experiments to show 
the requirements for rusting.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reminding students of the 
importance of metals in modern society.

Main
This lesson provides a great opportunity to revise 
redox reactions and half-equations (for higher tier 
students).

Define corrosion as the destruction of materials 
by chemical reactions with substances in the 
environment, and ask students to suggest what 
these substances are likely to be. The T&L Lesson 
starter 2 could be used here.

Then introduce rusting as a particular example 
of corrosion of iron and steel (an alloy of iron, 
carbon and other metals) and ask students what 
substances in the environment react with iron 
to cause rusting. The following RSC practical 
activity (www.rsc.org/learn-chemistry/resource/
res00000434/the-causes-of-rusting) could be used 
to set up experiments to prove that both O2 and 
H2O are required for rusting to occur. You must 
carry out a risk assessment before carrying out 
this practical.

To revise redox reactions from Chapter 4 review 
some of the stages of rusting. N.B. students do not 
need to know these equations, but should be able 
to interpret them as follows:

● Rust contains Fe(OH)3. What is the charge on 
the Fe ion in Fe(OH)3?

● Fe → Fe2+ + 2e−. Ask students whether this  
half-equation shows reduction or oxidation

● O2 + 2H2O + 4e− → 4OH−. Ask students to 
identify the ion formed in this reaction  

www.watercare.co.nz/Water-and-wastewater/Water-treatment-and-supply/Treating-water
www.watercare.co.nz/Water-and-wastewater/Water-treatment-and-supply/Treating-water
www.watercare.co.nz/Water-and-wastewater/Water-treatment-and-supply/Treating-water
http://www.rsc.org/learn-chemistry/resource/res00000434/the
http://www.rsc.org/learn-chemistry/resource/res00000434/the
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(the hydroxide ion), and explain why this  
half-equation is an example of oxidation.

● 4Fe2+ + O2 → 4Fe3+ + 2O2−. Ask students to 
construct the half-equations for the iron and 
oxygen in this equation (Fe2+ → Fe3+ + e− 
(oxidation), and O2 + 4e− → 2O2− (reduction)).

Plenary
Complete questions 19 and 20 of the ‘Test yourself’ 
activity on page 260 of the textbook.

Support
Given the relatively straightforward nature of the 
learning outcomes for this lesson, using it as an 
opportunity to revise redox and half-equations 
will support learners in the run-up to final GCSE 
examinations.

Extension
More-confident students could be asked to construct 
the overall equation between Fe2+ and O2 from the 
two half-equations (Fe2+ → Fe3+ + e− and  
O2 + 4e− → 2O2−). Because the oxidation of Fe2+ 
produces only one electron, we need 4Fe2+ ions to be 
oxidised to satisfy the O2’s demand for four electrons.

Homework
If not carried out as a plenary activity, students 
could complete questions 19 and 20 of the ‘Test 
yourself’ activity on page 260 of the textbook.

Preventing corrosion: Lesson 8 
(Chemistry only)

1 List greasing, painting or electroplating as 
methods to reduce corrosion.

2 Describe how aluminium has an oxide 
coating that protects the metal from further 
corrosion.

3 Explain sacrificial protection in terms of 
reactivity.

Learning outcomes

Suggested lesson plan
Starter
If the RSC practical investigation into the causes 
of rusting was carried out last lesson, review the 
results of this investigation and reinforce that 
both oxygen and water are necessary for rusting to 
occur.

Then, use the following video clip to introduce the 
importance of corrosion prevention (www.bbc.com/
news/av/uk-scotland-19367532/housekeeping-the-
forth-road-bridge). The video, from 2012, discusses 
the corrosion of steel cables in the Forth Road 
Bridge outside Edinburgh.

Main
Ask students how they would prevent rusting from 
occurring – some will link the use of bike chain 
lubricant to rust prevention, and this is a coating 
or barrier method. Others will suggest painting as 
a strategy – ask them to explain how this method 
works.

Review the types of coatings that can be used, 
as described in Table 10.11 on page 259 of the 
textbook. The following RSC practical (www.
rsc.org/learn-chemistry/resource/res00000439/
the-real-reactivity-of-aluminium) could be 
demonstrated to show the effectiveness of the 
oxide layer of aluminium. With the oxide layer, 
aluminium cannot displace copper from copper 
sulfate solution as we would expect it to, but by 
adding chloride ions to the mixture, the oxide 
layer dissolves, and we see the true reactivity of 
aluminium. You must carry out a risk assessment 
before carrying out this practical.

Introduce sacrificial protection as another 
method of protecting iron and steel from 
rusting by using more reactive metals that 
corrode instead of the iron or steel. The RSC 
practical (www.rsc.org/learn-chemistry/resource/
res00001763/preventing-rusting) is worth setting 
up to illustrate the effectiveness of sacrificial 
protection. It takes about 30 minutes to see 
results from this investigation, so perhaps set 
it up at the start of the lesson. You must carry 
out a risk assessment before carrying out this 
practical.

Discuss the uses of sacrificial protection for 
protecting railway tracks, steel hulls and 
underground pipelines.

Finally, describe galvanising as a combination of 
both methods. The iron or steel is coated in zinc 
metal. If the zinc barrier is scratched, the zinc still 
protects the steel as zinc is more reactive than 
iron.

Plenary
Complete the ‘Show you can’ activity on page 260 
of the textbook.

Support
Some students will need reminding of the reactivity 
series and the order of metals in the series in order 
to understand how sacrificial protection works. 
Have a display of the reactivity series handy in this 
lesson.

Extension
More-confident learners could be asked to evaluate 
the sustainability of using a steel underground 

http://www.bbc.com/news/av/uk-scotland-19367532/housekeeping
http://www.bbc.com/news/av/uk-scotland-19367532/housekeeping
http://www.rsc.org/learn-chemistry/resource/res00000439/the
http://www.rsc.org/learn-chemistry/resource/res00000439/the
http://www.rsc.org/learn-chemistry/resource/res00000439/the
http://www.rsc.org/learn-chemistry/resource/res00001763/preventing
http://www.rsc.org/learn-chemistry/resource/res00001763/preventing
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pipe protected by magnesium blocks compared to a 
plastic pipe made from PVC.

Homework
Students could complete questions 21 and 22 
of the ‘Test yourself’ activity on page 260 of the 
textbook.

Alloys as useful materials: Lesson 9 
(Chemistry only)

1 Describe the common alloys of bronze, brass, 
gold and steels. 

2 State the composition and use of each type of 
alloy.

3 Interpret and evaluate the use of alloys having 
been given information.

Learning outcomes

Suggested lesson plan
Starter
This lesson provides a good opportunity to revise 
the structure and general properties of metals 
(Chapter 2) or the extraction of metals (Chapter 4) 
before moving on to the actual learning outcomes 
described above. A suitable past-paper question 
could be used to review students’ knowledge of 
metals and their properties.

Main
Revise the definition of an alloy from Chapter 2 – 
the BBC Bang Goes the Theory video could be used 
to remind students about steel as an important 
alloy (www.bbc.co.uk/schools/teachers/bang/
videos/lesson11_metals.shtml). Having watched 
the video clip ask students what it is about the 
structure of an alloy that makes it harder than a 
pure metal. Use Figure 10.7 on page 257 of the 
textbook (and the T&L Diagram bank) to illustrate 
this point.

Ask students what other alloys they are aware 
of before reviewing the compositions of some 
common alloys in Table 10.8 on page 257 of the 
textbook.

Then focus on the different types of steel from 
Table 10.9 on page 258 of the textbook and link 
their properties to their uses.

Plenary
Complete the ‘Show you can’ activity on page 258 
of the textbook.

Support
The learning outcomes from this lesson are relatively 
straightforward, but do provide opportunities for 

revision of earlier work. This will support students as 
they prepare for their examinations.
Extension
More-confident learners could be asked to find out 
how the chromium and nickel in stainless steel 
prevent it from rusting.
Homework
The ‘Test yourself’ activity on page 258 of the 
textbook could be given to students to complete.

Alternative methods of extracting 
metals: Lesson 10 (Higher Tier)

1 List the methods of phytomining and 
bioleaching as alternative ways to extract 
copper.

2 Evaluate alternative biological methods given 
information.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by asking students to guess 
how many tonnes of copper are produced each 
year. In 2015 an estimated 19 100 000 tonnes of 
copper were produced worldwide! Ask students why 
the demand for copper is so high – the following 
copper facts may help them to comprehend the 
importance of copper:
● There are approximately 13 g of copper in a 

typical iPhone. As of June 2014, approximately 
500 million iPhones had been sold. That is more 
than 6 500 tons of copper in 500 million pockets 
around the world. That is $35.7 million worth of 
copper at 2015 prices.

● There are, on average, 1.5 km of copper wiring 
in a typical car. A typical small car contains 
about 20 kg of copper, while a large car contains 
about 40 kg.

Main
Explain to students that high-grade copper ores 
are now running out and that low-grade ores 
are having to be used to extract copper. Ask 
students how the use of copper can be made more 
sustainable (reduce, re-use recycle).

Give students a simple review of the stages of 
traditional copper mining:

1 mining of the ore,
2 concentration of the ore,
3 smelting of the ore using high temperatures and 

releasing SO2,
4 electrolysis of the impure copper to purify it.

http://www.bbc.co.uk/schools/teachers/bang/videos/lesson11_metals.shtml
http://www.bbc.co.uk/schools/teachers/bang/videos/lesson11_metals.shtml
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Ask students to suggest three environmental 
impacts of extracting copper traditionally (CO2 
emissions and global warming, SO2 emissions and 
acid rain, landscape/habitat change).

Introduce phytomining and bioleaching as 
alternative methods of copper extraction from low-
grade ores and use Figure 10.14 (32.9) on page 261 
(200; 556) of the textbook (and the T&L Diagram 
bank) to illustrate the process of phytomining.

The following RSC practical (www.rsc.org/learn-
chemistry/resource/res00000476/electrolysis-
of-copper-ii-sulfate-solution) could be used to 
demonstrate how copper can be extracted from a 
copper solution using electrolysis. This provides 
another opportunity to revise earlier work on 
electrolysis of solutions (Chapter 4). Similarly, a 
simple displacement reaction between iron and 
copper sulfate solution could be demonstrated 
to show how scrap steel is used in the extraction 
process. You must carry out a risk assessment 
before carrying out this practical.

Plenary
Review the alternative methods for copper 
extraction, and compare their sustainability to 
traditional methods of extraction.

Support
Provision of Figure 10.14 (32.9) from the T&L 
Diagram bank for students to annotate will help 
keep the note-taking aspect of this lesson to a 
minimum, as would a gap-fill activity.

Extension
Students could be asked to predict the products 
of electrolysis of copper sulfate solution and to 
construct half-equations for the reactions at each 
electrode that produce those products (copper is 
produced at the cathode: Cu2+ + 2e− → Cu. Oxygen 
is produced at the anode: 4OH− → O2 + 2H2O + 4e−).

Homework
Students could complete the ‘Test yourself’ 
questions on page 262 (201; 557) of the textbook.

Ceramics, composites and polymers: 
Lesson 11 (Chemistry only)

1 State examples of ceramics and composites.
2 Describe how the properties of polymers 

depend on the monomer units they are made 
from. 

3 Explain the difference between 
thermosoftening and thermosetting polymers. 

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by revising the structure of 
polymers from Chapter 2 and Chapter 7. Ask 
students what type of structures polymers have 
(long-chain molecules with intermolecular forces 
between the chains), and what examples of 
polymerisation they can remember (hopefully 
addition and condensation polymerisation).

Main
Revise how addition polymerisation happens by 
the opening up of the C=C double bond in the 
unsaturated monomers allowing many monomers 
to join together to form a long-chain molecule 
containing many repeat units.

Use the monomers and repeat units in Table 10.13 
on page 263 of the textbook and get students 
to draw the structure of the repeat unit from the 
structure of the monomer and vice versa.

Use Table 10.13 to review the uses of these 
polymers and emphasise the different properties 
resulting from different monomers, and hence 
different uses.

Introduce low-density polyethylene (LDPE) and 
high-density polyethylene (HDPE) and use them to 
illustrate the effect of reaction conditions on the 
type of structure formed, and hence the properties 
and uses of the polymer. Table 10.14 on page 263 
of the textbook summarises this. 

If you have samples of LDPE and HDPE you can 
show students the difference in properties of 
the two polymers and ask students to explain 
this in terms of the relative strengths of the 
intermolecular forces in LDPE and HDPE. (LDPE 
consists of long-chain −CH2− molecules with many 
branches coming from the main chain, while HDPE 
consists of long-chain −CH2− molecules with few, 
if any, branches. The result is that the chains in 
HDPE can pack much more closely together, making 
the intermolecular forces stronger, and the density 
greater.)

Finally, use Table 10.15 on page 264 of the 
textbook to review the difference between 
thermosoftening and thermosetting polymers. If 
there is time, you could carry out the RSC practical 
found at www.rsc.org/learn-chemistry/resource/
res00001758/phenol-methanal-polymerisiation. 
In this demonstration a thermosetting polymer is 
formed, and its properties can be explored. You 
must carry out a risk assessment before carrying 
out this practical.

http://www.rsc.org/learn-chemistry/resource/res00000476/electrolysis
http://www.rsc.org/learn-chemistry/resource/res00000476/electrolysis
www.rsc.org/learn-chemistry/resource/res00001758/phenol-methanal-polymerisiation
www.rsc.org/learn-chemistry/resource/res00001758/phenol-methanal-polymerisiation
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Plenary
Review all the factors that determine the structure 
and properties of a polymer by asking students 
to summarise them (type of monomer used 
and the conditions used during polymerisation 
(temperature, pressure and type of catalyst).

Support
Revising key ideas from earlier chapters will 
support all students as they prepare for their 
exams.

Extension
More-confident students can be asked to prepare a 
revision activity on condensation polymerisation to 
be used as a starter for the next lesson.

Homework
Questions 27 and 28 of the ‘Test yourself’ activity 
on page 265 of the textbook . Alternatively, the 
T&L Homework task (a) could be set to review 
the work on extraction of metals, sustainability, 
water treatment, corrosion and polymers.

Useful materials: Lesson 12 
(Chemistry only)

1 Compare the physical properties of ceramics, 
polymers, composites and metals.

2 Explain how properties of materials are 
related to their uses. 

3 Select appropriate materials for specific uses. 

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson introducing ceramics and 
composites to the students. The following video 
gives a good introduction to composites (www.
youtube.com/watch?v=WYqCnEvTRUQ, while 
the video found at www.sciencelearn.org.nz/
resources/1769-what-are-ceramics gives a good 
introduction to ceramics.

Main
Review the key characteristics of glass, ceramics 
and composites and their uses based on these 
properties. Table 10.16 on page 264 of the 
textbook reviews different types of glass, while 
Table 10.17 on page 265 reviews different 
composites.

The following RSC practical (www.rsc.org/learn-
chemistry/resource/res00000687/making-glass) 
could be used to show how glass can be formed. 
Although the practical can take up to 1 hour to 
complete, it can be adapted to take less time, 

and would provide a break from the fairly content 
heavy recent lessons. You must carry out a risk 
assessment before carrying out this practical.

Plenary
Complete the ‘Show you can’ activity on page 265 
of the textbook to review the learning outcomes of 
this lesson.

Support
This is a content heavy lesson, so the use of gap-
fill notes will support all students in processing 
this information more effectively.

Extension
More-confident students could be asked to find out 
how composite materials are used in the Airbus 
A380 airliner.

Homework
Questions 29–31 of the ‘Test yourself’ activity on 
page 265 of the textbook could be completed.

The Haber process: Lesson 13 
(Chemistry only)

1 Write a word and symbol equation for the 
Haber process.

2 State the conditions required.
3 Describe how the ammonia is liquefied and 

removed while un-reacted nitrogen and 
hydrogen are recycled.

Learning outcomes

Suggested lesson plan
Starter
Introduce the importance of the Haber process 
for the production of fertilisers, and the vital 
role that fertilisers play in feeding a growing 
global population. Displaying a graph of global 
population over time and asking students why 
fertilisers are important would get them thinking.

Main
Give students a description of the Haber process 
reaction (i.e. nitrogen, N2, reacts with hydrogen, 
H2, to form ammonia, NH3) and get them to
construct a balanced symbol equation for the 
reaction: N2(g) + 3H2(g) � 2NH3(g). Emphasise 
that the reaction is reversible, and that this is 
what the ‘� ’ symbol represents.

State the conditions of the reaction as being a 
temperature of 450 °C, a pressure of 200 atm, and 
the use of an iron catalyst.

https://www.youtube.com/watch?v=WYqCnEvTRUQ
https://www.youtube.com/watch?v=WYqCnEvTRUQ
www.sciencelearn.org.nz/resources/1769-what-are-ceramics
www.sciencelearn.org.nz/resources/1769-what-are-ceramics
http://www.rsc.org/learn-chemistry/resource/res00000687/making
http://www.rsc.org/learn-chemistry/resource/res00000687/making
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Show students a table of the boiling points of the 
three substances involved in the reaction:  
N2 = −196 °C, H2 = −253 °C, and NH3 = −33 °C.  
Ask students:

● What type of structure do all three substances 
have? (Simple molecular)

● What types of attraction exist between the 
molecules of each substance? (Intermolecular 
forces)

● Which substance must have the strongest 
intermolecular forces and why? (Ammonia, 
because it has the highest boiling point, so  
the force of attraction between the molecules 
must be greatest)

● What will happen to a mixture of the three 
substances is cooled from 450 °C to −50 °C? (The 
ammonia will condense but the nitrogen and 
hydrogen will stay as gases)

Now review the Haber process using Figure 
10.19 on page 266 of the textbook (and the T&L 
Diagram bank), and emphasise the sources of N2 
and H2, and the action of cooling the reaction 
mixture to remove the ammonia by condensation.

Finally, you could describe how hydrogen gas is 
produced by the reaction of natural gas (methane, 
CH4) and steam:

CH4(g) + H2O(g) �  CO(g) + 3H2(g)

If there is time, higher tier students could calculate 
the enthalpy change of the above reaction using the 
appropriate bond energies (C−H = 413 kJ/mol,  
H−O = 464 kJ/mol, C–O in CO = 1077 kJ/mol and 
H−H = 436 kJ/mol). The answer is +195 kJ/mol.

Plenary
The following RSC video on the Haber process 
(www.youtube.com/watch?v=wiwl4eoHbig) could 
be used to review the learning outcomes.

Support
The T&L Personal tutor: Haber process resource 
can be used to support less-confident learners. 
There are several opportunities to revise earlier 
work on bond energy calculations, structure and 
bonding and rates of reaction in this lesson. Taking 
time to review these will support students in their 
preparation for exams.

Extension
More-confident students could be given a mole 
calculation question along the lines of: when 1 
mole of nitrogen (N2) reacts with hydrogen to form 
ammonia, 92 kJ of energy is released. How much 
energy will be released when 1 kg of nitrogen 
reacts? Answer: 3286 kJ.

Homework
Question 32 of the ‘Test yourself’ activity on page 
269 of the textbook could be set for the students 
to complete.

Dynamic equilibrium and the Haber 
process: Lesson 14 (Chemistry only 
and higher tier)

1 Interpret graphs of reaction conditions versus 
rate.

2 Apply the principles of dynamic equilibrium to 
the Haber process. 

3 Explain the compromise of rate and position 
of equilibrium.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by revising equilibria and 
Le Châtelier’s principle. This could be done by 
showing students the following reversible reaction 
and asking them the following questions:

CH4(g) + H2O(g) �  CO(g) + 3H2(g); the 
forward reaction is endothermic
1 What does ‘� ’ represent? (That the reaction is 

reversible.)
2 What is ‘dynamic equilibrium’? (When the 

forward and reverse reactions of a reversible 
reaction are equal and the amounts of reactants 
and products remain constant.)

3 What condition is required for dynamic 
equilibrium to happen? (A closed system.)

4 According to Le Châtelier’s principle, what will 
happen to the position of equilibrium if the 
temperature of the system is increased? (Higher 
temperatures favour the endothermic reaction, 
which is the forward reaction, so equilibrium 
will shift to the right.)

5 According to Le Châtelier’s principle, what will 
happen to the position of equilibrium if the 
pressure of the system is increased? (Increasing 
pressure favours the reaction that produces 
the fewest moles of gas, which is the reverse 
reaction, so equilibrium will shift to the left.)

6 What conditions of temperature and pressure 
would maximise the yield of H2? (Low 
temperatures and low pressures.)

Main
Give students the following bond energies and ask 
them to calculate the energy change for the Haber 
process reaction: N2 = 945 kJ/mol, H2 = 436 kJ/mol 
and N−H = 391 kJ/mol. Answer = –93 kJ/mol.

https://www.youtube.com/watch?v=wiwl4eoHbig
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Now, using Le Châtelier’s principle, as them to 
decide what conditions of temperature and pressure 
(i.e. high or low) would maximise the yield of 
ammonia (NH3). Think, pair, share would work here.

Review the outcome that a low temperature 
and high pressure would maximise the yield of 
ammonia according to Le Châtelier’s principle.

Then, ask students if they can see a problem with 
a low temperature for an industrial process – 
hopefully one or two will link low temperatures to a 
low rate of reaction. Then ask if there are problems 
with high pressures in an industrial process. They 
are less likely to realise that high pressures demand 
high costs in order to maintain pressures and build 
apparatus that can withstand those high pressures.

Display Table 10.18 on page 267 of the textbook 
and review the conditions of the Haber process 
as compromises between yield of ammonia, rate 
of production and cost of production. Emphasise 
the link between the shapes of the graphs of 
temperature and yield, and pressure and yield, and 
Le Châtelier’s principle.

Plenary
If not watched already, the following RSC video 
on the Haber process (www.youtube.com/
watch?v=wiwl4eoHbig) could be used to review the 
learning outcomes. 

Support
Students often struggle with Le Châtelier’s 
principle, so take time to review this carefully 
during the starter activity.

Extension
More-confident learners could be asked to watch 
the following BASF video (www.youtube.com/
watch?v=uMkzxV_y7tY) to get more of an insight 
into the entire Haber process.

Homework
Question 33 of the ‘Test yourself’ activity on page 269 
of the textbook could be set for students to complete.

Production of NPK fertilisers:  
Lesson 15 (Chemistry only)

1 State the compounds that NPK fertilisers contain.
2 Describe NPK fertiliser as formulations 

of various salts containing appropriate 
percentages of the elements.

3 Describe how ammonia can be used to 
manufacture ammonium salts and nitric acid.

4 Describe how potassium salts can be obtained.

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by watching the first 4:46 min 
of the Channel 4 Science Bank video found at 
www.youtube.com/watch?v=yvMy48TpDGY. This 
reviews the Haber process and introduces the 
manufacture of nitric acid. Then give students the 
following equations (from the video) to balance:

N2 + 3H2 �  2NH3

4NH3 + 5O2 → 4NO + 6H2O

2NO + O2 → 2NO2

4NO2 + O2 + 2H2O → 4HNO3

Main
Use Figure 10.21 on page 268 of the textbook, 
or use the T&L Lesson starter 3 to introduce 
fertilisers as formulations of a variety of different 
nitrogen, potassium and phosphorus compounds, 
with different formulations containing different 
proportions of these three key elements, and used 
for different crops.

Use Table 10.19 on page 268 of the textbook 
to review the salts used in fertilisers and their 
sources. Give students a list of the formulae of 
the ions present in these salts (NH4

+, NO3
−, SO4

2−, 
PO4

3−, K+, Cl−, Ca2+) and ask then to determine the 
formulae for these salts.

Next, get students to construct balanced symbol 
equations for the formation of the ammonium 
salts (ammonium nitrate, ammonium sulfate and 
ammonium phosphate) from ammonia and the 
appropriate acid (N.B. phosphoric acid has the 
formula H3PO4):

NH3 + HNO3 → NH4NO3

2NH3 + H2SO4 → (NH4)2SO4

3NH3 + H3PO4 → (NH4)3PO4

Finally, show students how to calculate 
the percentage by mass of an element in a 
compound:

% by mass = (Ar of the element × number of atoms 
present/Mr of the compound) × 100

Then ask students to calculate:

● the % by mass of N in NH4NO3; 35%
● the % by mass of P in (NH4)3PO; 20.8%
● the % by mass of H in (NH4)2SO; 6.1%

Plenary
Complete the ‘Show you can’ activity on page 269 
of the textbook.

https://www.youtube.com/watch?v=wiwl4eoHbig
https://www.youtube.com/watch?v=wiwl4eoHbig
https://www.youtube.com/watch?v=uMkzxV_y7tY
https://www.youtube.com/watch?v=uMkzxV_y7tY
https://www.youtube.com/watch?v=yvMy48TpDGY.
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Support
Some students may recall that acid + alkali → 
salt + water, and hence wonder where the water 
is in the reactions of ammonia with acids. Strictly 
speaking, a solution of ammonium can be thought 
of as ammonium hydroxide (NH4OH), so when the 
hydroxide ions react with the hydrogen ions from 
the acid water is formed, and the ammonium ion 
and anion from the acid form the salt.

Extension
More-confident students could be asked to 
construct balanced symbol equations for solutions 
of ammonium hydroxide (NH4OH) with nitric acid, 
sulfuric acid and phosphoric acid.

NH4OH + HNO3 → NH4NO3 + H2O

2NH4OH + H2SO4 → (NH4)2SO4 + 2H2O

3NH4OH + H3PO4 → (NH4)3PO4 + 3H2O

Homework
Question 3 of the Practice questions on page 
272 of the textbook could be set for students to 
complete.

Use of NPK fertilisers: Lesson 16 
(Chemistry only)

1 Describe how phosphate rock must be 
treated before being useful as a fertiliser.

2 Compare the industrial production of fertiliser 
with laboratory preparations. 

Learning outcomes

Suggested lesson plan
Starter
Begin this lesson by reviewing the laboratory 
method for making a pure dry sample of calcium 
nitrate. Ask students what substances they could 
react to form this salt, and the method used to  
get a sample of the pure dry salt (this is revision 
of RP1). 

Main
Use Figure 10.22 on page 268 of the textbook (and 
the T&L Diagram bank) to review the reactions 
involved in making ammonium salts and nitric 
acid from ammonia. Students could annotate 
the diagram with appropriate balanced symbol 
equations.

Then use Figure 10.23 on page 269 of the textbook 
(and the T&L Diagram bank) to review the 
reactions involved in generating the phosphate 
salts found in fertilisers. Students could be given 

symbol equations to balance for the production 
of some of the phosphate salts from laboratory 
reagents. For example:

3CaCO3 + 2H3PO4 → Ca3(PO4)2 + 3CO2 + 3H2O

3CaO + 2H3PO4 → Ca3(PO4)2 + 3H2O

Then ask students to calculate the % by mass of 
phosphorus in Ca3(PO4)2. Answer = 20%.

Plenary
Take this opportunity to review the work completed 
on the Haber process all the way through to the 
production of fertilisers.

Support
Some students will be concerned that they need 
to know the equations that have been looked at in 
this lesson. This is not the case; these equations 
are just being used to practice the balancing of 
equations.

Extension
More-confident students could be given the symbol 
equation to balance for the reaction of phosphate 
rock with phosphoric acid:

Ca5(PO4)3F + 7H3PO4 → 5Ca(H2PO4)2 + HF

Homework
Students could complete question 34 of the ‘Test 
yourself’ activity on page 269 of the textbook. 
Alternatively, the T&L Homework task (b) could 
be set to review the work on materials and the 
Haber process.

The T&L Quick quizzes 1–4, Topic overview and 
Key terms resources can all be used to review this 
chapter of work.

Answers
AQA GCSE (9–1) Chemistry
Test yourself on prior knowledge
1 a) Rocks/ores

b) Rain water/fresh water/sea water
c) Air
d) (Cotton) plants

2 a) Examples include copper, zinc, iron, lead
b) Examples include aluminium, sodium, 

magnesium, calcium, potassium
3 a) Mixtures of metals with small amounts of 

other metals or carbon
b) Alloy is harder

4 a) Long-chain molecule made from joining lots 
of short molecules together

b) Examples include poly(ethene), poly(propene), 
PVC, Perspex, polystyrene, Teflon

5 The products can turn back into the reactants
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Test yourself
1 a) Ores in rocks

b) Crude oil
c) Crude oil and some plants

2 a) One that we cannot replace once it has been 
used.

b) Examples include coal, oil, natural gas, 
metal ores

c) One that we can replace once it has been 
used.

d) Examples include biodiesel, ethanol made 
from plants

3 a) Using resources to meet the needs of 
people today without compromising the 
ability of future generations to meet their 
needs.

b) Use renewable energy sources, e.g. wind, 
solar, tidal.

4 a) Re-use: use product again for the same use; 
recycle: melt down product and make into 
new product.

b) Separate types of glass, melt down, remould 
into new product.

5 Add scrap steel to some iron from a blast 
furnace, to reduce the amount of new iron 
needed.

6 The better the separation the higher the quality 
of recycled plastic produced.

7 An examination of the impact of a product on 
the environment throughout its life.

8 Raw materials: copper ore; sustainability: 
running out of copper ores; obtaining raw 
materials: mining for copper ores damages 
the environment and uses much energy; 
transporting raw materials: uses up fuels and 
causes some pollution; extraction of copper: 
uses much energy; manufacture of pipes: uses 
energy; use of pipes: uses fuels to transport 
pipes and causes some pollution; recycled: 
uses fuels to transport pipes and causes some 
pollution, energy to melt down copper.

9 Life cycle assessment could be incomplete and 
misleading to promote product.

10 Water that is safe to drink.
11 a) Water found in places such as lakes, rivers, 

the ice caps, glaciers and underground rocks 
and streams

b) Removes solids in the water; the water is 
passed through filter beds made of sand.

c) Kills microbes; use small amounts of 
chlorine/ozone/pass ultraviolet light 
through the water.

12 a) Removal of dissolved substances from sea 
water

b) There is very little fresh water but lots of 
sea water.

c) Sea water is heated so that it boils; the 
water molecules are turned to steam leaving 
behind the dissolved substances; the water 
vapour is then cooled and condensed.

d) Sea water is passed through a semipermeable 
membrane using pressure; the water 
molecules pass through the membrane but 
many of the dissolved substances cannot.

13 a) Domestic, industrial, agricultural
b) i)  Water passed through grid to remove large 

solids
ii) Water left to settle in tanks, this 

separates the human waste from the rest 
of the water which is called effluent.

iii)  Air is passed through the effluent in 
aeration tanks which leads to good 
bacteria killing harmful bacteria.

iv)  In the absence of air, bacteria produce 
methane from sludge.

14 Compounds in rocks called ores
15 a) Mixture of a metal with small amounts of 

other metals/carbon
b) To make them harder

16 a) Steel
b) Brass
c) Bronze
d) Stainless steel

17 a) 83%
b) 19.2 carat
c) It would be too soft/lose shape/lose 

engravings
18 a) Stainless steel will not rust

b) Hard
c) Low carbon steel can be easily shaped

19 a) The destruction of materials by chemical 
reactions of substances in the environment.

b) The corrosion of iron or steel
20 a) iron + water + oxygen → rust

b) Set up three stoppered boiling tubes with 
a nail and boiled water in each; one tube 
should contain oxygen, one argon and one 
nitrogen; the nail will only rust in the tube 
containing oxygen.

21 a) Magnesium is more reactive than steel/iron 
and so corrodes instead.

b) Forms a protective layer/barrier that 
prevents water/oxygen coming into contact 
with iron/steel.

c) Forms a protective layer/barrier that 
prevents water/oxygen coming into contact 
with iron/steel.

d) Forms a protective layer/barrier that 
prevents water/oxygen coming into contact 
with iron/steel and would corrode instead 
of the iron/steel if surface broken as zinc is 
more reactive than iron/steel.
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22 A layer of aluminium oxide forms on the surface 
that prevents further corrosion.

23 a) An ore containing a low percentage of metal 
compounds.

b) As we have run out of high-grade ores of copper
24 The use of bacteria to produce soluble metal 

compounds from insoluble metal compounds.
25 Plants (e.g. brassica/cabbages) are grown in 

soil rich in copper compounds. The plants 
absorb these copper compounds, and when the 
plants are burned the leachate is produced by 
bioleaching the plant ash.

26 a) i) Negative
ii) Copper ions are positive and opposites 

attract
iii) Cu2+(aq) + 2e− → Cu(s)
iv) Copper ions gain electrons

b) i) Iron is more reactive than copper
ii) Cu2+(aq) + Fe(s) → Cu(s) + Fe2+(aq)
iii) Cu2+(aq) + 2e− → Cu(s)
iv) Copper ions gain electrons

27 a) A long-chain molecule made from joining lots 
of short molecules called monomers together.

b) Change the monomer, change the reaction 
conditions

28 a) Softens/melts
b) Does not soften/melt
c) Thermosoftening: polymer chains are not 

joined together; thermosetting: polymer 
chains are joined together by cross-links/
covalent bonds.

29 a) Sand, boron trioxide
b) Sand, sodium carbonate, calcium carbonate
c) Soda-lime glass
d) Borosilicate glass

30 a) Pottery, bricks
b) Wet clay is shaped, heated to high 

temperature/in kiln
31 a) Fibreglass: glass fibres; carbon fibre 

composites: carbon fibres/carbon nanotubes
b) Concrete, (natural) wood, composite wood 

(e.g. plywood, MDF)
32 a) NH3

b) Nitrogen + hydrogen → ammonia
c) N2 + 3H2 → 2NH3
d) Ammonia breaks back down into nitrogen 

and hydrogen
e) To speed up the reaction
f) Air
g) Methane/natural gas and steam
h) The mixture cooled and ammonia condenses
i) Re-used/recycled

33 a) Lower temperature gives higher yield; as 
forward reaction is exothermic; higher 
temperature gives faster rate; compromise 
between rate and yield.

b) Higher pressure gives higher yield; as less 
gas molecules on right hand of equation; 
high pressure is very expensive; compromise 
between cost and yield.

34 a) Helping plants/crops to grow.
b) Fertilisers that contain compounds containing 

nitrogen, phosphorus and potassium
c) Ammonia + nitric acid → ammonium nitrate, 

NH3 + HNO3 → NH4NO3
d) Rocks are insoluble in water.

Show you can 
Page 249

a) Coal, peat, rock salt, crude oil, natural gas, 
iron ore, limestone

b) Wind, bioethanol, cotton, wood, sugar beet

Page 251

a) To use the plastic milk bottle once, the 
energy used is 6.9 MJ; to use the glass milk 
bottle once, the energy used is 9.7 MJ; if it 
is re-used, the energy required is 12.2 MJ; 
however to use the equivalent plastic bottles, 
the energy required is 13.8 MJ; a saving is 
made if the glass bottle is re-used once.

b) 

Plastic Glass

Raw materials Usually crude oil Sand
Calcium carbonate
Sodium carbonate

Sustainability Crude oil is finite Calcium carbonate and 
sodium carbonate are 
finite

Obtaining raw 
materials

Uses energy and 
damages environment

Uses energy and 
damages environment, 
e.g. quarrying

Transporting Raw materials and 
finished products
Uses energy and 
causes pollution.
Oil spillage at sea or 
elsewhere may cause 
environmental damage

Raw materials and 
finished products.
Uses energy and causes 
pollution.
Extra energy needed 
for re-use, but is 
compensated for 
in energy saved in 
manufacture 

Manufacture Energy needed for 
fractional distillation of 
crude oil, cracking and 
for polymerisation

Energy needed 
to provide high 
temperatures

Disposal Energy used in 
incineration or in 
transport to landfill.
Incineration gives off 
greenhouse gases

Energy used in transport 
to landfill or to recycle

Required practical 8: Analysis and purification 
of water samples
1 Sodium chloride/salt
2 Water
3 Antibumping granules that aid smoother boiling
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4 B, water out, C, water in
5 D, condenser – cools the gas and condenses it
6 100 °C; it is pure water that is distilling over
7 It remains in the flask because it has a much 

higher boiling point and will not evaporate with 
the steam.

8 a) Evaporation is a change from liquid to gas 
on heating; it occurs in the flask.

b) Condensation is a change from gas to liquid 
on cooling; it occurs in D.

9 The temperature of the distillate can be 
recorded; condensation is more efficient; larger 
quantities can be distilled; in the basic apparatus 
there is the disadvantage that some salt solution 
may splash into the delivery tube and some 
steam may escape before condensation.

10 To cool and condense the steam
11 X, conical flask; Y, delivery tube; Z, test/boiling 

tube
12 Check if the boiling point is 100°C
13 It uses a lot of energy; this could increase the 

use of fossil fuels which are non-renewable 
resources; it could increase carbon dioxide 
emissions from burning fossil fuels that 
contribute to global warming

14 Use a pH probe/use Universal Indicator paper 
and compare to colour chart

15 Evaporate the water, if dissolved salts are present 
a solid residue should be left on the container

Show you can 
Page 256

a) 

Waste water Ground 
water

Salt water 

Method of 
producing 
potable 
water

Screening and grit 
removal
Sedimentation
(Anaerobic digestion 
of sludge)
Aerobic biological 
treatment of effluent

Filtration
Chlorination

Desalination 
by distillation 
or reverse 
osmosis

b) From fresh water by filtration and chlorination; 
there is lots of ground water in the UK.

c) The UK has a good supply of fresh water, and 
it is cheaper to obtain potable water in this 
way. Israel has a shortage of water, has a 
long coastline with lots of seawater available, 
the energy for desalination and reverse 
osmosis can be supplied by solar power.

d) They do not have enough water of their own 
and do not want to be reliant on Malaysia; 
investing in waste treatment plants is more 
beneficial than paying to pipe water long 
distances; Singapore has a heavy water demand 
due to electronics and other industries.

Page 258

a) A; conducts electricity, melts at high enough 
temperature not to melt in use but at low 
enough temperature to melt to join wires 
together

b) D; pleasant colour, does not tarnish
c) E; low density and strong
d) C; strong, unaffected at high temperatures

Page 260

a) The same volume of water, same size and 
mass of nail, same temperature, same mass 
and surface area of metal

b) P; magnesium and zinc are more reactive 
than iron so they corrode instead of the 
iron; in tube P the copper is less reactive 
than iron, so the iron corrodes.

Page 262

Electrolysis: Cu2+(aq) + 2e− → Cu(s)

Displacement: Cu2+(aq) + Fe(s) → Cu(s) + Fe2+(aq)

In both processes the copper ions gain two 
electrons and form copper; gain of electrons is 
reduction

Page 265

a) Borosilicate glass: see-through, hard, heat 
resistant, unreactive

b) Clay ceramic: hard, heat resistant, unreactive
c) Thermosetting polymer: heat resistant, 

insulator

Page 269

a) i) A or C
ii) C
iii) D
iv) B

b) Three – nitrogen, hydrogen and oxygen

c) Fertiliser A % N = 2 14
80

100 = 35%× ×  ; 

fertiliser C N = 1 14
101

100 = 14%% × × ; 

fertiliser A has higher percentage nitrogen
Chapter review questions
1 a) Air

b) Crude oil
c) Ores
d) Plants

2 a) Finite
b) Finite
c) Renewable
d) Renewable
e) Finite
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3 a) Layers of atoms can slide over each other as 
all the atoms are the same size.

b) Mixture of a metal with small amounts of 
other metals or carbon

c) There are different sized atoms so layers of 
atoms cannot slide over each other as easily.

d) 91.7%
4 a) Air

b) Natural gas/methane and steam
c) Ammonia turns back into nitrogen and 

hydrogen
d) Mixture cooled, ammonia condenses
e) Improving growth of crops
f) Nitrogen, phosphorus, potassium

5 a) Can be maintained in the future
b) i) Use recycled aluminium

ii) Use biofuels or electric car
iii) Re-use old bottle or use recycled glass
iv) Use renewable energy source, e.g. wind, 

solar
c) Re-use: use product again for the same use; 

recycle: melt down product and make into 
new product.

6 a) Wet clay is shaped and then heated in  
kiln/furnace.

b) Raw materials: clay; sustainability: finite 
resource but large amounts available; 
obtaining raw materials: digging/quarrying 
for clay damages the environment and uses 
much energy; transporting raw materials: 
uses up fuels and causes some pollution; 
manufacture of plate: uses energy; use of 
plate: uses fuels to transport pipes and 
causes some pollution, use of energy and 
water to clean plate when used; disposal: 
uses fuels to transport plates, takes up 
space in ground.

7 a) Filtration: removes solids; sterilisation: kills 
microbes.

b) i) Sea water is heated so that it boils; 
the water vapour is then cooled and 
condensed.

ii) Sea water is passed through a 
semipermeable membrane using pressure.

c) High energy costs: heat for distillation; 
pressure for reverse osmosis

8 a) Bacteria
b) i) Cu2+ + 2e− → Cu

ii) CuSO4 + Fe → Cu + FeSO4
c) Plants grown in copper-rich soil, plants 

absorb copper compounds, plants are 
burned, copper extracted from ash.

9 a) Long-chain molecule made from joining 
many short molecules together

b) A: thermosetting; B: thermosoftening

c) Thermosetting polymers have covalent bonds/
cross-links between chains/molecules that are 
hard to break; thermosoftening polymers have 
no covalent bonds/cross-links between chains/
molecules, weak forces between chains/
molecules are relatively easy to overcome.

d) Thermosoftening polymers as they can be 
melted.

10 a) Different reaction conditions
b) Different monomers

11 a) Removes large solids from the waste water.
b) Separates the human waste from the rest of 

the water which is called effluent
c) Air is passed through the effluent in 

aeration tanks which leads to good bacteria 
killing harmful bacteria.

d) In the absence of air, bacteria produce 
methane from sludge.

12 450°C: higher temperature gives faster rate, 
lower temperature gives higher yield, as 
reaction is exothermic, compromise between 
rate and yield.

 200 atmospheres: higher pressure gives higher 
yield, as less molecules of product than 
reactants, high pressure is very expensive, 
compromise between cost and yield

 Iron catalyst: increases rate but no effect on yield.

Practice questions
1 C  [1 mark]
2 C  [1 mark]
3 a) i) NH3 + HNO3 → NH4NO3 [2 marks]

ii) An NPK fertiliser contains nitrogen, 
phosphorus and potassium; ammonium 
nitrate does not contain phosphorus and 
potassium, it is not an NPK fertiliser  
 [1 mark]

b) i) The reaction goes in both directions  
and when the ammonia is produced it  
can break down into nitrogen and 
hydrogen  [1 mark]

ii) The air  [1 mark]
iii) Iron  [1 mark]
iv) Cool, to liquefy the ammonia [2 marks]

c) i) Increasing temperature decreases  
the yield  [1 mark]

ii) 25–26%  [1 mark]
iii) 350°C  [1 mark]
iv) A lower temperature produces a higher 

yield of ammonia but the reaction is too 
slow and so this is a compromise between a 
reasonable rate and yield; higher pressures 
would produce higher yields of ammonia 
but high pressures are very expensive and 
so this is a compromise pressure between 
cost and yield. [4 marks]
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4 a) i) Resources are running out  [1 mark]
ii) Good conductor of electricity  [1 mark]

b) i) Advantage: produces heat energy; 
disadvantage: toxic fumes or CO2  
produced (greenhouse effect)  [2 marks]

ii) A mixture of metals and non-metals  
 [1 mark]

iii) CuSiO3  [1 mark]

iv) 2300
108

= 21.3   [1 mark]

v) Pure metals are very soft, alloys are harder; 
because atoms in alloy are different (sizes) 
so the layers (distorted and) do not slide 
over each other as easily  [2 marks]

5 a) i)  Large amount of energy would be  
needed/labour intensive as copper had to 
be extracted from a large amount of  
rock/land  [1 mark]

ii) More traffic/noise pollution/more solid 
waste/dust pollution [any two for 2 marks]

b)  i) Plants absorb copper compounds through 
their roots; the plants are then burned so 
that the copper ions react with oxygen; 
this produces ash that contains the copper 
compound/oxide; copper extracted from 
the ash  [4 marks]

ii) Less energy/expense to extract the small 
amounts of copper; can extract copper 
from lower grade ores  [2 marks]

c) i) Scrap iron is cheap  [1 mark]
ii) CuSO4 + Fe → Cu + FeSO4; iron is  

more reactive than copper and  
displaces it  [3 marks]

6 a) High-density poly(ethene) and low density 
poly(ethene)  [2 marks]

b) Small molecules that are joined together to 
make polymers  [1 mark]

c) Level 3 answer = 5–6 marks: A detailed and 
coherent answer describing the structure, 
bonding and effect of heat on both types of 
polymer. There must be correct comparisons 
and contrasts made between both reactions.

 Level 2 answer = 3–4 marks: A detailed 
answer describing at least two of the 
structure, bonding and effect of heat on 
both types of polymer. There must be some 
comparisons and contrasts.

 Level 1 answer = 1–2 marks: Some simple 
disjointed statements with no attempt of 
comparison or contrast.

 Indicative content:
 Both types have long molecule chains.
 Both have atoms joined by covalent bonds 

within chains.
 Thermosoftening have tangled chains that 

are not joined together.

 Thermosoftening soften/melt when heated.
 Thermosetting have covalent bonds/cross-

links between molecules that are difficult to 
break.

 Do not soften/melt on heating.
7 a) Waste water  [1 mark]

b) Ground water  [1 mark]
c) Fresh water  [1 mark]
d) Potable water  [1 mark]

8 a) i)  Matrix: polymer; reinforcement:  
carbon fibres/nanotubes

ii) Matrix: polymer; reinforcement:  
glass fibres  [2 marks]

b) i) Natural wood  [1 mark]
ii) Composite wood  [1 mark]

9 a) Stops oxygen/water reaching  
the metal  [1 mark]

b) Magnesium is more reactive than iron so 
corrodes in place of iron (2 mark)

c) i) e.g. bike chain
ii) e.g. food can, taps
iii) e.g. nails

10 a) (NH4)3PO4

b) 3NH3 + H3PO4 → (NH4)3PO4

c) Ca3(PO4)2, CaSO4  [2 marks]

Working scientifically
1 a) Student A = 21.3 ± 0.2%, student  

B = 22.5 ± 0.1%
b) Student A was accurate, Student B was not 

accurate
c) Both students had repeatable results
d) Due to random errors
e) Student B had a systematic error; results 

were consistently about 1.3% too high
2 Using a measuring cylinder is not accurate 

enough – use a 25.0 cm3 pipette.
 Place the conical flask on a white tile to aid 

detection of the colour change.
 Carry out a rough titration and then accurate 

titrations, by adding the acid drop-wise near 
the end point.

 Mean volume = 25.0 ± 2.8 cm3

 Results are not very precise – there is quite a 
lot of spread around the mean.

3 The temperature of the room may not be 
controlled. To improve the method, carry out 
the experiment in a thermostatically controlled 
water bath.

 The experimenter must look down through 
the solution at the cross to observe it 
disappearing.

 Using a different pencil cross means that the 
experiment is not a fair test and the results may 
not be accurate. The same cross must be used 
throughout.
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4 Some gas escapes before the stopper is 
inserted.

 Two people carrying out this experiment may 
be an improvement so that one can start the 
stopwatch as the other adds the chemicals.

 A gas syringe will measure the volume of gas 
produced more accurately.

 Some carbon dioxide may react with/dissolve in 
the water.

 The temperature in the room may change. 
The experiment could be placed in a 
thermostatically controlled water bath.

AQA GCSE (9–1) Combined Science Trilogy 2
Test yourself on prior knowledge
1 a) Rocks/ores

b) Rain water/fresh water/sea water
c) Air
d) (Cotton) plants

2 a) Examples include copper, zinc, iron, lead
b) Examples include aluminium, sodium, 

magnesium, calcium, potassium
3 a) Mixtures of metals with small amounts of 

other metals or carbon
b) Alloy is harder

4 a) Long-chain molecule made from joining lots 
of short molecules together

b) Examples include poly(ethene), 
poly(propene), PVC, Perspex, polystyrene, 
Teflon

5 The products can turn back into the reactants.

Test yourself
1 a) Ores in rocks

b) Crude oil
c) Crude oil and some plants

2 a) One that we cannot replace once it has been 
used

b) Examples include coal, oil, natural gas, 
metal ores

c) One that we can replace once it has been 
used

d) Examples include biodiesel, ethanol made 
from plants

3 a) Using resources to meet the needs of people 
today without compromising the ability of 
future generations to meet their needs

b) Use renewable energy sources, e.g. wind, 
solar, tidal

4 a) Re-use: use product again for the same use; 
recycle: melt down product and make into 
new product.

b) Separate types of glass, melt down, remould 
into new product

5 Add scrap steel to some iron from a blast 
furnace, to reduce the amount of new iron 
needed.

6 The better the separation the higher the quality 
of recycled plastic produced.

7 An examination of the impact of a product on 
the environment throughout its life.

8 Raw materials: copper ore; sustainability: 
running out of copper ores; obtaining raw 
materials: mining for copper ores damages 
the environment and uses much energy; 
transporting raw materials: uses up fuels and 
causes some pollution; extraction of copper: 
uses much energy; manufacture of pipes: uses 
energy; use of pipes: uses fuels to transport 
pipes and causes some pollution; recycled: 
uses fuels to transport pipes and causes some 
pollution, energy to melt down copper.

9 Life cycle assessment could be incomplete and 
misleading to promote product

10 Water that is safe to drink
11 a) Water found in places such as lakes, rivers, 

the ice caps, glaciers and underground rocks 
and streams

b) Removes solids in the water; the water is 
passed through filter beds made of sand.

c) Kills microbes; use small amounts of 
chlorine/ozone/pass ultraviolet light 
through the water.

12 a) Removal of dissolved substances from sea 
water

b) There is very little fresh water but lots of 
sea water.

c) Sea water is heated so that it boils; the 
water molecules are turned to steam leaving 
behind the dissolved substances; the water 
vapour is then cooled and condensed.

d) Sea water is passed through a 
semipermeable membrane using pressure; 
the water molecules pass through the 
membrane but many of the dissolved 
substances cannot.

13 a) Domestic, industrial, agricultural
b) i) Water passed through grid to remove large 

solids
ii) Water left to settle in tanks, this 

separates the human waste from the rest 
of the water which is called effluent.

iii)  Air is passed through the effluent in 
aeration tanks which leads to good 
bacteria killing harmful bacteria.

iv) In the absence of air, bacteria produce 
methane from sludge.

14 a) An ore containing a low percentage of metal 
compounds

b) As we have run out of high-grade ores of 
copper

15 The use of bacteria to produce soluble metal 
compounds from insoluble metal compounds.
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16 Plants (e.g. brassica/cabbages) are grown in 
soil rich in copper compounds. The plants 
absorb these copper compounds, and when the 
plants are burned the leachate is produced by 
bioleaching the plant ash.

17 a) i) Negative
ii) Copper ions are positive and opposites 

attract
iii) Cu2+(aq) + 2e− → Cu(s)
iv) Copper ions gain electrons

b) i) Iron is more reactive than copper
ii) Cu2+(aq) + Fe(s) → Cu(s) + Fe2+(aq)
iii) Cu2+(aq) + 2e− → Cu(s)
iv) Copper ions gain electrons

Show you can
Page 192 (548)

a) Coal, peat, rock salt, crude oil, natural gas, 
iron ore, limestone

b) Wind, bioethanol, cotton, wood, sugar beet

Page 194 (550)

a) To use the plastic milk bottle once, the 
energy used is 6.9 MJ; to use the glass milk 
bottle once, the energy used is 9.7 MJ; if 
it is re-used, the energy required is 12.2 
MJ; however to use the equivalent plastic 
bottles, the energy required is 13.8 MJ; a 
saving is made if the glass bottle is re-used 
once.

b) 

Plastic Glass

Raw materials Usually crude oil Sand
Calcium carbonate
Sodium carbonate

Sustainability Crude oil is finite Calcium carbonate and 
sodium carbonate are 
finite

Obtaining raw 
materials

Uses energy 
and damages 
environment

Uses energy and 
damages environment, 
e.g. quarrying

Transporting Raw materials and 
finished products
Uses energy and 
causes pollution.
Oil spillage at sea 
or elsewhere may 
cause environmental 
damage

Raw materials and 
finished products.
Uses energy and causes 
pollution.
Extra energy needed 
for re-use, but is 
compensated for 
in energy saved in 
manufacture 

Manufacture Energy needed 
for fractional 
distillation of crude 
oil, cracking and for 
polymerisation

Energy needed 
to provide high 
temperatures

Disposal Energy used in 
incineration or in 
transport to landfill.
Incineration gives off 
greenhouse gases

Energy used in transport 
to landfill or to recycle

Page 199 (555)

a) 

Waste water Ground 
water

Salt water 

Method of 
producing 
potable 
water

Screening and grit 
removal
Sedimentation
(Anaerobic digestion 
of sludge)
Aerobic biological 
treatment of effluent

Filtration
Chlorination

Desalination 
by distillation 
or reverse 
osmosis

b) From fresh water by filtration and 
chlorination; there is lots of ground water in 
the UK.

c) The UK has a good supply of fresh water, and 
it is cheaper to obtain potable water in this 
way. Israel has a shortage of water, has a 
long coastline with lots of seawater available, 
and the energy for desalination and reverse 
osmosis can be supplied by solar power.

d) They do not have enough water of their own 
and do not want to be reliant on Malaysia; 
investing in waste treatment plants is more 
beneficial than paying to pipe water long 
distances; Singapore has a heavy water demand 
due to electronics and other industries.

Page 201 (557)

Electrolysis: Cu2+(aq) + 2e− → Cu(s)

Displacement: Cu2+(aq) + Fe(s) → Cu(s) + Fe2+(aq)

In both processes the copper ions gain two electrons 
and form copper; gain of electrons is reduction.

Required practical 13
Page 197 (553)

1 Sodium chloride/salt
2 Water
3 Antibumping granules that aid smoother boiling
4 B water out, C water in.
5 D condenser – cools the gas and condenses it
6 100°C; it is pure water that is distilling over
7 It remains in the flask because it has a much 

higher boiling point and will not evaporate with 
the steam.

8 a) Evaporation is a change from liquid to gas 
on heating, it occurs in the flask.

b) Condensation is a change from gas to liquid 
on cooling; it occurs in D.

9 The temperature of the distillate can be 
recorded; condensation is more efficient; 
larger quantities can be distilled; in the basic 
apparatus there is the disadvantage that some 
salt solution may splash into the delivery 
tube and some steam may escape before 
condensation.
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10 To cool and condense the steam
11 X conical flask, Y delivery tube, Z test/boiling 

tube
12 Check if the boiling point is 100°C
13 It uses a lot of energy; this could increase the 

use of fossil fuels which are non-renewable 
resources; it could increase carbon dioxide 
emissions from burning fossil fuels that 
contribute to global warming.

14 Use a pH probe/use Universal Indicator paper 
and compare to colour chart

15 Evaporate the water, if dissolved salts are 
present a solid residue should be left on the 
container.

Chapter review questions
1 a) air

b) crude oil
c) ores
d) plants

2 a) finite
b) finite
c) renewable
d) renewable
e) finite

3 a) Can be maintained in the future
b) i) Use recycled aluminium

ii) Use biofuels or electric car
iii) Re-use old bottle or use recycled glass
iv) Use renewable energy source, e.g. wind, 

solar
c) Re-use: use product again for the same use; 

recycle: melt down product and make into 
new product

4 a) Filtration: removes solids; sterilisation: kills 
microbes

b) i) Sea water is heated so that it boils; the 
water vapour is then cooled and condensed

ii) Sea water is passed through a 
semipermeable membrane using pressure

c) High energy costs: heat for distillation; 
pressure for reverse osmosis

5 a) Bacteria
b) i) Cu2+ + 2e− → Cu

ii) CuSO4 + Fe → Cu + FeSO4
c) Plants grown in copper rich soil, plants 

absorb copper compounds, plants are 
burned, copper extracted from ash

6 a) Removes large solids from the waste water
b) Separates the human waste from the rest of 

the water, which is called effluent
c) Air is passed through the effluent in 

aeration tanks which leads to good bacteria 
killing harmful bacteria.

d) In the absence of air, bacteria produce 
methane from sludge.

Practice questions
1 C distillation  [1 mark]
2 Resources are running out  [1 mark] 
3 a) waste water  [1 mark]

b) ground water  [1 mark]
c) fresh water  [1 mark]
d) potable water  [1 mark]

4 a) Sedimentation is the process where semi-
solid organic matter sinks to the bottom of 
sedimentation tanks [1 mark] allowing the 
water to be removed to the next stage.  
 [1 mark]

b) Anaerobic digestion of sludge (sedimented 
waste) by bacteria [1 mark] converts the 
sludge into methane [1 mark] harmful 
bacteria in the effluent [1 mark] are killed 
by beneficial bacteria in aerobic conditions 
 [1 mark]

5 a) i)  Large amount of energy would be  
needed/labour intensive as copper had  
to be extracted from a large amount of 
rock/land  [1 mark]

ii) More traffic/noise pollution/more solid 
waste/dust pollution [any 2 for 2 marks]

b)  i) Plants absorb copper compounds through 
their roots; the plants are then burned so 
that the copper ions react with oxygen; 
this produces ash that contains the copper 
compound/oxide; copper extracted from 
the ash  [4 marks]

ii) Less energy/expense to extract the small 
amounts of copper; can extract copper 
from lower grade ores  [2 marks]

c) i) Scrap iron is cheap  [1 mark]
ii) CuSO4 + Fe → Cu + FeSO4; iron is more 

reactive than copper and displaces it  
 [3 marks]

Working scientifically: Evaluating results and 
procedures
Pages 204–5 (560–1)

1 a) Student A = 21.3 ± 0.2%,  
student B = 22.5 ± 0.1%

b) Student A was accurate, Student B was not 
accurate.

c) Both students had repeatable results.
d) Due to random errors
e) Student B had a systematic error; results 

were consistently about 1.3% too high.
2 Using a measuring cylinder is not accurate 

enough – use a 25.0 cm3 pipette.
 Place the conical flask on a white tile to aid 

detection of the colour change.
 Carry out a rough titration and then accurate 

titrations, by adding the acid drop-wise near 
the end point.
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 Mean volume = 25.0 ± 2.8 cm3

 Results are not very precise – there is quite a 
lot of spread around the mean.

3 The temperature of the room may not be 
controlled. To improve the method, carry out 
the experiment in a thermostatically controlled 
water bath.

 The experimenter must look down through the 
solution at the cross to observe it disappearing.

 Using a different pencil cross means that the 
experiment is not a fair test and the results may 
not be accurate. The same cross must be used 
throughout.

4 Some gas escapes before the stopper is 
inserted.

 Two people carrying out this experiment may 
be an improvement so that one can start the 
stopwatch as the other adds the chemicals.

 A gas syringe will measure the volume of gas 
produced more accurately.

 Some carbon dioxide may react with/dissolve in 
the water.

 The temperature in the room may change. 
The experiment could be placed in a 
thermostatically controlled water bath.




