
Back cover blurb to come; 
placeholder text below. 

Um senatui es iam ponsimus 
spio, cut videm inia ci prorum 
hoctor adhus, nonsi is, sum 
con audet ium orum mortude 
mquidemque fac finte, conos 
caet Num partusat vivatum 
demus conessi maximora ac 
vivem spiori, virmis confina, 
nonfecus, nor praed con st fue 
corumus cae tatuam re fat. 
Ahaet; Catus fur hosus bondet? 
Quonclessis in paterors renam 
furi, quit, vena, C. 

• Bullet blurb

• Bullet blurb

• Bullet blurb

• Bullet blurb

• Bullet blurb

• Bullet blurb
Year 9 

Science 
PEARSO

N
 SEC

O
N

DARY TEAC
H

IN
G

 H
UB 

STUD
ENT C

O
M

PAN
IO

N

STUDENT COMPANION

9YEAR

placeholder only

9YEAR

AUTHORS  
<insert names;  
use dummy  
list of 5  
names  
for now>

Science
PEARSON SECONDARY TEACHING 
HUB STUDENT COMPANION

Access digital resources at 
secondaryteachinghub.com.au Science

PSTH_AC_CVR_design v5.indd   20-22PSTH_AC_CVR_design v5.indd   20-22 18/7/23   2:51 pm18/7/23   2:51 pm



Pearson 
Secondary 
Teaching Hub 
Science 9
Student Companion 

Pearson acknowledges the Traditional Custodians of the lands upon which the many schools throughout Australia 
are located.  

We respect the living cultures of Aboriginal and Torres Strait Islander peoples and their ongoing connection to Country 
across lands, sky, seas, waterways and communities. We celebrate the richness of Indigenous Knowledge systems, 
shared with us and with schools Australia-wide.  

We pay our respects to Elders, past and present.

Series consultant and lead author 
Geoff Quinton

Authors:  
Zoë Armstrong, Alice Dunlop, Nicholas Holmes, Rowan Kidd, Faye Paioff, Malcolm Parsons, 
Bryonie Scott, Emily Sheen, Todd Zadow

Reviewers:  
Naomi Campanale, Mitch Gibbs, Nicholas Holmes, Annabel Kanakis, Svetlana Marchouba, Sophie 
Selby-Pham, Emily Sheen, Craig Tilley, Stuart WoollettSA

MPLE

pearson.com.au/teaching-hub



Pearson Australia   
(a division of Pearson Australia Group Pty Ltd)   
459–471 Church Street   
Level 1, Building B   
Richmond, Victoria 3121   
www.pearson.com.au  

Copyright © Pearson Australia 2024   
(a division of Pearson Australia Group Pty Ltd)   
First published 2024 by Pearson Australia   
2027 2026 2025 2024   
10 9 8 7 6 5 4 3 2 1

Reproduction and communication for educational purposes
The Australian Copyright Act 1968 (the Act) allows a maximum 
of one chapter or 10% of the pages of this work, whichever is 
the greater, to be reproduced and/or communicated by any 
educational institution for its educational purposes provided 
that that educational institution (or the body that administers 
it) has given a remuneration notice to the Copyright Agency 
under the Act. For details of the copyright licence for 
educational institutions contact the Copyright Agency  
(www.copyright.com.au).  

Reproduction and communication for other purposes 
Except as permitted under the Act (for example any fair 
dealing for the purposes of study, research, criticism or 
review), no part of this book may be reproduced, stored in a 
retrieval system, communicated or transmitted in any form or 
by any means without prior written permission. All enquiries 
should be made to the publisher at the address above. This 
book is not to be treated as a blackline master; that is, any 
photocopying beyond fair dealing requires prior written 
permission. 

Project Leads: Rebecca Wood, Monica Schaak 
Editorial Development Manager: Leanne Peters 
Content and Learning Specialist: Sam Trafford 
Senior Development Editors: Amy Sparkes, Zia Rachko-Knight 
Development Editors: Kellyanne Martin, Shirley Melissas, 
Natalie Orr, Maryanne Park, Carly Slater 
Schools Programme Manager: Michelle Thomas   
Project Manager: Ellen Trevan 
Production Editors: Martina Vascotto, Jaimi Kuster 
Copyeditor: Emma Hoyle 
Designer: Leigh Ashforth   
Rights & Permissions Editors: Alice McBroom 
Illustrators: QBS Learning   
Typesetter: Integra Software Services 
Desktop Operator: Jit-Pin Chong

Printed in Australia by Pegasus

ISBN 978 0 6557 1380 7

Pearson Australia Group Pty Ltd ABN 40 004 245 943 

Disclaimer
Any internet addresses (URLs) provided for this Student 
Companion were valid at the time of publication and were 
chosen as being appropriate for use as a secondary education 
research tool. However, due to the dynamic nature of the 
internet, some addresses may have changed, may have 
ceased to exist since publication, or may inadvertently link 
to sites with content that could be considered offensive or 
inappropriate. While the authors and publisher regret any 
inconvenience this may cause readers, no responsibility for 
any such changes or unforeseeable errors can be accepted  
by either Pearson Australia or the authors. 

Practical investigations and inquiry activities
All practical investigations and inquiry activities, including 
the illustrations, are provided as a guide only and the 
accuracy of such information cannot be guaranteed. Teachers 
must assess the appropriateness of an activity and take 
into account the experience of their students and facilities 
available. Additionally, all practical investigations and inquiry 
activities should be trialled before they are attempted with 
students and a risk assessment must be completed. All 
care should be taken and appropriate personal protective 
clothing and equipment should be worn when carrying out 
any practical investigation or inquiry activity. Although all 
practical investigations and inquiry activities have been 
written with safety in mind, Pearson Australia and the authors 
do not accept any responsibility for the information contained 
in or relating to the practical investigations and inquiry 
activities and are not liable for loss and/or injury arising from 
or sustained as a result of conducting any of the practical 
investigations or inquiry activities described in this Student 
Companion.

Pearson ensures appropriate permissions have been sought 
for the images used and stories told in these sections. 
However, we recognise that in some Aboriginal and Torres 
Strait Islander communities the images and stories used may 
cause distress or be considered offensive.
© 2024 978 0 6557 1380 7

Attributions
123rf: Axelkock, p. 25; BlueRingMedia, pp. 54b, 56; Designua, 
p. 26; Christopher Ison, p. 211tl; Mermolenko, p. 85l; Zamuruev, 
p. 85c.
Alamy: David Ashdown/Independent, p. 109r; Forance, cover 
(test tubes); Aldona Griskeviciene, pp. 35, 37tc.
Energyrating.gov.au: A joint initiative of Australian, State and 
Territory and New Zealand Governments, Copyright © 2024,  
p. 114.
Pearson Education Ltd: pp. 15, 22b, 79t, 84b, 86b, 110tl, 110tr, 
145, 149; HL Studios, p. 71; Oxford Designers & Illustrators Ltd, 
pp. 10, 55, 134r, 201t.
Science Photo Library: pp. 116, 117.
Shutterstock: 1463852, pp. 134l, 134c; Ali DM, p. 43; 
Alila Medical Media, p. 9b; Julee Ashmead, pp. 4t, 32t; 
BlueRingMedia, pp. 54t, 75 all; Joey Chung, p. 109c; Click and 
Capture Moments, p. 212; Dastagir, pp. 118, 119, 129; Eyeidea, 
p. 211br; Grayjay, p. 37b; Aldona Griskeviciene, p. 44t; Shawn 
Hempel, p. 109l; Ian 2010, cover (sunflower); Jag CZ, p. 85r;
Ju Jae-young, cover (satellite); Jivacore, cover (DNA);  
Dimitrios Karamitros, p. 214; Polina Kudelkina, p. 89; Lepir, 
cover (emus); Mari-Leaf, p. 44b; MKFilm, p. 211tr; Nina B, p. 
189; OSweetNature, p. 37t; Peakanucha, p. 32b; Ph-HY, p. 27; 
Pikovit, p. 53b; ProfDesigner, p. 22t; VectorMine, p. 192.

SA
MPLE

pearson.com.au/teaching-hub



iiiCopyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7

1 Body systems: Control and 
coordination 1
Check your prior knowledge 1

1.1 Introduction to the nervous  
system 2

1.2 Feedback mechanisms in the 
endocrine system 8

1.3 Maintaining body temperature 13

1.4 Practical investigation:  
Changing temperature 17

1.5 Glucose levels in the body 20

1.6 Pathogens 24

1.7 Body responses to pathogens 29

Topic review 32

2 Reproduction and survival  
of species 34
Check your prior knowledge 34

2.1 Introduction to reproduction 35

2.2 Asexual reproduction in plants 40

2.3 Sexual reproduction in plants 43

2.4 Practical investigation: 
Reproductive structures in  
a flower 47

2.5 Inquiry activity: Effect of bee 
populations on plant  
reproduction 50

2.6 Male and female reproductive 
systems 53

2.7 Pregnancy 57

2.8 Raising healthy offspring 63

Topic review 66

3 Wave and particle models  
of energy transfer 67
Check your prior knowledge 67

3.1 Energy of particles and heat 
conduction 68

3.2 Practical investigation: Heat 
conduction in materials 71

3.3 Heat convection 74

3.4 Transfer of electrical energy 78

3.5 Practical investigation: Using 
resistance to control electric 
current 81

3.6 Longitudinal and transverse  
waves 84

3.7 Electromagnetic radiation 88

3.8 Practical investigation: 
Investigating heat radiation 91

Topic review 94

4 Conservation of energy and 
efficiency in systems 96
Check your prior knowledge 96

4.1 Conservation of energy 97

4.2 Practical investigation: Energy 
transformations 100

4.3 Energy calculations 102

4.4 Practical investigation: 
Investigating gravitational 
potential energy and kinetic  
energy 105

4.5 Wasted energy 109

4.6 Energy efficiency 112

4.7 Sankey diagrams 116

4.8 Practical investigation:  
Efficiency of a roller-coaster 120

4.9 Improving efficiency 124

Topic review 127

Contents

* These markers indicate that the images or words used in this section may be culturally sensitive to some Aboriginal 
and Torres Strait Islander peoples.

Pearson ensures appropriate permissions have been sought for the images used and stories told in these sections, 
however we recognise that in some Aboriginal and Torres Strait Islander communities the images and stories used may 
cause distress or be considered offensive.

SA
MPLE

pearson.com.au/teaching-hub



iv  Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7

5 Atomic structure and 
radioactivity 131
Check your prior knowledge 131

5.1 Inquiry activity: Contributions  
to atomic theory 132

5.2 Elements and atoms 134

5.3 Isotopes 137

5.4 Radioactivity and nuclear  
decay 141

5.5 Half-lives 145

Topic review 148

6 Chemical reactions: 
Rearranging atoms 151
Check your prior knowledge 151

6.1 Chemical reactions 152

6.2 Practical investigation: 
Conservation of mass in  
a chemical reaction 157

6.3 Types of chemical reactions 160

6.4 Practical investigation:  
Comparing chemical  
reactions 164

6.5 Atomic rearrangement in  
chemical reactions 167

6.6 Balancing chemical equations 171

6.7 Uses of chemical reactions* 176

6.8 Inquiry activity: Advantages  
of green chemistry 181

Topic review 183

7 The carbon cycle and  
global systems 185
Check your prior knowledge 185

7.1 Earth’s spheres 187

7.2 Introduction to the carbon  
cycle 191

7.3 Practical investigation:  
The greenhouse effect 195

7.4 Carbon dioxide and the 
greenhouse effect 199

7.5 Monitoring greenhouse  
gas emissions 204

7.6 Reducing carbon dioxide in  
the atmosphere 207

Topic review 211

Contents

* These markers indicate that the images or words used in this section may be culturally sensitive to some Aboriginal 
and Torres Strait Islander peoples.

SA
MPLE

pearson.com.au/teaching-hub



195

The carbon cycle and global systems

Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7

7.3 Practical investigation: The greenhouse eff ect

Learning intention: To be able to model the greenhouse effect

Success criteria:
 SC 1: I can use equipment to model the greenhouse effect and extrapolate these 

results to the global situation.
 SC 2: I can carry out a valid experiment and accurately record results to test a hypothesis.

Background
A scientific model is a representation of a complex process or idea that assists with 
understanding. A scientific model can be physical, like the greenhouse in this experiment, 
mathematical or conceptual (based on abstract ideas), or a combination of all of these.

Greenhouses are often used to grow plants in areas that are too cold for them to grow outside. 
Does this mean it is warmer inside a greenhouse than it is in the surrounding area? In this 
investigation you will build a model greenhouse to explore this question.

Aim
To make a model greenhouse and investigate the greenhouse effect

Hypothesis
Which do you think will show a higher temperature – a thermometer outside a greenhouse or one 
inside? Write a hypothesis for your investigation.

hub   SkillBuilder: Hypotheses and predictions

Prediction
Write a prediction for your investigation.

Safety notes 
Take care when handling glass microscope slides and 
thermometers.

Complete a risk assessment that outlines the risks and 
precautions you need to take to minimise them.

SPARKlab

• block of wood
• modelling clay
• 2 thermometers (or 

temperature probes and data-
logging equipment)

• 3 microscope slides
• sticky tape
• 2 triangular pieces of 

cardboard to fit the ends of 
the ‘greenhouse’

MATERIALS

 Check in with your teacher to discuss your risk assessment.

Learning intentions and success criteria Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7 185

The carbon cycle and global systems
Earth is a closed system, meaning no matter enters it or leaves. This system can be divided into 
parts called spheres. It is through these spheres that matter cycles. An important example of 
matter is carbon. Carbon can cycle and change its chemical form, but no new carbon is added to 
or lost from these cycles. In this topic, you will learn about the carbon cycle and its importance to 
all life on Earth. You will look at how key processes rely on interactions between the spheres and 
how human activity can impact the spheres and carbon cycle.

 Check your prior knowledge

1 Coal is a type of biogenic sedimentary rock. Biogenic sedimentary rocks form when dead plant 
or animal matter builds up and is compacted and cemented together. Coal is rich in carbon 
and when burned for energy it releases carbon dioxide back into the air.

(a) Explain how sedimentary rock is formed.

(b) Why is it correct to say the carbon dioxide produced by burning coal is being released 
back into the air?

2 During photosynthesis, plants make glucose from carbon dioxide and water. This is 
summarised in the word equation below.

carbon dioxide + water → glucose + oxygen

(a) Glucose is rich in energy, but carbon dioxide and water are not. Where did the energy 
come from to make the glucose?

(b) Photosynthesis is a chemical reaction. What does this mean?

(c) As well as making glucose, photosynthesis produces oxygen. Suggest where this oxygen 
comes from.

vCopyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7

Each topic begins with 3–5 questions that test 
learners’ knowledge from previous years or 
from topics in the Australian Curriculum. These 
questions provide insight into learners’ prior 
knowledge before they begin a topic, allowing 
teachers to adapt their teaching and support  
as needed.

How to use this Student Companion

The Student Companion is a complementary resource that offers a print medium for corresponding 
lessons in Pearson Secondary Teaching Hub. It is designed to provide learners with a place to 
create a portfolio of learning to suit their individual needs, whether you are:

 ■ supporting a blended classroom using the strengths of print and digital 

 ■ preparing for exams by creating a study guide or bound reference 

 ■ needing a tool to differentiate learning 

 ■ looking for meaningful homework tasks.

Learners can develop their portfolio as part of classroom learning or at home as an additional 
opportunity to engage and re-engage with the knowledge and skills from the lesson.

This could be done as prior learning in a flipped classroom environment or as an additional revision 
or homework task.

Check your prior knowledge

Learning intentions are provided for every 
lesson. The learning intentions are goals or 
objectives that align to the corresponding digital 
lesson. They describe what learners should 
know, understand or be able to do by the end  
of the lesson.

Success criteria clarify expectations and 
describe what success looks like. The success 
criteria are specific, concrete and measurable 
so learners can actively engage with and reflect 
on their evidence of learning within each lesson.
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 Check in with your teacher to discuss your method and risk assessment.   Check in with your teacher to discuss your method and risk assessment.

Inquiry activity: Investigating freezing

Freezing occurs when particles in a liquid lose energy and their movement slows down. When the 
particles move less, they form a solid. The temperature at which a liquid becomes solid is called its 
freezing point.

In this activity, the rate of freezing is the dependent variable. The independent variable is 
something that changes the rate of freezing.

In this investigation you will be selecting an independent variable to investigate. You will write 
an inquiry question about whether changing this independent variable will affect how quickly 
a liquid freezes. 

Learning intention: To be able to develop and test questions to explore freezing.

Success criteria:
 SC 1: I can develop an investigable question that 

identifies an independent variable. 
 SC 2: I can design and evaluate a valid method, including 

the selection of equipment, to test the effect of an 
independent variable. 

 SC 3: I can write a conclusion based on evidence from 
the investigation. 

Aim
To develop and test an inquiry question that explores freezing.

Plan your investigation
1 Write 2–4 inquiry questions about freezing that you would like to investigate. Remember to 

include an independent variable in each of your questions.

2 Review your inquiry questions and select one that you will 
be able to investigate with the materials and time available 
to you. Write your question for investigation below and 
check-in with your teacher. 

3 Write a list of materials that you will need for your 
investigation.

Design your investigation
4 Write your method in clear, numbered steps.

5 Identify any potential risks in your method and write safety notes for each.

6 Write notes about the measurements or observations you will make and how you will record 
them. Draft a table for recording your data in your notebook.

KEY TERMS
freezing the change in state from 
a liquid to a solid
dependent variable a factor that 
is measured in an investigation to 
test the effect of changing another 
factor (the independent variable)
independent variable the factor 
that is changed in an investigation 
to find out how it affects another 
factor (the dependent variable)

HINTS
The rate of freezing can be 
influenced by environmental 
factors that change how quickly 
something cools. These factors 
include: 
• the amount of liquid 
• the type of liquid and if it is 

mixed with other substances 
• the size and shape of the 

container that the liquid is in. 

HINTS
Materials that might be useful 
include: 
• a thermometer or temperature 

probe 
• measuring cylinders (10 mL 

or 25 mL)
• an ice cube tray
• small plastic cups
• stopwatch
• substances, such as salt, to 

add to the water (depending 
on the independent variable 
being investigated) 

• water (possibly both hot 
and cold).

HINT
Make sure the only thing 
that you change in your 
investigation is the independent 
variable. The other variables 
(controlled variables) must 
be kept the same throughout 
the investigation. Mention the 
controlled variables in your 
method and describe how you 
are going to keep them constant.
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Check-in boxes prompt learners to check 
their risk assessment, method or plan with a 
teacher before proceeding with the practical 
investigation or inquiry activity.

SPARKlab

SPARKlab icons direct 
learners to alternative, online 
practical investigations.
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Method
1 Make a hole in one of the pieces of cardboard, just large enough for the thermometer to pass 

through. Use the modelling clay to hold the thermometer in place. It needs to have a good seal, 
to stop air escaping.

2 Construct the model greenhouse as shown in the image provided.

cardboard

cardboardmicroscope slides

thermometer sticky tape

modelling clay

3 Place the ‘greenhouse’ outside in a sunny position.

4 Place the second thermometer on the block of wood next 
to the greenhouse so that the bulb of the thermometer is 
suspended in the air and not touching the wood.

5 In the results table, record the temperature on the two 
thermometers at the beginning of the experiment.

6 Record the temperatures every 2 minutes for 14 minutes.

Results
1 Record all measurements in the table below.

Time (minutes)
Temperature (°C)

Greenhouse Air

0

2

4

6

8

10

12

14

HINT
Ensure the thermometer bulbs 
are measuring air temperature 
only. They should not be 
touching any objects.
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Hint boxes provide hints and tips where 
relevant in practical investigations and inquiry 
activities.
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Nitrogen and oxygen make up around 99% of Earth’s 
atmosphere but have no effect on the radiation coming in 
from the sun or going back out towards space. Water vapour, 
carbon dioxide, methane, nitrous oxide and ozone all allow 
the incoming short-wave radiation (light) to reach the Earth. 
However, they then absorb the outgoing long-wave radiation 
(heat), re-emitting some of it back to Earth’s surface. In this 
way, these greenhouse gases trap heat, keeping Earth warmer 
than it would otherwise be. This is called the greenhouse 
effect. Without the greenhouse effect, Earth’s average 
temperature would be about –18°C rather than 15°C.

1 Describe how greenhouse gases in the atmosphere allow 
sunlight to reach Earth but retain heat emitted by Earth.

The impact of human activity on the greenhouse effect
Since the start of the Industrial Revolution, carbon dioxide 
emissions produced by humans have been growing. The two 
major activities that increase net carbon dioxide emissions are 
burning fossil fuels (coal, gas, oil) and deforestation.

An increase in greenhouse gases in the atmosphere has been 
shown to cause an enhanced greenhouse effect. This means 
more heat has been trapped in the atmosphere and global 
temperatures have increased.

The graph below shows that the amount of carbon dioxide in the atmosphere (dotted line) has 
increased in line with the carbon dioxide emitted by human activity (grey line) since the start of the 
Industrial Revolution in 1750. In that time the concentration of carbon dioxide in the atmosphere 
has increased from 280 parts per million (ppm) in 1750 to 412 ppm in 2022.

KEY TERMS
methane odourless, colourless, 
flammable gas that is produced 
during the decomposition of 
organic matter
nitrous oxide odourless, 
colourless gas that is used for 
sedation or pain relief; also known 
as laughing gas
ozone pale blue gas with a 
pungent odour that is made up of 
three oxygen atoms
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The graph below shows the trends in the amount of carbon dioxide in the atmosphere and the 
global average temperature from 1880 onwards.

KEY TERMS
net the total, or overall, amount of 
an effect or quantity
enhanced greenhouse effect an 
increase in the natural greenhouse 
effect caused by human activity
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Key term boxes provide 
learners with definitions 
for the bolded key terms 
found throughout the 
text, supporting the 
development of their 
scientific vocabulary and 
literacy.
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6.4 Practical investigation: Comparing chemical reactions

Learning intention: To be able to carry out, describe, represent and compare a range of chemical 
reactions

Success criteria:
 SC 1:  I can identify and describe evidence for chemical change in a range of reactions.
 SC 2:  I can write word equations for observed chemical reactions.
 SC 3:  I can compare types of observed chemical reactions.

Background
Hydrochloric acid is commonly used in industrial applications. It is also present in the stomach 
where it helps to digest food. Reactions involving hydrochloric acid form patterns, which can be 
represented using general equations. The general equations needed for this investigation are:

acid + metal oxide → salt + water

acid + reactive metal → salt + hydrogen

acid + metal carbonate → salt + carbon dioxide + water

acid + metal hydrogen carbonate → salt + carbon dioxide + water

In this practical investigation, you will study these four important reactions of hydrochloric acid. 
You will identify the products of these reactions and look for trends in your results.

Aim
To investigate some common reactions of hydrochloric acid

Hypothesis
Hydrochloric acid solution will react with metal oxides, reactive 
metals, metal carbonates and metal hydrogen carbonates.

Safety notes 
Laboratory coats and safety glasses must be worn at 
all times, and avoid contact with the acid.

Use the magnesium ribbon only as directed in the 
method and keep away from any flame.

Copper(II) oxide is toxic to aquatic life and needs to be 
disposed of according to your teacher’s instructions.

Complete a risk assessment that outlines the risks 
and precautions you need to take to minimise them.

• 1 M hydrochloric acid (HCl) 
solution

• calcium carbonate (CaCO
3
) 

powder
• copper(II) oxide (CuO) 

powder
• sodium hydrogen carbonate 

(NaHCO
3
) powder

• 1 cm strip of magnesium 
(Mg) ribbon

• limewater
• test tubes
• dropping pipette
• rubber stopper
• test-tube rack
• long matches or wooden 

splints
• one-hold stopper and 

delivery tube, or sidearm test 
tube with rubber stopper and 
delivery tube

MATERIALS

 Check in with your teacher to discuss your risk assessment.

Materials boxes list all the 
materials needed to complete 
a practical investigation. 
Some include a safety 
icon that highlights any 
substances or equipment that 
require care when preparing 
or using them.

hub
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The Teaching Hub icon 
prompts learners to engage 
with supporting digital 
resources to enhance their 
learning.

RATE MY 
LEARNING I need some help I am getting there I get it I am confident

Rate my learning tool

Rate my learning tool Each lesson in the Student Companion contains a space for students to reflect on 
their understanding. The simple and intuitive design of the lesson reflection tool allows students to scale 
their confidence, reflect on their learning and identify areas in which they need support.

The safety icon highlights 
substances or equipment that 
may cause harm. Be sure to 
prepare a risk assessment 
for these activities and take 
care when preparing or 
using these substances and 
equipment.
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6.7 Uses of chemical reactions

Learning intention: To understand the uses and applications of chemical reactions in society

Success criteria:
 SC 1: I can explain how First Nations peoples use their knowledge of chemical reactions to 

produce pigments and dyes.
 SC 2:  I can explain how chemical reactions are used in the extraction of elements from 

different sources.
 SC 3:  I can explain how chemical reactions can improve environmentally sustainable 

outcomes for society.

Chemical reactions rearrange atoms into new products, ranging from essential substances (e.g. 
the energy released in respiration) to materials used in a range of industries (e.g. steel). In many 
industries, the way chemical reactions are harnessed can exhaust natural resources or create 
unwanted by-products that pollute the environment. In this lesson, you will learn that chemical 
reactions have been used in Australia for more than 60 000 years. You will also learn how metals 
are extracted from the Earth and explore environmentally sustainable chemical processes.

First Nations peoples’ knowledge of chemical reactions to produce 
pigments and dyes
Australia is home to some of the oldest examples of painting found to date. To create enduring, 
bright and smudge-free pictorial histories, First Nations Australians have accumulated a 
sophisticated knowledge of natural paints, pigments and dyes, the raw materials for which come 
from a variety of mineral, plant and animal sources.

The chemistry of pigments
First Nations Australians have developed a deep understanding of mineral locations and natural 
resource management over tens of thousands of years. The traditional palette of First Nations 
art consists of red, white, yellow and black – colours created from pigments found in the 
environment.

Ochre
Ochre is a mixture of iron oxide-hydroxide (commonly called limonite) and varying amounts 
of sand and clays. First Nations Australians have used their advanced knowledge of physics 
and chemistry to create different colours from this pigment, such as yellow to red or brown, 
through the careful application of heat. The specific colour produced depends on the chemical 
composition of the ochre, including the presence of small impurities.

Charcoal and gypsum
Other pigments used in First Nations art include black from charcoal (a form of carbon produced 
by burning wood in a limited oxygen environment) and white, often produced by heating gypsum 
(calcium sulfate dihydrate). White can also be produced from calcium carbonate from shells, 
ground down into an extremely fine powder.
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6.4 Practical investigation: Comparing chemical reactions

Learning intention: To be able to carry out, describe, represent and compare a range of chemical 
reactions

Success criteria:
 SC 1:  I can identify and describe evidence for chemical change in a range of reactions.
 SC 2:  I can write word equations for observed chemical reactions.
 SC 3:  I can compare types of observed chemical reactions.

Background
Hydrochloric acid is commonly used in industrial applications. It is also present in the stomach 
where it helps to digest food. Reactions involving hydrochloric acid form patterns, which can be 
represented using general equations. The general equations needed for this investigation are:

acid + metal oxide → salt + water

acid + reactive metal → salt + hydrogen

acid + metal carbonate → salt + carbon dioxide + water

acid + metal hydrogen carbonate → salt + carbon dioxide + water

In this practical investigation, you will study these four important reactions of hydrochloric acid. 
You will identify the products of these reactions and look for trends in your results.

Aim
To investigate some common reactions of hydrochloric acid

Hypothesis
Hydrochloric acid solution will react with metal oxides, reactive 
metals, metal carbonates and metal hydrogen carbonates.

Safety notes 
Laboratory coats and safety glasses must be worn at 
all times, and avoid contact with the acid.

Use the magnesium ribbon only as directed in the 
method and keep away from any flame.

Copper(II) oxide is toxic to aquatic life and needs to be 
disposed of according to your teacher’s instructions.

• 1 M hydrochloric acid (HCl) 
solution

• calcium carbonate (CaCO
3
) 

powder
• copper(II) oxide (CuO) 

powder
• sodium hydrogen carbonate 

(NaHCO
3
) powder

• 1 cm strip of magnesium 
(Mg) ribbon

• limewater
• test tubes
• dropping pipette
• rubber stopper
• test-tube rack
• long matches or wooden 

splints
• one-hold stopper and 

delivery tube, or sidearm test 
tube with rubber stopper and 
delivery tube

MATERIALS
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Practical investigations offer learners the chance 
to complete practical work related to the topics 
in their Student Companion. They will have the 
chance to design and conduct experiments, record 
results, analyse data and prepare evidence-based 
conclusions. Risk assessments will need to be 
completed for all practical investigations to ensure 
learners understand how to conduct investigations 
safely. SPARKlab icons indicate where an alternative, 
online practical investigation is available.

Theory lessons

Practical investigations

Theory lessons support the development of 
science knowledge and understanding by providing 
content in short, accessible chunks. Questions 
to check learners’ understanding are provided at 
regular intervals throughout the lesson. Each theory 
lesson ends with a lesson review that includes 3–6 
questions.
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6.8 Inquiry activity: Advantages of green chemistry

Learning intention: To be able to evaluate why green chemistry processes are being adopted by 
manufacturers

Success criteria:
 SC 1:  I can explore examples of green chemistry in manufacturing.
 SC 2:  I can evaluate why manufacturers use green chemistry.
 SC 3:  I can construct a representation detailing the advantages of green chemistry for society.

Background
In response to growing worries about the environment and the need to reduce the negative effects 
of industry, manufacturers are increasingly adopting green chemistry processes. For example, 
they may try to create less waste material, use safer chemicals, reduce energy requirements and 
increase how efficiently they use the Earth’s resources. In this inquiry activity, you will evaluate why 
manufacturers are adopting green chemistry processes by reflecting on the benefits it can 
offer them.

Aim
To evaluate why green chemistry processes are being adopted by some manufacturers

Plan
1 Conduct research to investigate green chemistry processes in action. Try to find examples in 

Australia, if possible in the region where you live, and outline why you think manufacturers are 
embracing these processes. Some examples of the application of green chemistry are 
given below.

Solvent substitution Manufacturers use less-hazardous solvents or solvent-free 
processes, minimising harmful emissions and waste production.

Catalysis Green catalysts are used to enhance chemical reactions, reducing 
energy consumption and waste generation while increasing 
efficiency.

Biodegradable polymers The production of biodegradable plastics and polymers reduces the 
persistence of plastic waste in the environment.

Renewable feedstocks Using renewable resources, like plant-based raw materials, 
decreases dependence on fossil fuels and reduces carbon footprint.

Microwave and ultrasonic 
assisted reactions

These technologies accelerate reactions, leading to shorter reaction 
times, decreased energy usage and increased efficiency.

Continuous flow 
processes

Continuous manufacturing processes reduce the need for large 
batch reactions, minimising waste and energy consumption.

Waste minimisation Green chemistry encourages the design of processes that generate 
fewer by-products and waste, thus minimising environmental impact.

Water-based processes Using water instead of hazardous solvents in reactions reduces 
environmental contamination and risk.

Inquiry activities are open-ended investigations 
that encourage learners to plan and design 
solutions to problems. Learners are encouraged 
to improve and evaluate their ideas, designs or 
investigations. Inquiry activities require learners to 
use their understanding of scientific concepts and 
the science inquiry skills that they have developed 
throughout each topic in the Student Companion.

Inquiry activities

Each topic finishes with a  
topic review that includes 
8–15 questions that address 
every learning intention in 
the topic. These questions 
give learners the opportunity 
to apply the knowledge and 
skills they have developed 
throughout the topic.

Topic review
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Topic review

1 Which of the following pictures shows an interaction between the atmosphere and biosphere? 
Explain the reasons for your answer.

A B

C D

2 Diagrams and photos are often labelled or annotated to aid understanding. Explain the 
difference between a label and an annotation.

3 A suggested strategy for reducing the impact of carbon emissions is to plant trees. Consider 
this strategy and give reasons for and against.

4 Students set up an experiment to test if light was necessary for photosynthesis to occur 
in plants. They chose the aquarium plant crystalwort, placing one plant in bright light and 
another in the dark. All other factors such as amount of water, temperature and size of plant 
were kept the same. After 2 hours the plant in the light was seen to be releasing large numbers 
of bubbles of a colourless gas. The plant in the dark was not releasing any bubbles.
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(a) What is the most likely hypothesis the students were testing?

(b) What is the gas making up the bubbles?

(c) The students stated that their hypothesis was supported. Do you agree?

5 Explain how human activity has caused an enhanced greenhouse effect.

6 Give one environmental, one economic and one societal consequence of an enhanced 
greenhouse effect.

Crystalwort in bright light

viii
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Atomic structure and radioactivity
Atoms are the building blocks that make up everything around us. They are made up of subatomic 
particles called protons, neutrons and electrons. The protons and neutrons make up the middle 
of the atom (the nucleus), while the electrons orbit the nucleus. In some atoms, the nucleus 
can be unstable, causing the atoms to release nuclear radiation. These atoms are ‘radioactive’. 
Radioactive atoms can be used to diagnose and treat diseases, but exposure to too much 
radiation can be very dangerous.

In this topic you will learn about the structure of atoms. You will use this knowledge to explain and 
predict the behaviour of substances.

Check your prior knowledge

1 List two facts about atoms.

2 Elements contain only one type of atom and can be represented using an atomic symbol  
(e.g. C for carbon). List four metallic elements with a two-letter symbol where the first letter is A.

3 Suggest why the symbol for iron is Fe and not I or Ir.

4 Methane gas is made up of particles that contain four atoms of hydrogen and one atom of 
carbon.

(a) What name is given to this type of particle?

(b) Briefly describe the properties of carbon and oxygen.

(c) Explain why the properties of methane are different to the properties of carbon and
oxygen.

RATE MY 
LEARNING I need some help I am getting there I get it I am confident
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5.1 Inquiry activity: Contributions to atomic theory

Learning intention: To be able to describe discoveries that contributed to the knowledge of the 
structure of the atom

Success criteria:
 SC 1: I can describe the main findings of historical experiments that investigated the 

structure of the atom.
 SC 2: I can describe how advances in technologies allowed the development of the 

understanding of atomic structure.
 SC 3: I can compare the contributions of scientists to the development of the understanding 

of atomic structure.

Background
Our understanding of atoms today is the result of centuries of observations, hypotheses and 
scientific discoveries. Each model has built on previous ones to explain observed behaviour 
more accurately. In this inquiry activity, you will discover the work of some of the scientists who 
contributed to the modern understanding of atoms, how they used technology to obtain their 
evidence and how their ideas became accepted.

Aim
To conduct research to explain how the model of the atom developed over time and consider the 
contributions of scientists to these discoveries

You will:

 ■ present your findings with diagrams and timelines of the atomic models proposed by each 
scientist

 ■ describe the technologies used to provide evidence for the models

 ■ explain how the model was accepted by the scientific community.

Plan
As a team, each student researches a model of the atom as proposed by:

 ■ John Dalton

 ■ J. J. Thomson

 ■ Ernest Rutherford

 ■ Niels Bohr.

Take turns reporting key findings (including an advantage and problem) for each model to the 
group. Summarise your team’s findings in the space below.SA
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Conduct
Using the information from your team, create diagrams and a timeline that summarises the four 
models of the atom. Highlight key differences between each model.

Improve
After receiving constructive feedback on your timeline, suggest one improvement to your 
representation that would improve how it communicates the development of the atomic model.

Evaluate
1 With one of the models, describe in detail how advances in technologies allowed the 

development of that model.

2 Neutrons were discovered by English scientist James Chadwick in 1932. Suggest why the 
neutron was the last of the three main subatomic particles to be discovered. Compare the 
importance of this discovery and its impact on one of the four models described in your 
timeline.

RATE MY 
LEARNING I need some help I am getting there I get it I am confident
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5.2 Elements and atoms

Learning intention: To understand that different atoms have different numbers of subatomic 
particles

Success criteria:
 SC 1: I can draw a two- or three-dimensional representation of a specific atom given the 

number of protons, electrons and neutrons present in the atom.
 SC 2: I can calculate the mass of atoms based on the number of protons and neutrons they 

contain.
 SC 3: I can calculate the number of neutrons an atom contains from its mass number and 

atomic number.

The writer Bill Bryson describes atoms in the following way: ‘Protons give an atom its identity and 
electrons its personality’. This is a great way to think about atoms. In this lesson, you will learn 
about the different numbers of subatomic particles in atoms.

Drawing two- or three-dimensional representations of an atom
A periodic table gives the name and symbol of an element 
and the number for that atom (its atomic number, which 
is the number of protons in that atom). The periodic table 
groups elements based on their properties. All atoms have 
the same number of electrons as protons. An atom of carbon, 
for example, has six protons and six electrons. The number of 
neutrons can vary.

To identify an atom from a representation, count the number 
of protons and then look up that number in a periodic table.

When drawing an atom, refer to the periodic table and draw 
the correct number of protons in the nucleus. Then put 
the same number of electrons around the nucleus. (This is 
sometimes called the electron cloud.) If you know the number 
of neutrons, these can be added to the protons.

Some example two-dimensional representations of atoms are shown in the table below.

Oxygen Nitrogen Lithium

–

–

–

+
+ +

8 protons 7 protons 3 protons

8 neutrons 7 neutrons 4 neutrons

8 electrons 7 electrons 3 electrons

KEY TERMS
atomic number the number of 
protons in the nucleus of an atom, 
indicated in the periodic table
proton a subatomic particle with 
a positive electric charge
electron a subatomic particle 
with a negative electric charge
neutron a subatomic particle with 
no electric charge
electron cloud the region of 
negative charge surrounding the 
nucleus, containing the electrons
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1 Draw a labelled diagram of an atom of helium. Assume the number of neutrons is the same as 
the number of protons.

Calculating the mass of atoms
Electrons are much smaller than protons and neutrons. Protons and neutrons are approximately 

the same size and mass, while electrons have only about 
1

1800
 the mass of a proton. Therefore, 

most of the mass of an atom is located in the nucleus, which is made up of protons and neutrons.

The table below summarises the charge and mass for the subatomic particles.

Proton Electron Neutron

Location nucleus electron cloud 
surrounding nucleus

nucleus

Relative charge +1 −1 0

Relative mass 1 1

1800

1

atomic number (Z) = number of protons

mass number (A) = number of protons + number of neutrons

Note that the mass number will always be bigger than the atomic number.

Identifying atomic number and mass number

12Mg
24 71

35Cl
48

22Ti

Element magnesium chlorine titanium

Atomic number (Z) 12 35 22

Mass number (A) 24 71 48

2 Complete the following table. Use a periodic table to find the number of protons in each 
element.

Element Number of protons Number of neutrons Mass number

manganese 30

tin 70

sulfur 17
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Calculating the number of neutrons in an atom
Because we know that: atomic number (Z) = number of protons

mass number (A) = number of protons + number of neutrons

Therefore, number of neutrons = mass number − atomic number (A − Z).

If we know the mass number and atomic number, we can calculate the number of neutrons.

56

26Fe 64

29Cu 133

55Cs

Element iron copper caesium

Mass number (A) 56 64 133

Atomic number (Z) 26 29 55

Number of 
neutrons = A – Z 56 − 26 = 30 64 − 29 = 35 133 − 55 = 78

3 Complete the following table using the element symbols and mass numbers shown in the first 
column. You will also need to refer to a periodic table.

Element and 
mass number Name Atomic 

number
Mass 

number
Number of 

protons
Number of 
neutrons

Number of 
electrons

23Na

208Pb

Lesson review
1 An atom has 9 protons, 11 neutrons and 9 electrons.

(a) Draw a diagram of this atom.

(b) Identify this atom. 

2 An atom has 18 protons and 22 neutrons.

(a) Identify this atom. 

(b) Calculate its mass number. 

3 An atom has 15 protons and its mass number is 31. How many neutrons does it have? 

RATE MY 
LEARNING I need some help I am getting there I get it I am confident
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5.3 Isotopes

Learning intention: To understand how different isotopes of atoms exist

Success criteria:
 SC 1: I can describe, with examples, what an isotope is.
 SC 2: I can identify isotopes of atoms based on the number of protons and neutrons 

they contain.
 SC 3: I can explain, using an example, the different characteristics of isotopes of the 

same atom.

Unlike protons, the number of neutrons in atoms of an element can vary. A carbon atom (which 
always has six protons) might have six neutrons, or might have seven or eight neutrons. Atoms of 
the same element that have different numbers of neutrons are called isotopes, and there are lots of 
them! In this lesson, you will learn what an isotope is, see some 
common examples of isotopes and discover how the number 
of neutrons affects the properties of the atom, including its 
mass.

Isotopes
Isotopes are different ‘versions’ of atoms. Neon, for example, has the atomic number of 10, so 
every neon atom in the universe has 10 protons. However, in nature, if you had 10 000 neon atoms, 
around 9048 of them would contain 10 neutrons, 27 would contain 11 neutrons and 925 would 
contain 12 neutrons. These three neon isotopes all have the same chemical properties, but their 
masses are different.

The masses of isotopes
The masses of atoms can be compared using the mass number. Recall that:

mass number = number of protons + number of neutrons

For a neon atom with 12 neutrons, the mass number is 10 (the atomic number) plus 12, which 
equals 22. Therefore, this isotope of neon is called neon-22, or Ne-22.

1 Using an example of your choice, explain the meaning of the term isotope.

Identifying isotopes of atoms
Nearly all elements have atoms that are isotopes of each other. For some elements, nearly all 
atoms present in a natural sample are the same isotope. For example, 99.6% of nitrogen atoms 
are nitrogen-14, and only 0.4% are nitrogen-15. However, for other elements, there is a more even 
spread of isotopes. For example, around 51% of bromine atoms are bromine-79, while 49% are 
bromine-81.

KEY TERM
isotope a group of atoms with 
the same number of protons but 
different numbers of neutrons
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The table below shows examples of isotopes, their composition and their relative abundance.

Element Atomic number Isotope Neutrons Relative 
abundance 

(approximate)

chlorine (Cl) 17 chlorine-35 18 76%

chlorine-37 20 24%

barium (Ba) 56 barium-134 78 2.4%

barium-135 79 6.6%

barium-136 80 7.9%

barium-137 81 1.1%

barium-138 82 71.7%

copper (Cu) 29 copper-63 34 69%

copper-65 36 31%

uranium (U) 92 uranium-235 143 0.7%

uranium-238 146 99.3%

The names of isotopes can be written out in full (e.g. barium-136), abbreviated with the chemical 
symbol of the element (Ba-136), or with the mass number as a superscript before the chemical 
symbol (136Ba).

2 Complete the table below. You will need a periodic table to locate the atomic numbers of the 
elements.

Element symbol Atomic number Isotope Neutrons

47 60

62

carbon-12 6

8

18 20

K 20

Characteristics of isotopes of the same atom
Chemical properties
The chemical properties of an atom are determined by its 
electrons. In a neutral atom, the number of electrons is the 
same as the number of protons. Therefore, since isotopes of 
the same element have the same number and arrangement of 
protons and electrons, their chemical properties are the same.

Physical properties
The physical properties of an atom, such as boiling point, melting point and density, are related to 
its mass. The isotopes of an element have different masses because they have different numbers 
of neutrons. Therefore, the isotopes of an element may have different physical properties.

KEY TERM
neutral having no overall 
electrical chargeSA
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For example, the boiling point of hydrogen-1 is –253°C, but the boiling point of hydrogen-2 is 
−249°C. Because the atoms of hydrogen-2 are twice as heavy as the atoms of hydrogen-1, more 
energy is required to separate them, making the boiling point slightly higher.

Stability of atoms and radioactive decay
If the nuclei of an atom contains significantly more neutrons 
than protons, this can make the nucleus unstable. This can 
result in nuclear decay, where the nucleus splits into two or 
more particles, causing radiation from the atom. Isotopes 
with unstable nuclei are called ‘radioisotopes’. The amount of 
radiation is described as radioactivity.

Different isotopes of an element can be stable or radioactive. 
For example, the nuclei in carbon-12 atoms (six protons and 
six neutrons) are stable, but the nuclei in carbon-14 atoms (six protons and eight neutrons) are 
unstable. Therefore, carbon-14 is a radioisotope.

3 Zirconium has an atomic number of 40. Its most common isotope (zirconium-90) is stable, 
and its least common isotope (zirconium-95) is radioactive. Explain why zirconium-95 is 
radioactive but zirconium-90 is not.

Lesson review
1 Consider the table of atoms below and identify any atoms that are isotopes of each other. 

Explain your reasoning.

Atom Neutrons Protons Atomic number Mass number

a 1 2

b 1 1

c 16 32

d 2 4

e 8 16

f 17 16

KEY TERMS
radiation the emission of energy 
in the form of electromagnetic 
waves or subatomic particles
radioactivity amount of 
radiation emitted from a nucleus 
undergoing nuclear decay
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2 Complete the table below. You will need to refer to a periodic table.

Protons Neutrons Isotope

1 0

55 78

27 32

xenon-132

3 Using an example, explain why the chemical properties of two isotopes of the same element 
are identical but the physical properties may be different.

RATE MY 
LEARNING I need some help I am getting there I get it I am confident
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5.4 Radioactivity and nuclear decay

Learning intention: To understand that radioactivity is caused by the decay of atomic nuclei

Success criteria:
 SC 1: I can identify atoms that are likely to be unstable based on the number of protons and 

neutrons they contain.
 SC 2: I can compare alpha, beta and gamma radiation in terms of the properties of the 

radiation.
 SC 3: I can compare alpha, beta and gamma radiation in terms of the nuclear processes that 

cause them.

There are three main types of radiation emitted by radioactive atoms: alpha particles, beta particles 
and gamma rays. In this lesson, you will learn about alpha, beta and gamma nuclear decay, 
including how they occur and their potential effects.

Identifying unstable atoms
The nuclei of some atoms are unstable and undergo nuclear decay. These atoms are called 
radioisotopes. Radioisotopes tend to have more neutrons than protons. For example, of the 
isotopes carbon-12, carbon-13 and carbon-14, only carbon-14 is a radioisotope. The nucleus of 
carbon-14 is unstable due to its two extra neutrons.

The following table gives some examples of radioisotopes, including their composition and uses or 
effects.

Radioisotope Number of protons and 
neutrons

Uses / effects

cobalt-60 27 protons, 33 neutrons Used in radiotherapy for the treatment of cancer.

iodine-131 53 protons, 78 neutrons Can be added as a tracer to water to monitor leaks 
in water systems.

radon-222 86 protons, 136 neutrons Exposure to excessive amounts greatly increases 
the risk of lung cancer in both smokers and non-
smokers.

americium-241 95 protons, 146 neutrons Used in household smoke detectors.

uranium-235 92 protons, 143 neutrons Used as a fuel in nuclear power stations. Uranium 
is slightly unusual because uranium-238 is more 
stable than uranium-235, despite having more 
neutrons. Both isotopes are radioactive.

1 The most common isotope of krypton is Kr-84. The radioisotope Kr-85 is produced as a by-
product of nuclear power stations. Explain why Kr-84 is stable but Kr-85 is a radioisotope.SA
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Comparing alpha, beta and gamma radiation
The three types of radiation caused by nuclear decay are alpha particles, beta particles and gamma 
rays.

Alpha (α) radiation
Alpha particles are made up of two protons and two neutrons, the same as the nucleus of a helium 
atom, and are given the symbol α. They have a positive charge of +2. (Remember that protons have 
a positive charge and neutrons are neutral.)

Compared with other forms of radiation, alpha particles are large. They can be stopped by a single 
sheet of paper or the skin. Although they are only able to travel a few centimetres through the air, 
alpha radiation can damage living cells. This is especially a problem if the materials giving off the 
alpha radiation enter the body through breathing or digestion.

Beta (β) radiation
Beta particles are small negatively charged particles emitted from the nucleus of an atom. They 
are given the symbol β.

Beta particles have the same mass and charge as electrons. Beta particles are much smaller and 
lighter than alpha particles, which means that they can penetrate further into materials and have 
a range of up to six metres in air. They can be stopped by a few millimetres of plastic or a thin 
sheet of aluminium.

Gamma (γ) radiation
Unlike alpha and beta radiation, gamma rays have no charge or mass. Instead, they are a form of 
electromagnetic radiation. They are similar to X-rays or microwaves but with much higher energy.

Gamma rays can travel through most materials and over huge distances, including through the 
vacuum of space. Because of this they are potentially the most harmful type of nuclear radiation. 
Gamma rays can be stopped by several centimetres of lead or several metres of concrete.

2 Use the information about the size and the speed of particles to suggest why beta radiation can 
travel much further in air than alpha particles.

Nuclear processes that cause alpha, beta and gamma radiation
When nuclear decay happens and an alpha or beta particle is released, the numbers of protons 
and neutrons in the nucleus of the atom change. This is called a nuclear reaction. It changes the 
properties of the atom, and may even change the atom into an atom of a different element.

Alpha decay
An alpha particle contains two protons and two neutrons. Therefore, when an atom undergoes 
alpha decay, its number of protons drops by two, the number of neutrons drops by two and the 
mass number drops by four. Because the number of protons has changed, the atom is now a 
different element, with a different atomic number. For example, when a uranium-238 nucleus 
(atomic number = 92) undergoes alpha decay, it becomes a thorium-234 atom, with an atomic 
number of 90.
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Equation for alpha decay
Nuclear reactions can be summarised using nuclear equations. The atoms are labelled with the 
mass number (above) and the atomic number (below).

The alpha decay of uranium-238 can be represented like this:

92
238U → 90

234Th + 2
4He

Or the symbol for the alpha particle can be used:

92
238U → 90

234Th + 2
4α

Notice how the atomic number drops by 2 and the mass number drops by 4.

Beta decay
The best way to understand beta decay is to consider that a neutron is actually a proton combined 
with an electron. The opposite charges of the positive proton and the negative electron cancel 
each other out and make the neutron neutral. During beta decay, the neutron splits into the electron 
and the proton. The proton stays in the nucleus of the atom and the electron is released, with high 
energy, as a beta particle.

The atom now has one less neutron, but one more proton. This changes the atomic number of the 
atom, making it an atom of a different element. The mass of the atom is unchanged.

Equation for beta decay
The beta decay of carbon-14 can be represented like this:

6
14C → 7

14N + 1
0
− β

Because the beta particle (electron) is negatively charged, it has −1 where the atomic number is 
normally written.

Notice that in beta decay, the atomic number increases by 1 and the mass number stays the same.

Gamma decay
Gamma decay involves the release of energy, but no particles are released from the atom. 
Therefore, the number of neutrons and protons in the nucleus remain the same.

3 During alpha decay, the atomic number of an atom drops by 2; in beta decay, the atomic number 
increases by 1; and in gamma decay, the atomic number does not change. Explain why.
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Lesson review
1 Hydrogen-3 (also called tritium) is a radioisotope.

(a) Explain why the nucleus of tritium is unstable.

(b) Tritium undergoes beta decay. State the name of the isotope formed as a result. Explain 
the reasons for your answer.

2 Some nuclear reactions produce a type of energy called neutron radiation. This is a high-energy 
stream of neutrons that can pass through lead, can travel more than 100 m in air but can be 
stopped by very thick concrete or large amounts of water.

Develop a table that compares the properties of neutron radiation to the properties of beta 
radiation. Include any similarities and differences.

3 Using the example of the decay of fluorine-20, explain how beta decay can cause the formation 
of an atom of a different element. You do not need to use nuclear equations in your answer.

4 Below are a range of equations showing examples of nuclear decay. For each one, complete 
the equation and state the type of decay occurring.

(a) 84
210PO → 82

206Pb +  Type of decay: 

(b) 15
32P →  + 1

0
− β  Type of decay: 

(c)  → 85
211At + 2

4He   Type of decay: 
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5.5 Half-lives

Learning intention: To understand the concept of radioactive half-life

Success criteria:
 SC 1: I can describe radioactive decay in terms of half-lives.
 SC 2: I can use half-lives to predict change in levels of radioactivity over time.

By studying the decay rates of radioisotopes, scientists can 
calculate the half-lives of these atoms. While this information 
cannot predict when an individual atom will decay, it can 
predict how many atoms will decay in a given length of time. 
In this lesson, you will learn how half-life can be applied to the 
science of radioactive decay to better understand radioactivity.

Radioactive decay and half-lives
Imagine you have 80 atoms of a radioisotope. After 10 minutes, half of the atoms (40) decay into 
a different atom. In this case, the half-life of the decay is 10 minutes. Because the chance of a 
single atom decaying has not changed, over the next 10 minutes, another half (40) of the remaining 
40 radioactive atoms will decay, leaving 20 radioactive atoms. This is how the idea of half-life works.

Different isotopes have different half-lives. For example, carbon-14 always has a half-life of 
5730 years, and radon-222 always has a half-life of 3.8 days. Half-life can be written as t

½
.

Measuring half-life
By measuring radioactivity, we can work out 
the rate at which radioisotopes decay. This is 
done using a Geiger counter. A Geiger counter 
indicates the level of radioactivity in counts per 
second (written ‘cps’) or counts per minute, with 
each count being one particle or burst of gamma 
radiation.

The graph shows the radioactivity in counts 
per second for a radioisotope with a half-
life of 9 hours. The decay curve shows this 
is exponential decay, with the radioactivity 
decreasing by half in a constant amount of time.

1 A Geiger counter measures the level of 
radioactivity of a sample of a substance.

(a) Explain why this helps scientists to monitor how much of a radioactive sample has 
decayed.

(b) If the reading from a sample on a Geiger counter is 400 counts per second (cps), and the 
half-life of the radioisotope is 7 years, determine how long it will take for the reading to 
drop to 100 cps.
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KEY TERM
half-life the time it takes for half 
of a radioactive sample to decay
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Using half-lives to predict change in radioactivity over time
The half-life of a radioisotope can be used to predict how the levels of radioactivity will change 
over time.

Consider a situation in which radioactivity drops from 120 cps to 60 cps in four hours, and then 
from 60 cps to 30 cps in the next four hours. It can be predicted that the radioactivity will halve 
again in the next four hours to be 15 cps.

Isotopes with long half-lives
In general, if a radioisotope has a long half-life, the levels of radioactivity will change slowly. 
Americium-241, the radioactive source used in household smoke detectors, has a half-life of 
432 years. This long half-life means the smoke alarm will keep working for a long time.

Plutonium-239, used in nuclear power plants and nuclear weapons, has a half-life of 24 110 years. 
This makes the management of waste plutonium-239 very challenging.

Isotopes with short half-lives
Iodine-123, used in medical imaging, has a half-life of just over 13 hours. This short half-life 
means that, after only a few days, there is very little radioactivity from the iodine remaining in 
the body.

2 Explain why the radioactivity of an isotope with a half-life of 30 minutes will drop significantly 
within a few hours.

Lesson review
1 The radiation emitted from a radioactive sample was monitored using a Geiger counter. 

The radioisotope in the sample was known to have a half-life of 10 hours and the activity 
at the start of the experiment was 80 counts per second (cps). Draw a decay curve for this 
radioactive source using the graph below.
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2 One of the radioisotopes that was released into the environment as a result of the Chernobyl 
nuclear disaster was caesium-137, which has a half-life of 30 years. Assuming that a safe level 
of radiation is 2.5 cps, and that the escape of the caesium-137 resulted in levels of radiation 
of around 40 cps, estimate how long it would take for the radiation from this amount of 
caseium-137 to return to a safe level.

3 Consider the decay curve for the radioisotope shown here.
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(a) Estimate the half-life of this radioisotope.

(b) State the name of the type of trend shown by these results.

(c) Predict the activity of the sample after 75 hours and after 90 hours.
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Topic review

1 In 1911 Ernest Rutherford used alpha particles to discover that most of the mass of an atom 
was contained in the nucleus of the atom.

(a) Describe what an alpha particle is.

(b) Describe the technology that was required for Rutherford to carry out his experiments.

(c) Explain how Rutherford’s discovery changed scientists’ understanding of electrons 
compared with Thomson’s model proposed in 1904.

2 Draw a labelled representation of an atom of carbon-12.

3 Carbon-12 and carbon-13 are isotopes. Using these examples:

(a) explain the meaning of the word ‘isotope’ in terms of subatomic particles

(b) explain the meaning of the word ‘isotope’ in terms of atomic number and mass number.
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4 Complete the following table.

Element Atom Number of 
protons

Number of 
neutrons

Mass number

17
35Cl 35

neon 10 12

calcium 40

92 238

5 The graph below shows a radioactive decay curve.
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(a) Use the graph to explain the meaning of exponential decay.

(b) Predict the level of radioactivity 45 hours from the start of the experiment.

6 A student was modelling radioactive decay. They started by flipping 40 coins and putting all 
the coins that landed as tails to one side. The remaining coins were flipped again and the tails 
were put aside again. They repeated this procedure until all the coins had been set aside (i.e. 
they had all come up tails).

(a) Describe one strength of this model for representing radioactive decay.SA
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(b) Describe one weakness of this model for representing radioactive decay.

7 Describe three characteristics of carbon-14 that make it suitable for dating historical artefacts 
made from organic material.

8 Uranium series dating can be used to date rock art produced by First Nations Australians. 
Explain two reasons that techniques other than carbon dating may be needed to date evidence 
of the presence of Australia’s earliest inhabitants.

9 In diagnostic nuclear medicine a small amount of a substance containing a radioisotope with 
a short half-life (e.g. iodine-123, a gamma emitter with a half-life of 13 hours) is added to 
the body. In brachytherapy, small capsules containing a radioisotope with a longer half-life 
(e.g. iodine-125, with a half-life of 59 days) are surgically implanted into the patient’s body.

(a) Describe why a gamma emitter is good for use as a radioactive tracer.

(b) Explain why a short half-life is beneficial for a radioactive tracer but a longer half-life is 
preferred for use in brachytherapy.

(c) Describe how the risks of surgically implanting a radioactive source can be reduced.
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