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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:

B supporting a blended classroom using the strengths of print and digital
B preparing for exams by creating a study guide or bound reference

B needing a tool to differentiate learning
B looking for meaningful homework tasks.

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

This could be done as prior learning in a flipped classroom environment or as an revision

or homework task.

.......................................................................................................

Check your prior knowledge

Each topic begins with 3-5 questions that test RN Tt emy
learners’ knowledge from previous years or o e el s e > ool
from topics in the Australian Curriculum. These e e S o s e

how human ag impact the spheres and carbon cycle

questions provide insight into learners’ prior
knowledge before they begin a topic, allowing

A . a type of biogenic sedimentary rock. Biogenic sedimentary rocks form when dead plant
teachers to ada pt their teachin gan dsu ppor imal matter builds up and is compacted and cemented together. Coal is ich in carbon

g when burned for energy it releases carbon dioxide back into the ar.
as needed. i how scimertany fok s formed

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

carbon dioxide + water > glucose + oxygen

(@) Glucose s 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?

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

........................................................................................................................................

“The learnin
objectives that ali
lesson. They d
know, u
of the lesson.

tentions are goals or
o the corresponding digital

e what learners should 7.3 Practical investigation: The greenhouse effect
or be able to do by the end

Learning intention: To be able to model the greenhouse effect

Success criteria: N/
. . . . D SC1: |can use equipment to model the greenhouse effect and extrapolate these
Success criteria clarify expectations and results to the global situation.
descrlbe What success IOOkS ||ke The success DSC 2: | can carry out a valid experiment and accurately record results to test a hypothesis.
N Background

Crlterla are Speclflc, COnCrete and measurable A scientific model is a rep! ion of a complex process or idea that assists with

. . d ding. A scientifi del be physical, like tht hi in thi i 3
so learners can actively engage with and reflect thermaticaor conceptual(based on avetact ieas)or s combnation of al f tse.

on their evidence of learning within each lesson.

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

pearson.com.au/teaching-hub




Icons and features

sy

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

omm )
B 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.

A I 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.

Check-in boxes prompt learners to
their risk assessment, method or plan
teacher before ing with the pract
investigation or

SPARKIab icons direct
_/ learners to alternative, online
SPARKIaD practical investigations.

Hint boxes provide hints
relevant in practical inves
activities.

HINT

Ensure the thel

are measuring ai
only. They should no
touchingsamyobjects.

EY TERMS .
the total, o overl 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.

..........................................................

...............................................................................

ing. 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.

I need some help

RATE MY
LEARNING

| am getting there | getit

| am confident

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

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.

secsesesesesesesscssscscsnses

cecesecene sesesecssscscne

Practical investigati

results, analyse d
conclusions. Risk

ine practical invest on is available.

6.7 Uses of chemical reactions

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

Success criteria:

[Jsc1: 1 can explain how First Nations peoples use their knowledge of |
produce pigments and dyes.

[Isc2: 1 can explain how chemical reactions are used in the extray

different sources.

[Isc3: 1 can explain how chemical reactions can improve

outcomes for society.

Chemical reactions rearrange atoms into new products, ranging
the energy released in respiration) to materials used in a range of in
industries, the way chemical reactions are harnessed can exhaust natu
unwanted by-products that pollute the environment. In this lesson, you wil
reactions have been used in Australia for more than 60 000 years. You will al
are extracted from the Earth and explore environmentally sustainable chemical

First Nations peopl
pigments and dyes
Australia is home to some,

e is a mixture of iron
of sand and clays. First Nai
and chemistry to create diff
through the careful applica
composition of the ochre,

Charcoal and gypsu:

ries, First Nations Australians have accumulated a
. pigments and dyes, the raw materials for which come

roxide (commonly ¢
tralians have used thel
Jours from this pigment,
tat. The specific colour pro

§ the presence of small impuriti

extremely fine powder.

tecesesesecscssscsesesesesecssssscsesesesesesssessnnes

dicate where an alternative,

6.4 P I h: Comparing ch I'r

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

Success

[[Jsc1: i1canidentify and describe evidence for chemical change in a range of reactions.
[Jsc2: 1 can write word equations for observed chemical reactions.
[Jsc3: 1 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 patters, 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 wil 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(ll) oxide is toxic to aquatic life and needs to be
disposed of according to your teacher's instructions.

+ 1 M hydrochloric acid (HCI)
solution

« calcium carbonate (CaC0,)
powder

+ copper(ll) oxide (Cu0)
powder

« sodium hydrogen carbonate

i (NaHCO,) powder

i+ 1 cm strip of magnesium
(Mg) ribbon

+ limewater

+ testtubes

+ dropping pipette

- rubber stopper :

i * testtuberack '
+ long matches or wooden
splints

+ one-hold stopper and
delivery tube, or sidearm test
tube with rubber stopper and
delivery tube

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

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.

seecesecesesesesscscscsesesesesesscscsesesesesesessssesesesesesessss0ne

Topic review

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 eriteria:

[[Jsc1: 1can explore examples of green chemistry in manufacturing.
[Isc2: 1 can evaluate why manufacturers use green chemistry.
[IsC3: 1 can construct a representation detailing the advantages of green chei
Background

In response to growing worries about the environment and the need to re
of industry, manufacturers are increasingly adopting green chemistry p
they may try to create less waste material, use safer chemicals, red

increase how efficiently they use the Earth's resources. In this int /. you will evaluate why

manufacturers are adopting green chemistry processes by refl enefits it can
offer them.

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

1 Conduct research to investigate green chemistry processes in action. Try to find e}
Australia, if possible in the region where you live, and outline why you think manufact
embracing these processes. Some examples of the application of green chemistry are
given below.

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

Catalysis sts are used to enhance chemical reactions, reducing
gption and waste generation while increasing

Biodegradable polymers | The gdegradable plastics and polymers reduces the,

aste in the environment.

Using renewa) ke plant-based raw materials,
decreases depe il fuels and reduces carbon fg

ae and ese technologies 3 ions, leading to shog
Eisted reactions es, decreased energ gereased efficien

Continuous flow uous manufacturing
processes reactions, minimising Wa

Waste minimisation chemistry encourages the d
by-products and waste, thus onmental impact

Water-based processes, lg water instead of hazardous solven! actions reduces
ronmental contamination and risk.

sececscscsesesesesesecssssscscsesesesesesesssssesen

Each topic finishes with a
topic review that includes

give learners the
to apply the know
skills they have de

jhe atmosphere and biosphere?

Crystalwort inbright lght

() What is the most liely hypothesis the students were testing?

(b) Whatis the gas making up the bubbles?

(© their hypc rted. Do you agr

5 Explain how human activity has caused an enhanced greenhouse effect

Di o
difference between a label and an annotation.

this strategy and give reasons for and against.

greenhouse effect.

A suggested strategy for reducing the impact of carbon emissions is to plant trees. Consider

an enhanced

4 to test i light for
in plants. aquarium

of bubbles of ‘The plant in

55713807

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

13607
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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 Listtwo facts about atoms.

2 Elements contain only one type of atom and can be
(e.g. C for carbon). List four metallic elements wit

3 Suggest why the symbol foriron is Fe an

4 Methane gas is made up of
carbon.

(@) Whatn

our atoms of hydrogen and one atom of

operties of carbon and oxygen.

xplain w
oxygen.

he properties of methane are different to the properties of carbon and

RATE MY . .
LEARNING I need some help | am getting there 1 getit I am confident

Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7
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51 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:

I:I SC 1: | can describe the main findings of historical experiments that investigated
structure of the atom.

D SC 2: | can describe how advances in technologies allowed the developme
understanding of atomic structure.

|:| SC 3: | can compare the contributions of scientists to the development of t
of atomic structure.

Background

Our understanding of atoms today is the result of centuries of obs
scientific discoveries. Each model has built on previous one
more accurately. In this inquiry activity, you will discover
contributed to the modern understanding of atoms,
evidence and how their ideas became accepted.

Aim
To conduct research to explain how the m
contributions of scientists to these discover

eloped over time and consider the

You will:

B present your findings with tomic models proposed by each

scientist

rnest Rutherford

ey findings (including an advantage and problem) for each model to the
ur team'’s findings in the space below.

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

Conduct
Using the information from your team, create diagrams and a timeline that sum

models of the atom. Highlight key differences between each model.

es the fo

Improve
After receiving constructive feedback on your timeling
representation that would improve how it ¢ i

e improvement to your
elopment of the atomic model.

Evaluate

1 With one of the models, desc
development of that model.

ances in technologies allowed the

red by English scientist James Chadwick in 1932. Suggest why the
the three main subatomic particles to be discovered. Compare the
overy and its impact on one of the four models described in your

eutrons were dis

RATE MY . .
LEARNING I need some help | am getting there I getit | 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:

I:I SC 1: |can draw a two- or three-dimensional representation of a specific atom giy,
number of protons, electrons and neutrons present in the atom.

D SC 2: | can calculate the mass of atoms based on the number of protons a
contain.

|:| SC 3: [ can calculate the number of neutrons an atom contains from its ma
atomic number.

The writer Bill Bryson describes atoms in the following way: ‘Prot
electrons its personality’. This is a great way to think about atoms?
about the different numbers of subatomic particles in atoms.

give an atom its i
is lesson, you will |

and the number for that atom (its atomic numbgr, 7 KEY TERMS

atomic number the number of
protons in the nucleus of an atom,
indicated in the periodic table

groups elements based on their properties!
the same number of electrons as protons.
for example, has six protons and six electron
neutrons can vary.

proton a subatomic particle with
a positive electric charge
electron a subatomic particle

To identify an atom from a re 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

8 protons 7 protons 3 protons
8 neutrons 7 neutrons 4 neutrons
8 electrons 7 electrons 3 electrons
m Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7
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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

Proton

Location

nucleus

Relative charge 0
Relative mass 1
Identifying at
48__,
22T|
magnesium chlorine titanium
12 35 22
24 71 48

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

table. Use a periodic table to find the number of protons in each

Number of protons Number of neutrons Mass number
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 - 2).
If we know the mass number and atomic number, we can calculate the number of neutrons.

56 64
26Fe 29(.':l.l
Element iron copper
Mass number (A) 56 64
Atomic number (2) 26 29
Number of
neutrons = A - Z 56 -26=30 64-29=35

3 Complete the following table using the element symbols and m
column. You will also need to refer to a periodic table.

Element and Name Atomic of er Number of
mass number number n electrons
23Na
ZOBPb

1 Anatom has 9 protons, 1

mass number.

5 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

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

Learning intention: To understand how different isotopes of atoms exist

Success criteria:
|:| SC 1: | can describe, with examples, what an isotope is.

|:| SC 2: | can identify isotopes of atoms based on the number of protons and neutr.
they contain.

[ _]sc3: 1can explain, using an example, the different characteristics of isoto
same atom.

them! In this lesson, you will learn what an isotope is, see some
common examples of isotopes and discover how the number

mass.

Isotopes

Isotopes are different ‘versions’ of atoms. N : S the atomic number of 10, so
every neon atom in the universe has 10 pr ature, if you had 10 000 neon atoms,
around 9048 of them would contain 10 neu ain 11 neutrons and 925 would
contain 12 neutrons. These three neon isoto emical properties, but their

masses are different.

The masses of isotope
The masses of atoms can be ¢ ss number. Recall that:

umber is 10 (the atomic number) plus 12, which
lled neon-22, or Ne-22.

Identifying

Nearly a ts 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.

Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7 1 37
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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 (CI)

17

chlorine-35

76%

chlorine-37

24%

barium (Ba)

56

barium-134

barium-135

barium-136

barium-137
barium-138

copper (Cu) 29 copper-63

copper-65

uranium (U) 92 uranium-235

The names of isotopes can be written out in full (&
symbol of the element (Ba-136), or with the
symbol (**°Ba).

perscript before the chemical

2 Complete the table below. You will need ate the atomic numbers of the

elements.

Neutrons
60

62

Element symbol ic number

carbon-12 6
8
20
20

ies of an atom are determined by its

| atom, the number of electrons is the
same as r of protons. Therefore, since isotopes of
the sam nt have the same number and arrangement of
protons and electrons, their chemical properties are the same.

KEY TERM

neutral having no overall
electrical charge

electrons. In a ne

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.

Copyright © Pearson Australia 2024 (a division of Pearson Australia Group Pty Ltd) ISBN 978 0 6557 1380 7
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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 KEY TERMS
result in nuclear decay, where the nucleus splits into two or radiation the emissi
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

radioactive but zirconium-90 is not.

Lesson review

1 Consider the table of ato
Explain your reasoning.

Atomic number Mass number
16 32
4
8 16
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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 t
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: | can compare alpha, beta and gamma radiation in terms of the properti

radiation.

D SC 3: | can compare alpha, beta and gamma radiation in terms of the nu

cause them.

including how they occur and their potential effects.

Identifying unstable atoms

The nuclei of some atoms are unstable and undergo g

isotopes carbon-12, carbon-13 and carbon-14, only @
carbon-14 is unstable due to its two extra n

The following table gives some examples

effects.
Radioisotope Number of protons and Uses / effects
cobalt-60 27 prot d in radiotherapy for the treatment of cancer.
iodine-131 53 protons, e added as a tracer to water to monitor leaks
ter systems.
radon-222 Exposure to excessive amounts greatly increases

the risk of lung cancer in both smokers and non-
smokers.

americium-241

Used in household smoke detectors.

ost com
product of nug

otons, 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.

n isotope of krypton is Kr-84. The radioisotope Kr-85 is produced as a by-
ar power stations. Explain why Kr-84 is stable but Kr-85 is a radioisotope.
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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 (a) 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 a. They have a positive charge of +2. (Remember that ns have
a positive charge and neutrons are neutral.)

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

Beta () radiation

Beta particles are small negatively charged particles emitted from
are given the symbol B.

Beta particles have the same mass and charge as elec
lighter than alpha particles, which means that they ¢
a range of up to six metres in air. They can be stop
sheet of aluminium.

Gamma (y) radiation

Unlike alpha and beta radiation, gamma rays ass. Instead, they are a form of
electromagnetic radiation. They are similar to S but with much higher energy.
Gamma rays can travel throug distances, including through the

vacuum of space. Because st harmful type of nuclear radiation.

2 Use the information about the s of particles to suggest why beta radiation can
travel much f

hat cause alpha, beta and gamma radiation

appens and an alpha or beta particle is released, the numbers of protons
ucleus of the atom change. This is called a nuclear reaction. It changes the
m, and may even change the atom into an atom of a different element.

and neutrons in t
properties of t

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:
“oU — “5Th +,He
Or the symbol for the alpha particle can be used:

238 234 4
92U - goTh + 200

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

Beta decay

and the proton. The proton stays in the nucleus of the atom and t
energy, as a beta particle.

The atom now has one less neutron, but one more protoa
atom, making it an atom of a different element. The n

Equation for beta decay
The beta decay of carbon-14 can be represe

14 14 0
6C—= 7N+

Because the beta particle (electron) is negat
normally written.

Notice that in beta decay, the nd the mass number stays the same.

Gamma decay

3 During alpha i n atom drops by 2; in beta decay, the atomic number
increases by , 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
the reasons for your answer.

diation. This is a hi
00 m in air but can'be

2 Some nuclear reactions produce a type of energy called neut
stream of neutrons that can pass through lead, can travel more
stopped by very thick concrete or large amounts of wate

Develop a table that compares the properties of ne
radiation. Include any similarities and differences

3 Using the example of the d
of an atom of a different elem

lain how beta decay can cause the formation
to use nuclear equations in your answer.

uations showing examples of nuclear decay. For each one, complete
the type of decay occurring.

+ Type of decay:
+_ 9B Type of decay:
211 4 .
() — —"At+,He Type of decay:
RATE MY . .
LEARNING I need some help | am getting there I getit I am confident
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5.5 Half-lives

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

Success criteria:

|:| SC 1: | can describe radioactive decay in terms of half-lives.

|:| SC 2: | 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 KEY TER
cannot predict when an individual atom will decay, it can half-life t
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
a different atom. In this case, the half-life of the decay

40 radioactive atoms will decay, leaving 20 radioac

Different isotopes have different half-lives. Fg
5730 years, and radon-222 always has a h

Measuring half-life

By measuring radioactivity, we can work out
the rate at which radioisotope ;

Radioactivity (cotints/second

|

T
1
1
: »
I

the radioactivity f :
nstant amount of time. 0 9 18 27 Time (hours)

- >

he | | of 1st 2nd 3rd
res the level o half-life half-life half-life

(a) Explain his helps scientists to monitor how much of a radioactive sample has

(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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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 ch
Americium-241, the radioactive source used in household smoke detectors,
432 years. This long half-life means the smoke alarm will keep working for a lo

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

Isotopes with short half-lives

lodine-123, used in medical imaging, has a half-life of just
means that, after only a few days, there is very little radi
the body.

2 Explain why the radioactivity of an isotope with'@
within a few hours.

1 The radiation emitted from ara i as monitored using a Geiger counter.
The radioisotofiéni n to have a half-life of 10 hours and the activity
1 s per second (cps). Draw a decay curve for this

2
2
=
b 40 —
<
20 -
0 I I I I I |
0 10 20 30 40 50 60
Time (hours)
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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.

1000

800 —

600 —

400 —

Activity (counts/minute)

200 —

(a) Estimate the half-lif

(b) State the pg shown by these results.

(c) Predict the after 75 hours and after 90 hours.

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

(c) Explain how Rutherford’s discovery changed scientists’ understanding of electr

compared with Thomson’'s model proposed in 1904.

2 Draw a labelled representation of an at

3 Carbon-12 and carbon-13 ar

(@) explain the meaning of the isotope’ in terms of subatomic particles

g 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 Number of Mass number
protons neutrons
f?CI 35
neon 10 12
calcium
92

5 The graph below shows a radioactive decay curve.

Radioactivity (counts/second)

A

(b) Predict the

5 hours from the start of the experiment.

up tails).

g radioactive decay. They started by flipping 40 coins and putting all
5 tails to one side. The remaining coins were flipped again and the tails
hey repeated this procedure until all the coins had been set aside (i.e.
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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 Aus
Explain two reasons that techniques other than carbon datin y be needed to dat
of the presence of Australia’s earliest inhabitants.

9 In diagnostic nuclear medicine a small amount of @is
a short half-life (e.g. iodine-123, a gamm i : ife of 13 hours) is added to
the body. In brachytherapy, small caps ini ioisotope with a longer half-life
(e.g. iodine-125, with a half-life of 59 da i anted into the patient’s body.

(b) Explain why a short half-life ici radioactive tracer but a longer half-life is

risks of surgically implanting a radioactive source can be reduced.

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