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6.1 Overview
Numerous videos and interactivities are embedded just where you need them, at the point of learning, in your
learnON title at www.jacplus.com.au. They will help you to learn the content and concepts covered in this topic.

6.1.1 Introduction

FIGURE 6.1 The atom was once thought to have a structure similar to
this cake.

What does a cake have to do with
chemistry? This model depicts an
early idea for the structure of an
atom. This was called the plum
pudding model and was devised
by English chemist J. J. Thomson. It
showed negatively charged electrons
embedded in a positively charged
sphere. We now have a much better
understanding of atoms. As atoms
cannot be easily observed, this
understanding has developed by
using scientific models. These
models are attempts to explain
what we observe and understand
how things work. Models are
developed by scientists who perform
experiments or make detailed observations and then fit all the data together into a model that makes sense.
Models are very useful as they can be used to make predictions and to explain why something behaves the way
it does. Most importantly, new discoveries can be used to improve models over time, so they are more useful and
can better explain our observations.

Models are one example of how the scientific process keeps improving our understanding of the universe.

Resourceseses
Resources

Video eLesson A model of an oxygen atom (eles-2657)

Watch this short animation demonstrating the model of an oxygen atom showing the protons,
neutrons and electrons. Note the number of electrons and protons!

6.1.2 Think about atoms

1. How did a plum pudding help scientists gain an understanding of atoms?
2. How did Lord Rutherford find out that the atoms in solid gold are mostly empty space?
3. What causes radioactivity?
4. Does ‘radioactive’ always mean ‘dangerous’?
5. How is uranium used in a nuclear reactor?
6. What’s the connection between radioactivity and fossils?
7. How is radioactivity used in the treatment of cancer?
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6.1.3 Science inquiry

What is all matter made of?

You probably already know quite a lot about the different types of particles that make up substances. This
knowledge is the first step in your quest to find out why substances behave the way they do.

Answer the questions below to find out how much you already know about the inside story on substances.
1. The substances around you and inside you can be placed into three groups — elements, compounds

and mixtures.
a. Which one of these groups contains substances that are made up of only one type of atom?
b. Which one of these groups is the least likely to be found naturally in the Earth’s crust?
c. What is the difference between a compound and a mixture?
d. Arrange the substances listed below into the three groups of substances to complete the affinity

diagram below.

SUBSTANCES

Elements Compounds Mixtures

2. Elements, compounds and mixtures are made up of tiny particles called atoms and molecules.
a. How is a molecule different from an atom?
b. Give an example of an element that is found as a molecule in its natural state.
c. List two compounds that are made up of molecules.
d. Name one compound that is not made up of molecules.

3. Name three different particles found inside an atom.
4. Which of the diagrams below represents:

a. an atom of an element
b. a molecule of an element
c. a molecule of a compound?

i. ii. iii. iv.
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Resourceseses
Resources

eWorkbook Topic 6 (ewbk-3130)
Student learning matrix (ewbk-3129)
Starter activity (ewbk-3132)

Practical investigation logbook Topic 6 Practical investigation eLogbook (elog-0154)

learnON Access and answer an online Pre-test and receive immediate corrective feedback
and fully worked solutions for all questions

6.2 Chemical building blocks

LEARNING INTENTION

At the end of this subtopic you will understand that all matter is made of atoms, atoms are composed of tiny
sub-atomic particles called protons, neutrons and electrons, and that protons and neutrons are located in the
nucleus of an atom.

6.2.1 Models to explain the building blocks of matter
Most of our knowledge about the ‘building blocks’ of matter that we call atoms is less than 100 years old. But
the idea that matter was made up of atoms was first suggested about 2500 years ago by the great philosopher
and teacher Democritus. Since then, various theories and models of the atom have been accepted, rejected and
modified. The timeline in figure 6.2 shows some of the important developments in our knowledge of the atom.

nucleus central part of an
atom, made up of protons and
neutrons; plural = nuclei

protons tiny particles found in the
nucleus of an atom. Protons have
a positive electrical charge and
the same mass as a neutron.

neutrons tiny particles found in
the nucleus of an atom. Neutrons
have no electrical charge and the
same mass as a proton.

electrons extremely light (1800
times lighter than protons and
neutrons) negatively-charged
particles inside an atom.
Electrons orbit the nucleus of
an atom.

The current model of the atom accepted today consists of a tiny, dense nucleus, made up of the sub-atomic
particles protons and neutrons, which is surrounded by electrons (see figure 6.3).

Atoms are tiny.
• Even the largest atoms are less than one billionth of a metre across. That’s a

millionth of a millimetre and about 1/20 000 of the diameter of the finest of
human hairs.

• The nucleus is 1/100 000 of the diameter of an atom. If an atom were the size of
the Melbourne Cricket Ground, the nucleus would be the diameter of a grain
of rice.

• Atoms are mostly empty space. For example a hydrogen atom is about
99.9999999999996% empty space.

4 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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FIGURE 6.2 Timeline of the development of the model of the atom

About 400 BC: Greek

philosopher Democritus first

suggested that all substances

consisted of tiny indestructible

particles called atoms.

Positive charge

Negative charges

(electrons)

Positive nucleus

Electron

Orbital electrons

negatively charged

Nucleus, containing

positively charged

protons

1808: John Dalton’s atomic theory proposed that:

• all matter consisted of tiny particles called atoms
•  atoms could not be divided into smaller particles
•  atoms of the same element were alike
• atoms combined in simple whole number ratios.

1897: English scientist Sir J. J. Thomson

explained that the atom contained

negatively charged particles called

electrons. His model suggested that

atoms were positively charged spheres
with negatively charged electrons
embedded in them like the

fruit in a plum pudding.

1911: Lord Rutherford proposed that the atom consisted

mostly of empty space with a dense nucleus containing
positively charged protons in the centre. Negatively

charged electrons orbited the nucleus. Although Lord

Rutherford’s model of the atom was essentially the same
as today’s accepted model, its one flaw was that it
proposed that the orbiting electrons would eventually
lose energy and spiral in towards the nucleus.

1913: Niels Bohr, a scientist who had studied with
Rutherford, modified the model by suggesting that

electrons orbit the nucleus at different energy levels.

Only electrons with specific amounts of energy could
exist at each level. His model proposed that electrons

could move from one level to another by gaining or

losing ‘packets’ of energy. Although Bohr’s model

explained why electrons did not spiral in towards
the nucleus, it did not explain all of the known
properties of atoms.

1932: Sir James Chadwick discovered that the
nucleus contained particles called neutrons, as

well as positively charged protons. Neutrons had
no electric charge and a mass about the same

as a proton.

400

1800

1850

1910

1920

1930

BC

CE
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FIGURE 6.3 The current model of the atom

 Nucleus:

  • the middle of the atom
  • small and very dense
  • composed of protons and
  neutrons, held together by
  a very large nuclear force. The
  nucleus makes up almost all
     of the mass of an atom. 

       Electrons:
         • orbit the nucleus, following
            paths commonly referred to
            as electron clouds
         •  negative (–) electric charge
         • tiny mass, about 1/1800 of the

         mass of a proton or neutron. 

         Protons:
           • positive (+) electric

           charge.
           • approximately the
              same mass as

           neutrons

      Neutrons:
• no electric charge (neutral)
• approximately the same mass
   as protons. 

In a neutral atom:
 • the number the electrons

   ( – charge ) is equal to
   the number of protons
   ( + charge ) in its nucleus. 

Resourceseses
Resources

Video eLesson The atom (eles-1775)

SCIENCE AS A HUMAN ENDEAVOUR: Lord Rutherford’s model of the atom

Lord Rutherford’s model of the atom was based on a series of experiments where:
• Tiny positive alpha particles were fired at very thin sheets of gold foil.
• Where the particles travelled was detected using a fluorescent screen.

Rutherford and his team observed that most of the particles went straight through the gold foil and very few were
deflected back. This led them to several important conclusions:

• Rutherford explained that the few particles that were deflected back were repelled by a very small,
positively charged nucleus in the atoms of the gold.

• Most of the alpha particles continued through the foil because each gold atom consists mainly of
empty space.

• Lord Rutherford said later that his observations were about as credible as if you had fired a 16-inch
shell at a piece of tissue paper and it had come back and hit you!

6 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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FIGURE 6.4 An enlarged view of the gold foil experiment

Source of

alpha

particles
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Fluorescent screen
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Nucleus

Alpha particlesBeam of

alpha

particles

Gold foil

elog-0150 INVESTIGATION 6.1

Exploring models of the atom

Aim

Ball bearing

or marble

Bottle lids

Book Hidden lidTo explore Rutherford’s experiment

Materials

• a hardcover book of at least A4 size
• 5 plastic soft drink bottle lids
• a 10 mm diameter ball bearing or 12 mm
diameter marble

Method

1. Support the book on a benchtop using a bottle lid under each corner.
2. Have one member of your group lift the book, place the fifth bottle lid somewhere in the area

surrounded by the other four lids and replace the book. The fifth lid represents the nucleus of the
atom in this model.

3. After the other members of your group turn around, they take turns to roll the ball bearing or marble
under the book to find the location of the ‘nucleus’.

Results

Record the number of times the ball bearing or marble is rolled before striking the ‘nucleus’ for the first time.

Discussion

1. Comment on how difficult it is to locate the ‘nucleus’ in this model.
2. What is represented in this model of Rutherford’s experiment by:

a. the area under the book that is surrounded by the four lids
b. the ball bearing or marble?

3. a. Recall that the plum pudding model does not contain a nucleus. Write a hypothesis for this
experiment according to the plum pudding model.

b. Based on your observations justify why this cannot be the plum pudding model of the atom.

Conclusion

Write a conclusion to this investigation as a response to the aim.

TOPIC 6 Inside the atom 7
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SCIENCE INQUIRY SKILLS: Repeatability

Scientists perform the same experiment multiple times and then analyse all the results. This repetition provides
the most accurate results and allows scientists to draw conclusions with confidence.

DISCUSSION

Models of the atom have changed greatly over the past century. Do we now understand the atom completely, or
could our models improve further? Learning from the past, how might such improvements be made?

Resourceseses
Resources

eWorkbook Chemical building blocks (ewbk-3134)
How big is an atom? (ewbk-3136)

Additional automatically marked question sets

6.2 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 3, 5

LEVEL 2:
Questions
2, 4, 7, 9

LEVEL 3:
Questions
6, 8, 10

Remember and understand

1. MC Where is most of the atom’s mass located?
A. Proton B. Neutrons C. Electrons D. Nucleus

2. According to the plum pudding model, the atom is a ______________ with ______________ embedded in
it like the fruit in a plum pudding.

3. What is the main difference between John Dalton’s model of the atom and the models of Thomson,
Rutherford and Bohr?

4. Complete the following table by including one example for each pair.

TABLE 6.1 Comparison of sub-atomic particles

Protons and electrons Protons and neutrons Electrons and neutrons
Similarity

Difference

Apply and analyse

5. Why did most of Rutherford’s alpha articles go through the thin sheets of gold foil?
6. What was the main weakness of the Rutherford model of the atom?
7. SIS Why was it important for Rutherford to fire many alpha particles at the gold atoms?

8 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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8. SIS Explain why it is not surprising that the neutron was discovered quite a long time after the electron
and proton.

9. Draw a diagram of the modern model of the atom and include the following labels.
proton, neutron, electron, positive, negative, neutral, nucleus

Evaluate and create

10. SIS Is the current model of the atom proven? Explain your answer.

Fully worked solutions and sample responses are available in your digital formats.

6.3 Stability and change — Inside the nucleus

LEARNING INTENTION

At the end of this subtopic you will understand that natural radioactivity arises from the decay of nuclei in atoms.

6.3.1 Neutrons and isotopes
At the centre of every atom is a tiny, solid core called the nucleus. Within the nucleus, protons and neutrons are
usually held together by incredibly strong forces. Some of the mysteries of radioactivity can be unravelled by
taking a closer look inside the nucleus.

All atoms of a particular element have the same number of protons. However, often the number of neutrons in
atoms of the same element is different. Such atoms have the same atomic number but different mass numbers.

isotopes atoms of the same
element that differ in the number
of neutrons in the nucleus

Atoms of the same element with different mass numbers are called isotopes.
• Most elements exist as two or more isotopes.
• These isotopes all have the same chemical properties, but different

masses.

Hydrogen, for example, has three isotopes. Each of the three isotopes has one proton. However, the different
isotopes have 0, 1 or 2 neutrons respectively.

FIGURE 6.5 The three isotopes of hydrogen. Hydrogen-2 and hydrogen-3 are also known as deuterium and
tritium respectively.

Hydrogen-1

(hydrogen)

Hydrogen-2

(deuterium)

Hydrogen-3

(tritium)

Proton

Electron

Neutron

Resourceseses
Resources

Video eLesson Deuterium (eles-2658)

TOPIC 6 Inside the atom 9
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FIGURE 6.6 Nuclide symbol notation
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Naming isotopes
Nuclide notation (figure 6.6) is
used for atoms and can represent
different isotopes. For example,
the three isotopes of hydrogen can
be represented as 1

1H, 21H, 31H.

Nuclide a type of atom
characterised by the number
of protons and the number of
neutrons in its nucleus

Isotopes are also named with the
element name and mass number;
for example, hydrogen-3, as
shown in figure 6.5.

EXTENSION: Why are they called isotopes?

The word isotope is derived from the Greek words isos, meaning ‘equal’, and topos, meaning ‘place’. It came
about because even though each isotope of the same element had different numbers of neutrons and therefore
different weights, they occupied the same place on the periodic table of the elements.

Stable or unstable atoms

stable a nucleus that does
not change spontaneously.
The protons and neutrons in
the nucleus are held together
strongly.

unstable an atom in which the
neutrons and protons in the
nucleus are not held together
strongly

decay to transform into a more
stable particle

radioisotopes a radioactive form
of an isotope

• In stable atoms, the protons and neutrons found in the nucleus are held together
very strongly.

• In unstable atoms, the neutrons and protons in the nucleus are not held together
as strongly.

• Unstable isotopes decay to form other elements. These isotopes are said to be
radioactive and are called radioactive isotopes, or radioisotopes.

For example, consider two isotopes of carbon, carbon-12 and carbon-14, which have
identical chemical properties. However, the nucleus of carbon-14 is not stable and
disintegrates naturally. Carbon-12 is a stable isotope while carbon-14 is a radioactive
isotope.

TABLE 6.2 Examples of stable and unstable (radioactive) isotopes of carbon and uranium

Element Symbol Number of protons Number of neutrons
Stable or
radioactive?

Carbon-12 C12
6 6 6 Stable

Carbon-14 C14
6 6 8 Radioactive

Uranium-235 U235
92 92 143 Radioactive

Uranium-238 U238
92 92 146 Stable

10 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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6.3.2 Radioactivity

Natural and artificial radioactivity
Natural radioactivity is radioactivity emitted from matter without energy being
supplied to atoms. There are about 50 isotopes that emit radioactivity
naturally. They exist in the air, in water, in living things and in the ground.
Most radioactive isotopes (about 2000 in total) are made radioactive artificially
by bombarding their atoms with sub-atomic particles like protons and
neutrons.

Nuclear radiation

nuclear radiation radiation
from the nucleus of an atom,
consisting of alpha or beta
particles, or gamma rays

alpha particles positively
charged nuclei of helium atoms,
consisting of two protons and two
neutrons

beta particles charged particles
(positive or negative) with the
same size and mass as electrons

gamma rays high-energy
electromagnetic radiation
produced from some radioactive
decay; The radiation has no mass
and travels at the speed of light.

The energy emitted by radioactive substances is called nuclear radiation because
it comes from the nucleus. Lord Rutherford showed that there were three different
types of nuclear radiation: alpha particles, beta particles and gamma rays.

TABLE 6.3 The three types of nuclear radiation

Nuclear
radiation Alpha particles Beta particles Gamma rays

Symbol 𝛼 𝛽 𝛾
Description Helium nuclei that contain two

protons and two neutrons, so they
are positively charged

The same size and mass as
electrons, can have a negative
or positive electric charge and
can travel at speeds as high as
99 per cent of the speed of
light

Not particles, but bursts of energy
released after alpha or beta
particles are emitted

Diagram of
decay

Parent
nucleus

Daughter
nucleus

Alpha
particle

Parent
nucleus

Daughter
nucleus

Beta
particle

Parent
nucleus

Daughter
nucleus

Gamma ray

Penetration
and danger
to health

Cannot travel easily through
materials and can be stopped by
a sheet of paper or human skin.
They pose little hazard to the
external body but can cause
serious damage if breathed in,
eaten or injected.

Can penetrate human skin and
damage living tissue, but they
cannot penetrate thin layers of
plastic, wood or aluminium

Travel at the speed of light and are
highly penetrating. They can cause
serious and permanent damage to
living tissue and can be stopped
only by a thick shield of lead or
concrete.

TOPIC 6 Inside the atom 11
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FIGURE 6.7 The different penetrating powers of alpha (𝛼), beta (𝛽) and gamma (𝛾) radiation

Lead

Concrete

Paper

Wood

γ rays — barely affected

by air; absorbed in many

centimetres of lead

β particles — absorbed 

in about 100 cm of air, or

a few centimetres of wood

α particles — absorbed in a few

centimetres of air, or by a piece 

of paper or layer of dead skin

Resourceseses
Resources

Video eLesson Smashing atoms in CERN (eles-1085)

6.3.3 The lives and half-lives of radioisotopes
The nuclei of different radioactive substances decay at different rates.

half-life time taken for half the
radioactive atoms in a sample
to decay — that is, change into
atoms of a different element

• The half-life of a radioisotope is the time taken for half of all the nuclei
in a sample of a radioisotope to disintegrate or decay.

• Half-lives can vary from microseconds to billions of years.

TABLE 6.4 The half-life of an isotope and the fraction remaining after each half-life

Number of half-lives Fraction remaining

1
1

2

2
1

4

3
1

8

4
1

16

12 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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FIGURE 6.8 A graph showing the radioactive decay of
strontium-90, which has a half-life of 28 years

1.0

0.75
One half-life = 28 years

Two half-lives = 2 x 28 = 56 years

Three half-lives = 3 x 28 = 84 years

Four half-lives = 4 x 28 = 112 years

0.5

0.25

0

 30 60 90 120

Time (years)

M
a

s
s
 (

k
g

)

0

Uranium is probably the best known of the
radioisotopes. There are three naturally
occurring isotopes of uranium: uranium-
238, uranium-235 and uranium-234.

• Each of the isotopes spontaneously
disintegrates or decays, producing
alpha particles and gamma rays.

• Each isotope has its own half-
life; that is, the time taken for the
concentration to fall to half its initial
value.

• The half-lives of each of the uranium
isotopes are more than a billion
years.

6.3.4 Background radiation
We are all exposed to background radioactivity every day. Fortunately, it is quite safe.

cosmic radiation naturally-
occurring background radiation
from outer space

• Most of it comes from naturally occurring radioactive elements in the Earth’s atmosphere and crust.
• Most of the background radiation is from radon, which is produced during the breakdown of other

radioisotopes; for example, uranium and thorium.
• A smaller amount comes from outer space in the form of cosmic radiation, mostly in the form of high

energy protons emitted by stars, including the Sun. The word cosmic comes from the Greek word kosmos,
meaning ‘universe’. The Earth’s atmosphere protects us from the dangers of cosmic radiation, as we will
discover in topic 9.

There are even small amounts of radioisotopes in the human body, including
hydrogen-3 (tritium), carbon-14 and potassium-40.

DISCUSSION

Most naturally-occurring radioisotopes on Earth were created before the planet was formed. Given the Earth is
approximately 4 billion years old, what does that tell us about the half-life of these radioisotopes?

Carbon-14 has a half-life of only 5700 years yet is 1.1% of all naturally-occurring carbon. How can this
observation be explained?

6.3.5 Smoke alarms

SCIENCE AS A HUMAN ENDEAVOUR: Using radiation to detect smoke

Smoke alarms are an example of radioisotopes used routinely in
the home. They contain a tiny amount of americium-241, an alpha
particle emitting radioisotope. Smoke alarms work by setting up a
small electrical circuit in the detector. When that circuit is disrupted
by smoke, the alarm sounds.

FIGURE 6.9 What happens in the
ionisation chamber?

Americium-241

emitting α-particles

–

Electrons

Positive

particles

+

+ –

Battery

1. Alpha particles from americium-241 knock electrons off molecules
in the air, creating positive particles and free electrons.

2. These charged particles are attracted to two oppositely charged
plates, setting up a small current.

3. When the current flows there is no alarm.
4. However, when smoke particles enter the detector, they attach

to the positive particles making them neutral.
5. This disrupts the current and the siren sounds.

TOPIC 6 Inside the atom 13
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Resourceseses
Resources

Interactivity Radioactive half-life (int-1652)

eWorkbook Top ten elements (ewbk-3138)

Additional automatically marked question sets

6.3 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 2, 5, 7, 9

LEVEL 2:
Questions
3, 6, 8, 10

LEVEL 3:
Questions
4, 11–13

Remember and understand

1. State what is each letter represents in a nuclide symbol, XAZ .
a. A b. Z c. X

2. Match the terms with the definitions in the table below.

Terms Definition
Atomic number A. Mass number – number of protons

Number of neutrons B. Number of protons + number of neutrons

Mass number C. Number of protons

3. Complete the following table.

TABLE 6.5 Nuclide notation of different elements

Nuclide symbol Atomic number Mass number Protons Neutrons

C14
6

19 39

15 17

31 16

92 146

4. Identify one similarity and one difference between two particles that are isotopes.
5. Alpha particles are the heaviest type of radiation. Fill in the following table with the properties of alpha

particles.

TABLE 6.6 Properties of alpha particles

Charge Protons Mass number Nuclide symbol

6. How are we protected from cosmic radiation from outer space?

Apply and analyse

7. Are the atoms X230
93 and X239

94 isotopes of the same element? Explain.
8. The half-life of an isotope of tritium is 4500 days. How many days will it take an amount of tritium to

fall to a quarter of its initial mass?
9. An atom of uranium-238, U238

92 , decays by emitting a single alpha particle. Write the nuclide symbol for
the resulting atom. Explain how you got your answer.

14 Jacaranda Science Quest 9 Victorian Curriculum Second Edition
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10. Explain why are the isotopes of some elements radioactive?
11. State the type of nuclear radiation described by the following statements.

a. A radioactive particle that has the same size and mass as an electron
b. A radioactive particle that is made up of two protons and two neutrons
c. The type of radiation that can penetrate the human body and can be stopped only by a thick shield

of lead or concrete
d. A radioactive particle that can travel almost at the speed of light.

Evaluate and create

12. SIS The graph shows the decay of a
radioisotope over 4 minutes.
a. What is the half-life of this isotope?
b. How many radioactive particles would be left

after 5 minutes?
c. When the decay takes place in a sealed

container, helium gas is collected. Name one
type of radiation produced in the decay.

13. SIS A scientist wished to determine the type
of radiation emitted by a radioisotope. She had
three materials (paper, plastic and lead) and
an instrument called a Geiger counter, which
detects nuclear radiation. She covered the
radioisotope with each of the three materials
and measured the radiation that passed
through each material. The results of her
experiment are shown in the table provided. Time (min)
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TABLE 6.7 Results of radioactivity experiment

Material Effect on Geiger counter readings

Paper No effect on readings

Plastic Readings fell by two-thirds

Lead Large fall in readings

a. Identify the independent variable in this experiment.
b. Identify the dependent variable in this experiment.
c. Identify a controlled variable in this experiment.
d. Complete the following table to determine whether certain variables should be controlled in this

experiment.

TABLE 6.8 Experiment variables

Variable How could this variable affect the DV?
Should this variable
be controlled? (Y/N)

The thickness of the
material covering the
radioisotope

How far the Geiger
counter is placed from
the radioisotope

The scientist wore her
lab coat for only some
measurements

e. SIS What type of nuclear radiation does this radioisotope emit? Explain your answer, with
reference to the data.

Fully worked solutions and sample responses are available in your digital formats.
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6.4 Using radioactivity

LEARNING INTENTION

At the end of this subtopic you will understand that natural radioactivity arises from the decay of nuclei in atoms
and how we use radioisotopes in a variety of fields.

6.4.1 Radioisotopes

Resourceseses
Resources

Video eLesson The mystery of radium (eles-1779)

Watch this video eLesson to explore the power of radioactive radium and why the
discovery of radioisotopes were so confusing for the early scientists working
with radioisotopes.

SCIENCE AS A HUMAN ENDEAVOUR: Using radioisotopes

In 1903, Marie Curie, her husband Pierre and Henri Becquerel were awarded the Nobel Prize in Physics for their
discovery of radioactivity and their work on uranium. Little did they know that their discoveries and investigations
would change the course of history.

They could not have imagined that their work would lead to the development of nuclear weapons capable of
killing millions of people, nuclear power plants that generate electricity, and radioactive isotopes that can be used
to treat cancers and detect life-threatening illnesses.

Radioisotopes are used in industry, research, and medicine. They can be used as radioactive ‘tracers’ to follow
the movement of substances through liquids (for example, sediment movement in rivers and the movement
of substances in the blood). Radioactive isotopes are also used in smoke detectors, soil analysis, pollution
testing, measuring the thickness of objects, in criminology, and as we will explore below, in dating samples from
archaeological sites and geological formations.

Radiometric dating

radiometric dating determining
the ages of rocks and fossils
based on the rate of decay or
half-life of particular isotopes

Naturally-occurring radioisotopes can be used to calculate the age of samples from archaeological sites and in
determining the age of geological formations. This technique is called radiometric dating.

radiocarbon dating a method
of determining the age of a fossil
using the remaining amount of
unchanged radioactive carbon

One of the most useful types of radiometric dating is radiocarbon dating, which uses
the isotope carbon-14 with a half-life of 5700 years. Carbon is a very common element
in living organisms, so the amount of carbon-14 left in a fossil or in an archaeological
sample can be used to determine how long ago that organism died.

The process, shown in figure 6.10, is as follows:
1. Carbon-14 is produced by cosmic radiation, so that a small amount of all

carbon is radiocarbon.
2. Carbon dioxide is constantly being taken in by plants, which are eaten by

animals, so all living organisms contain some radiocarbon.
3. When living things die, the decaying radiocarbon is no longer being replaced.
4. Since all fossils were once living, their age can be determined by measuring

the amount of radiocarbon remaining.
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FIGURE 6.10 Carbon-14 generation and decay and its application in radiocarbon dating

1. Carbon-14 is produced

by cosmic radiation.

2. Carbon dioxide is taken in by plants,

through photosynthesis.

Animals eat the plants (or other animals),

so all living organisms contain 

some radiocarbon.

3. When living things die and are buried,

the  carbon-14 is lost as it is no longer

being replaced and it decays 

by beta-decay.

Nitrogen-14
Proton

Carbon-14

Beta decay

Cosmic radiation

Neutron
Proton

FIGURE 6.11 The decay of a sample of pure
radiocarbon

The decay of a sample of pure radiocarbon
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After 5700 years, only half of the usual amount of
radiocarbon will be left. A graph can be used to
estimate the age of a sample. After about 50 000
years, the amount of radiocarbon becomes too small
to measure accurately.

All rocks contain small amounts of radioactive
elements such as uranium and potassium. The age
of older rocks, and the fossils within them, can be
determined by using radioactive elements with longer
half-lives. For example, uranium–lead dating can be
used to date rocks from 1 million to over 4.5 billion
years old, using the decay of uranium-238 to lead-206
and uranium-235 to lead-207. This dating method has
a precision of 0.1–1 per cent.
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EXTENSION: Consequences of working with radioactivity

FIGURE 6.12 This watch
has been hand painted in
luminescent radium paint.

Radioactivity was discovered by accident. French physicist Henri Becquerel
discovered radioactivity while investigating the fluorescence of uranium salts
in 1896. When he developed a photographic plate that had been left in a
drawer near his benchtop, he found that it had been fogged up by radiation
from the uranium salts.

This effect of radioactivity is now used in a protective device worn by people
who work with radioactive materials. The ‘fogging’ of the film in this device
measures the amount of radioactivity they have been exposed to.

Becquerel was the first scientist to report the effects of radioactivity on living
tissue.

Our modern understanding of radiation has only been developed in the past
century. Based on what you have learned so far, what do you expect were
the consequences of working with radioisotopes for the early adopters in the
below examples:

• scientists such as Henri Becquerel who worked closely with
uranium salts

• watchmakers who painted the hands and numbers on watch
faces with a luminescent, radioisotope radium-226 (workers used
to form ‘points’ on their brushes by licking the bristles)?

6.4.2 Radioisotopes and nuclear power

nuclear reactors power plants
where the radioactive properties
of uranium are used to generate
electricity

The radioactive properties of uranium are used in the generation of electricity in
nuclear reactors. Australia is one of several countries that have large high-grade
deposits of uranium, which can be used in reactors.

The steps below describe the production of energy in a nuclear reactor.
fuel rods one of the rods that
form the fuel source of a nuclear
reactor; contains the fissile
nuclides needed to produce a
nuclear chain reaction

fission splitting of the nuclei of
large atoms into two smaller
atoms and several neutrons,
releasing radiation and heat
energy

1. Uranium is converted to uranium dioxide and then sealed in rods, called fuel
rods.

2. The uranium undergoes a fission reaction in the reactor when neutrons are fired
at the radioactive uranium (figure 6.13).

3. This causes the uranium nuclei to split and form two new elements, releasing
neutrons, radiation and heat in the process.

4. This heat energy is used to heat water to produce steam, which is used to turn the
turbines that generate the electricity (figure 6.14).

The process of steam driven turbines to produce electricity is described in detail in
topic 10.

The word fission comes from the Latin word fissio, meaning ’to split’.
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FIGURE 6.13 An example of a nuclear fission reaction
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FIGURE 6.14 The heat from nuclear fission reactions creates steam from water, which drives a turbine to generate
power.
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1. The uranium in nuclear fuel

rods undergoes a fission reaction,

releasing huge amount of energy

to boil water into steam

Steam

Resourceseses
Resources

Video eLesson Animation of nuclear fission reaction (eles-3260)

DISCUSSION

This process of nuclear power generation is very similar to coal- and gas-fired power plants, although different
sources of heat to boil water are used. What are some of the advantages of nuclear reactors over power stations
that use fossil fuels? Are you aware of any disadvantages associated with nuclear reactors? Taking both the
advantages and disadvantages into consideration, should we replace aging coal-fired power stations with nuclear
reactors?
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Fast breeders

FIGURE 6.15 A worker inspecting output at a
nuclear power plant

In some countries, fast breeder reactors use the artificial
radioisotope plutonium-239 as a fuel. Plutonium-239
is made by bombarding uranium-238 with fast-moving
neutrons (that’s why the term ‘fast breeder’ is used). The
plutonium-239 produced is also used to produce nuclear
weapons.

Nuclear waste
A big advantage of nuclear reactors over coal- and
gas-fired power plants is that they do not generate
large quantities of the greenhouse gas, carbon dioxide.
However, the used fuel rods in a nuclear reactor are
radioactive and contain a mixture of radioisotopes.

Some of the waste radioisotopes have half-lives of only
minutes, while others have half-lives of thousands of
years. These waste products are currently sealed in
steel containers or glass blocks and stored in power
stations or buried deep at sea or underground away
from groundwater. However, there is still no permanent
solution to the problem of disposing of nuclear waste.

It has been suggested that nuclear waste should be sent
by rocket to the Sun or into outer space. However, the
risk of a rocket carrying nuclear waste exploding before
leaving the Earth’s atmosphere makes that solution very
risky.

6.4.3 Radiotherapy in medicine

The treatment of cancer
Radiotherapy is the use of radioisotopes, or other radiation such as X-rays, to kill cancer cells or prevent them
from multiplying. Cancer cells tend to grow very quickly, and a bit like someone running downhill, are slightly
out of control and can be tripped up. Normal cells are also damaged by the radiation but tend not to be as badly
affected. Radiation can also be targeted at a small area so that surrounding tissue is not damaged. Radiotherapy
is often used along with other treatments such as surgery, use of drugs, and harnessing the immune system
(immunotherapy).

external radiotherapy cancer
treatment where radiation is
directed from an external machine
to the site of the cancer

internal radiotherapy cancer
treatment also known as
brachytherapy. Radioisotopes
are placed inside the body at, or
near, the site of a cancer.

Radiation can be directed at the cancer by a machine like the one in figure 6.16. This
method is known as external radiotherapy. The other method, known as internal
radiotherapy or brachytherapy, involves placing radioisotopes inside the body at
or near the site of the cancer. In some cases, both methods are used. The type of
treatment depends on the type of cancer, its size and its location as well as the general
health of the patient.
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FIGURE 6.16 A patient receiving external radiotherapy treatment

The diagnosis of disease
Radioactive substances may be inserted into the body to detect or identify the cause of
disease. The radiation produced by the substance while it is in the part of the body
under investigation is measured to diagnose the problem (table 6.9).

FIGURE 6.17 A PET
image of the human
brain

Some radioisotopes can be used to obtain images of parts of the body. The gamma
rays emitted by these radioisotopes are used to produce the images. PET (positron
emission tomography) scans use cameras surrounding the patient to detect gamma
rays coming from radioisotopes injected into the body (figure 6.17).

TABLE 6.9 Some of the radioisotopes used in the treatment and diagnosis of disease

Radioisotope Use Half-life

Barium-137 Diagnosis of digestive illnesses 2.6 minutes

Iodine-123 Monitoring of thyroid and adrenal glands, and
assessment of damage caused by strokes

13 hours

Thallium-201 Detection of damaged heart muscles 3 days

Iodine-131 Diagnosis and treatment of thyroid problems 8 days

Phosphorus-32 Treatment of leukaemia 14.3 days

Iron-59 Measurement of blood flow and volume 46 days

Cobalt-60 Used in radiotherapy for treating cancer 5 years

Resourceseses
Resources

Video eLesson Nuclear medicine (eles-1084)
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EXTENSION: Matter and antimatter atoms

FIGURE 6.18 Atoms of matter and
antimatter
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Electron

Antiproton

Antineutron

Positron

positron a particle emitted during
PET, which is like an electron but
with a positive charge

As you know, PET detects gamma radiation emitted from
radioisotopes which have been inserted into the body. However,
the radioisotopes used in PET scans first emit a positron, which is
like an electron but with a positive charge. This is antimatter, which
is like the matter that makes up our universe, but the protons and
electrons have the opposite charge, i.e. positrons are positively
charged electrons and antiprotons are negatively charged protons.

Antimatter is very unstable as it is annihilated when it encounters
its opposite matter particle, releasing gamma radiation. It is this
gamma radiation that is detected in PET, when an emitted positron
encounters an electron.

6.4.4 Preserving food
If you’ve ever suffered from food poisoning, you will understand why it is necessary
to keep food from spoiling. Food in sealed containers can be preserved by exposing it
to gamma radiation. The radiation kills the micro-organisms in the food and keeps it
from spoiling.

elog-####
INVESTIGATION 6.2

Radioactive decay

Aim

To investigate the decay of a radioisotope used as a medical treatment

Materials

• graph paper or a graphing program, for example, Excel

Method

The half-life of the radioisotope iodine-131 is 8 days.
1. Calculate the mass of iodine-131 left after 8, 16, 24, 32, 40, 48, 56, 64, 72 and 80 days if 100 g is given

to a patient to treat a thyroid problem.

Results

1. Present the results of your calculations in a table.
2. Choose an appropriate graph to show how the radioisotope decays. Make the horizontal axis represent

time and the vertical axis represent the mass of radioisotope left.

Discussion

1. What fraction of the iodine-131 is left after:
a. 8 days b. 16 days c. 24 days d. 80 days?

2. Why is it difficult to store radioisotopes with short half-lives?

Conclusion

Write a conclusion to this investigation as a response to the aim.
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Resourceseses
Resources

eWorkbook Putting nuclear energy to use (ewbk-3140)

Additional automatically marked question sets

6.4 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 4, 6

LEVEL 2:
Questions
2, 3, 7

LEVEL 3:
Questions
5, 8, 9

Remember and understand

1. MC What is the name of the nuclear reaction that takes place in nuclear power stations?
A. Radiation B. Nuclear fusion C. Nuclear fission D. Emission

2. Describe three uses of radioactive elements.
3. a. What is radiotherapy?

b. How does it prevent the spread of cancer through the body?
4. MC How do radioisotopes used in food preservation stop food from spoiling?

A. Increases the microbial fighting properties of the food
B. Creates a protective layer on the inside of the can
C. Microbes that cause food spoilage are killed by radiation
D. None of the above. Radiation is dangerous to health.

5. Explain whether carbon-14 dating can be used for fossils that are millions of years old?

Use Table 6.9 of medical radioisotopes earlier in this subtopic (table 6.9) to answer questions 6–8.

6. Identify whether iodine-131 is a more stable radioisotope than barium-137. Justify your answer.
7. The use of barium-137 in the diagnosis of digestive illnesses involves the patient drinking it in a syrup.

What property of barium-137 makes its use quite safe?
8. Identify an isotope best suited to use in external radiotherapy. Justify your answer.

9. SIS Use the graph to answer the following questions.

The decay of a sample of pure radiocarbon
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a. Parts of the skeleton of a large animal are found buried in sand dunes. The amount of radioactive
carbon-14 in the bones is about one-eighth of that found in the skeletons of living animals. How long
ago did the animal probably die (to the nearest thousand years)?

b.What approximate percentage of the original amount of radioactive carbon-14 would you expect to
find in:
i. an Aboriginal spear 11 000 years old
ii. a skull 23 000 years old, found in a cave?

Fully worked solutions and sample responses are available in your digital formats.

6.5 The dark side of radiation
LEARNING INTENTION

At the end of this subtopic you will understand that natural radioactivity arises from the decay of nuclei in atoms.

6.5.1 Advantages and disadvantages of radiation
While nuclear radiation has many uses that are beneficial to society as a whole, there is no doubt that it is very
much a double-edged sword.

TABLE 6.10 Advantages and disadvantages of radioisotopes

Advantages of radioisotopes Disadvantages of radioisotopes

Radiometric dating Nuclear weapons

Medical treatment Nuclear disasters at power plants

Medical diagnosis Nuclear waste from industry and medicine

Power generation Contamination of ecosystems

Food preservation Radiation sickness

Smoke detectors Chronic diseases, for example, cancer

Scientific research Mutations and birth defects

Disasters at nuclear power plants and the events of World War II are large-scale reminders of the dangers of
radioisotopes. While the devastating power of nuclear weapons are obvious, the effects of nuclear radiation on
cells can be more insidious. Nuclear radiation damages molecules in cells, particularly DNA, leading to many
adverse health effects.

radiation sickness immediate
symptoms of exposure to
damaging nuclear radiation

mutation damage to DNA in
cells, which can be passed on to
children through sperm and eggs

• Exposure can have immediate effects including nausea, headaches, vomiting
and diarrhoea, collectively termed radiation sickness.

• Over longer timeframes, exposure can lead to diseases such as cancer and
immune system collapse later in life.

• Mutations in sperm and eggs can be passed from parents to children, leading
to birth defects and other diseases.
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EXTENSION: Deaths caused by radiation

FIGURE 6.19 Marie
Curie died as a result of
radiation exposure

Radiation has caused the death of some remarkable people.
• Alexander Litvinenko was an ex-Russian secret service officer who had
fled to the United Kingdom. He unexpectedly fell ill in November 2006
and died in hospital only a few weeks later. It is alleged that he was
poisoned with polonium-210 placed in a pot of tea.

• It is a sad irony that Marie Curie (the woman who developed the theory
of radioactivity and discovered the radioactive elements radium and
polonium) herself died of leukaemia at the age of 67. Her illness was
almost certainly caused by her constant exposure to radioactivity.

6.5.2 When reactors go wrong

SCIENCE AS A HUMAN ENDEAVOUR: Nuclear disasters

Chernobyl, 1986

Like any other piece of complex technology, a nuclear reactor can work safely only if its many individual systems
are functioning smoothly and efficiently. They must be well-maintained and well-managed by highly-trained
personnel. Unfortunately, in many cases the flaws of a nuclear reactor’s design are not spotted until it is too late.

The Chernobyl Power Complex is located about 130 km from Kyiv, the capital of Ukraine. At the time of the
disaster in 1986, Ukraine was part of the Soviet Union. The accident at Chernobyl was due to a combination of
old technology and an operator error. Reactor 4 had three main design flaws:

• graphite control rods that can become unstable
• water coolant that can be vaporised at high temperatures
• no radiation containment shield allowing radiation to escape from a damaged reactor.

The story began on 25 April 1986, when reactor 4 was scheduled to be shut down for routine maintenance. The
events leading to the nuclear meltdown are summarised in figure 6.20.

While only two people were killed in the original explosion, three others died during the night and 50 emergency
workers died from acute radiation poisoning. Since the accident, the rate of thyroid cancer in children has been
ten times higher in the region around Chernobyl and, of the 600 000 people contaminated by radiation, 4000 have
died from long-term cancers.
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FIGURE 6.20 The meltdown in reactor 4 of the Chernobyl Power Complex
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FIGURE 6.21 Pripyat in the Ukraine was home to 50 000 people, most of whom had jobs at
Chernobyl. (a) When reactor 4 of the Chernobyl nuclear power plant exploded, the town was
abandoned. (b) Now nature is starting to reclaim it despite the remaining radiation.

a. b.
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Fukushima, 2011

FIGURE 6.22 Map showing the amount of radiation
absorbed per hour at ground level around Fukushima, 6
weeks after the meltdown

Iitate
Kawamata

Nihommatsu

Tamura
Koriyama

Inawashiro

Yonezawa

Sukagawa

Shirakawa Furudono
Iwaki

Kitaibaraki

Hirono

30km

60km

20kmNaraha

Tomioka

Futaba

Namie

Minamisoma

Soma

Kakuda

Marumori

Shiroishi

Kunimi

Kori

Fukushima

Okuma

Date

Motomiya

Ground level dose rate

(uSv/hr) normalised to

April 29, 2011

Shinchi

19–91
9.5–9.5
3.8–9.5
1.9–3.8

1.0–1.9
<1.0
No aerial

data
Fukushima

Daiichi

The Fukushima Daiichi nuclear disaster was
caused by a series of unlucky events occurring
one after another.

meltdown the melting of a
nuclear-reactor core as a result
of a serious nuclear accident

1. On 11 March 2011, a massive earthquake
occurred off the coast of Honshu (the largest
island of Japan) leaving the Fukushima nuclear
reactor complex relatively unharmed but reliant
on its back-up generators.

2. Unfortunately, the earthquake caused a tsunami
that struck the coast of Honshu less than an hour
later, killing more than 19 000 people and
destroying over 1 000 000 buildings.

3. The reactors at Fukushima Daiichi were flooded
by the 15 m high tsunami, disabling 12 of the 13
back-up generators as well as the heat
exchangers that released waste heat into the
sea.

4. Without power, the circulation of water coolant
around the reactor cores ceased, causing them
to become so hot that much of the coolant
water was boiled off.

5. The heat became high enough to melt the fuel
rods in reactors 1, 2 and 3 (this is referred to as
a meltdown).

6. A reaction between the cladding of the melted
fuel rods and the remaining coolant water
produced hydrogen gas that exploded
when mixed with the air.

7. This threw nuclear material up into the
atmosphere.

More than 160 000 people had to be evacuated from the area for fear of radiation.
While three employees at the Daiichi plants were killed directly by the earthquake
and tsunami, there were no fatalities from the nuclear accident.

Resourceseses
Resources

Video eElesson The abandoned nuclear reactor 4 at Chernobyl (eles-2660)

6.5.3 Nuclear weapons

SCIENCE AS A HUMAN ENDEAVOUR: Effects of nuclear weapons

There are approximately 13 500 nuclear weapons in the world today, enough to destroy our planet many times
over and effectively obliterate life.

The devastating effects of nuclear weapons on buildings and living organisms are due to a series of events that
occur in order. When nuclear weapons are detonated:
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ground zero the centre of a
nuclear weapon blast

thermal flash enormous amounts
of heat and radiation that spread
out from the centre of a nuclear
blast

electromagnetic pulse a burst of
electromagnetic activity caused
by the detonation of nuclear
devices

nuclear fallout irradiated dust
blasted high into the atmosphere
during detonation and the
formation of the mushroom cloud.
In the weeks following the nuclear
explosion, these come back down
to Earth as nuclear fallout.

1. Enormous amounts of heat and radiation spread out from the centre of
the blast (known as ground zero) in what is called a thermal flash.

2. This radiation forms a fireball that generates the distinctive mushroom
cloud associated with nuclear weapons. The radiation from the Hiroshima
bomb formed a fireball 7 km across. At locations close to ground zero,
most substances were melted or burned and organic matter (including
people) was vaporised. People up to 50 km away received serious burns
and those who looked directly at the flash were blinded.

3. After the initial blast, the vaporisation of particles close to the blast
causes an implosion of air from further out.

4. When these inrushing air particles collide, they cause a high-pressure
shock wave to spread outwards at speeds of up to 3000 km/h. This
shock wave causes the destruction of buildings, blowing them outwards
from the centre of the blast.

5. The blast also releases large amounts of radiation in the form of gamma rays,
which can burn out electrical and electronic systems including computer
networks and power grids, and even disrupt the electrical systems that control
cars, planes and weaponry. This burst of energy is called an electromagnetic pulse.

6. The most devastating effects for survivors are due to radiation exposure. The radioactive nuclei formed
during the nuclear reactions as well as tonnes of irradiated dust are blasted high into the atmosphere
during detonation and the formation of the mushroom cloud.

7. In the weeks following the nuclear explosion, these come back down to Earth as nuclear fallout. This
radioactive fallout increases the background radiation for many years where it comes down, so people
in the fallout zones are exposed to higher radiation levels with damaging effects.

FIGURE 6.23 Atomic bomb destruction, Hiroshima, Japan. Around 90 per cent of the
buildings were destroyed, with only a few concrete-reinforced buildings surviving. Some
70 000 people died instantly, with tens of thousands more dying in the aftermath.
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FIGURE 6.24 The devastating impacts of nuclear fallout
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delivering large,

close-range

doses of

radiation. For

example...

and travels to the thyroid

gland of a human, where

it increases the risk

of cancer.

Thyroid: iodine-131*

Muscle: caesium-137*

Kidneys: ruthenium-106

Ovaries: iodine-131*,

ruthenium-106

and caesium-137*

Lungs: krypton-85

Bone: strontium-90

and yttrium-90

*These isotopes

were detected by

Swedish monitors

early in the week

after the Chernobyl

disaster.

The diagram shows parts of

the body targeted by specific

radioactive isotopes likely to

be present in the fallout from

Chernobyl. The risk, in all

cases, is that of cancer in

the targeted organ or in

related tissue.

6.5 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 3

LEVEL 2:
Questions
2, 4, 6

LEVEL 3:
Questions
5, 7

Remember and understand

1. What is radioactive fallout and why is it given this name?
2. List one effect of exposure to large doses of nuclear radiation to humans:

a. immediately after exposure
b. after a longer amount of time.

3. Define the following terms:
meltdowna. thermal flashb.
electromagnetic pulsec. ground zero.d.

4. Two natural disasters led to the meltdown in reactors 1, 2 and 3 at the power station in Fukushima.
a. Identify the two natural disasters.
b. Describe how each disaster affected the power plant.
c. Identify two consequences of these events on the power plant.

Apply and analyse

5. Identify one design flaw of reactor 4 at Chernobyl and explain how it contributed to the disaster.
6. ‘The ability of nuclear radiation to kill cells is both an advantage and a disadvantage.’

Do you agree or disagree with this statement? Justify your answer.
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Evaluate and create

7. SIS The following table and map indicate the distribution of deaths and injuries caused by the
Hiroshima bombing in 1945.

TABLE 6.11 Distribution of deaths and injuries, Hiroshima bombing (1945)

Distance from ground
zero (km) Killed Injured Initial population

0–1.0 26 700 (86%) 3000 (10%) 31 200

1.0–2.5 39 600 (27%) 53 000 (37%) 144 800

2.5–5.0 1700 (2%) 20 000 (25%) 80 300

Atomic bomb damage of Hiroshima

Fire and blast damage

Ground
zero

0.9 metres0.9 kilometres

1.8 kilom1.8 kilometres

2.7 kilometres2.7 kilometres

HiroshimaHiroshima 3.6 kilometres3.6 kilometres

River
Blast damage only

a. Use this information to determine:
i. the original population of Hiroshima (within 5 km of ground zero) before the bombing
ii. the number of people killed who were within 1 km of ground zero
iii. the number of people who were unharmed despite being within 1 km of ground zero.

b. As you would expect, the number of people killed gets smaller the further from ground zero that they
were located. What explanations can you give that the percentage wounded doesn’t follow the same
pattern?

Fully worked solutions and sample responses are available in your digital formats.
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6.6 Thinking tools — Concept maps and plus, minus,
interesting charts
6.6.1 Tell me

What is a concept map?
A concept map is a diagram that is useful for showing what you understand about a particular topic. It helps
you arrange a larger topic of complex ideas by classifying them into smaller and smaller ideas. It explains the
relationships between parts or elements with statements on the links between them. A concept map is also called
a knowledge map or a concept web.

What is a plus, minus, interesting chart?
A plus, minus, interesting (PMI) chart also groups a topic into ideas, but these groups are based on your
perspective of the topic — that is, do you find the ideas a positive, a negative, or just an interesting aspect?

FIGURE 6.25 A concept map

Link LinkLink

LinkLinkLink Link

Link Link Link Link

LinkLink

Link Link

Third-

level idea

Second-

level idea

Second-

level idea

Second-

level idea

Second-

level idea

Second-

level idea

Main idea Main ideaMain idea

Topic

First-level

idea

First-level

idea

First-level

idea

First-level

idea

Second-

level idea

First-level

idea

FIGURE 6.26 A PMI chart

Plus Minus Interesting

•
•
•
•
•
•

•
•
•
•
•
•

•
•
•
•
•
•

Topic/theme/idea

6.6.2 Show me
To create a concept map:
1. Choose a topic that has a number of different parts or ideas. Write any ideas you may have onto small pieces of

paper. For example, you might choose to consider how radioactivity can be used by humans.
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2. Examine your pieces of paper and put your ideas into your concept map, which looks like this:

FIGURE 6.27 A concept map of the uses of radioactivity

Uses of

 radioactivity

Radiocarbon

dating

Fission
reactions to
create chain

reaction

Half-lives

Carbon-14

limited to

50 000 years

Nuclear

power

Produces

huge amounts

of energy

Waste

disposal

Medicine

Diagnose

diseases

Gamma rays

for imaging 

Tracer

isotopes

Treat

diseases

Internal

radiotherapy

External

radiotherapy

Preserving

food

Destroy

microbes

6.6.3 Let me do it

6.6 ACTIVITIES

1. A concept map can be used to illustrate some of the important ideas associated with the atom and the
links between the ideas.
a. Copy the concept map below into your workbook and complete it by adding the links between the

ideas.

Atom

Nucleus

Protons Electrons

Shells Positive ions Negative ions

Neutrons

Mass

number

Atomic

number

Covalent

bond

Ionic

bond

Construct your own concept map to show how ideas about what is inside substances are linked.
Begin by working in a group to brainstorm the main ideas of the topic.
b.
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2. Construct a concept map of ideas associated with radioactivity.
3. Create a PMI chart on radioactivity, using the diagram below as a starting point.

Plus Minus Interesting

• Can be used 
to treat cancer

•
•
•
•
•
•

• Radioactive 
isotopes can be 
used in nuclear 
weapons

•
•
•
•

• Radioactivity 
was discovered 
by accident

•
•
•
•
•

Radioactivity
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6.7 Review

Access your topic review eWorkbooks

Topic review
Level 1
ewbk-3142

Topic review
Level 2
ewbk-3144

Topic review
Level 3
ewbk-3146
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6.7.1 Summary
Chemical building blocks

• Atoms are so small we rely on scientific models to help us understand them.
• Models are based on repeated experiments and observations and help us make predictions and to

explain observed phenomena.
• New discoveries mean models are improved over time.
• The model of the atom has evolved from the J. J. Thomson’s plum pudding model.
• The current model of the atom consists of a tiny dense nucleus, composed of positive protons and

neutral neutrons, surrounded by a cloud of tiny negative electrons.
• A neutral atom has an equal number of protons (+) and electrons (–).

Stability and change - inside the nucleus
• Atoms of the same element have the same number of protons in their nucleus.
• Atoms of the same element can have different numbers of neutrons in their nucleus. This gives the

atoms different masses, and these are called isotopes.
• Nuclide notation is used to represent different atoms and their isotopes.
• A

ZX: where X is the chemical symbol of the element, A is the mass number (number of protons and
neutrons in the nucleus) and Z is the atomic number (the number of protons in the nucleus).

• For different isotopes of the same element, the mass number (A) changes, as it is the number of protons
and neutrons in the nucleus. Hydrogen has three isotopes: 1

1H, 21H, 31H.
• Atoms can be stable or unstable.
• In unstable atoms, the neutrons and protons in the nucleus are not held together as strongly, and decay

to form other elements. These are radioisotopes.
• Natural radioactivity is emitted without any energy needing to be supplied.
• The energy emitted by radioactive substances is nuclear radiation. There are three types:

• Alpha particles (𝛼): a positively charged helium nuclei. They cannot travel through materials easily.
• Beta particles (𝛽): can be positive or negative and are the same size and mass of an electron. They

travel near the speed of light and can penetrate human skin.
• Gamma rays (𝛾): bursts of energy released after alpha or beta particles emitted, travel at the speed of

light and are highly penetrating.
• The half-life of a radioisotope is the time taken for half of all the nuclei in a sample of a radioisotope to

disintegrate or decay.
• Background radiation: from naturally-occurring radioactive substances and a small amount from cosmic

radiation.

Using radioactivity
• Radiometric dating uses the known half-lives of radioactive elements. For example, radiocarbon dating

can be used to date archaeological samples. Older samples, such as very old rocks, are dated using the
decay of uranium to lead.

• Uranium is used in nuclear power as fuel rods. The uranium is bombarded with neutrons and undergoes
a fission reaction that breaks the uranium into smaller atoms and simultaneously releases a huge amount
of energy. This energy is used to make steam, to turn turbines and generate electricity.
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alpha particles positively charged nuclei of helium atoms, consisting of two protons and two neutrons
beta particles charged particles (positive or negative) with the same size and mass as electrons
cosmic radiation naturally-occurring background radiation from outer space
decay to transform into a more stable particle
electromagnetic pulse a burst of electromagnetic activity caused by the detonation of nuclear devices
electrons extremely light (1800 times lighter than protons and neutrons) negatively-charged particles inside an
atom. Electrons orbit the nucleus of an atom.
external radiotherapy cancer treatment where radiation is directed from an external machine to the site of the
cancer
fission splitting of the nuclei of large atoms into two smaller atoms and several neutrons, releasing radiation and
heat energy
fuel rods one of the rods that form the fuel source of a nuclear reactor; contains the fissile nuclides needed to
produce a nuclear chain reaction
gamma rays high-energy electromagnetic radiation produced from some radioactive decay; The radiation has no
mass and travels at the speed of light.
ground zero the centre of a nuclear weapon blast
half-life time taken for half the radioactive atoms in a sample to decay — that is, change into atoms of a different
element
internal radiotherapy cancer treatment also known as brachytherapy. Radioisotopes are placed inside the body
at, or near, the site of a cancer.
isotopes atoms of the same element that differ in the number of neutrons in the nucleus
meltdown the melting of a nuclear-reactor core as a result of a serious nuclear accident
mutation damage to DNA in cells, which can be passed on to children through sperm and eggs
neutrons tiny particles found in the nucleus of an atom. Neutrons have no electrical charge and the same mass
as a proton.
nuclear fallout irradiated dust blasted high into the atmosphere during detonation and the formation of the
mushroom cloud. In the weeks following the nuclear explosion, these come back down to Earth as nuclear
fallout.
nuclear radiation radiation from the nucleus of an atom, consisting of alpha or beta particles, or gamma rays
nuclear reactors power plants where the radioactive properties of uranium are used to generate electricity
nucleus central part of an atom, made up of protons and neutrons; plural = nuclei
Nuclide a type of atom characterised by the number of protons and the number of neutrons in its nucleus
positron a particle emitted during PET, which is like an electron but with a positive charge
protons tiny particles found in the nucleus of an atom. Protons have a positive electrical charge and the same
mass as a neutron.
radiation sickness immediate symptoms of exposure to damaging nuclear radiation
radioisotopes a radioactive form of an isotope
radiocarbon dating a method of determining the age of a fossil using the remaining amount of unchanged
radioactive carbon
radiometric dating determining the ages of rocks and fossils based on the rate of decay or half-life of particular
isotopes
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• Nuclear power does not generate large amounts of greenhouse gases, but does produce radioactive
waste, which is difficult to dispose of safely.

• Radioisotopes are used to treat disease through internal or external radiotherapy.
• Radioisotopes can be used to diagnose disease through the use of radioactive tracers.
• Radioisotopes can be used to preserve food by destroying the microbes in the food.

The dark side of radiation
• Disasters at nuclear powerplants include Chernobyl (1986) and Fukushima (2011).
• Nuclear weapons use the energy released in nuclear reactions to generate huge blasts of energy and

chemical fallout, which can kill and injure thousands of people simultaneously.
• Radiation from nuclear meltdowns and fallout causes long-term diseases and birth defects to thousands

of people.

6.7.2 Key terms
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stable a nucleus that does not change spontaneously. The protons and neutrons in the nucleus are held together
strongly.
thermal flash enormous amounts of heat and radiation that spread out from the centre of a nuclear blast
unstable an atom in which the neutrons and protons in the nucleus are not held together strongly

Resourceseses
Resources

Digital document Key terms glossary (doc-34774)

eWorkbook Literacy builder (ewbk-3149)
Crossword (ewbk-3151)
Word search (ewbk-3153)
Study checklist (ewbk-3148)

6.7 Exercise

To answer questions online and to receive immediate feedback and sample responses for every question, go to
your learnON title at www.jacplus.com.au.

Select your pathway

LEVEL 1:
Questions
1, 3, 5, 6

LEVEL 2:
Questions
2, 7, 10, 11

LEVEL 3:
Questions
4, 8, 9, 12

Remember and understand

1. Which of the particles in the neutral atom has:
a. a negative electric charge
b. a positive electric charge
c. no electric charge
d. the smallest mass?

2. Describe the contributions of the following scientists to our understanding
of the structure of the atom.
a. J. J. Thomson
b. Lord Rutherford
c. Niels Bohr

3. Which type of nuclear radiation travels at the speed of light?
4. The hydrogen atom exists as three different isotopes.

a. How are the atoms of each isotope different from the others?
b. Identify two features of the hydrogen atom that are the same for each of the three isotopes.

5. Where does most of the natural background radiation that we experience every day come from?

Apply and analyse

6. The diagram represents a model of a neutral atom.
a.Which two particles make up the nucleus of the atom?
b.Which particles are shown orbiting the nucleus in the atom?
c. To which element does this atom belong?

7. Alpha particles are helium nuclei containing two protons and two neutrons.
a. What is the electric charge of an alpha particle?
b. How does the mass of an alpha particle compare with the mass of a beta particle?
c. Suggest why alpha particles are easily stopped by human skin while beta particles are not.
d.Which type of radiation from the nucleus is more penetrating than either alpha or beta particles?
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8. Radioisotopes have many uses.
a. What property of radioisotopes makes them useful?
b. Describe three of the beneficial uses of radioisotopes.
c. Some radioisotopes are considered highly dangerous even after thousands of years. Why?

9. Two isotopes of the element carbon found naturally on Earth are carbon-12 and carbon-14.
a. How is every atom of carbon-14 different from every atom of carbon-12?
b. What features and properties do carbon-14 and carbon-12 have in common?
c. Which of the two carbon isotopes is stable?

10. The half-life of strontium-90 is 28 years. If a 400 gram sample of strontium-90 was left to decay, how
many grams of the sample would be left after:
a. 28 years b. 56 years c. 84 years?

Evaluate and create

11. Estimate the half-life of the isotope whose decay is shown in the graph.
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12. SIS Explain how it is possible to use carbon-14 to estimate the age of the remains of a dead plant
embedded in a rock.

Fully worked solutions and sample responses are available in your digital formats.

Resourceseses
Resources

eWorkbook Reflection (ewbk-3038)

Test maker
Create customised assessments from our extensive range of questions, including teacher-quarantined questions.
Access the assignments section in learnON to begin creating and assigning assessments to students.
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RESOURCE SUMMARY Resources

Below is a full list of rich resources available online for this topic. These resources are designed to bring ideas to life,
to promote deep and lasting learning and to support the different learning needs of each individual.

6.1 Overview

eWorkbook
• Topic 6 (ewbk-3130)
• Student learning matrix (ewbk-3129)
• Starter activity (ewbk-3132)

Practical investigation eLogbook
• Topic 6 (elog-0154)

Video eLesson
• A model of an oxygen atom (eles-2657)

6.2 Chemical building blocks

eWorkbook
• Chemical building blocks (ewbk-3134)
• How big is an atom? (ewbk-3136)

Practical investigation eLogbook
• Investigation 6.1: Exploring models of the atom (elog-0150)

Video eLesson
• The atom (eles-1775)

6.3 Stability and change — Inside the
nucleus

eWorkbook
• Top ten elements (ewbk-3138)

Interactivity
• Radioactive half-life (int-1652)

Video eLessons
• Deuterium (eles-2658)
• Smashing atoms in CERN (eles-1085)

6.4 Using radioactivity

eWorkbook
• Putting nuclear energy to use (ewbk-3140)

Practical investigation eLogbook
• Investigation 6.2: Radioactive decay (elog-0152)

Video eLessons
• The mystery of radium (eles-1779)
• Animation of nuclear fission reaction (eles-3260)
• Nuclear medicine (eles-1084)

6.5 The dark side of radiation

Video eLesson
• The abandoned nuclear reactor 4 at Chernobyl (eles-2660)

6.7 Review

Digital document
• Key terms glossary (doc-34774)

eWorkbook
• Literacy builder (ewbk-3149)
• Crossword (ewbk-3151)
• Word search (ewbk-3153)
• Study checklist (ewbk-3148)
• Reflection (ewbk-3038)

Practical investigation eLogbook
• Topic 6 (elog-0154)

eWorkbook
• Level 1 (ewbk-3142)
• Level 2 (ewbk-3144)
• Level 3 (ewbk-3146)

To access these online resources, log on to www.jacplus.com.au.
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