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Dr Birdley Teaches Science – Properties of Matter

Educational Objectives
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• To introduce the scientific method of inquiry
• To describe the properties of matter
• To describe the phases of matter
• To explain the phase transitions
• To introduce basic laboratory
equipment and procedures.
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Central goals:

Primary Objective(s)
Describe the scientific method.

2. Chemical and
Physical
Properties

Define and illustrate physical and chemical properties.
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Unit
1. The Scientific
Method

5. Density and
Buoyancy

Further investigate mass, volume and density in a laboratory setting.
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1, 4, 6,
8, 9
4, 6, 8, 9

4, 6, 8, 9

Introduce buoyancy.
Define boiling point and introduce phase transitions.

7. Phases of Matter Discuss characteristics of solids, liquids and gases.

8. Gas/Liquid
Transitions

1, 3, 4, 6,
8, 9

Illustrate how to calculate them.
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6. Boiling Point

Introduce the concepts of mass, volume and density.
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4. Mass, Volume
and Density

Br

3. Chemical and
Introduce additional physical properties and provide some examples of
Physical Changes reactivity.

Standards
3, 7

2, 3, 5, 7

2, 3, 5, 7

Introduce sublimation and deposition.
Introduce condensation and evaporation.

2, 3, 5, 7

Relate temperature change to these processes.
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Objectives and Frameworks

Correlations to the Australian Curriculum
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This page outlines the relevant Australian F–10 Curriculum and Senior Secondary Curriculum
content descriptions that the units relate to. After each standard, the pertinent units are listed.
Senior Secondary Curriculum: Chemistry

3. All matter is made of atoms that are composed
of protons, neutrons and electrons; natural
radioactivity arises from the decay of nuclei in
atoms (ACSSU177) [Units 1, 2, 6, 7, 8]

8. Materials are either pure substances with distinct
measurable properties (for example, melting
and boiling point, reactivity, strength, density)
or mixtures with properties dependent on the
identity and relative amounts of the substances
that make up the mixture (ACSCH025) [Unit 2,
3, 4, 5]
9. Differences in the properties of substances
in a mixture, such as particle size, solubility,
magnetism, density, electrostatic attraction,
melting point and boiling point, can be used to
separate them (ACSCH026) [Units 2, 3, 4, 5]
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4. Chemical reactions involve rearranging atoms
to form new substances; during a chemical
reaction mass is not created or destroyed
(ACSSU178) [Units 2, 3, 4, 5]

uc

2. Properties of the different states of matter can be
explained in terms of the motion and arrangement
of particles (ACSSU151) [Units, 6, 7, 8]

7. Atoms can be modelled as a nucleus surrounded
by electrons in distinct energy levels, held
together by electrostatic forces of attraction
between the nucleus and electrons; atoms can
be represented using electron shell diagrams (all
electron shells or valence shell only) or electron
charge clouds (ACSCH018) [Units 1, 6, 7, 8]
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1. Mixtures, including solutions, contain a
combination of pure substances that can
be separated using a range of techniques
(ACSSU113) [Units 2, 3]
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F–10 Curriculum: Science
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5. Energy transfer through different mediums can
be explained using wave and particle models
(ACSSU182) [Units 6, 7, 8]
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6. Chemical change involves substances reacting
to form new substances (ACSSU225) [Units 2,
3, 4, 5]
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Dr Birdley Teaches Science – Properties of Matter

Overview of Source Cartoons
The difficulty level ranges from easy (L1) to very challenging (L3).

Challenge
Level

Central Concept

Related Topics
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Cartoon

The key steps of the scientific method

L1

Lab equipment

Matter

Introduction to matter, snapshots of properties and
phases, as well as the meaning of composition

L2

Chemical reactions

Properties in the
Kitchen

Introduction to solubility, conductivity, melting
point, boiling point and malleability

L1

Conductors

Properties in the
Lab

Discussion of physical properties (hardness, lustre,
melting point, colour, texture) and a chemical
property (reactivity)

L2

The Mystery
Substance

Applying chemistry to a forensic investigation
Introduction to chemical changes

L3

Chemicals involved in forensic
science (e.g. luminol)

The Size of the
Box

Density and related mathematical formulas are
introduced

L2

Densities of different materials
(e.g. wood vs. metal)

The Biscuit

Density, volume and mass are found in a
laboratory setting

L3

Significant figures

Loch Ness

The density of objects is related to their buoyancy

L2

Buoyancy

Compound X

Introduction to boiling point and heat transfer

L2

Accuracy and precision

The Phases
Unmasked!

Phases of matter and sublimation

L2

Gas laws

The Cloud

Deposition

L2

Air pollution

Condensation

L2

Water cycle

Evaporation

L1

Water cycle

Elemental sodium and other
reactive substances
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Science Over
Coffee
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The Scientific
Method

vi
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Dr Birdley Teaches Science – Properties of Matter

MATTER

Properties of Matter

Objectives
1. To define matter and introduce several ways
it can be investigated.

at
io
n

2. To introduce different phases of matter.
3. To introduce a few properties of matter.
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4. To introduce the concept of composition
(what a substance is made of).

Synopsis
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Ed

Dr Birdley and Dean Owelle observe different
phases of matter on an early morning sail. It is
clear these two scientists enjoy investigating the
properties of matter.
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1. Matter includes all the living and non-living
“stuff” in the universe.
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Main Ideas
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2. A substance can be investigated by attempting
to categorise it, testing its properties and
learning about what it is made of.
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3. Matter primarily exists as either a solid, liquid
or gas.
4. Substances have both physical and chemical
properties.

matter

phase

composition

viscosity

reactivity
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Vocabulary

Questions for Discussion
Before Reading:
1. What is one example of matter? Are there
different kinds of matter?
2. What are some ways you describe
different kinds of matter?
3. In what ways are all different kinds of
matter alike?
After Reading:

Characters

Dr Birdley, Dean Owelle

18

Copyright © 2007 by Nevin Katz. All rights reserved.

1. What properties are useful in
describing matter?
2. What ways can a single kind of matter
be different?
3. What generalisation would you make
about matter?
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Unit 4: Mass, Volume and Density

THE SIZE OF THE BOX

Mass, Volume and Density

Objectives
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1. To provide a practical scenario that challenges
the reader to distinguish mass from volume.
2. To illustrate how the concept of density is
applied in an everyday situation.
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Synopsis
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Dr Birdley asks Christina and Anthony to move
some boxes for community service. Anthony
decides to move the small boxes, while Christina
reluctantly agrees to move the large boxes. But
Anthony soon finds that the large boxes are easier
to move than the small ones.

ow

1. A large volume does not necessarily mean
a large weight or mass.
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Main Ideas
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2. Small boxes may be harder to move than
larger boxes if the small ones are more
dense and have more overall mass.
3. Volume is the amount of space an
object takes up.

Copyright © 2007 by Nevin Katz. All rights reserved.

Questions for Discussion
Before Reading:
1. If you had a choice of moving 100
small boxes or 100 large boxes, which
would you choose? Why?

5. Density is the amount of mass per unit
volume, or the amount of “stuff” per
unit space.

2. Does the size of the box determine how
hard the job will be? Why or why not?
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4. Mass is the amount of matter or “stuff” an
object is made up of.

After Reading:

Vocabulary

volume

density

Characters

Dr Birdley, Anthony, Christina

1. What did Anthony think before moving
the boxes?
2. What did he find out about the boxes
after moving them?
3. Did Anthony take into account density?
How do you know?
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THE BISCUIT

Density and Buoyancy

Objectives
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1. To illustrate how to calculate the density of an
object in an experimental/laboratory situation.
2. To illustrate how to find the volume of an
object using water displacement.

Synopsis
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Dean Owelle finds his biscuit to be too hard. Dr
Birdley then finds the density by finding volume
through water displacement, finding the mass
using a scale and dividing mass over volume.
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1. An object’s volume can be measured by water
displacement. When the object is submerged
in water, its volume adds to that of the water.
(1 cm3 is the volume of 1 ml of water)
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Main Ideas
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2. An object’s mass can be measured using a scale.
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3. The density of an object can be calculated by
dividing mass by volume.
4. An object can be very dense without being
very large. Density is independent of size.
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5. Volume can be measured in millilitres (ml),
mass can be measured in grams (g), and
density can be measured in grams per
millilitre (g/ml).

Vocabulary

volume

H
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mass

Copyright © 2007 by Nevin Katz. All rights reserved.

Questions for Discussion
Before Reading:
1. Suppose a cup is filled with 20 ml of
water. What happens to the water level
if you drop in a block that has a volume
of 8 cm3? (1 cm3 is the volume of 1 ml
of water.)
2. How do you define density?

density

Characters

Dr Birdley, Dean Owelle, Norman

After Reading:
1. How did Dr Birdley find the mass of
the biscuit?
2. How did Dr Birdley find the volume of
the biscuit?
3. How did Dr Birdley find the density of
the biscuit?

50
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Unit 6: Boiling Point

COMPOUND X

States of Matter

Objectives
1. To show what happens to temperature when a
substance reaches its boiling point.
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2. To define boiling point.
3. To illustrate an experimental set-up that
can be used to determine the boiling point
of a substance.
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Main Ideas
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Dr Birdley demonstrates how to find the boiling
point of an unknown compound using an
apparatus consisting of a hot plate, beaker, ring
stand, clamp and thermometer. As he instructs the
students, he forgets to watch the thermometer, and
the compound boils away before he can record any
data.

uc

Synopsis

Copyright © 2007 by Nevin Katz. All rights reserved.
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1. The boiling point is the temperature at which
a substance changes from a liquid to a gas.
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2. Heat is transferred from the hot plate to the
water, which increases the temperature until
boiling occurs.

Questions for Discussion
Before Reading:
1. What happens to the temperature of a
substance during boiling? Why?

4. The hot plate is used to induce heat, while
the thermometer is used to measure the
temperature.

2. Why does a liquid become a gas during
boiling? Use the word “particles” in
your answer.

5. The clamp, which is attached to a ring stand,
holds the thermometer in place.

3. How is boiling different from
evaporation?
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3. Once a substance reaches its boiling point,
the temperature stops increasing.

boiling point

After Reading:

Vocabulary
hot plate

ring stand

Characters
Dr Birdley
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1. From looking at the graph in panel 2,
what happens to the temperature of the
water after reaching its boiling point?
2. What mistake did Dr Birdley make?
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THE PHASES UNMASKED!

States of Matter

Objectives
1. To describe the properties of solids, liquids
and gases.
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2. To relate their characteristics to the behaviour
of the particles they are made of.
3. To illustrate the process of sublimation.
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Synopsis
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Anthony sneaks into one of the labs at Flockhart
Academy and tries on the phase goggles. He
observes the particles that steam, water and an
apple are made of. He then observes dry ice just
before he is caught by Dr Birdley.
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Main Ideas

ow

nl

1. Gases do not have a definite shape or volume
because their particles move so fast that they
spread apart.
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2. Liquids have a definite volume but do not
have a definite shape – they assume the shape
of their container.
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3. The particles in liquids stay closer together
than in gases but still move quite a bit.
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4. Solids have a definite shape and volume
because their particles are tightly packed and
securely bonded together.
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5. Sublimation involves a solid changing
directly to a gas, such as dry ice changing
directly to CO2.

sublimation

Vocabulary
solid

liquid

Characters
Dr Birdley, Anthony

70

gas
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Questions for Discussion
Before Reading:
1. What are some examples of solids, liquids
and gases?
2. What is dry ice? Where have you seen it?
After Reading:
1. What do the goggles allow Anthony
to see?
2. How are gases different from liquids?
3. How are liquids different from solids?
4. What is sublimation?
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