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Preface
The rate of technological change we are 
experiencing is unprecedented in human history. 
Science has and will continue to play a vital role in 
this advancement of our species.

Scientists are simply curious people so I encourage 
you, as you learn and in life, to constantly question, 
seek, source and explore new ideas.

Enjoy learning about Science!

Cover image: Bee (Amegilla Asaropoda). Bees can be 
distinguished from flies in that bees have four wings, where 

flies have only two. Bees collect pollen, from flowers, to 
feed their young. Wasps and flies do not do this.

All experiments must be performed under 
teacher direction in a school science 
laboratory. Teachers must ensure all 
appropriate safety precautions are taken.



Chapter 1

Matter

The properties of the different states of matter can 
be explained in terms of the motion and 
arrangement of particles.

Differences between elements, compounds and 
mixtures can be described at a particle level.

At the end of this chapter you will be able to:

• explain why a model for the structure of matter is 
needed.

• model the arrangement of particles in solids, 
liquids and gases.

• use the particle model to explain observed 
phenomena linking the energy of particles to 
temperature changes.

• model the arrangement of particles in elements 
and compounds.

• recognise that elements and simple compounds 
can be represented by symbols and formulas

• locate elements on the periodic table.

Movie 1.1 What is matter?



Everything on Earth, 
everything in our solar 
system, everything in 
our galaxy, and 
everything in the 
universe is made up of 
matter. Matter is the 
name that scientists 
have given to 
everything that you 
can touch, or see, or 
feel, or smell. So 
matter is everything 
around you. The study 
of the composition, 
structure, properties 
and change of matter 
is called chemistry.

As scientists are 
merely people who are 

interested in the world 
around them, they 
have been studying 
matter for a long time.

A Greek philosopher 
Democritus was one 
scientists who began 
the search for a 
description of matter 
more than 2,400 years 
ago. He asked: Could 
matter be divided into 
smaller and smaller 
pieces forever, or was 
there a limit to the 
number of times a 
piece of matter could 
be divided?

He theorised that 
matter could not be 

Section 1

What is matter?
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All of the objects in our solar system are made up of matter.

Image 1.1 Objects in our solar system



divided into smaller and smaller 
pieces forever, eventually the 
smallest possible piece would be 
obtained. This piece would be 
indivisible. He named the smallest 
piece of matter “atomos,” meaning 
“not to be cut.”

For more than 2000 years nobody did 
anything to continue the explorations 
that the Greeks had started into the 
nature of matter. Not until the early 
1800's did people begin again to 
question the structure of matter.

In the 1800's an English chemist 
called John Dalton performed 
experiments with various chemicals 
that showed that matter does consist 
of elementary lumpy particles. 
Although he did not know about their 
structure, he knew that matter 
consisted of very small particles 
called atoms.

In 1897, the English physicist J.J. 
Thomson discovered a sub-atomic 
particle called the electron and 

proposed a model for the structure of 
the atom. Thomson knew that 
electrons had a negative charge and 
thought that the rest of the atom must 
have a positive charge. His model 
looked like raisins stuck on the 
surface of a lump of pudding.

In 1911 Ernest Rutherford proposed 
that the negative electrons orbited a 
positive centre in a manner like the 
solar system where the planets orbit 
the sun. The positive centre was 
called the nucleus.

In 1913 a Danish physicist, Niels Bohr 
came up with a new theory that said 
the electrons exist in specific shells or 
energy levels as they ‘orbit’ the 
nucleus.

Other scientists have since worked to 
polish the model of the atom such 
that today we have a very clear 
understanding of these fundamental 
particles of matter called atoms.
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Interactive 1.1 The History of the Atom (scroll 
down)

Democritus (~400BC)

Thought that all matter is made up of small 
indivisible particles.

John Dalton (1808)

Stated that all matter is composed of tiny, 
indestructible particles called atoms that are all 
alike.
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QUESTIONS

1. Describe matter in your own words.
2. Find out how Rutherford’s gold foil experiment 

demonstrated for the first time the existence of the 
atomic nucleus.

3. Think about the respective discoveries of 
Democritus, Dalton, Thomson, Rutherford and Bohr. 
Whose discovery do you think was the most 
impressive. Justify your answer.

4. Find out who discovered the neutron and when this 
discovery was made.

Movie 1.2 A history of our understanding of atoms



All matter is made of atoms. Even you and I are made of atoms. 
Atoms are the building blocks of the universe. They are very, very 
tiny particles. Their size is very hard to imagine. If you made a 
tiny dot with the tip of a sharp pencil, and if the pencil lead was 
all carbon atoms, that little dot would have about four billion 
billion carbon atoms in it. Atoms are extremely small!

All atoms have a similar structure. The structure of an atom can 
be imagined by thinking of the sun with the planets spinning 
around it. The centre is called the nucleus. It is made of tiny 
particles called protons and neutrons. Electrons circle around 
the nucleus in clouds, or shells, 
far from the nucleus.

Protons are positively charged 
(+) and found in the nucleus. 
Neutrons have no charge (o) 
and are also found in the 
nucleus. Electrons have a 
negative charge (-) and are 
found in outer shells circling 
around the nucleus.

Protons and neutrons have approximately the same size and 
mass as each other. While electrons are significantly smaller.

Some atoms have more protons, neutrons, and electrons, and 
some have fewer. Depending on how many protons and 
electrons an atom has, the atom behaves differently. The 
simplest atoms have just one proton and one electron - that's a 
hydrogen atom. A bunch of these atoms together make 
hydrogen gas. More complicated atoms have more protons, 
more neutrons, and more electrons. A bunch of these atoms 
together make the other elements like helium, oxygen, copper, 
iron, gold, mercury, lead, and so on. The more protons, neutrons, 

and electrons an atom has, the 
more mass it has, and the 
heavier it will be in Earth's 
gravity. Hydrogen and helium 
are very light, and people use 
them to inflate balloons. Gold, 
which has 79 protons, is very 
heavy, and lead, which has 82 
protons, is even heavier, so 

Section 2

What are atoms?
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Table 1.1 The three sub-atomic particles

Particle Proton Neutron Electron

Charge Positive Neutral Negative

Location In nucleus In nucleus
In outer 
shells



people use lead to make weights. The heaviest atom that occurs 
naturally is uranium.

Inside atoms electrons don't just rush around any which way. 
They actually have to stay inside specific areas of the atom, 
which we call electron shells. Each shell can only hold a certain 
number of electrons, like an egg carton can only hold a certain 
number of eggs. The first shell (the one closest to the protons at 
the centre of the atom) can only hold two electrons. If there are 
more than two electrons, they have to start a second shell further 
away from the centre. For example, if an atom has 5 electrons, 
two will go in the first shell and the remaining three will go in the 

second shell. That second 
shell is bigger, and it can 
hold eight electrons. The 
third shell can hold a 
maximum of 18 electrons. 
Uranium atoms, the 
biggest atoms in nature, 
have 92 electrons, and 
uranium atoms need 
seven shells to hold them 
all.
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Image 1.2 Electrons are found in shells or energy levels 
around the nucleus of atoms.

Uranium atoms have 92 electrons.

Image 1.3 Uranium diagram

Explanation 1.1 Where are subatomic particles located in atoms?
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QUESTIONS

1. The nucleus of an atom can be measured in femtometres. Find 
out what a femtometre is and how small it is.

2. Find out how many protons helium, oxygen, copper, iron, gold, 
mercury and lead have.

3. Write your own description of a proton, an electron and a 
neutron.

4. Make a list of the atoms with 1, 2, 3, 4, 5, ...... 18, 19, 20 
protons.

5. If an atom had 17 electrons, how many electron shells would it 
have.

6. If an atom had 6 electrons, how many electron shells would it 
have.

Learn how many electrons each shell of an atom can hold.

Explanation 1.2 Electron shells explained

This atom has two protons and two neutrons in the nucleus 
(red and blue). The two electrons circle the nucleus.

Image 1.4 An illustration of a helium atom
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PROJECT - Make a model of an atom

Create a three dimensional model of an atom. Your model 
will need to:

• be big enough to use most of the space on an A4 piece 
of paper (or similar size) at a minimum.

• be made of 3 dimensional objects.
• explain & show the location and 

properties of electrons, 
protons, neutrons and 
electron shells.

• have a main heading and 
suitable sub headings.



We know that all matter is made up of very tiny particles called 
atoms. Sometimes two, three, hundreds or thousands of atoms 
clump together to form molecules.

Having an understanding that all matter is made up of tiny 
particles called atoms or molecules enables us to explain the 
world around us.

When we consider the matter around us, we see that it can exist 
in different forms. The different forms that matter can exist as are 
know as the states of matter. The three main states of matter 
are solid, liquid and gas. A fourth state of matter is known as 
plasma.

SOLIDS

Particles in solids are held together very closely.

This makes them very strong and difficult to break apart. Solids 
can also hold their own shape.

The particles don’t move around very much but simply vibrate in 
their spot.

LIQUIDS

Particles in liquids are quite close to each other, however they 
can move past each other very easily.

This makes liquids very easy to break apart and why they cannot 
hold their own shape, but instead take the shape of their 
container.

The particles in liquids move around quite a bit, bumping gently 
past each other.

Section 3

How do particles behave in solids, liquids and gases?
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Animation 1.1 Particles in a solid



GASES

Particles in gases move around very 
quickly with a lot of space between them, 
this means you can compress them very 
easily.

Gases don’t just take the shape of their 
container they fill the space of the 
container that they are in.
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Animation 1.3 Particles in a gas

Animation 1.2 Particles in a liquid Table 1.2 States of matter properties
gas liquid solid

assumes the shape 
and volume of its 

container 
particles can move 
past one another

assumes the shape 
of the part of the 
container which it 

occupies 
particles can move/

slide past one 
another

retains a fixed volume 
and shape 

rigid - particles locked 
into place

compressible 
lots of free space 
between particles

not easily 
compressible 

little free space 
between particles

not easily 
compressible 

little free space 
between particles

flows easily 
particles can move 
past one another

flows easily 
particles can move/

slide past one 
another

does not flow easily 
rigid - particles 

cannot move/slide 
past one another



Matter moves from one state to another by either being heated up 
or cooled down. When the particles in the substances around us 
are heated up they move faster - solids become liquids and 
liquids become gases. When they are cooled down they move 
slower - gases become liquids and liquids become solids.

When a substance goes from a gas to a liquid it is said to 
condense.

When a substance goes from a liquid to a solid it is said to 
freeze.

When a substance goes from a solid to a liquid it is said to melt.

When a substance goes from a liquid to a gas it is said to 
evaporate.

Most substances go from a solid to a liquid to a gas when heated 
and from a gas to a liquid to a solid when cooled. There are some 
substances that undergo sublimation when heated under normal 
atmospheric pressure conditions. When a substance sublimes it 
goes directly from a solid to a gas without passing through the 
liquid state in between.
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Water is found in all three states naturally on Earth. Liquid in the 
ocean, solid ice in an iceberg, and gas (invisible water vapour in the 
air).

Image 1.5 Water in three states

Movie 1.3 Solids, liquids and gases
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Image 1.6 Changing states of matter

QUESTIONS

1. Matter can be easily found as a solid a liquid or a gas on 
Earth. Find out where matter can be found in the ‘plasma’ 
state.

2. Create a table listing at least 5 solids, 5 liquids 
and 5 gases that you can think of.

3. Create a three circle Venn diagram to 
compare solids, liquids and gases.

4. What words do we use to describe water in 
the three main states of matter?

5. Provide an everyday example of when:
a. A substance melts.
b. A substance evaporates.
c. A substance condenses.
d. A substance freezes.

6. Research a substance that undergoes sublimation.
7. Imagine you are a particle in an ice-cube. Describe your 

experiences as the ice-cube slowly melts and then evaporates 
in the heat of the sun.
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EXPERIMENT: THE POWER OF CONDENSATION  
[To be performed under teacher direction in a science laboratory]

Aim: To discover what happens when a gas is rapidly turned into a liquid.

Hypothesis: Read the Materials and Method, then create an educated guess about what you 
think will happen to the aluminium can.

Materials: Aluminium can, tongs, bunsen burner, heat proof mat, large plastic container, icy cold 
water, safety goggles.

Method:
1. Fill the large plastic container with icy cold water.
2. Pour 20ml of tap water into the aluminium can and hold it over the 

lit bunsen burner with tongs until the water in the can boils.
3. When you see steam coming out of the can, quickly turn in upside 

down and place it upside down into the cold water so that the 
opening of the can is completely submerged.

Results: 
Create before and after labelled diagrams of this experiment.

Discussion:
• Describe what you observed during this experiment.
• Explain what happened in this experiment with clear reference to the water particles in the can. 

(You may need to research the explanation).
• How does this experiment relate to a submarines ‘crush depth’ (you may need to research your 

answer)?
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.
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EXPERIMENT: BLOWING UP BALLOONS WITH NO BREATH 
[To be performed under teacher direction in a science laboratory]

Aim: To blow up a balloon without breathing into it.

Materials: Dry ice (frozen carbon dioxide), conical flask, 
balloon, gloves, tongs, string, ruler.

Method:
1. Have your teacher put a piece (or two) of dry ice into 

your conical flask (or do it yourself extremely carefully 
with gloves on).

2. Stretch a balloon and place it over the opening of the 
conical flask.

3. Wrap string around the balloon once and measure the 
string length to obtain the un-inflated balloon 
circumference.

4. Wait 15 minutes or until the solid dry ice has sublimed 
into a gas.

5. When the dry ice has sublimed, measure the balloon circumference again.

Results: 
Complete the following table and draw a labelled 
diagram of the start and end of this experiment.

Discussion:
• Describe what you observed during this 

experiment.
• Explain what happened in this experiment with reference to the dry ice particles as they turned to gas.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up the results of your experiment with reference to the aim.

Circumference of 
balloon at start

Circumference of 
balloon at end



If we observe the world around us with a scientific mind we can 
see evidence for the particle nature of matter almost 
everywhere.

When considering the particle nature of 
matter it is useful to keep in mind the 
way that particles behave when they 
are heated and cooled ...

When the particles in the substances 
around us are heated up they move 
faster and as a result they move further 
apart. When they are cooled down they 
move slower and come closer together.

With this in mind we can explain many 
phenomena:

HOT AIR BALLOONS

Hot air balloons are based on a very basic scientific 
principle: warmer air rises in cooler air. Essentially, hot air is 
lighter than cool air, because it has a lower density (this 

means less mass per unit of volume). A cubic meter of air weighs 
roughly 1.2 kg at 20℃. If you heat that air to 120℃, it weighs 

about 0.9 kg per cubic meter. This is about 300 
grams less.

The burners in a hot air balloon make each 
cubic metre of air inside the balloon lighter 
than each cubic metre of air outside the 
balloon. As a result the air inside the 
balloon rises, taking the balloon, and the 
basket full of people, with it.

THERMOMETERS

When you look at a regular bulb thermometer, 
you'll see a thin red or silver line that grows longer 

when it is hotter and shorter when it is colder.

This liquid is generally red coloured alcohol but can also be 
a silver metallic liquid called mercury. Both mercury and 

alcohol grow bigger when heated and smaller when cooled. This 

Section 4

Is there any evidence to support the particle theory?
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occurs as the particles in the liquid move faster when they are 
heated and take up more space. Inside the glass tube of a 
thermometer, the expanding liquid has no place to go but up 
when the temperature is hot and down when the temperature 
is cold.

Numbers are placed alongside the glass tube that mark the 
temperature when the line is at that point.

Some mercury-in-glass thermometers are still used; 
however, they are becoming increasingly rare, as many 
countries banned them for medical use due to the toxicity of 
mercury.

HEAT TRANSFER

We can also consider the particles in substances as they 

transfer heat. When something is heated, its particles vibrate. If 
one end of a metal bar is heated, the metal atoms at that end 
vibrate more than the atoms at the cold end. The vibration 
spreads along the bar from atom to atom. The spread of heat in 
this way is called conduction. Metals are good conductors of 
heat.
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As heat is applied to a conducting substance (like metal) the particles vibrate more, passing on the energy to the 
surrounding particles. This process continues along the conducting material.

Image 1.7 Conduction

Movie 1.4 Particles in action
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QUESTIONS

1. In your own words, explain what 
happens to the particles in a 
substance when it is heated up 
and cooled down.

2. Find out what temperature 
water boils at in Celsius (°C), 
Fahrenheit (°F) and Kelvin (K).

3. What is ‘absolute zero’ (you 
may need to research your 
answer)?

4. Find out why concrete slabs 
have spaces between them, like 
the regular spaces between the 
slabs of concrete on a footpath.

5. When the wind blows a tree it 
makes the leaves rustle. Using 
the knowledge that air is made 
up of oxygen and nitrogen 
molecules, explain why the 
leaves move.

EXPERIMENT: A TEA BAG HOT AIR BALLOON 
[To be performed under teacher direction]

Aim: To create a miniature hot air balloon.

Hypothesis: Read the Materials and Method, then create an educated guess about what 
you think will happen to the teabag after it is set alight.

Materials: A teabag (that can be opened up into a long paper 
tube), matches, heat proof mat, safety goggles.

Method:
1. Go outside (a still day is best).
2. Remove the staple from the teabag.
3. Empty the tea out.
4. Straighten the teabag out and open it up, so it forms a cylinder.
5. Stand the cylinder on the heat proof mat.
6. Light the top of the cylinder.
7. Observe.

Results: 
Write a basic description of your observations. Include a diagram 
of this experiment.

Discussion:
• Describe in detail what you observed during this experiment.
• Explain what happened in this experiment with reference to the 

hot air particles surrounding the burning teabag. (You may need to research the 
explanation).

• How does this experiment relate to a hot air balloons?
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.



EXPERIMENT: HOW MUCH SPACE DO PARTICLES TAKE UP WHEN HEATED AND COOLED? 
[To be performed under teacher direction in a science laboratory]

Aim: To explore how much space particles take up when they are heated and cooled.

Hypothesis: Read the Materials and Method, then create an educated guess about what you think will 
happen to the balloon size after the flask is heated and cooled.

Materials: Ice water, hot water, large beaker/container x2, small conical 
flask/plastic bottle, balloon, string, ruler.

Method:
1. Blow a balloon up to full size to stretch it and then release enough air until 

the balloon is about as big as an apple.
2. Place the balloon over the opening of a conical flask (or plastic bottle).
3. Wrap string around the balloon once and measure the string length to 

obtain the room temperature balloon circumference.
4. Put the flask in iced water for 5 minutes and measure the balloon 

circumference again.
5. Put the flask in hot water for 5 minutes and measure the balloon 

circumference again.

Results: 
Complete the following table, create a bar graph of 
the results and draw a labelled diagram or provide a 
picture of the results of this experiment.

Discussion:
• Describe what you observed during this 

experiment.
• Explain what happened in this experiment with reference to the air particles in the balloon. How did the 

balloon change size?
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up the results of your experiment with reference to the aim.

Environmental 
conditions

Circumference of 
balloon (cm)

Room temperature

Ice-water (cold)

How water (hot)
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As we know all matter exists in certain states - solid, liquid and 
gas. Matter can move from one state to another depending on 
how much energy is involved. When an object is heated the 
motion of the particles increases as the particles become more 
energetic. If it is cooled the motion of the 
particles decreases as they lose energy.

In a solid the strong attractions between 
the particles hold them tightly packed 
together. Even though they are vibrating 
this is not enough to disrupt the structure. 
When a solid is heated the particles gain 
energy and start to vibrate faster and 
faster. Initially the structure is gradually 
weakened which has the effect of 
expanding the solid. Further heating 
provides more energy until the particles 
start to break free of the structure. 
Although the particles are still loosely 
connected they are able to move around. 
At this point the solid is melting to form a 

liquid. The particles in the liquid are the same as in the solid but 
they have more energy. The temperature at which something 
melts is called its melting point.

The freezing point, or the temperature at which liquids become 
solids, occurs at the same temperature as 
the melting point. The difference between 
the two is that the temperature is rising 
when the melting point is reached, and 
falling when the freezing point is reached.

If the particles in a liquid are heated more 
they will move faster and faster still. 
Eventually they will move so fast that they 
have enough energy to break free from the 
other particles. Eventually even particles in 
the middle of a liquid form bubbles of gas 
in the liquid. At this point the liquid is 
boiling and turning to gas. This is called 
the boiling point.

The condensation point, or the 

Section 5

Why is there life on Earth?
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Table 1.3 The melting and boiling points 
of some substances.

Substance Melting 
Point (℃)

Boiling 
Point (℃)

Water 0 100

Gold 1064 2970

Oxygen -219 -183

Nitrogen -210 -196

Iron 1538 2862

Salt (NaCl) 801 1,465

Mercury -39 357

Silver 962 2162



temperature at which gases become liquids, occurs at the same 
temperature as the boiling point. The difference between the two 
is that the temperature is rising when the boiling point is reached, 
and falling when the condensation point is reached.

Water can be liquid water, solid ice, or gas vapour. It's still all 
water and made up of water molecules which have 2 hydrogen 
atoms and 1 oxygen atom (H2O). Water exists in all three states 
on Earth although it is most often found in liquid form.

The fact that water exists on Earth as a liquid makes Earth a very 
special place.

Earth is made up of land, air, water and life. Mountains, valleys 
and flat places make up the land. The air is made of different 
gases. One of the gases is oxygen. Oceans, lakes, rivers, 

streams, rain, snow and ice are made of water. Earth has many 
different kinds of life. People, animals and plants live on Earth. 
Some living things are very tiny. Others may be very large.

Earth has also been called the "Goldilocks planet." In the story 
"Goldilocks and the Three Bears," a little girl named Goldilocks 
liked everything just right. Her porridge couldn't be too hot or too 
cold. And her bed couldn't be too hard or too soft. On Earth, 
everything is just right for living things. It's warm, but not too 
warm. And it has water, but not too much water.
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The habitable zone is the region around a star where liquid water can exist. It is not 
too hot or too cold.

Animation 1.4 The habitable zone

When water is 
heated to its 
boiling point 
bubbles of 
water gas form 
as the water 
particles 
escape into the 
air.

Image 1.8 
Boiling water



Earth is the only planet known to have lots of liquid water. Liquid 
water is extremely important for life on Earth. As scientists search 
the stars to find other planets with life they look for rocky planets 
that are in the ‘Goldilocks zone’. The Goldilocks zone, also called 
the habitable zone or life zone, is an area of space in which a 
planet is just the right distance from its home star so that its 
surface is neither too hot nor too cold for liquid water to exist. In 
our solar system Earth, of course, fits that bill, while Venus roasts 

in a runaway greenhouse effect and Mars exists as a frozen, arid 
world. In between, the conditions are just right so that liquid water 
remains on the surface of the planet without freezing or 
evaporating out into space.
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QUESTIONS

1. Describe what happens to the particles in a liquid as 
the liquid is heated and becomes a gas.

2. Describe the difference between a melting point and 
a boiling point.

3. Find out what the mission purpose of the Kepler 
space telescope is.

4. If a bar of gold was heated up to a temperature of 
3500 ℃ would it be a solid, liquid or gas? How do 
you know?

5. If a oxygen was cooled down to a temperature of 
-200 ℃ would it be a solid, liquid or gas? How do 
you know?

6. Describe the habitable zone in your own words.

Image 1.9 The habitable zone or goldilocks zone of different stars is 
shown in green.
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EXCITING EARTH FACTS

• It takes sunlight, on average, about eight minutes and 
twenty seconds to reach the Earth.

• The Earth takes approximately twenty-four hours to 
complete one rotation. This is fastest among the 
terrestrial planets in our solar system, but easily slower 
than that of all the gas planets.

• The mass of the Earth is 
5,972,190,000,000,000,000,000,000 kg (or 5.98 x 1024 
kg).

• Earth formed approximately 4.54 billion years ago, and 
life appeared on its surface within its first billion years.

• The planet Earth is home to millions of species of life, 
including humans.

• Earth is composed mostly of iron (32.1%), oxygen 
(30.1%), silicon (15.1%), magnesium (13.9%), sulphur 
(2.9%), nickel (1.8%), calcium (1.5%), and aluminium 
(1.4%); with the remaining 1.2% consisting of trace 
amounts of other elements.

• Earth’s circumference is 40,075 km.
• The average temperature on Earth is 15 °C.
• About 70.8% of the surface is covered by water.
• Earth’s atmosphere is 78% nitrogen and 21% oxygen, 
with trace amounts of water vapour, carbon dioxide and 
other gaseous molecules.

• Earth orbits the Sun at an average distance of about 
150 million kilometres.

Movie 1.5 Changing state

Movie 1.6 The Habitable Zone



PROJECT - Is Earth unique in the habitable zone?

You work for a Science museum and you have been given 
the job of creating an information pack about extrasolar 

planets that may be in the habitable zone. Your project will 
need to:

• detail relevant information about extrasolar planets and how 
they are discovered by astronomers.

• include relevant information about some specific extrasolar 
planets that are found in the habitable zone of their stars.

• be presented clearly as a poster, booklet, movie, 
Keynote, or other format negotiated with your 
teacher.

• include a bibliography.
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All matter is made up of tiny particles called atoms but not all 
atoms are the same. Atoms with different numbers of protons in 
their nucleus are called different chemical elements. For 
example Hydrogen atoms have 1 proton in their nucleus, Carbon 
atoms have 6 protons in their nucleus and Oxygen atoms have 8 
protons in their nucleus.

A chemical element is a pure chemical substance consisting of 
one type of atom only. A chemical element cannot be broken 
down or changed into another substance using chemical means. 
All chemical elements can be abbreviated to their chemical 
symbol. The chemical symbol for Hydrogen is H, Carbon is C, 
Oxygen is O, Zinc is Zn and Gold is Au.

The atomic number is a term used in chemistry to represent the 
number of protons found in the nucleus of an atom. In other 
words, each element has a unique number that identifies how 
many protons are in one atom of that element. For an electrically 
balanced atom, the atomic number is also the same as the 
number of electrons.

Atoms also have a mass number. This is the number of protons 
and neutrons present in the nucleus of an atom added together.

We can learn a lot about an atom by looking at its Atomic 
Number and Mass Number. The atomic number tells us how 
many protons the atom has (which is generally the same as the 
number of electrons). The mass number tells us how many 
protons and neutrons there are added together and all of these 
details can be found in the periodic table of the elements.

Section 6

What are elements, molecules and compounds?
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While all matter is composed of atoms, the majority of matter that 
we encounter is made up clusters of atoms joined together into 
molecules.

Molecules form when two or more atoms form chemical bonds 
with each other. It doesn't matter if the atoms are the same or are 
different from each other. When chemists communicate the 
composition of a molecule they use the chemical symbols of the 
atoms involved and a small (subscript) number when there is 
more than one of any atom. For example, H2O means that there 
are 2 Hydrogen atoms and one Oxygen atom in every water 
molecule.

Molecules may be simple or complex. Here are examples of the 
chemical formula of some common molecules:

• N2 (nitrogen)

• O2 (oxygen)

• O3 (ozone)

• Carbon dioxide (CO2)

• NaCl (Sodium Chloride 
OR table salt)

• H2O (water)

• CaO (calcium oxide)

• C6H12O6 (glucose, a 
type of sugar)

There are many 
molecules made up of 
two or more of the same type of atom such as the oxygen (O2) 
and nitrogen (N2) molecules in the air we breathe. However, there 
are many, many more molecules made up of different types of 
atoms.

Molecules made up of two or more different atoms or elements 
are called compounds. Water (H2O), calcium oxide (CaO), and 
glucose (C6H12O6) are molecules that are compounds. All 
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An explanation of what the atomic number and mass number tell us 
about the atoms in a chemical element.

Explanation 1.3 Chemical Elements

Hydrogen atoms are represented by the 
two white spheres, an oxygen atom by 
the red sphere.

Image 1.10 A water molecule (H2O)



compounds are molecules; but not all molecules are compounds. 
For example oxygen (O2) is a molecule but not a compound.

QUESTIONS

1. Sometimes there are different types of atoms from the same element. 
For example there are different types of hydrogen - protium, 
deuterium, and tritium. Find out how many protons, electrons and 
neutrons there are in protium, deuterium, and tritium.

2. Describe what the atomic number and the mass number tell us about 
an atom.

3. Explain the difference between a molecule and a compound.
4. How many atoms of carbon, hydrogen and oxygen are there in a 

molecule of glucose - C6H12O6. Explain how you can tell.
5. Find out the chemical formula for these molecules:

a. Silicon dioxide.
b. Ammonia.
c. Caffeine.
d. Propane.
e. Vitamin C.
f. Aspirin.

6. If Chlorine has an atomic number of 17 and a mass number of 35, how 
many neutrons does it have? Explain how you got your answer.

7. If Argon has an atomic number of 18 and a mass number of 40, how 
many neutrons does it have? Explain how you got your answer.

8. Find out why the following elements symbols do not contain letters 
that correspond to the modern elements name: Pb, Na and Fe.
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Movie 1.7 Molecules and Compounds
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EXPERIMENT: CREATING A COMPOUND  
[To be performed under teacher direction in a science 
laboratory]

Aim: To create a compound by combining two different 
elements together.

Materials: Bunsen burner, heat proof mat, matches, lab coat, 
safety goggles, magnesium ribbon, metal tongs.

Method:
1. Obtain a two-centimetre long length of magnesium ribbon.
2. Write a description of the physical appearance of the 

magnesium.
3. Hold the magnesium with your tongs and ignite it with the 

blue flame of your Bunsen burner. WARNING: Do not look  
directly at the ribbon while it burns. In this experiment the magnesium combines with the 
oxygen in the air to form magnesium oxide.

4. Examine the material that remains after burning and describe it.

Results: 
Describe the components of this chemical reaction by completing 
the following table. Also include a diagram or picture of this 
experiment.

Discussion:
• Describe in detail what you observed during this experiment.
• Explain what happened to the magnesium and why the white powder left looked different.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.

Substance Oxygen Magnesium Magnesium 
oxide

Description



Scientists, like many of us, like to keep things organised so it is 
not surprising that they tried for many years to arrange all of the 
known elements into a neat arrangement.

In 1869, a Russian chemist called Dmitri Mendeleev presented 
the first periodic table of elements, 
writing the chemical properties and 
masses of each element on cards. 
He arranged the cards according to 
increasing atomic mass and found 
that elements of similar properties 
appeared at regular intervals.

Today, the periodic table has 
become one of the most useful 
tools in chemistry, not only for 
students, but for working chemists 
as well. 

The periodic table arranges the 
chemical elements into a pattern 
so that you can predict the 

properties of elements based on where they are located on the 
table. Elements are arranged from left to right and from top to 
bottom in order of increasing atomic number, or number of 
protons, in the element.

Section 7

How do chemists keep track of all the elements?
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Image 1.11 Dmitri Mendeleev's 1869 periodic table.



30KEY: Blue shaded boxes are non-metals, yellow boxes are metals, green boxes are metalloids. Blue text is a gas at 25°C, black text is 
a solid at 25°C, maroon text is a liquid at 25°C.

Image 1.12 Periodic Table of the Elements



Using the periodic table, you can classify the elements in many 
ways. One useful way is by metals, non-metals, and metalloids. 
Most of the elements on the periodic table are classified as 
metals.

Metals all have similar properties:

• They are solid (with the exception of mercury, Hg, a liquid).

• They are shiny.

• They are good conductors of electricity and heat.

• They are ductile (they can be drawn into thin wires).

• They are malleable (they can be easily hammered into very thin 
sheets).

Non-metals generally have properties opposite those of the 
metals.

Most non-metals are a gas at room temperature. The solid non-
metals are brittle (not malleable or ductile and shatter when hit). 
Non-metals are also poor conductors of both heat and electricity.

The metalloids have properties that are somewhat of a cross 
between metals and nonmetals. Metalloids tend to be 
economically important because of their unique conductivity 
properties (they only partially conduct electricity), which make 
them valuable in the semiconductor and computer chip industry.

Another way to classify elements on the periodic table is by 
groups. A vertical column on the periodic table is called a group. 
Elements in the same group on the periodic table always have 
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Image 1.13 The location of Metals, Non-metals and Metalloids on the periodic table



some features or properties in common.

Different groups in the periodic table have different names. For 
example:

- Group 1 is the alkali metals (Lithium and Sodium are in this 
group).

- Group 2 is the alkaline earth metals (Beryllium and Magnesium 
are in this group).

- Group 17 is the halogens (Fluorine and Chlorine are in this 
group).

- Group 18 the noble gases (Neon and Argon are in this group). 
Noble Gases are also known as the inert gases. The noble 
gases are not reactive.

QUESTIONS

1. Create a table listing the number of protons, neutrons, 
electrons, mass number, atomic number and 
chemical symbol for elements 1-10.

2. Create a three circle Venn diagram 
to illustrate the similarities and 
differences between metals, 
metalloids and non-metals.

3. The names of group 1, 2, 17 & 18 are 
listed in this section. Try and find out the 
common name of two other groups on the periodic table.

4. Research and explain why these elements have the name 
they do: Es, Md and No.

5. List all of the noble gases.
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Image 1.14 Neon lights consist of brightly glowing 
glass tubes that contain neon or other gases.

Movie 1.8 The Periodic Table
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EXPERIMENT: EXPLORING PURE ELEMENTS 
[To be performed under teacher direction in a science laboratory]

Aim: To observe various elements in an attempt to group them according to 
shared properties.

Materials: Materials: Battery or power pack, wires, alligator clips, light globe, a 
collection of pure elements (for example, Iron, Carbon, Copper, Silicon, 
Aluminium, Helium, ...)

Method:
1. Observe each element and make notes about its appearance and state in a 

table.
2. Connect each element into an electric circuit with a light globe, if the globe 

lights up the element must conduct electricity. Record the results in the table.
3. Try and bend the element, is it malleable or brittle? Record results in the 

table.

Results: 
Complete the following table.

Discussion:
• Describe and explain what you observed during this 

experiment.
• Try to group the elements you observed according 

to their different properties.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.

Element
Visual Description 

(state, colour, 
shiny, etc.)

Does the element 
conduct 

electricity?
Malleable or 

brittle?

Helium Gas, Colourless No (as it is a gas) Neither



You've probably heard of a chemist, a biologist or a physicist, 
but have you ever heard of a materials scientist? Probably not. 
One reason is that materials science covers a huge range of 
activity and touches on many different fields - including 
chemistry, biology and physics! Sometimes materials scientists 
are called ceramic or polymer engineers or metallurgists, and you 
can find them working in 
industries, labs, and 
universities all over the 
world.

Materials science is a 
field of science which 
deals with the discovery 
and design of new 
materials. These 
scientists have created 
new materials such as 
synthetic fibres, heat-
resistant plastics and 
pharmaceuticals.

Materials scientists have created many amazing substances ...

Carbon Fibre

Carbon Fibres are very thin little rods made mostly of carbon 
atoms. The properties of carbon fibres, such as high stiffness, 

high strength, low weight, 
high chemical resistance 
and high temperature 
tolerance, make them 
very popular in 
aerospace, civil 
engineering, military, and 
motor sports, along with 
other competition sports. 
Unfortunately, they are 
relatively expensive when 
compared to similar 
fibres, such as glass 
fibres or plastic fibres.

Section 8

What do materials scientists do?
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A 6 μm diameter carbon filament (running from bottom left to top right) siting 
atop the much larger human hair.

Image 1.15 Carbon fibre



Aerogel

Aerogel is a synthetic ultralight 
material derived from a gel, in 
which the liquid component of 
the gel has been replaced with 
a gas. The result is a solid with 
extremely low density and low 
thermal conductivity. 
Nicknames for aerogel include 
"frozen smoke" and "solid 
smoke".

Despite their name, aerogels 
are solid, rigid, and dry 
materials that do not resemble 
a gel in their physical 
properties: The name comes 
from the fact that they are 
made from gels.

Aerogel can be found in some 
tennis racquets and it has 
many potential uses including 
acting as thermal protection 
for deep sea divers. It may 
also replace conventional 
insulation in buildings.

Fullerene

A fullerene is any molecule 
composed entirely of carbon, 
in the form of a hollow sphere, 
tube, and many other shapes. 
Spherical fullerenes are also 
called buckyballs.

Buckyballs and buckytubes 
have been the subject of 
intense research, both for their 
unique chemistry and for their 
technological applications, 
especially in electronics, and 
nanotechnology.

Kevlar

Kevlar has many applications, 
ranging from bicycle tires and 
audio equipment to body 
armour. It has a high strength-
to-weight ratio. In fact it is 5 
times stronger than steel on an 
equal weight basis.
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A flower is on a piece of aerogel which is suspended over a flame 
from a Bunsen burner. Aerogel has excellent insulating properties, 
and the flower is protected from the flame.

Image 1.16 Aerogel over a flame protecting a flower



The scientific name for kevlar is Poly-paraphenylene 
terephthalamide and its chemical formula is:  
CO-C6H4-CO-NH-C6H4-NH

36
Two fullerene ‘nano-gears’ with multiple teeth that could one day 
form part of a nano machine.

Image 1.17 Fullerene Nanogears

QUESTIONS

1. Describe what a materials scientist does in your own words.
2. Kevlar and carbon fibres have very high tensile strength. Find 

out what tensile strength means.
3. Imagine you could create a new material with any properties 

you wanted. If this were the case describe a material you 
would create and how it would be useful.

Image 1.18 Kevlar molecules, fibres and fabric



Section 9

Matter Review
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FURTHER ACTIVITIES

• Create a dance or a role play to demonstrate the way that 
particles behave in solids, liquids and gases.

• Create a model including all of the objects (sun, planets, 
moons, dwarf planets) in our solar system.

• Research different molecules and then make a list of one-
hundred molecules.

• Discover the process by which the heavy man-made 
elements are produced by scientists.

• Find out how the outermost shell of an electrons in an atom 
relates to the atoms properties and position on the periodic 
table.

• Discover more about various types of plastics and learn the 
difference between monomers and polymers.

Review 1.1 Matter

Check Answer

Question 2 of 30

The Greek philosopher who began the search 
for a description of matter more than 2,400 
years ago was called:

A. Demetrius

B. Dalton

C. Democritus

D. Diotimus



Chapter 2

Chemical 
Reactions

Chemical change involves substances reacting to 
form new substances.

At the end of this chapter you will be able to:

• identify the differences between chemical and 
physical changes.

• identify evidence that a chemical change has 
taken place.

• investigate simple reactions such as combining 
elements to make a compound.

• recognise that the chemical properties of a 
substance, for example its flammability and ability 
to corrode, will affect its use.



The world around us is in a constant state of change. Each one 
of us grows and changes each day. Our food is changed when it 
is cooked and then changed again when it is digested. 
Enormous glaciers melt in Summer and refreeze in Winter. Coal 
is burnt in power plants to provide electricity and our cars 
gradually rust over the years. 

When chemists observe the world they categorise the changes 
they see into two distinct types, physical changes and chemical 
changes.

Physical changes are concerned 
with energy and the states of 
matter. Importantly, a physical 
change does not produce a new 
substance. Changes in state such 
as boiling, freezing and 
condensation are physical 
changes. Other examples of 
physical changes include 
crushing a can, melting an ice 
cube, dissolving salt in water and 

breaking a bottle. These changes are relatively easy to reverse 
and don’t result in any new substances being formed.

Chemical changes take place on the molecular or particle level. 
A chemical change produces a new substance. Examples of 
chemical changes include burning, when you burn wood you get 
ash and smoke. You cannot change the ash and smoke back 
into wood again. Other example are, cooking an egg, rusting of 

an iron pan, and mixing vinegar 
and bicarbonate of soda to make 
carbon dioxide bubbles. These 
changes are very, very, very hard 
to reverse.

Physical change rearranges 
molecules but doesn't affect their 
internal structures. Some 
examples of physical change are:

•magnetising a compass needle 
(there is realignment of iron 
atoms, but no real change within 

Section 1

What are physical and chemical changes?
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A demonstration of three different physical changes, including one that 
was accidental!

Movie 2.1 Physical Changes



the iron atoms themselves).
• boiling water (water molecules are forced away from each other 

when the liquid changes to gas, but the molecules are still H2O.)

• dissolving sugar in water (sugar molecules are dispersed within 
the water, but the individual sugar molecules are unchanged.)

• dicing potatoes (cutting usually separates molecules without 
changing them.)

Chemical change is any change that results in the formation of 
new chemical substances. At the molecular level, chemical 
change involves making or breaking of bonds between atoms. 
These changes are chemical:

• iron rusting (iron oxide forms).
• petrol burning (water vapour and carbon dioxide form).
• eggs cooking (protein molecules uncoil and crosslink to form a 

network).
• bread rising (yeast converts carbohydrates into carbon dioxide 

gas).
• milk souring (sour-tasting lactic acid is produced by bacteria).
• suntanning (vitamin D and melanin is produced).
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When liquid water boils to become water vapour it is still water 
and because the vapour can easily be converted back to a liquid 
it is a physical change.

Image 2.1 Boiling water

Wood burning is an example of a chemical change. The carbon dioxide 
gas and ash produced cannot be turned back into wood.

Movie 2.2 A chemical change
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QUESTIONS

1. Define both ‘physical change’ and ‘chemical change’ in your own words.
2. Create a two circle Venn diagram to illustrate the 

similarities and differences between physical and 
chemical changes.

3. Make a list of all of the physical changes you can 
think of and a second list of all of the chemical 
changes you can think of.

EXPERIMENT: A CHEMICAL CHANGE  
[To be performed under teacher direction in a science laboratory]

Aim: To discover what happens when when bicarb soda is mixed with 
vinegar.

Materials: Bicarb soda, Vinegar, test tube, test tube rack, spatula, test 
tube stopper, matches, lab coat, safety goggles.

Method:
1. Pour a depth of 2-3cm of vinegar into a test tube.
2. Put a spatula full of bicarb soda into the test tube and immediately 

stopper it. Hold stopper in place with your thumb!
3. Observe the reaction for 30 seconds then light a match and insert it 

into the very top of the test tube opening immediately after removing 
the stopper.

Results: 
Write down a list of all of your observations, when the chemical reaction 
was taking place and when the match was held over the test tube.

Discussion:
• Explain what you observed during this experiment.
• The ‘word equation’ for what you saw is: 

acetic acid + sodium bicarbonate → salt + carbon dioxide + water 
Try and research the ‘chemical equation’ that took place.

• Discover why the match goes out when held over the test tube.
• Discuss anything you could have done better when performing this 

experiment.

Conclusion: 
Sum up your experiment with reference to the aim.

Movie 2.4 Physical change

Movie 2.3 Chemical change
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EXPERIMENT: Elephant Toothpaste 

[To be performed under teacher direction]

Aim: To create a chemical change and learn what makes elephant toothpaste bubble.

Materials: 125ml 6% Hydrogen Peroxide, 1 Sachet Dry Yeast (powder), 4 tablespoons of warm water, Detergent, Food colours 
(optional), Empty bottle or flask, Cup or beaker, Funnel, Plastic tray or tub, Gloves, Safety goggles, Lab coat.

Method:
1. Hydrogen peroxide can irritate skin and eyes, so put on safety goggles, gloves and a lab coat.
2. Empty a full sachet of dry yeast into a cup or beaker and add four tablespoons of warm water and stir until well mixed. 
3. Use a funnel to pour 125 ml of hydrogen peroxide into the empty soft drink bottle. Place the bottle into a plastic try or tub.
4. Add a large squirt of dishwashing liquid. Swirl the bottle to mix the detergent into the hydrogen 

peroxide. (Optional – add ten or fifteen drops of food colouring and swirl).
5. Use the funnel to pour all of the yeast solution into the bottle.
6. Observe.

Results: 
Write a detailed description of your observations. Include a diagram or picture of this experiment.

Discussion:
• Describe what you observed during this experiment.
• The foam produced in this experiment is warm to touch because the chemical reaction is 

exothermic. Find out more about exothermic chemical reactions.
• Research the hazards of hydrogen peroxide and explain if this is more or less dangerous that 

the molecules produced by this reaction.
• Explain why this experiment is an example of a chemical change.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.



All substances have special properties by which they can be 
identified. For instance, substances have unique colours, 
densities, and boiling points. They also behave in unique ways 
with other substances. For example, they may react with air, 
water, or acids. In chemistry, we 
study these properties and use 
them to identify and categorise 
matter. 

All types of matter exhibit 
chemical properties. Chemical 
properties are the properties that 
describe matter’s reactions with 
other substances. We can 
determine these chemical 
properties by seeing what happens 
to a substance when it is placed in 
the presence of the following:  
• air 
• water 
• an acid 

• a base 
• other chemicals 

Chemical properties indicate how the composition of a 
substance will change when exposed to various other sub- 

stances. In other words, chemical 
properties are the characteristics 
that determine how it will react 
with other substances or change 
from one substance to another. 
Chemical properties are only 
observable during a chemical 
reaction.

You can observe many chemical 
properties in the objects around 
you. For example, the metal frame 
of a bicycle will become rusty over 
time. The process of the frame 
becoming rusty can be described 
by a chemical property of iron, one 
of the metals in the frame. The iron 

Section 2

How do the properties of a substance affect its use?
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The explosive reaction of TNT [chemical formula 
C6H2(NO2)3CH3] produces lots of nitrogen gas and lots of 
heat. Not all substances can make an explosion.

Image 2.2 Trinitrotoluene (TNT) reacts very, very fast 
when it is ignited - a chemical property.



will react with the oxygen in 
the air to form iron oxide, or 
rust.

More examples of chemical 
properties include:
• Flammability (the ability to 

catch on fire).
• Toxicity (the ability to be 

poisonous).
• Radioactivity (giving off 

radiation).
• Heat of combustion 

(amount of heat released 
when the substance is 
completely burned).

• Reactivity with water (what 
happens when a 
substance reacts with 
water).

• Reactivity with acids or 
bases (what happens 
when a substance reacts 
with an acid or a base).

Matter also exhibits physical properties. Physical properties are 
used to observe and describe matter. Physical properties can be 

observed or measured 
without changing the 
composition of matter.

Physical properties of matter 
are often those that can be 
observed using our senses. 
The observations often also 
consist of some type of 
numerical measurement.

Examples of Physical 
properties are:
•Freezing point (temperature 
at which a liquid freezes into 
a solid).
•Boiling point (temperature at 
which a liquid boils to a gas).
•Melting point (temperature 
at which a solid melts to 
become a liquid).
•Colour (vividness of visual 
appearance).
•Lustre (a shine or glow).
•Hardness (rigid and 

resistant to pressure).
• Odour (distinctive smell).
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Uranium has many physical properties, it is a silvery grey metal which is 
a solid at room temperature. It is malleable, ductile and a poor electrical 
conductor. It has a melting point of 1132.2 °C and a boiling point of 
4131 °C. (In terms of chemical properties it also happens to be 
radioactive).

Image 2.3 Uranium



• Conductivity (transmission of heat or electricity or sound).
• Solubility (ability to be dissolved).
• Malleability (capable of being shaped or bent).
• Ductility (easily pulled or stretched into a thin wire).
• Density (the measure of the relative "heaviness" of objects with 

a constant volume).

Both the chemical and physical properties of materials affect 
what they can be used for.

The different materials used in ceramics can give them a wide 
range of useful properties. The classic properties of ceramics 

include durability, strength and brittleness and resistance to high 
temperatures without deforming. Ceramics do not conduct 
electricity and they have an ability to withstand the damaging 
effects of acids, oxygen, and other chemicals because of their 
lack of chemical reactivity (inertness).

Due to the particular properties of ceramic materials they have a 
wide range of uses. For example, they are used to make pottery, 
bricks, tiles, cements, sinks and bath tubs and laboratory 
equipment. Bio-ceramics are used as dental implants and even 
synthetic bones.

While ceramics are poor conductors of electricity, copper is a 
very good conductor of electricity. Copper is also very ductile and 
it is for these reasons that copper is used in the electrical wires in 
your house.
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Image 2.4 Ceramic materials can be very useful due 
to their properties.

Image 2.5 Copper wires



Iron (or iron alloys) are very strong, malleable and very good 
conductors of heat. It is for these reasons that iron is used to 
make the pots and pans you will find in the kitchen.

QUESTIONS

1. Create a two circle Venn diagram to compare chemical and 
physical properties.

2. Steel is formed by mixing a small amount of carbon with iron. Find 
out the chemical and/or physical properties of steel that make it 
more useful than iron.

3. Research the physical and chemical properties of Oxygen.
4. Research the chemical properties of Caesium.
5. Research the physical properties of Radium.
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Image 2.6 Iron or steel cookware is malleable and conducts 
heat very well

Movie 2.5 Chemical and Physical properties



EXPERIMENT: THE PROPERTIES OF MATTER  
[To be performed under teacher direction in a science laboratory]

Aim: To observe and test the properties of various materials in an attempt to detail as many different physical and chemical properties as possible.

Materials: A collection of materials (for example, Wooden splint, Alka seltzer tablet, Salt, Iron Nail, Paper, Wax, Magnesium ribbon, Copper, 
Aluminium, ...), 1M hydrochloric acid, 1M sodium hydroxide (a base), test tubes, test tube rack, metal tongs, spatula, magnet, bunsen burner, heat proof 
mat, matches, beaker full of water, safety goggles, lab coat, gloves.

Method:
1. Observe each element and make notes about its colour in a table.
2. Test each material in a bunsen burner flame.
3. Test each materials magnetic properties by holding them close to a magnet.
4. Use the metal tongs or spatula to place each material into a beaker of water to test for reactivity and solubility.
5. Place about 3-5 cm of acid in one test tube and 3-5 cm of base in another test tube. Test the materials reactivity by dipping them into the tubes with 

metal tongs.

Results: 
Complete the following 
table.

Discussion:
• Describe and explain 

what you observed 
during this 
experiment.

• Are you able to group the materials you tested in any way?
• What further tests could you do with more time, equipment, and chemicals?
• Discuss anything else you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.

Material Colour Flammable Reacts with 
weak acid

Reacts with 
weak base Magnetic Solubility in 

water
Reacts with 

water

Sodium Shiny silver Yes Yes Yes No Reacts in 
water Yes

Gold Shiny yellow No No No No No No

47



In some chemical changes (or chemical reactions), atoms 
combine to form new molecules or compounds, while other 
chemical changes cause molecules to break apart from each 
other or trade places with another atom. Because you can’t see 
this exchange of atoms, you must look at the evidence that these 
changes occur. Since chemical changes often result in 
alterations of physical properties, you can observe these signs to 
determine whether or not a chemical change has occurred.

The clues that a chemical reaction took place include emission of 
light or heat, a colour change, 
gas production, or the formation 
of a precipitate.

Precipitates

The formation of a precipitate is 
a sign that a chemical change 
has occurred. A precipitate is an 
solid that emerges from a liquid 
solution. For example, if you mix 
the clear solutions of silver 

nitrate and sodium chloride, a new product, silver chloride forms 
as a solid precipitate. The formation of precipitates is a fairly 
obvious sign of a chemical change, because the solid floats or 
sinks to the bottom in what was previously a clear liquid solution.

Gas Production

Some chemical changes produce a gas as a product of a 
reaction. The production of gas is often seen as bubbles. For 
example, mixing acetic acid (in vinegar) and sodium bicarbonate 

produces carbon dioxide gas.

Colour Changes

Colour is a physical property of 
a substance, but a change in 
colour often indicates a 
chemical change. For example, 
the Statue of Liberty is known 
for its green colour, but the 
statue is covered in a layer of 
copper, which is a shiny brown 
metal. This layer of copper has 

Section 3

How can you tell if a chemical reaction has occurred?

48Burning magnesium in air (oxygen) - check out this chemical change!

Movie 2.6 Chemical Change



gone through a series of chemical reactions that cause the 
copper to turn green.

Light Emission

Combustion reactions are notorious for giving off light. For 
example, when wood burns in the presence of oxygen it 
produces a flame. Other reactions can give off light without heat. 
Light sticks work as the result of a chemical reaction between 
hydrogen peroxide and phenol oxalate ester; when you break the 
stick, the peroxide mixes with the ester, producing energy in the 
form of light.  

 
Temperature Changes

Changes in temperature can indicate a chemical change has 
occurred. Exothermic reactions give off heat while endothermic 
reactions absorb heat making their surroundings cool. For 
example, the thermite reaction between iron oxide and aluminium 
is an exothermic reaction so extreme that it actually causes the 
iron produced to melt and so is used for welding railway lines.
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Image 2.7 The chemical change in glow sticks emits 
light

An endothermic chemical reaction inside the plastic 
makes it cold to the touch

Image 2.8 Ice pack



WORD EQUATIONS

If you have a gas stove at home, you can see a chemical change 
that produces heat when the gas burns. The gas is actually called 
methane and it burns in oxygen to create carbon dioxide and 
water. Instead of writing out complicated sentences like that one 
to describe chemical changes or chemical reactions scientists 
write word equations. The word equation for the burning of 
methane in oxygen to produce carbon dioxide and water is:

Methane + Oxygen → Carbon Dioxide + Water

Scientists also write chemical reactions using chemical symbols, 
these are called chemical equations. For example the burning of 
methane reaction described above is written as:

CH4 + 2O2 → CO2 + 2H2O

Chemical reactions are always written with the substances you 
begin with in, called reactant(s), on the left with an arrow pointing 
to the new substances produced in a reaction, called product(s), 
on the right:

REACTANT(S) → PRODUCT(S)
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Movie 2.7 Word and Chemical Equations
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QUESTIONS

1. List the ways you can tell if a chemical reaction has taken place.
2. Write word equations for the following descriptions:

a. When calcium hydroxide reacts with hydrochloric acid in water, 
dissolved calcium chloride and water are produced.

b. Aluminium bromide and chlorine gas react to produce aluminium 
chloride and bromine gas.

c. Sodium phosphate and calcium chloride react to produce calcium 
phosphate and sodium chloride.

d. Potassium metal and chlorine gas combine to produce potassium 
chloride.

e. Aluminium chloride and hydrogen gas are produced when aluminium 
and hydrochloric acid react together.

f. Calcium hydroxide and phosphoric acid react to produce calcium 
phosphate and water.

g. Water and nitrogen are produced when hydrogen gas and nitrogen 
monoxide react.

3. Research the word equations of at least five different chemical equations 
that take place in the human body.

4. Find out the word equation and chemical equation for a precipitation 
reaction. Make sure you indicate which of the products is the solid 
precipitate or the one that is insoluble in water.

5. When the solid, Ammonium dichromate, decomposes to form a different 
solid, Chromium(III) oxide, and two gases, Nitrogen and Water it looks 
amazing. Write this as a word equation and also find out the chemical 
equation for this reaction. (You may also like to find a video demonstrating 
the reaction - it is worth it!)

Movie 2.8 Evidence of Chemical Reactions



EXPERIMENT: CAN CHEMICAL REACTIONS RESULT IN A CHANGE IN TEMPERATURE? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover what happens when yeast is mixed with hydrogen peroxide.

Hypothesis: Make an estimate as to how much the temperature will change when yeast reacts with hydrogen 
peroxide.

Materials: 1-2 spatulas of yeast, 100 mL of hydrogen peroxide, a stirring rod, a thermometer, a beaker.

Method:
1. Pour the hydrogen peroxide into a beaker and place the thermometer in the liquid. Let it sit for a minute 

until the temperature has stabilised. Record this starting temperature.
2. Pour in the yeast and stir.
3. Record the temperature of the mixture every 30 seconds for three minutes.
4. After three minutes record the final temperature of the liquid. You can also touch the outside of the beaker 

to physically feel the temperature change.
5. Record all of your results in a table and also construct a graph of your results.

Results: 
Create a table and a graph of the results from this experiment to display your data.

Discussion:
• Describe what you observed during this experiment. Was you hypothesis right or wrong - why?
• Explain all of the evidence that suggests the reaction you observed was a chemical change.
• In this experiment the hydrogen peroxide is decomposing. Find out the word equation for the 

decomposition of hydrogen peroxide.
• Find out what part the yeast plays in this experiment and find out what catalase is.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.

OPTIONAL EXTENSION: Redo the experiment above, but this time mix baking soda with vinegar.
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EXPERIMENT: CAN CHEMICAL REACTIONS RESULT IN A CHANGE IN COLOUR? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover what happens when copper sulphate solution and steel 
wool are combined.

Materials: A small section of steel wool (an iron nail or a coil of iron wire 
can also be used), 50-100 mL of copper sulphate solution, beaker or 
conical flask, tongs, lab coat, safety goggles, gloves, one large disposal 
beaker or container.

Method:
1. Pour the copper sulphate solution into a beaker to a depth of 

approximately 5cm.
2. Place the steel wool in the liquid with the tongs and move the steel wool 

around in the liquid.
3. Take detailed notes and/or pictures and/or video footage of the beaker initially and then every 10 

seconds for 1-2 minutes.
4. When the experiment is finished do not tip any chemicals down the sink but pour them into a 

large disposal beaker or container.

Results: 
Detail your observations and include any pictures you took making sure they are appropriately 
labelled.

Discussion:
• Describe what you observed during this experiment.
• Explain all of the evidence that suggests the reaction you observed was a chemical change.
• The word equation for this experiment is iron + copper sulphate → copper + iron sulphate. Explain what you 

think this means with reference to your observations.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.
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As we know, a chemical reaction happens when one or more 
substances are changed into something else. While most 
chemical reactions we think of happen very fast, like an 
explosion, some chemical reactions can take years and years. 
For example, corrosion is 
the chemical reaction where 
metals break down and are 
slowly destroyed because 
of other elements in their 
environment. Rusting, a 
well known example of 
corrosion, is the breakdown 
of the metal iron (or steel).

Rust is the common name 
for a very common 
compound, iron oxide. Iron 
oxide, the chemical Fe2O3, 
is common because iron 
combines very readily with 
oxygen - so readily, in fact, 

that pure iron is only rarely found in nature.

For iron to become iron oxide, three things are required: iron, 
water and oxygen. Here's what happens when the three get 
together ...

When a drop of water hits 
an iron object, two things 
begin to happen almost 
immediately. First, the water 
combines with carbon 
dioxide in the air to form a 
weak carbonic acid. As the 
acid is formed and the iron 
slowly dissolved, some of 
the water will begin to break 
down into its component 
pieces - hydrogen and 
oxygen. The free oxygen 
and dissolved iron bond into 
iron oxide or other iron 
compounds.

Section 4

Why do metals rust?

54

Image 2.9 Rust has nearly consumed this old car



Given sufficient time, oxygen and water, any iron (or steel) will 
eventually convert entirely to rust and disintegrate. This is a 
chemical change and here is the simplified chemical reaction:

iron + water + oxygen →  iron oxide (rust)

Copper experiences a similar reaction with oxygen and water 
over time. Leave a copper coin outside for long enough and it 
will turn green - this is the copper reacting with the atmosphere 
around it. Unlike rust, however, the green chemicals that form 
around copper do not eat away at the coin. They actually protect 
it from the elements around it.

The Statue of Liberty is made of copper, so this chemical 
reaction is the reason for the statue's famous greenish colour. 
The greenish layer on the Stature of Liberty is a form of tarnish. 
Only the top few layers of the metal react, and the layer of 
tarnish seals and protects the underlying layers from reacting.

Silver forms a black tarnish on its surface. Silver tarnishes 
because it undergoes a chemical reaction with sulphur-
containing substances in the air. Silver combines with sulphur to 
form silver sulphide, which is black, and darkens the silver. The 
word equation for the tarnishing of silver is:

silver + hydrogen sulphide → silver sulphide + hydrogen
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The Statue of Liberty is covered in a thin layer of copper. The 
outer layer of copper turned green in the years after it was 
installed due to a chemical reaction between the copper and 
the air.

Image 2.10 The Statue of Liberty in New York City



Corrosion is a serious problem for the makers of buildings, boats, 
aircraft, cars, and most other metal products. For instance, when 
metal is used as part of a bridge, the structural integrity of that 
metal, which can be compromised by corrosion, is crucial to the 
safety of the people using the bridge.

Rust formation cannot be stopped easily, but metals can be 
treated to resist the most damaging effects. Some are protected 
by water-resistant paints, preventative coatings or other chemical 
barriers, such as oil. It also is possible for one to reduce the 
chances of rust forming by using a dehumidifier or desiccant to 
help remove moisture from the air, but this usually is effective only 
in relatively small areas.

Coating a metal surface with paint or enamel provides a barrier 
between the metal and the moisture in the environment, thus 
removing the opportunity for both oxygen and moisture to come 
in contact with the metal.

The process of coating a metal surface with another metal that is 
more likely to corrode is another method of protection. This 
process is known as galvanising. Steel is often galvanised to 
prevent rust from forming; this process involves a very thin layer 
of zinc being applied to the surface of the steel. The zinc corrodes 
to form zinc oxide which does not flake off but instead stays to 
protect the steel.
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Image 2.11 Silver spoons showing varying 
degrees of black tarnish

Movie 2.9 Slow reactions



EXPERIMENT: HOW IS RUST FORMED? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover which conditions are most suited to forming iron oxide, or rust.

Hypothesis: Predict which conditions will form the most iron oxide.

Materials: Steel wool, Petri dishes or Polystyrene cups, Salt, 
Oil, Water.

Method:
1. Create your own method to determine how to best create 

iron oxide from iron. In your experiment you could change 
the type of liquid, you could use water, oil, salty water or 
no liquid at all. Ensure you include a control in your 
experiment. Also make sure you leave the steel wool to 
rust for at least a week and record your observations as 
often as possible.

Results: 
Display the results of this experiment as tables of 
observations over time. You can also include pictures.

Discussion:
• Describe what you observed during this experiment. Was 

you hypothesis right or wrong - why?
• Explain all of the evidence that suggests the reaction you observed was a chemical change.
• Find out the role that salt plays in forming iron oxide.
• Find out the overall chemical equation for the formation of iron oxide you observed.
• Discuss anything you could have done better when performing this experiment.

Conclusion:  
Sum up your experiment with reference to the aim.

QUESTIONS

1. Describe corrosion in your own 
words.

2. Find out how the Sydney 
Harbour Bridge is protected from 
corrosion.

3. Find out the chemical reaction 
that happens in some heat packs 
and what it has to do with rust.

4. Create a two circle Venn diagram 
to compare 
corrosion 
with 
tarnish.
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EXPERIMENT: HOW DO DIFFERENT METALS CORRODE? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover which metals corrode and how they react differently with the 
other elements in the environment.

Hypothesis: Predict what will happen to all of the metals and which metal will corrode 
the most.

Materials: A range of different metal strips which can include iron, copper, aluminium, zinc, 
magnesium; Petri dishes or Polystyrene cups, Salt, Water, Sandpaper.

Method:
1. First rub all of the metal strips with sandpaper to ensure the metal is in direct contact with its 

environment.
2. Now create your own method to test the different metals corroding ability. You may like to replicate 

the conditions that created the most rust from the previous page. Ensure you include a control in your 
experiment. Also make sure you leave the metals to rust for at least a week and record your 
observations as often as possible.

Results: 
Display the results of this experiment as tables of observations over time. You can also include 
pictures.

Discussion:
•Describe what you observed during this experiment. Was you hypothesis right or wrong - why?
•Find out the overall word equations for the corrosion reactions you created.
•Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.



When we think about chemical reactions we can understand that 
they occur at different speeds or rates. For example, rusting is a 
slow reaction: it has a low rate of reaction. Explosions are very 
fast reactions: they have a high rate of reaction.

The rate of a reaction is the speed at which a chemical reaction 
happens. If a reaction has a low rate, that means the molecules 
combine at a slower speed than a reaction with a high rate. 

Some reactions take hundreds, maybe even thousands, of years 
while others can happen in less than one second.

The rate of reaction can be found by measuring the amount of 
reactant used up, or the amount of product formed, in a given 
time.

Section 5

Can we reduce pollution?
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Image 2.13 Explosions have a very fast rate of reaction

Image 2.12 The chemical reaction creating the rust on this 
nail occurs relatively slowly



Reactions happen - no matter what. Chemicals are always 
combining or breaking down. The rate of a chemical reaction 
increases if:

• The concentration of the reactants is increased.
• The pressure of a reacting gas is increased.
• Solid reactants are broken into smaller pieces.
• The temperature is increased.
• A catalyst is used.

For a chemical reaction to occur, the reactant particles must 
actually collide with each other. When the molecules bounce into 
each other only then can they react with each other. Therefore the 
more frequently particles collide the greater the rate of reaction.

If we think about the collisions of molecules we can understand 
how more collisions makes reactions happen faster ...

Increasing the concentration of reactants

If the concentration of a 
reactant is increased 
there are more reactant 
particles in the same 
space. Therefore there is 
a greater chance of the 
particles colliding. 
Therefore the rate of 
reaction increases.

Increasing the pressure

If the pressure of a 
reacting gas is increased 
there will be more 
particles in the same 
volume. Therefore there 
is a greater chance of 
the particles colliding. 
Therefore the rate of 
reaction increases.

Breaking a solid reactant 
into smaller pieces:

When a solid is broken 
into smaller pieces its 
surface area is increased. Therefore more particles can be 

exposed to the other reactant. 
There is then a greater chance 
of the particles colliding. 
Therefore the rate of reaction 
increases.

Increasing the temperature

If the temperature is increased 
the reactant particles move 
more quickly. Therefore the 
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Image 2.14 Increasing the concentration of reactants increases the 
rate of reaction by increasing the number of collisions between 
molecules

Image 2.15 Increasing the pressure 
of reactants increases the rate of 
reaction by increasing the number of 
collisions between molecules



particles collide more often and the rate of reaction increases.

Using a catalyst

Catalysts are things that increase the rate of a reaction without 
being used up or changed. With a catalyst, more collisions result 
in a reaction, so the rate of reaction increases. Different reactions 
need different catalysts.

While the rate of individual reactions can be increased or 
decreased we can also see that the total volume of chemical 
reactions on Earth can vary enormously over time. For example 
as the human driven industrial revolution and technological 
revolutions demanded more energy, the amount of fossil fuels 
that humans have burnt has risen dramatically.

Fossil fuels were formed millions of years ago and are still used 
worldwide as the primary fuel source for electricity, heating and 
powering vehicles. Fossil fuels make modern life possible. These 
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Image 2.17 Global annual fossil fuel related carbon dioxide 
emissions

Human industrial growth has greatly enhanced the volume of 
chemical reactions that produce compounds like carbon 
dioxide and release it into the atmosphere.

Image 2.16 A factory emitting pollution into the 
atmosphere



huge sources of energy work to generate electricity and power 
transportation systems. They also make the manufacturing of 
tens of thousands of commercial goods possible.

QUESTIONS

1. Draw a diagram to illustrate why breaking a solid into smaller 
pieces will increase the number of collisions between particles 
and therefore the rate of reaction.

2. Considering that bacteria and fungi grow and reproduce using 
chemical reactions, explain why we put food in the refrigerator.

3. An enzyme is a catalyst that speeds up reactions in our body. 
Find out the name and function of three enzymes in the human 
body.

4. Research online to try and find out when fossil fuels predicted 
to run out. 62

EXPERIMENT: HOW CAN THE RATE OF A REACTION CHANGE? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover how the rate of a chemical reaction can vary.

Hypothesis: Predict which conditions will make the reactions go the fastest.

Materials: Test tubes, Test tube rack, Safety Goggles, Lab Coat, Stop Watch, 
Scissors, Mortar and Pestle, 1M, 5M & 10M Hydrochloric acid, Magnesium ribbon 
(Calcium carbonate chips or chalk can be substituted for, or used in addition to the 
magnesium ribbon to obtain more comprehensive data).

Method:
1. Create your own method to determine how to vary and test the rate of reaction. In 

your experiment you could change the concentration of hydrochloric acid, you 
could also break the magnesium or calcium carbonate into smaller pieces. 
Ensure you include a control in your experiment.

Results: 
Display the results of this experiment as tables and graphs.

Discussion:
• Describe what you observed during this experiment. Was you hypothesis right or 

wrong - why?
• Explain the evidence that suggests the reaction(s) you observed was a chemical 

change.
• Find out the overall word and chemical equations for the reactions you observed.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.

Movie 2.10 Influencing the rate of a chemical reaction
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EXPERIMENT: HOW CAN TEMPERATURE AFFECT THE RATE OF A REACTION? 
[To be performed under teacher direction in a science laboratory]

Aim: To discover how the rate of a chemical reaction can vary under different 
temperature conditions.

Hypothesis: Predict which conditions will make the glow sticks glow the brightest, 
the warm or cold temperatures.

Materials: Beakers, hot water, iced water, glow sticks, Safety Goggles, Lab Coat.

Method:
1.Place one glow stick in a beaker of hot water and one glow stick in a 

beaker of ice cold water for 5 minutes.
2.Remove the glow sticks from both the hot and cold water.

3.Turn off the lights and then bend/snap the sticks to start the glow stick 
reaction.

4.Observe and record any differences you can see, photos may be helpful.

Results: 
Display the results of this experiment as written observations and photos.

Discussion:
• Describe what you observed during this experiment. Was you hypothesis right or 

wrong - why?
• Explain how the particles affects the rate of the reaction.
• Find out the word equation for the reactions you observed in the glow stick.
• Discuss anything you could have done better when performing this experiment.

Conclusion: 
Sum up your experiment with reference to the aim.



PROJECT - How is pollution minimised and do 
we need to do more?

Imagine you work for the federal government 
and have been given the job of creating new 
national pollution policy. You must determine 
the current largest forms of pollution in 
Australia. Your new policy must also include 
information about how scientific and 
technological advances have been applied to 
minimising pollution to date. Lastly you must 
make recommendations for future pollution 
minimisation.

Your project will need to:

• be presented clearly as a poster, booklet, 
movie, Keynote, or other format negotiated 
with your teacher.

• include a bibliography.

It may be possible to focus your policy on one aspect of the environment - marine pollution, air pollution, 
waterways pollution, etc. You could then combine your work with another class member to create a more 
comprehensive and encompassing policy with different sub-sections.
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Section 6

Chemical Change Review
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FURTHER ACTIVITIES

• Try to discover 50 (or even 100) different chemical reactions 
that occur in your body. Include any detail you can about 
what the function of the reactions are.

• Research the differences between rocket fuel, aeroplane 
fuel and car fuel. Also find out more about alternative fuel 
vehicles. An alternative fuel vehicle is a vehicle that runs on 
a fuel other than "traditional" petroleum fuels.

• Find out a simple way to make hydrogen gas in the science 
laboratory and ask you teacher if you can perform the 
experiment as a class.

• Find out about oscillating chemical reactions, or chemical 
clocks.

• Make a poster to explain ‘The chemistry of everyday 
foods’.

Review 2.1 Chemical Change

Check Answer

Question 14 of 20

Lead is a grey metal. When it reacts with oxygen (a 
clear odourless gas) a white powder called lead 
oxide is produced. Which is the correct word 
equation?

A. lead + oxygen → lead oxygen

B. lead + oxygen → lead oxide

C. lead + oxygen → lead oxidygen

D. lead oxide + oxygen → lead



Thanks

I hope you have enjoyed reading, watching, 
listening and interacting with this book and that you 
have learnt a lot!

As always a special thanks to the most important 
people in my world ... my family.

Thank you also to public domain contributors and 
Wikimedia for some imagery.


