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    TOPIC 3
States of matter 

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

 3.1.1 Why learn this? 
 Most substances on Earth can be classifi ed as being solids, liquids or gases. By comparing the character-
istics of substances, a great deal of information can be deduced about their internal structure and future 
behaviour.     

 LEARNING SEQUENCE 
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   3.3 The particle model 87   
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   3.5 Going with the fl ow 94   
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3.8      Expansion and contraction 109   
3.9    Under pressure! 113   

3.10    Plasma — the fourth state of matter 116   
3.11    Review 117   

  Strange conical, doughnut-shaped or even egg-shaped clouds (called Prandtl–Glauert condensation clouds) can 
suddenly appear around jets like this FA18 Hornet. The movement of the fast jet slices through the air particles 
producing areas of very low pressure. This causes the water vapour in the air to condense into tiny droplets of 
liquid water where the air pressure is lowest. The shape of the condensation clouds produced depends upon 
the humidity, the profi le of the aircraft and its speed. 
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 Ranking substances  
1.   In small groups, rank the following substances in order from 

most solid-like to most liquid-like to most gas-like.    

2.   Compare your rankings with those of other groups. Comment 
on any differences between the rankings.  

3.   Which substances were most diffi cult to classify as solid, 
liquid or gas? Explain why they were diffi cult to classify.  

4.   Draw a three-column table, like the one below, and separate 
the substances into three categories — solid, liquid or gas.  

5.   Different liquids pour or fl ow in different 
ways. Test this by pouring honey, shampoo, 
cooking oil and water from one container 
to another. Time how long they take to 
pour. Make sure it is a fair test. Record the 
results in a table and write a conclusion 
based on your observations and results.   

 Bathroom science  
1.   Why does the mirror fog up in the bathroom 

after someone has had a hot shower?  
2.   On really hot days, you may have a cold 

shower to cool down. Does the bathroom 
mirror fog up when you do this?  

3.   Some showers have shower curtains rather 
than glass shower screens. When people 
have warm showers, the curtain tends to 
move in towards the person in the shower 
and stick to them — it’s almost as if the 
shower curtain is chasing them! Give 
possible explanations for why this happens.  

4.   When you have a hot shower, the bathroom 
fi lls with steam. Is this steam a gas or a 
liquid or both? Explain your reasoning.   

5.   How hot does water have to be before it can 
burn you?  

6.   Does steam always rise?  
7.   Are water vapour and steam the same 

thing?   

 Solid  Liquid  Gas 

      

 HOW ABOUT THAT! 
 While we generally refer to only the three states of 
matter that are most usually encountered naturally on 
Earth — solid, liquid and gas — scientists have actually 
defi ned other states that matter in the universe may be 
found in. These include plasma, superfl uid, super-solid, 
degenerate matter, strange matter and Bose–Einstein 
condensate (BEC). 

 a brick  steam 
 jelly  plasticine 
 sugar  tomato sauce 
 Vegemite ®   air 
 orange cordial  green slime 

  Green slime — is it solid or liquid? How 
do you know? 

What is steam — a gas, a liquid, or both?
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  3.2  What’s the matter? 
 We use the term  matter  to describe anything that has mass or takes up space. This means that everything in 
the universe that isn’t empty space is made up of matter. Matter, in turn, is made up of particles. The way 
in which a particular substance behaves and how it appears depends upon the characteristics of the particles 
of which it is made, including the size and composition of these particles, the distances between them, the 
speed of their movement and how they interact with other particles. 

 Matter is found in a variety of forms, which we refer to as  states of matter . While scientists have iden-
tifi ed a number of different states of matter, the vast majority of substances that we encounter are  solids , 
 liquids  or  gases . 

 We can categorise substances as being solids, liquids or gases by looking at their physical appearance 
and behaviour.  

 3.2.1 Matter characteristics 
 In order to determine whether a substance is a solid, a liquid or a gas (or something else entirely), we need 
to assess the way in which the matter in it is distributed and how it behaves. 

 The amount of matter in an object is referred to as its  mass . Mass is generally meas-
ured in either grams (g) or kilograms (kg). Instruments such as electronic scales, tri-
ple-beam balances, spring scales and even bathroom scales can all be used to determine 
the mass of an object. In general, the mass of an object remains the same regardless of 
changes to its location, shape or volume. 

 The amount of space taken up by a solid, liquid or gas is called its  volume . The 
volume of a solid (and, occasionally, a fl uid) is measured in cubic metres (m 3 ) or cubic 
centimetres (cm 3 ). 

 INVESTIGATION 3.1 

 Comparing solids, liquids and gases 
  AIM : To compare some features of solids, liquids and gases 

You will need:     

•   Pick up an ice cube and place it on the bench. Using a spatula, try to squash it or compress it to make it 
smaller.  

•   Take the beaker of water and draw up a small amount into the syringe. Place your fi nger over the opening at 
the end of the syringe and press down on the plunger.  

•   Partially infl ate a balloon with air and hold the opening tightly closed. Try to squeeze the balloon.  
•   Release your hold on the opening of the balloon.   

 Discussion  
1.   Copy the table below and use your observations to complete it.  
2. Where did the air in the balloon go when you released the opening?   

  ice cube    plastic syringe  
  spatula    balloon  
  beaker of water  

Substance
State of 

substance
Can the shape be 
changed easily?

Does it take up 
space?

Can it be 
compressed?

Ice Solid

Water Liquid

Air Gas

  Properties of solids, liquids and gases    

1 cm
1 cm

1 cm

  This cube has 
a volume of 
1 cm 3  and can 
hold 1 mL of a 
fl uid. 

UNCORRECTED P
AGE P

ROOFS

diacriTech
Highlight



86 Jacaranda Core Science Stage 4

c03StatesOfMatter Page 86 09/07/17  10:14 PM

The volume of a fluid is measured in millilitres (mL) or in litres (L). The term fluid is used to describe 
any substance that flows, so liquids and gases are both classified as fluids. Sometimes you will see fluid 
volumes given in cm3 rather than mL. To convert between the two measurements remember that:

1 mL = 1 cm3

1 L = 1000 cm3

1000 L = 1 m3

A measuring cylinder is most commonly used to determine the volume of a liquid. The volumes of solids 
that have regular shapes, such as cubes, spheres or prisms, can be calculated using geometry after you have 
measured their dimensions with a ruler. However, as you will see in Investigation 3.2, the volumes of solids 
that have irregular shapes are easiest to find by looking at how much water they displace — a principle first 
used by the Greek mathematician Archimedes in the third century BCE.

In some situations, the volume of a substance can be made smaller by forcing the particles in the sub-
stance closer together. Substances that require little effort to squeeze their particles together are said to be 
compressible, while those that require a large amount of force to squeeze the particles together are said to 
be incompressible.

INVESTIGATION 3.2

Measuring the volume of an irregular shaped solid
AIM: To measure the volume of an irregular solid

You will need:
100 mL beaker
100 mL measuring cylinder
stone or pebble that will fit into the measuring cylinder

• Half-fill (approximately) a 100 mL beaker with water.
• Carefully pour the water into the measuring cylinder.
• Read and record the volume of water in the measuring cylinder 

using the technique shown in the diagram below.
• Carefully place the pebble into the measuring cylinder. Take care 

not to spill any water out of the measuring cylinder.
• Read and record the new volume.

Discussion
1. What was the volume of the pebble in millilitres (mL)?
2. What was the volume of the pebble in cubic centimetres (cm3)?
3. Suggest another method of measuring the volume of a solid that has an irregular shape.
4. You are designing a new type of armchair. It needs to be comfortable and capable of fitting in different 

positions or spaces around the room. Describe the properties you would want in the chair. Would you need 
to develop a new material to match these properties? If so, explain whether it would be a solid or a liquid, or 
perhaps a combination of states.

Volume
is 52 mL.

Meniscus

50

Reading the volume of a liquid 
in a measuring cylinder. The 
curved upper surface is called 
the meniscus. Your eye should 
be level with the flat part in the 
centre of the meniscus.

3.2.2 The states of matter
Solids are substances that keep the same size and shape regardless of the shape of container in which 
they are placed. They are extremely difficult to compress so their volume is considered to be unchanging. 
Metals, glass and rock are all examples of solids.

Liquids, such as water, oil and honey, are substances that keep the same volume but have no fixed shape. 
Instead, they take on the shape of the container in which they are placed. If poured into a jar, they take on 
the shape of the jar. When poured into a measuring cylinder, they take on the cylinder’s shape. If poured 
onto a flat benchtop, they flatten and spread out over the surface.
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Gases, like liquids, also take on the shape of their container. How-
ever, unlike solids and liquids, they are compressible so their volume 
can be made larger or smaller. If you blow air into a balloon, for 
example, you can squeeze the balloon to make it smaller, decreasing 
the volume of the air inside.

Gases spread out and do not stay inside a container unless it has a 
lid. The gas particles move around, taking up all of the available space. 
This movement is called diffusion. In the illustration below, iodine gas is 
being formed and is spreading, or diffusing, throughout the gas jar.

The purple iodine gas diffuses, 
taking up all of the available 
space. What would happen to 
the gas if the lid is removed?

3.2 Exercise: Understanding and inquiring
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Identify as many as you can remember of the solids, liquids and gases you came in contact with before 

leaving for school today. Organise them into a table under the headings ‘Solids’, ‘Liquids’ and ‘Gases’, or 
into a cluster, mind or concept map.

2. (a) Recall three properties that most solids have in common.
 (b) Would liquids have the same three properties? If not, describe the differences that might be expected.
3. Compare the properties of gases and liquids.
4. Recall which unit is used for measuring small volumes such as that of liquid medicines. Explain how you 

could measure such a volume.

Think
5. Both steel and chalk are solids. Describe the properties of steel that make it more useful than chalk for 

building bridges.
6. Are plasticine and playdough solids or liquids? Explain your answer fully.
7. Define the term ‘diffusion’. Give two examples of this occurring around your house.
8. Is it possible for a solid to behave like a fluid? Explain your answer.
9. At the petrol station, the safety sign asks for the car engine to be switched off before you fill the petrol tank. 

Explain why this is necessary.

IMAGINE
10. You are designing a new type of armchair. It needs to be comfortable and capable of fitting in different 

positions or spaces around the room. Describe the properties you would want in the chair. Would you need 
to develop a new material to match these properties? If so, explain whether it would be a solid or a liquid, 
or perhaps a combination of states.

3.3 The particle model
How do you explain why ice has properties that are different from 
those of water or steam? Scientists use a model to explain the dif-
ferent properties of solids, liquids and gases. This model is called 
the particle model.

According to the particle model:
 • all substances are made up of tiny particles
 • the particles are attracted towards surrounding particles
 • the particles are always moving
 • the hotter the substance is, the faster the particles move.

Liquid

SolidGas

A particle model for different states
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 INVESTIGATION 3.3 

 Modelling particles of matter 
  AIM : To demonstrate the particle model 

   You will need:   
  ball bearings  
  plastic Petri dish with lid   

•   Pour as many ball bearings as possible in a single layer in the Petri dish so that they completely cover the 
bottom, as shown below. Put the lid on and keep it in place as you shake the Petri dish from side to side. 

     Particles in a solid  
 Solids are nearly impossible to 
compress because strong attractive 
forces hold their particles closely 
together so there is very little space 
between them. This close packing gives 
solids their fi xed shape and constant 
volume. The particles in solids cannot 
move freely but they vibrate in fi xed 
positions. This means that solids are 
unable to fl ow like fl uids. 

  Particles in a liquid  
 The particles in a liquid are close together, so there is little 
room for compression between them. Attractive forces 
hold the particles tightly together, but this attraction is not 
as strong as it is in solids. As a result, liquids have a fi xed 
volume but the particles are able to roll over each other. 
This rolling allows liquids to fl ow until the walls of their 
container interrupt their spread. The particles in a liquid 
are more energetic and vibrate faster than those in a solid 
but less so than the particles in a gas. 

  Particles in a gas  
 The particles in a gas are only weakly attracted to each other. As a result, 
gases have no fi xed shape or volume. The distance between gas particles is 
very large. These large spaces allow gases to be easily compressed as there 
is plenty of room for particles to fi t between each other. As gas particles are 
in constant motion, a gas can fl ow and diffuse easily. Particles in a gas have 
much more energy than particles in a solid or liquid, and they vibrate rapidly. 
They zip around and often collide with other particles and the walls of the 
container they are in.      

 HOW ABOUT THAT! 
 Even though water has been found in the form of ice on many planets, the Earth is the only one that we know of 
where water can be found naturally occurring in all three states of matter all year round. Solid ice can be seen 
in glaciers and at the poles. Liquid water fi lls our oceans and streams and even falls from the sky, while water 
vapour (which is invisible) can be found in our atmosphere. 
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 3.3.1 Using the particle model 
 The main reason that the particle model is so helpful is that it 
allows us to better visualise how the particles of matter behave 
in different circumstances. It also enables us to predict real-world 
behaviour. In reality, the particles of matter are much too small to 
observe directly as they interact with each other and with energy; 
in most cases, this model is enough like reality for it to be useful. 

 However, it should be realised that a model is a simplifi cation 
of a much more complex reality. 

 An exception to the model 
 According to the particle model, the spaces between the particles 
in a liquid get smaller and smaller as the liquid is cooled, and they 
are closest together once it has become a solid. However, water is 
one of the few substances that do not behave exactly as the par-
ticle model predicts. 

 While the temperature of water is cooled from 100 °C to 
4  °C, the particles behave as expected, with the spaces between 
them growing smaller. At lower temperatures, however, some-
thing strange happens. As water temperature drops below 4 °C, 
the spaces between the particles start to get larger again. By the 
time water freezes at 0 °C, the particles are further apart than they 
were at 4 °C! In general, the volume taken up by water particles 
increases by nearly 10 per cent when it becomes ice; you may 
have noticed this if you have ever put a full bottle of water in the 
freezer!    

  Oops! The reason why you 
shouldn’t put a bottle full of water 
in the freezer 

•      Remove about a quarter of the ball bearings from the Petri 
dish. Put the lid back on and now observe what happens 
when you shake the Petri dish from side to side.  

•   Remove most of the ball bearings, leaving only a few 
behind in the Petri dish. Replace the lid and shake 
the dish.   

Discussion  
1.   Describe the amount of movement of the particles (ball 

bearings) in the dish when the bottom is covered. What 
state of matter do you think this represents?  

2.   What state of matter do you think is represented when a 
quarter of the particles are removed?  

3.   What state of matter do you think is represented when 
most of the particles are removed?  

4.   In which of the three arrangements did the particles have  
(a)   the largest spaces between them  
(b)   the greatest freedom of movement?    

5.   Compare the movement of the particles in the liquid arrangement with that in the solid arrangement.  
6.   Consider the amount of space that there was between particles in the solid arrangement and those in the 

gas arrangement. When we compress a substance, we move the particles in the substance closer together. 
Explain why it is easier to compress a gas than a solid.   

Ball bearings

Petri dish
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3.3 Exercise: Understanding and inquiring
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall the basis of the particle model.
2. Define the term ‘diffusion’.
3. Give an everyday example of diffusion at work.
4. Copy and complete the table below.

5. The following statements are incorrect. Rewrite them correctly.
(a) To change a liquid to a solid you have to heat it.
(b) Heating a liquid might make the particles stick closer together.
(c) Solids do not have a definite shape because the particles are free to move around.
(d) You can compress a gas because its particles are close together.

Think
6. Explain why solids have a fixed shape.
7. Explain why gases can be compressed.
8. Explain why gases fill their containers.
9. When you pour cordial into water, the two liquids slowly mix together even though you don’t stir them. 

Explain how this happens.
10. Describe what happens to the particles in a gas when it becomes a liquid. Recall what this change of state 

is called.

11. Use the particle model to explain why:
(a) perfume can be smelled from a few metres away
(b) steam can be compressed while ice cannot
(c) an ice cube melts and changes shape when it is taken out of the freezer
(d) water vapour takes up more space than the same amount of liquid
(e) solids do not mix well, but gases and liquids mix easily in most cases.
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    Complete this digital doc:   Worksheet 3.1: States of matter     (doc-0000)

    Watch this eLesson:    Priestley and the Law of Conservation of Mass    (eles-1767)

  Explore more with this weblink: Phases of matter in containers  

   RESOURCES — ONLINE ONLY  

12. Explain   why wet clothes dry more quickly on a windy day than on a still day.  
13.   The concept map below represents some of our knowledge about the states of matter. This concept map 

is just one way of representing ideas about matter and how they are linked. However, all but one of the key 
terms in the ellipses are missing. 

  Copy the concept map and complete it by writing in suitable keywords in the ellipses. 
   Select the keywords from the list below. One keyword is used three times.  

14.   Use the  Phases of matter in containers   weblink  in the Resources tab to watch how solids, liquids and 
gases behave differently within a container.      

 fi ll space  liquid  sliding 
 fi xed shape  particles  solid 
 free  pour  vibrating 
 gas   

  3.4  A solid performance 
 3.4.1 Types of solids 
 The particles in solids are held closely together by strong attractive forces with very little separation 
between the particles. The properties and appearance of a solid depend upon the types of particles of which 
it is made and the way in which these particles are arranged. 

 More than 90 per cent of solids are  crystalline solids , which are made up of particles arranged in reg-
ular, repeated units. Metals, table salt, minerals, graphite and rubies are all made up of particles held tightly 
together by very strong bonds in regular patterns.    

   The particles that make up this diamond ring are packed closely 
together in a regular pattern. 
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 Other solids such as glass, amber and some plastics are 
made up of particles that are packed together with an irregular 
structure. These are called  amorphous solids . The particles in 
amorphous solids are still held very tightly together by strong 
bonds, but they are arranged in a more random fashion than in 
crystalline solids.  

 3.4.2 Flexibility and strength 
 When we say that someone is fl exible, we mean that they 
are able to move and bend their bodies easily into different, 
sometimes amazing, positions without suffering any ill effects, 
while someone who is strong can lift and carry large amounts 
of weight at one time. Solids can also be described in terms of 
fl exibility and strength. These qualities are of special interest 
to engineers and designers who must select materials for spe-
cifi c jobs based on their structural characteristics. For example, iron is used for building bridges because it 
is very strong while a material such as cardboard could not be used.  

  Graphite is sometimes used in artists’ pencils. It is found 
naturally as a rock with many layers; this indicates that the 
particles are arranged in a regular pattern. 

   Glass is an amorphous solid. Its particles 
are arranged in an irregular way, but they 
are still packed closely together. 

 INVESTIGATION 3.4 

 Testing strength and fl exibility 
  AIM : To test the strength and fl exibility of different materials 

   You will need:   
  wooden, metal and plastic rulers (all of the same length)  
  string  
  brass weight set (with a carrier and 50 g weights)  
  two chairs  
  safety glasses  

  Flexibility   
•   Take a ruler and hold it by each end. Bend the ruler’s ends towards each other, taking care not to bend the 

ruler so much that it snaps! Place the ruler on a fl at surface and examine whether the ruler is still fl at. Repeat 
for the other two rulers.   

  Strength   
•   Make a loop of string and knot it tightly so that it won’t slip. Pass the wooden ruler through the loop and let 

the loop hang from the ruler at the halfway mark.  

  Copper sulfate is a mineral that can be 
found naturally in regular crystal shapes. 
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•   Arrange two chairs back to back with a gap between them. Place the 
ruler between the chairs so that each end of the ruler is supported by 
one of the chair backs. Hang the weights carrier from the string loop 
and make sure that the loop is across the centre of the ruler.  

•   Add 50 g weights to the carrier one at a time and observe what 
happens to the ruler as the weight increases. 

•     Make a note of the maximum weight that the ruler is able to support 
without either snapping or bending beyond repair. (This is called the 
point of failure of the ruler.)  

•   Repeat for the other two rulers.   

 Discussion  
1.   Which of the rulers was the most fl exible?  
2.   Which ruler was able to take the most weight?  
3.   Which ruler was the fi rst to reach the point of failure?  
4.   What happened to the rulers as the weight on them was increased?  
5.   Was the strongest material the least fl exible? Explain.  
6.   Which of these materials would be the most suitable for building a bridge? Explain your answer.   

String loop

Chairs

Ruler

Weight carrier

Setting up the strength test

 3.4.3 A solid selection 
 Different solids are used for purposes that match their particular characteristics, such as strength, fl exibility, 
cost, weight and hardness. The table below shows just a few.   

 Solid  Properties  Uses 

 Concrete  Hard, strong, long lasting  Paths, buildings, walls 

 PET (plastic)  Soft, fl exible, strong, transparent  Drink bottles 

 Ceramics  Waterproof (if glazed), heatproof, 
strong, hard 

 Plant pots, kitchen tiles, roof tiles, 
heat tiles on space shuttle 

 Copper  Easily shaped and stretched, 
unreactive, excellent conductor of 
heat and electricity 

 Electrical wiring, pots and pans, 
pipes for plumbing 

 Aluminium  Strong, easily shaped and 
stretched, light, unreactive 

 Aircraft, bicycles, engines, drink 
cans 

 Diamond  Very hard, transparent, strong  Cutting tools, jewellery 

 Wood  Hard, strong, attractive, fl ammable  Building, furniture, fuel in freplaces 

 3.4 Exercise: Understanding and inquiring 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Distinguish   between crystalline solids and amorphous solids.  
2.   Give two examples of a crystalline solid.  
3.   What do we mean when we say that a material is fl exible?  
4.     Identify   the properties of aluminium that make it suitable for use in building aircraft.   
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3.5 Going with the flow
The term ‘fluid’ is used to describe substances that can flow. This means 
that liquids and gases, which have particles that are much further apart 
and have more freedom of movement than those in solids, are both 
classified as fluids. They have some very special properties that are the 
result of this larger range of motion.

3.5.1 Diffusion
Diffusion is the spreading of one substance through another. This 
spreading occurs because the particles of each substance become mixed 
together. The movement of the particles in liquids and gases makes dif-
fusion possible. Because the particles in a gas move faster than those in 
liquids, diffusion happens faster in a gas. Particles are not free to move 
in a solid, so diffusion cannot occur at all.

Spreading starts in an area 
where there is a concentration 
of one of the substances. The 
particles keep mixing through 
until they are evenly spread 
through each other.

Much later

A little later

At time 0

Think
5. Explain, in terms of particles and bonds, why the concrete and steel in a skyscraper can bend.
6. Draw a diagram that shows the difference between the arrangements of particles in crystalline solids and 

amorphous solids.
7. For each material in group (a), select a matching property from group (b) and a use from group (c).

(a) Marble; iron; gold; polystyrene
(b) Easily shaped and attractive; light and soft; strong and hard; hard and attractive
(c) Statues; jewellery; packaging; horseshoes

INVESTIGATION 3.5

Investigating diffusion
AIM: To investigate diffusion in liquids and gases

You will need:
500 mL beaker
water
straw
potassium permanganate crystals
fragrant spray
protective mat
safety glasses

• Using the straw as a guide, put a crystal of potassium permanganate in the 
bottom of a beaker of water. Remove the straw and record your observations.

• Release some of the fragrant spray in one corner of the classroom. Move away 
and observe by smell.

Discussion
1. Draw a diagram of the movement of the potassium permanganate through the water.
2. How do you think the fragrant spray moved through the air?
3. This experiment shows diffusion in a liquid (water) and diffusion in a gas (air).

(a) Which state diffuses faster — liquid or gas?
(b) Why do you think this is?

Crystal

Water

Beaker

Hold
straw

Air deodoriser
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 3.5.2 Sticking together 
 Adhesion and cohesion 
Cohesive forces  are attractive forces between similar particles in 
a substance whereas  adhesive forces  are attractive forces between 
particles of different substances. You may also see these forces 
referred to simply as  cohesion  and  adhesion . 

 When water is poured into a glass, cohesive forces act between 
the water particles holding them together in the liquid. However, 
where the water particles are in contact with the glass, adhesive 
forces act between the water particles and the glass particles. The 
tug of war between adhesive and cohesive forces gives rise to 
many interesting effects.  

 3.5.3 Surface tension 
 At the surface of a liquid where it meets the air, 
the attraction between the particles is very strong, 
causing the surface to behave as if it had a thin skin 
over it — this is called  surface tension . Light pond 
insects, such as water boatmen and pond skaters, use 
the surface tension of still water to essentially walk 
on the water!   

 Raindrops 
 When water droplets fall through the air, they form 
nearly perfect spheres as the strong cohesive forces 
acting between the water particles hold them tightly 
together. Water droplets on a bench surface, how-
ever, spread out because the adhesive forces acting 
between the surface and the water are stronger than 
the cohesive forces within the water droplets.   

Cohesive forces
Adhesive forces

Glass Water

  Cohesion and adhesion acting on 
the particles of water and glass 

  The surface tension of the water is strong enough 
to allow this pond skater to move on it as if it were 
a solid surface. 

  Water droplets on a bench surface   Strong cohesive forces hold raindrops in nearly 
perfect spheres. 
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 Highly water-repellent surfaces (such as the one shown below) 
form such weak adhesive forces with the water particles that the 
strong cohesive forces within the water droplet easily pull the 
droplet back into a spherical shape.  

 Meniscus formation 
 As you will recall from  Investigation 3.2 , when a liquid is placed 
in a narrow vessel, such as a measuring cylinder or test tube, the 
surface curves to form a  meniscus . A meniscus is formed because 
the cohesive forces between the particles of the liquid are not in 
balance with the adhesive forces between the liquid particles and 
the particles of the container. 

 Below is a picture of two different liquids — water and 
 mercury  — in glass test tubes. If you look closely you will see 

 INVESTIGATION 3.6 

 Observing surface tension 
  AIM : To investigate the effects of surface tension 

   You will need:    

  Part A   
•   Fill the Petri dish nearly to the top with water and place it carefully on your bench.  
•   Gently shake the powder onto the water until the entire surface is covered with a fi ne layer.  
•   Dip the end of a toothpick into the dishwashing liquid, then touch the toothpick to the powdered surface. 

Observe what happens.  
•   Use the eye-dropper to draw up a small amount of methylated spirits. Add the methylated spirits to the 

powdered surface a drop at a time. Record your observations.   
  Part B   
•   Fill the plastic cup nearly to the top with water and place it carefully on your bench.  
•   Drop the fi rst needle, point fi rst, into the water and observe what happens.  
•   Take the second needle and carefully lower it horizontally onto the surface of the water — be careful that 

your fi ngers do not touch the water.  
•   Use the hand lens to examine where the needle and the water are in contact. Record your observations.  
•   Use the eye-dropper to add dishwashing liquid to the surface of the water near the needle, one drop at a 

time until the needle sinks.   

 Discussion  
1.   Describe the effects that the dishwashing liquid and the methylated spirits had on the powder in part A. Give 

a possible explanation for your observations.  
2.   Draw a labelled diagram to illustrate the appearance of the water where it was in contact with the fl oating 

needle in part B.  
3.   Explain in terms of surface tension why the needle delivered point fi rst sank while the horizontally placed 

needle fl oated.  
4.   Using your observations from parts A and B, write a general statement on the effect of dishwashing liquid on 

surface tension.   

  water    eye-dropper  
  Petri dish    methylated spirits  
  fi ne powder, such as baby    powder or pepper   clear plastic cup  
  dishwashing liquid    2 needles  
  toothpicks   hand lens 

  Water droplet on a water repellent 
surface 
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 3.5.4 Viscosity 
Viscosity  is a measure of how much resistance a fl uid offers against 
movement. Water, which has a low viscosity, fl ows very easily when 
poured. Thick fl uids like cold honey are very slow to move when poured 
and are said to have a high viscosity. 

 The viscosity of a fl uid depends on how easily its particles are able 
to move over each other. The more easily particles move, the lower the 
viscosity. The viscosity of a fl uid also controls how easily solids are able 
to move through them. 

 Pitch is a derivative of tar used in making bitumen roads; it has a very 
high viscosity. If you pick up a piece of pitch in your hand, it is hard 
and glassy to the touch and, if you hit it with a hammer, it  shatters — 
all characteristics of a solid. Below is a photo of the famous pitch drop 
experiment set up by Professor Thomas Parnell at the University of 
Queensland in 1927 to demonstrate that ‘solid’ pitch is in fact a very, 
very thick liquid. The pitch is so thick (about 230 billion times less runny 
than water) that only one drop falls every twelve or so years!   

that the meniscus of the water curves downwards while the meniscus of 
the mercury bulges upwards. So what’s happening?  

 While the cohesive forces acting between water particles are strong, 
they are not as strong as the adhesive forces acting between water par-
ticles and glass particles. As a result, the adhesive forces pull the water 
upwards where it meets the glass. Mercury, however, has extremely 
strong cohesive forces between its particles, which are much stronger 
than the adhesive forces between mercury particles and glass particles. 
As a result, the mercury bulges upwards!  

  The meniscus of water is 
different from that of mercury. 

 HOW ABOUT THAT! 
 The surface tension of mercury is nearly seven times stronger than that of 
water at room temperature. Olive oil, on the other hand, has only half the 
surface tension of water. 

  Pitch is a very viscous liquid! 

 3.5 Exercise: Understanding and inquiring 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   What is cohesion?  
2. Defi ne   the term ‘viscosity’. Give two examples each of substances with (a) high viscosity and (b) low viscosity.  
3. Explain   why the meniscus of water is different from that of mercury when they are placed in identically 

shaped test tubes.  
4. Explain   how cohesion differs from adhesion.  
5. Describe   the effect that soaps and detergents have on the surface tension of a liquid.   

 Think  
6.   How are the forces between oil particles different from those in water?  
7. Explain   why a liquid cannot be compressed.  
8.   Can solids be considered to have surface tension?   Explain   your answer.  
9.     Explain   which you think would be easier to swim in — a pool fi lled with water or a pool fi lled with honey.   
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  3.6  Changing states 
 Many substances are usually found in one state of matter rather than another. For example, we are more 
likely to see table salt in its solid form rather than as a liquid or a gas, and we encounter gaseous oxygen a 
lot more often than we do solid oxygen. 

 However, this does not mean that the state of a substance must remain the same all the time. Most 
substances can be changed from one state of matter to another by either heating or cooling. Each of these 
changes has a particular term to describe it. Let’s look at the changes of state that water undergoes when it 
is heated and cooled. 

      Melting  
 The change of state from 
solid to liquid is called 
  melting  . A solid melts when 
heat is transferred to it. The 
melting point of water is 0 °C. 

    Evaporating  
   Evaporation   occurs when a liquid changes to a gas. 
When water evaporates at temperatures less than 
100 °C, it forms water vapour. When it evaporates 
at temperatures greater than 100 °C, it forms steam. 
Water vapour and steam cannot be seen. 

    Condensing  
   Condensation   is the 
opposite of evaporation. 
If a gas comes into 
contact with a cold 
surface, it can turn into 
a liquid. 

    Freezing  
 The change of state from a liquid to a solid 
is called   freezing  . A liquid turns into a solid 
when heat is transferred away from it. Water 
freezes at 0 °C. 

Boiling  
 During   boiling  , the change from liquid to gas (evaporation) 
happens quickly. The change is so fast that bubbles form in the 
liquid as the gas rises through it and escapes. During boiling, the 
entire substance is heated. A liquid remains at its boiling point until 
it has all turned into a gas. The boiling point of water is 100 °C. 

 Investigate  
10.   Design an experiment to test the effect of salinity on surface tension. Remember that salinity is a measure 

of how much salt is dissolved in water.  
11.     Outline   the way in which you would test whether the viscosity of honey changes with temperature.  
12.   Many countries grade their motor oils for winter use: for example, 10W-30. Research what these numbers 

refer to, why they are important to know and whether we have a similar system of grading oil in Australia.   
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  3.6.1 Sublimation 
 Some substances change from being a solid to being a gas without turning into a liquid in between. This 
unusual change of state is called  sublimation . In the reverse process,  deposition , a gas turns directly from 
gas to solid. The photo below shows solid 
carbon dioxide (known as dry ice) that has 
been added to water. The carbon dioxide is 
quickly sublimating from solid to gas. While 
it appears that the water is boiling, it is actu-
ally the carbon dioxide that is boiling and it 
is carbon dioxide gas in the white bubbles 
rising through the water. When the carbon 
dioxide gas reaches the air above the water, 
it cools the air so much that the water vapour 
in the air turns into tiny droplets of liquid 
water. These tiny droplets look like clouds 
or smoke. 

 Other substances including iodine and 
even diamond can also undergo sublimation. 
However, whereas dry ice sublimates at a 
temperature of 78.5 °C, diamonds sublimate 
at 3550 °C!   

  Dry ice in the water is turning from a solid into a gas. In the 
photo above the water has been coloured with blue dye to 
make the carbon dioxide bubbles more visible. The solid 
carbon dioxide is sitting at the bottom of the container. 

 INVESTIGATION 3.7 

 Observing changes of state 
  AIM : To investigate changes of state of water 

   You will need:   
  Bunsen burner, heatproof mat and matches  
  tripod and gauze mat  
  thermometer (–10 to 110 °C)  
  watch (with a second hand)  
  spoon  
  100 mL beaker  
  ice cubes  
  safety glasses   

•   Copy the table below into your notebook.  
•   Place four ice cubes (about 50 mL) in the beaker.  
•   Place the beaker containing the ice cubes on a gauze mat and tripod.  
•   Place the thermometer into the ice cubes and let it remain for a minute or so until the temperature stops 

changing. Take a reading and record this in your table under ‘0 minutes’. 

      

•   Light the Bunsen burner and begin heating the ice cubes. Record the temperature each minute. Continue 
heating while the ice melts into water and while the water heats up. Stop when the temperature remains 
steady for three minutes.  

•   Hold the spoon in the vapour above the water and observe the effect.   

  CAUTION:    Take care not to scald yourself with the hot water vapour.   

  Time (minutes)   0  1  2  3  4  5  6  7  8  9  10 

  Temperature (°C)                        

Heating water
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Discussion
1. At what temperature was all the ice melted?
2. At what temperature did the liquid begin to bubble?
3. At what temperature did it boil?
4. What happened when the cold spoon was placed near the vapour?
5. What do you think was in the bubbles?

3.6.2 Melting point and boiling point
The state of matter of a substance depends on what temperature it is at, and how this temperature compares 
with its melting point and its boiling point. The melting point is the temperature at which a solid substance 
turns into a liquid (melts) or a liquid turns into a solid (freezes). The melting point of water is 0 °C, so 
water needs to be cooled to this temperature to turn it into ice. If you want to turn ice into water, you need 
to heat the ice until it is at 0 °C.

At the other end of the scale, the boiling point of a substance is the temperature at which it turns from 
a liquid to a gas quickly (boils) or turns from a gas into a liquid (condenses). The boiling point of water is 
100 °C.

The melting points and boiling points of substances can differ quite a lot as you can see in the table 
below.

Melting and boiling points of some common substances at sea level

HOW ABOUT THAT!
Melting and boiling points change with the height above sea level. This is because the air gets thinner as you 
move away from the Earth’s surface. If you were climbing Mount Everest and made a cup of coffee, you would 
find that the water would boil at about 70 °C.

Substance Melting point (°C) Boiling point (°C)

Water 0 100

Table salt 804 1413

Iron 1535 2750

Aluminium 660 1800

Oxygen −218 −183

Nitrogen −210 −196

INVESTIGATION 3.8

Changing the boiling point of water
AIM: To observe how impurities affect the boiling point of water

You will need:
water
Bunsen burner
safety glasses
two 250 mL beakers
heatproof mat

thermometer
salt
matches
retort stand
sugar
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• Copy the table below.

• Set up the equipment as shown below. Put on your safety glasses.
• Measure 100 mL of water with the measuring cylinder and pour it into the beaker.
• Measure the starting temperature of the water (time = 0 min).
• Light the Bunsen burner and place it under the beaker. Measure the temperature of the water every minute 

for 10 minutes. Record your observations in the table.
• After 10 minutes, turn off the Bunsen burner and allow the equipment to cool.

Retort 
stand

Bosshead

Thermometer

Beaker

Gauze
mat
Tripod

Bunsen 
burnerMatches

Clamp

Heatproof mat

• Repeat the previous steps with 100 mL of water with two teaspoons of salt stirred in, then 100 mL of water 
with two teaspoons of sugar stirred in, and lastly with 80 mL of water with 20 mL of vinegar stirred in.

Discussion
1. Draw a line graph of your results. Use a different coloured line for each water mixture. Plot time on the 

horizontal axis and temperature on the vertical axis.
2. How can you tell when the water has reached its boiling point?
3. Is there any part of the graph that shows that the liquid has reached its boiling point?
4. What effect does adding substances to the water have on its boiling point?
5. What would happen to the temperature of each water sample if you continued to heat it past the 

10-minute mark?

Water mixture

Time (min)

0 1 2 3 4 5 6 7 8 9 10

Tap water

Salt water

Sugar water

Vinegar water

tripod
bosshead and clamp
vinegar

gauze mat
teaspoon
100 mL measuring cylinder
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  Foggy mirrors 
 Have you noticed how the mirror in the bathroom ‘fogs up’ after a hot shower? The ‘fog’ is actually formed 
when water vapour that evaporates from the hot water cools down. 

 3.6.3 Change of state and the particle model 
 Imagine a very cold day. On days like this, you probably sit inside without moving around too much. As 
the weather gets warmer, you start to move around a little more. On warm, sunny days, you probably have 
a lot more energy. On these days, you might feel like moving about more. Much like you, the particles 
inside matter also change the way they move when they are heated or cooled. 

 A change of state involves the heating or cooling of matter. As a substance is heated, energy is trans-
ferred to it. When a substance cools, energy is transferred from it to another substance or to the environ-
ment. The change in energy causes the particles in the substance to move at different speeds. 

      Solid  
 When a solid is heated, 
its particles start to move 
more quickly. The increased 
movement of its particles 
makes the solid expand. 

    Melting  
 As more heat is transferred 
to the solid, its particles 
vibrate more violently. 
Eventually the particles 
move so much that the 
bonds holding them in 
their fi xed positions break. 
The particles start to roll 
over each other. 
Melting continues 
until the entire 
solid becomes a 
liquid. 

    Liquid  
 As a liquid is heated, its particles 
move and roll over each other faster 
and faster. The liquid begins to 
expand. 

    Gas  
 As in solids and liquids, the particles in 
gases move faster and faster when they 
are heated. The increased movement of 
the particles means that they take up more 
space and the gas expands. If the gas is 
heated in a closed container, the increased 
movement of the particles means that they 
collide more often with the sides of the 
container and with each other. 

    Boiling  
 If the liquid continues to be 
heated, the particles will 
eventually have enough energy 
to break the bonds holding them 
together. The particles can break 
away from the liquid and begin to 
move around freely. This process 
is called boiling. Boiling continues 
until the entire liquid becomes a 
gas. UNCORRECTED P
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 3.6 Exercise: Understanding and inquiring 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.   Copy and complete the diagram below,   identifying   the changes of state. 

 

?

?

SOLID

GAS

LIQUID

?

?

LIQUID

  

      Fog in the air  
 Some of the energy of the particles 
in the water vapour is transferred 
away from the vapour to the air. 
The transfer of energy leaves the 
water vapour with less energy — so 
much less energy that its particles 
slow down. The transfer of energy 
away from the water vapour means 
it cools down and turns into tiny 
droplets of water. These tiny droplets 
form clouds. This process is called 
condensation. 

    Invisible gas  
 Water vapour forms when particles 
in the hot water gain enough 
energy to escape and become a 
gas. You can’t see water vapour. 
The particles in the water vapour 
move around freely. They have more 
energy than the particles in the 
liquid water. 

    Fog on the mirror  
 The energy from some 
of the water vapour is 
transferred to the cold 
mirror. This causes 
the water vapour to 
condense to form tiny 
water droplets.    
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 Complete this digital doc: Worksheet 3.2: Boiling liquids (doc-0000)

 Complete this digital doc: Worksheet 3.3: Changes of state (doc-0000)

 Try out these interactivity: Changes of state (int-0222)

RESOURCES — ONLINE ONLY

2. Recall the name given to the change of state from liquid water to water vapour. Describe how this happens.
3. Explain what happens to liquid water when it is cooled below 0 °C. Has heat moved into or out of the 

liquid?
4. Describe what happens to the motion of particles in a solid as it becomes a liquid.
5. Describe what happens to the motion of gas particles as a gas condenses.
6. Recall why substances often expand when they are heated.

Think
7. Explain why dry ice is useful to produce a ‘smoke’ effect. What other uses are there for dry ice?
8. Explain why solid blocks of air freshener disappear without a trace within a few weeks of use.
9. Identify the substance that is in the bubbles that you see when water is boiling.

10. In movies, you sometimes see a pocket mirror being held in front of the mouth or nose of someone on the 
ground to test whether they are breathing. Explain why this would work.

11. For the following processes, identify which involve adding energy to the particles in a substance and which 
involve transferring heat away from the particles.

 (a) Melting
 (b) Condensation
 (c) Boiling
 (d) Freezing
 (e) Sublimation
 (f)  Evaporation

Analyse
Use the table of Melting and boiling points to answer the following questions.
12. (a) At what temperature would you expect table salt to transform from a solid into a liquid?
  (b) At what temperature does it solidify?
13. Would you expect aluminium to be a solid, a liquid or a gas at:

 (a) 200 °C
 (b) 680 °C
 (c) 1900 °C?

14. Oxygen and nitrogen gas are placed in a sealed container and the temperature of both gases is slowly 
dropped. Which of the two gases will be the first to freeze?

Design
15. The following letter was written to a household help column in a popular magazine.
  Dear Handy Hints,
  I am sick and tired of having to wait for my bathroom mirror to demist after I’ve had a shower so I can get 

ready for work. Is there any way I can stop my mirror from fogging up?
No Foggy Idea

 Design investigations to test the following.
 (a) Mirrors fog up only if they are colder than the water coming from the shower.
 (b) Clean mirrors fog up less than dirty mirrors.
 (c) Mirrors that are covered with lemon juice don’t fog up.

16. Use the Changes of state interactivity in the Resources tab to simulate heating over a Bunsen burner. 
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  3.7  Density 
 When a cork is dropped into a glass of water, it fl oats at the water surface. If you drop an iron nail into 
a glass of water, it sinks to the bottom almost immediately. However, huge iron ships that weigh billions 
of times more than that nail are able to fl oat in an ocean without a problem. So what exactly is going on? 
Why do some things fl oat and others sink 
in water? 

 All materials, whether solid, liquid or 
gas, can be described in terms of a property 
called  density . Density is a measure of how 
much matter there is in an object (its mass) 
compared with how much space it takes 
up (its volume). The density of an object 
depends on how closely packed together its 
particles are.  

 3.7.1 Calculating density 
 You can determine the density of an object 
by dividing its mass by its volume: 

     density = mass
volume

           

 The units that we use for the density of an object depend on the units used for its mass and for its volume.  
 •   If the mass is in grams (g) and the volume is in cubic centimetres (cm 3 ), the density is measured in g/cm 3 .  
 •   If the mass is in kilograms (kg) and the volume is in cubic metres (m 3 ), the density is measured 

in kg/m 3 .   
 The density for fl uids is often given in g/mL, where the fl uid’s mass has been measured in grams and the 

fl uid’s volume in millimetres. 

 Example 
 A piece of steel has a volume of 12 cm 3  and a mass of 91.2 grams. What is the density of steel? 

                          Density of steel = mass
volume

= 91.212

= 7.6
 As the mass was given in grams and the volume in cm 3 , the density is in g/cm 3 . So, we say that the den-

sity of steel is 7.6 g/cm 3 . 
 Different materials have different densities, as shown in the table below.  

  How is this ship able to fl oat when an iron nail sinks? 

 Material  Density (g/cm 3 ) 

 Gold  19.3 

 Copper  8.96 

 Diamond  3.52 

 Window glass  2.8 

 Water  1.00 

 Vegetable oil  0.92 

 Methylated spirits  0.8 

 Air *   0.001 2 

 Helium *   0.000 18 

  * At standard atmospheric pressure 
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 The densities of these materials are measured 
in grams per cubic centimetre so we can also 
see that density is equal to the number of grams 
that a cubic centimetre of that material weighs. 

 For example, the density of iron is 8 g/cm 3 , so 
a cubic centimetre of iron would weigh 8 grams. 
In comparison, a cubic centimetre (or one milli-
litre) of water would weigh 1 gram while a cubic 
centimetre of air would weigh 0.0012 grams — 
or 1.2 milligrams!  

 3.7.2 Sinking and fl oating 
 An object fl oats in a fl uid provided that it has a lower density than the fl uid does. 

 Cork, with a density of about 0.2 g/cm 3  has a density much less than that of water and so it fl oats in water. 
Iron’s density is much greater than that of water, so an iron nail sinks. So what about our ship? 

 Remember that density is related to the total mass of an object compared with how much space it takes 
up. If all of the iron in a ship were packed together into a solid mass, it would sink like a rock to the bottom 
of the ocean. However, the iron in a ship has been beaten out into thin sheets to form the hull and the other 
parts of the ship, giving it a much larger volume, most of which is air. This means that the overall density 
of the ship (its mass compared with its volume) is lower than that of water. The result — the ship fl oats!   

Iron Water Air

8 grams8 grams 1 gram1 gram 0.0012 grams0.0012 grams

1
cm3

1
cm3

1
cm3

  Density describes the mass of a cubic centimetre of 
material. 

 HOW ABOUT THAT! 
 The density of blood is 1.06 g/cm 3 , bone 
has a density of 1.85 g/cm 3 , body fat has 
a density of 0.92 g/cm 3  and muscle tissue 
has a density of 1.05 g/cm 3 . On average, 
the human body has an overall density 
roughly the same as that of water, so 
we usually fl oat. However, some people 
are almost incapable of fl oating, usually 
because they have a larger muscle mass 
and smaller fat percentage than the 
average person. These people, having 
a higher average density than water, are 
said to have negative buoyancy. At the 
other extreme, some people have positive 
buoyancy and fl oat with much more of 
their bodies above the waterline than the 
average person.  

  Some people fi nd it harder to fl oat than others! 

 INVESTIGATION 3.9 

 Sinking ships 
  AIM : To investigate how density affects buoyancy 

   You will need:   
  a ball of plasticine  
  a bucket of water  
  plastic cup   

•   Half-fi ll the bucket with water.  
•   Roll the plasticine into a ball and place it carefully on the surface of the water. Let it go and watch what 

happens.  
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•   Retrieve the plasticine and now shape it so that it forms an open bowl (ship). Test to see if it fl oats in the 
water. You may need to adjust the shape of the plasticine ship a few times until it is able to fl oat.  

•   Now, fi ll the cup with water and pour it into the fl oating ship until it is full of water.   

 Discussion  
1.   Describe what happened to the plasticine ball when you put it in the water.  
2.   Compare the volume (the amount of space that is taken up) of the fl oating ship with that of the ball.  
3.   The mass of the plasticine has not changed. Which of the two shapes has the lower overall density?  
4.   Explain why the plasticine ship sank when it was fi lled with water.   

  Cooking oil is less dense than 
water so it fl oats on top. 

 Floating fl uids 
 Fluids can fl oat on top of other fl uids, with the less dense fl uid on the top. Oil is less dense than water. This 
is why oil spilled from wrecked tankers fl oats on the top of the ocean.     

 INVESTIGATION 3.10 

 Sinking and fl oating 
  AIM : To observe the behaviour of a mixture of liquids with different densities 

   You will need:   
  250 mL beaker  
  3 test tubes  
  test-tube rack  
  20 mL measuring cylinder  

  brown vinegar  
  water  
  olive oil  
  honey   

•   Pour 20 mL each of vinegar, olive oil and honey into separate test tubes.  
•   Add 20 mL of water to each test tube.  
•   Pour 20 mL each of vinegar, olive oil and honey into the beaker.  
•   Let the test tubes and the beaker sit undisturbed for 30 minutes.   

 Discussion  
1.   How could you tell if a particular liquid was less dense or more dense than water?  
2.   Which of the liquids were denser than water?  
3.   Which of the liquids were less dense than water?  
4.   Draw a labelled diagram showing the order of the layers formed in the beaker.  
5.   Based on what you saw in the beaker, which was the:  

(a)   densest liquid  
(b)   least dense liquid?     
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 3.7 Exercise: Understanding and inquiring 
 To answer questions online and to receive  immediate feedback  and  sample responses  for every question, go 
to your learnON title at  www.jacplus.com.au .  Note:  Question numbers may vary slightly. 

 Remember  
1.     Identify   what the units of density would be if:  

(a)   mass is in kilograms and volume is in cubic metres  
(b)   mass is in grams and volume is in millimetres  
(c)   volume is in cubic centimetres and mass is in kilograms. 

   ( Note:  This density unit is usually used only with extremely dense objects such as neutron stars!)    
2.   If you take a bottle of salad dressing out of the fridge, you may notice that the oil and the vinegar have 

separated into different layers.   Explain   why this occurs.   

 Think  
3.     Explain   why most people fl oat in water.  
4.     Explain   why balloons fi lled with helium fl oat upwards.  
5.     Describe   the general relationship you notice between a substance’s state of matter and its density. (Use 

the  table  of densities as a guide.)  
6.   Equal amounts of vegetable oil, water and methylated spirits are poured into a jar.   Identify   which liquid will form:  

(a)   the top layer  
(b)   the lowest layer.    

7.   When divers breathe out under water, the air bubbles head straight to the surface.   Deduce   why this 
happens.   

 Calculate  
8.   Use the  density equation  to   calculate   the missing values in the following table.   

9.     Explain   why this ship is sinking in the water when the boat in the background of the photo is still afl oat. 

10.      Select liquids and solids in the  Density  interactivity in the Resources tab and see what sinks and what 
fl oats.        

 Mass (g)  Volume (cm 3 )  Density (g/cm 3 ) 

 10  5   

   40  0.5 

 600    15 
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 Complete this digital doc: Worksheet 3.4: Density (doc-0000)

 Complete this digital doc: Worksheet 3.5: Density and flotation (doc-0000)

 Explore more with this weblink: Density (int-0221)

RESOURCES — ONLINE ONLY

3.8 Expansion and contraction
The particle model can be used to explain changes in the size of a substance as well as changes in its state. 
When a substance is heated, the particles move faster, becoming further apart and taking up more space. 
The substance expands.

Removing
heat

Contraction
• Particles move more slowly.
• Distance between particles
 gets smaller.
• The attraction between the
 particles increases.

Expansion
• Particles move faster.
• Distance between
 particles increases.
• The attraction between
 the particles decreases.

Adding
heat

The volume of a substance changes when it is heated 
or cooled.

HOW ABOUT THAT!
The Sydney Harbour Bridge is, on average, 18 cm longer in summer than in winter due to thermal expansion 
and contraction of the steel from which it is made.

3.8.1 A bit of a stretch
The tyres on a moving car get quite hot. This makes the air inside expand. This may even cause a blowout 
in extreme circumstances. Gases usually expand much more than solids or liquids. Gases expand easily 
because the particles are spread out and not strongly attracted to each other. Almost all solids, liquids and 
gases contract when they are cooled again because the particles slow down, need less space to move in and 
become more strongly attracted to each other.

Architects and engineers allow for expansion and contraction of materials when designing bridges and 
buildings. Bridges have gaps between large sections so that in hot weather, when the metal and concrete 
expand, they do not buckle. Railway lines also have gaps to allow for expansion in hot weather.

Electric power lines are hung from poles loosely so that, in cold weather, they do not become too tight 
and break as they contract. The amount by which each structure expands or contracts depends on the mate-
rial it is made from; so, when choosing a material for a special purpose, it is important to find out how 
much that material will expand or contract. The table below shows how much some commonly used mate-
rials expand when the temperature increases by 10 °C.
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  Expansion of 100 m length of materials when temperature increases by 10 °C    

  Railway lines in Melbourne buckled so much due to 
unexpectedly high temperatures in January 2010 that 
trains could not travel along them. 

  Substance   Steel  Iron  Platinum  Brass  Concrete 
 Glass — 
soda 

 Glass — 
Pyrex  Lead  Tin  Aluminium  Bronze 

  Expansion 
(mm)  

 11  12  9  19  11  9  3  29  21  23  18 

 INVESTIGATION 3.11 

 Expansion of solids 
  AIM : To demonstrate expansion and contraction of solids 

   You will need:   
  metal ball and ring set  
  Bunsen burner  
  heatproof mat  
  tongs    

Metal ball

Metal ring

  A ball and ring set UNCORRECTED P
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•   Try to put the ball through the ring.  
•   Use the Bunsen burner to heat the ring and use tongs to try to put the ball through it. Take care not to touch 

the hot metal.  
•   Let the ring cool and try to put the ball through the ring again.   

 Discsussion  
1.   What has happened to change the size of the ring?  
2.   Use the particle model to explain the change that took place in the ring.   

 3.8.2 Thermometers 
 Liquids expand more than solids. This property 
makes them useful to use in thermometers. Most 
thermometers consist of thin tubes, and a bulb that 
contains a liquid. As the temperature rises, the liquid 
expands, moving up the tube. In a thermometer, the 
tube is sealed at the top. 

 The two most commonly used liquids for ther-
mometers are mercury and alcohol. Mercury has 
a low freezing point (−39 °C) and a high boiling 
point (357 °C). Alcohol, however, is much more 
useful in very cold conditions because it does not 
freeze until the temperature drops to −117 °C. On 
the other hand, alcohol boils at 79 °C so it cannot be 
used for measuring higher temperatures. 

 The temperature of the human body ranges 
between 34 °C and 42 °C; it is normally about 
37 °C. A clinical thermometer is especially designed 
to measure human body temperature. 

 The Galileo thermometer 
 A Galileo thermometer is made up of small glass 
balls, each fi lled with a coloured liquid, fl oating in 
a sealed tube fi lled with clear liquid. Each of these 
balls has a disc attached to it with a temperature 
printed on it. As the air temperature changes, the 
clear liquid expands and contracts, changing its den-
sity. The balls that have a higher density than the 
liquid sink, while those with a lower density rise. 
The temperature of the liquid (and the air) is read 
from the disk on the lowest ball of the fl oating 
group.     

  This Galileo thermometer shows that the temperature 
is 22 °C. You can see that the balls above the 22 °C 
ball, are labelled 24 and 26. What do you think the 
temperature indicated on the purple ball at the bottom 
of the thermometer might be? 
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INVESTIGATION 3.12

Expansion of liquids
AIM: To investigate expansion and contraction of liquids

You will need:
500 mL conical flask
narrow glass tube
rubber stopper with one hole to fit the tube
Bunsen burner
heatproof mat and matches

tripod
gauze mat
food colouring
eye-dropper
marking pen

• Use an eye-dropper to put two or three drops of food colouring in the conical flask and fill it with water right 
to the top.

Glass
tube

Stopper

Coloured
water

Tripod

Gauze
mat

Bunsen
burner

• Place the stopper in the flask with the tube fitted. Some coloured water should rise into the glass tube. Mark 
the level of the liquid in the tube with the marking pen.

• Place the flask on the tripod and gauze mat, light the Bunsen burner and gently heat the liquid.
• After about five minutes of heating, turn off the Bunsen burner and watch what happens to the level of the 

liquid in the glass tube.

Discussion
1. What happens to the level of the liquid while it is being heated?
2. What happens to the level of the liquid while it is cooling down?
3. Use the particle model to explain why liquids expand.

3.8 Exercise: Understanding and inquiring
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. When a substance is heated, its temperature increases. Describe what other change might be observed.
2. (a) Recall what change you would expect to see when hot metal objects are cooling.

 (b)  Why does this happen? Explain using the particle model.
3. Give two examples of structures that contain gaps to prevent them from buckling in hot weather.
4. Give one reason why overhead electric power lines are not hung tightly.

Investigating the expansion 
of liquids
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 Analyse 
 Use the  table  to answer questions 5 to 7.  

5.   If a steel rod of 10 metres in length is heated so that its temperature rises by 10 °C,   calculate   how long the 
rod would become.  

6. Explain   why Pyrex, rather than soda glass, is used in cooking glassware such as casserole dishes and 
vision saucepans.  

7.   Concrete is often reinforced with steel bars or mesh to make it stronger.   Explain   why steel is a better 
choice than another metal, such as aluminium or lead.   

 Think  
8.   A jar with the lid jammed on tightly can be hard to open. If hot water is run over the lid, it becomes easier to 

open.   Deduce   why.  
9.   Hot-air balloons have a gas heater connected to them. The pilot can turn the heater on and the balloon will 

go higher.  
(a) Explain   why.  
(b) Describe   how the balloon could be brought lower.    

10.   Under what conditions might you use an alcohol thermometer rather than a mercury thermometer?   

 Investigate  
11.   The mercury thermometer was invented by a German named Gabriel Fahrenheit (1686–1736). A different 

set of markings is used to scale Fahrenheit thermometers.   Investigate   the temperatures at which water 
boils and freezes on this scale.  

12. Explain   why icebergs fl oat in Arctic and Antarctic waters. Do you think there is much of the iceberg under 
the water, or is it mostly above? How could you test out your hypothesis? Design a suitable experiment.  

13.   All materials expand when heated and contract when cooled, right? Use the  Mystery expansion   weblink  in 
the Resources tab to learn about a substance that breaks all the rules.     

    Complete this digital doc:   Worksheet 3.6: Expansion of liquids   (doc-0000)

   Explore more with this weblink: Mystery expansion

  RESOURCES — ONLINE ONLY  

  3.9  Under pressure! 
    ‘The fi refi ghter charged through the doors just in time, pointed the extinguisher at the electrical fi re and 
pressed the trigger. A huge burst of carbon dioxide gas came squirting out of the nozzle, putting out the 
fl ames.’ 

 The carbon dioxide in the story above could 
be used in this way only because huge amounts 
of it can be compressed, or squeezed, into a 
container. Gases can be compressed because 
there is a lot of space between the particles. 
Gases compressed into cylinders are used for 
barbecues, scuba diving, natural gas in cars, and 
aerosol cans. 

 Hot-air balloons work on the idea that gases 
expand when heated. The particles in the heated 
gas move about more and take up more space. 
This makes each cubic centimetre of hot air in 
the balloonlighter than each cubic centimetre 
of air outside the balloon, so it rises, taking the 
balloon with it.     
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1  Gases, including 
carbon dioxide, 
have lots of space 
between their 
particles.

2  The carbon 
dioxide is 
compressed 
into the cylinder. 
The particles are 
squashed closer 
together.

3  The carbon dioxide particles are now under increased 
pressure. This means that the particles in the gas 
collide frequently with the walls of the cylinder. The 
particles push outwards on the walls of the cylinder. 
The particles are trying to escape, but are held in by 
the container.

4  When the nozzle is opened, the 
pressure forces the carbon dioxide 
gas out very quickly through the 
opening.

5  The particles of 
gas quickly spread 
out over the fire. 
The gas smothers 
the fire, stopping 
oxygen from the 
air getting to it. 
Fires cannot burn 
without oxygen, 
so the fire goes 
out.

3.9.1 Fighting fire

3.9.2 Fizzing drinks
All carbonated soft drinks contain carbon dioxide gas. The gas is dissolved 
in the liquid under high pressure. The gas stays dissolved in the liquid as 
long as the pressure inside the can is higher than outside the can. When the 
can is opened, it is de-pressurised and the carbon dioxide starts rising to 
the surface (because it is less dense than the liquid). In its hurry to escape, 
the carbon dioxide often pushes the top layer of liquid out as well, causing 
it to fizz and spill.

3.9.3 Well-known gases
There are many gases we use for different purposes. Here are some of the 
more well-known ones.

Famous gas Use Property

Neon Neon lights Absorbs electrical energy and turns it into 
light

Helium Party balloons, blimps Lighter than air

Methane (in natural gas) Cooking, heating Flammable

Argon Fluorescent lights Absorbs electrical energy and turns it into 
light

Ozone Cleaning water in pools and spas Highly reactive; kills bacteria

Nitrous oxide (laughing gas) Anaesthetic Affects nervous system in humans
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INVESTIGATION 3.13

Exploring gases
AIM: To investigate expansion and contraction of gases

You will need:
small balloon
string
ruler
large beaker
warm water
cold water or fridge

• Blow up the balloon until it is firm.
• Measure the circumference of the balloon with a piece of string and record your results in a table.
• Put the balloon in warm water for 10 minutes and re-measure the circumference.
• Put the balloon into the cold water or a fridge for 10 minutes and measure the circumference of the 

balloon again.

Discussion
1. Did the balloon expand or contract in warm water?
2. Did the balloon expand or contract in the cold water or a fridge?
3. Explain, in terms of particles, what happened when the balloon was heated and cooled.

3.9 Exercise: Understanding and inquiring
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall why gases can be compressed.
2. Describe what happens to a gas that is heated.
3. Explain how a carbon dioxide fire extinguisher works.

Think
4. Draw a diagram of a gas before and after heating to show what happens to the particles.
5. Explain why aerosol cans have ‘Do not dispose of in fire’ printed on the can.
6. Infer which would last longer: a scuba diver’s tank filled with compressed air or one filled with air at normal 

pressure.
7. Explain what would happen to the pressure in a car tyre after it has been driven on a hot road and then 

parked on some cool grass.

Investigate
8. Many gases, including oxygen, nitrogen, chlorine and hydrogen, have important uses. Choose one of these 

gases and investigate what it is used for and why.
9. Investigate which gases are found in the air and how much of each gas there is.

10. Many gases in the air are pollutants put there by humans. Investigate the problem one of the following 
gases causes to the environment.

 sulfur dioxide, chlorofluorocarbons (CFCs), nitrogen dioxide, ozone

 Complete this digital doc: Worksheet 3.7: Particles in our lives (doc-0000)

 RESOURCES — ONLINE ONLY
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  3.10  Plasma — the fourth state of matter 
 Science as a human endeavour  

 In the past, scientists believed that everything around us was either 
a solid, a liquid or a gas. But scientists now believe that there are 
other states of matter that are not very common on Earth. 

 The earliest of these additional states of matter to be identifi ed 
is called  plasma . It is currently estimated that more than 99 per 
cent of all matter in the universe is actually plasma. Plasma occurs 
everywhere. The sun and all the other stars are made of plasma, as 
are lightning and the aurora australis (also known as the southern 
lights). Temperatures higher than 1 000 000 °C are needed to form 
these plasmas. Lightning bolts actually form plasma from the sur-
rounding air. 

 In an ordinary gas, each  atom  contains an equal number of  pro-
tons  and  electrons . (We will learn more about the particles that 
make up the atom in  chapter 9 .) This makes each atom neutral. The 
positively charged protons are surrounded by an equal number of 
negatively charged electrons. A gas becomes plasma when energy or 
heat is added. This energy or heat causes the atoms to release some or all of the electrons. This means that the 
remaining atoms now have fewer electrons and the atoms have a positive charge. The removed electrons are 
free to move about. 

 Plasmas have different properties from gases. For example, oxygen gas is not affected by magnetic fi elds 
and cannot conduct electricity.   However, if oxygen gas is turned into plasma, it can be contained in a mag-
netic fi eld and can conduct electricity.  

 Different atoms form different types of plasma. Each type of plasma can be used for different purposes, 
such as in neon lights and fl uorescent tubes. Plasmas are also used in lasers, high-powered microwaves, 
water purifi cation and some semiconductors in computers.  

 Scientists are currently studying how plasmas could be used to release energy from sea water without 
creating pollution. A possible solution is, fi rstly, to use sea water to make hydrogen gas. The atoms of 
hydrogen gas could then be joined together (fused), a process that releases large amounts of energy. How-
ever, this fusion occurs at such high temperatures that there is currently no container on Earth that could 
hold the plasma without being destroyed. The good news though is that, because plasma is affected by 
magnetic fi elds, a special magnetic container may be able to hold the plasma.  

Protons

Neutrons

Nucleus

Energy knocks
electrons off
atoms. 

++
+–

–
–

– –

–

+

  Incoming energy removes 
electrons from gas atoms, 
changing them into a plasma 
state. 

  Plasmas are used in lasers. 

  Lightning turns gases in the air into 
plasma at temperatures higher than 
1 000 000 °C. 
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3.10 Exercise: Understanding and inquiring
To answer questions online and to receive immediate feedback and sample responses for every question, go 
to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Remember
1. Recall an example of naturally occurring plasma.
2. Atoms in solids, liquids and gases are neutral. Explain what this means.
3. What happens to the atoms in a gas to make them into plasma? Explain this in terms of protons and 

electrons.
4. Describe a current use of plasma.
5. Recall some examples of how plasma may be used in the future.

Think
6. Distinguish between the properties of a plasma and those of a gas.
7. Draw a diagram using particles to demonstrate what happens if a substance changes from a solid to a 

liquid to a gas to a plasma.
8. Explain why scientists think that plasma would be a good energy source in the future.

Investigate
9. Investigate how a neon light works. Present your findings as an advertisement to sell a new neon light.

3.11 Review
3.11.1 States of matter
 • identify the three most common states of matter 3.1
 • describe the physical properties of solids, liquids and gases 3.1
 • explain what is meant by the term ‘fluid’ 3.4
 • explain density in terms of the particle model 3.6
 • describe the changes in pressure of gases in terms of the increase or decrease of  

frequency of particle collisions 3.8
 • describe the state of matter called plasma 3.9
 • describe current research on the use of plasma in energy production 3.9

3.11.2 The particle model of matter
 • state the main assumptions of the particle model 3.2
 • describe the difference in behaviour of particles in solids, liquids and gases 3.2, 3.3, 3.4
 • use the particle model to explain expansion and contraction of materials during  

heating and cooling 3.7
 • discuss how increasing and decreasing the energy of particles affects their movement 3.2, 3.3
 • describe what happens during the process of diffusion 3.1, 3.4

3.11.3 Changes of state
 • describe the physical changes that occur during sublimation, evaporation,  

condensation, boiling, melting and freezing 3.5
 • relate changes of state to the motion of particles as energy is added or removed 3.5
 • explain the changing behaviour of particles during changes of state 3.5
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3.11 Review 1: Looking back
1. Use the particle model to explain why steam takes up more space than liquid water.
2. Recall in which state the forces of attraction between the particles are likely to be greatest.
3. Identify in which state — solid, liquid or gas — the particles have:

(a) the most energy
(b) the least energy.

4. Explain why perfume and aftershave lotion evaporate more quickly than water.
5. Copy and complete the table below to summarise the properties of solids, liquids and gases. Use a tick to 

indicate which properties each state usually has.

6. Copy and label the three diagrams below to identify which represent solids, liquids and gases. Make an 
improvement to each of the diagrams so that they describe the particle model more fully.

Property Solid Liquid Gas

Has a definite shape that is difficult to change

Takes up a fixed amount of space

Can be poured

Takes up all of the space available

Can be compressed

Is made of particles that are strongly attracted to each other and 
can’t move past each other

Is made of particles that are not held together by attraction

Individual pathways

 ACTIVITY 3.1
Revising states of matter
doc-10537

 ACTIVITY 3.2
Investigating states of matter
doc-10538

 ACTIVITY 3.3
Investigating states of matter 
further
doc-10539

  ONLINE ONLY

FOCUS ACTIVITY
A mysterious substance is developed in a laboratory. The sample has a mass of 10 g and has a volume of 2.3 cm3.
(a) Calculate its density.
(b) What is the mystery substance’s most likely state of matter?
Access more details about focus activities for this topic in the Resources tab. (doc-10536)
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7. Copy and complete the diagram below, labelling the missing state and changes of state.

8. Fully explain the process that is occurring in the following diagrams.

9. Identify which of these diagrams (A, B or C) correctly shows a solid after expanding.

Original solid A B C

10. (a) Copy the table below and rewrite it to correctly match the substances to their properties and uses.
        (b) Identify whether the substance would be a solid, liquid or gas.

 

11. Graphite (used in pencils) and diamond are both made of the same type of particle, yet graphite has a 
density of 1.46 g/cm3 while diamond has a density of 3.52 g/cm3. Give possible explanations for how they 
can have different densities yet be made of identical particles.

Melting ?

?

?

Freezing

GasSolid

Name of substance Property Use Solid, liquid or gas?

Air Waterproof, hard, strong Horseshoe

Tin Particles able to mix easily with other 
particles

Balloon

Neon Particles absorb energy and turn it 
into light

Sign, light

Oil Hard, strong Driveways

Iron Hard, strong, easily shaped when 
heated

Lubricant

Concrete Particles slip past each other Roofing

Properties and uses of various substances
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12. Compare and contrast mercury and alcohol thermometers.
13. A metalworker wishes to ensure that a rivet joining two pieces of steel won’t loosen. He decides to make 

the rivet hole slightly smaller in diameter than the rivet.
(a) In order to get the rivet to fit, which will need to be heated — the rivet or the steel around the hole? 

Explain your answer in terms of the particle model.
(b) What are the disadvantages of using this method to join sections of metal?

14. In what ways does the particle model of matter fall short of describing the real behaviour of matter?

Test yourself
1. ‘Compression’ is a term that describes

(A) squeezing the particles of a substance closer together.
(B) pulling particles further apart.
(C) removing the heat energy from the particles of a substance.
(D) the releasing of air from a car tyre. (1 mark)

2. Ice cubes float in soft drink because
(A) the bubbles in the soft drink hold them up.
(B) the ice is less dense than the soft drink.
(C) the ice is denser than the soft drink.
(D) water and soft drink do not mix. (1 mark)

3. According to the particle model, the attractive forces between particles are strongest in
(A) solids.
(B) liquids.
(C) gases.
(D) plasma. (1 mark)

4. Gaps are left between sections of railway track so that
(A) more track can easily be laid later.
(B) bugs can cross the railway lines safely.
(C) the steel tracks can expand in cold weather without buckling the track.
(D) the steel tracks can expand in hot weather without buckling the track. (1 mark)

5. Read the information in the box How a refrigerator works.
(a) Use the words in bold to label the diagram of the refrigerator below. (2 marks)

(b) Use the information in the box How a refrigerator works construct a flow chart that describes the 
changes of state that take place during the refrigeration process. Colour each state a different colour. 
For example, when the refrigerant is in the liquid state, you may choose to colour the relevant section 
blue. The flow chart has been started for you. (4 marks)

E G

E D

L

C

R

C

Outside
fridge

Inside
fridge

V L T

Refrigerant is
under pressure
and in the
liquid state.

Refrigerant
passes  through
expansion
device.
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Access more details about focus activities for this topic in the Resources tab. (doc-10536)

 Complete this digital doc: Worksheet 3.8: States of matter puzzles (doc-0000)

 Complete this digital doc: Worksheet 3.9: States of matter summary (doc-0000)

 RESOURCES — ONLINE ONLY

HOW A REFRIGERATOR WORKS
Evaporation occurs when a liquid gains enough heat energy to change into a gas. Refrigeration is possible 
because of this. The pipes in a refrigerator contain a substance called a refrigerant. (A refrigerant is a 
substance that changes from a liquid to a gas and back again.) Near the expansion device, the refrigerant 
is in the liquid state. As it passes through the expansion device, the liquid is made to expand (the pressure 
drops). As a result of the drop in pressure, the refrigerant cools down to a very low temperature. (You may 
have experienced this cooling effect if you have ever used a fire extinguisher.) The liquid refrigerant then passes 
through the part of the pipe that is inside the fridge. This part of the pipe is called the evaporator. Heat energy 
travels from the objects and air inside the fridge to the very cold refrigerant. The inside of the fridge cools down. 
The liquid refrigerant heats up and turns to gas (evaporates). (Note: Heat energy travels from a hotter to a colder 
substance.)

The refrigerant, which is now a gas, passes into the compressor. This puts the refrigerant under pressure 
again. Under pressure, the refrigerant becomes even hotter. (You may have experienced this when you pumped 
up the tyres on your bike. Under increased pressure, the air in the tyres feels warmer.) The compressor pushes 
the refrigerant into the next part of the pipe, the condenser. The condenser is on the outside of the fridge. Here, 
heat from the gas is transferred to the air outside the fridge. The air outside the fridge warms up. The refrigerant 
in the pipe cools down and becomes a liquid again (condenses). The liquid flows back towards the expansion 
device. The cycle is repeated.
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