
 



  

Matter is made up of many different kinds of atoms and molecules, and these can all look very 
different. A molecule of water looks different to a molecule of oxygen. The different structures of 
atoms and molecules result in them having many different properties.  

In this unit you will be learning about the three states of matter and how scientists use the 
particle model to describe them. You will also be learning about some of the changes of state, as 
well as the process of diffusion.  
 

There are different types of material which have different properties, such as hard, soft, shiny, bendy, 
smooth and stretchy.  
Different properties make materials suitable for different jobs.  
Some substances can be dissolved in other substances.  
There are different methods used to separate mixtures.  
The three states of matter are solid, liquid and gas.  
Solids become liquids through the process of melting, and liquids become solids through the process of 
freezing.  
 
 
 
 
 

Structure determines properties 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

1. What are the three states of matter? 
£ A. Solid, liquid, gas  
£ B. Ice, water, steam 
£ C. Freezing, melting, boiling  

 
 

2. Which state of matter has a constant shape and volume? 
£ A. Solid  
£ B. Liquid 
£ C. Gas 

 
 

3.  Which two states of matter would be present in a fizzy drink? 
£ A. Solid and liquid 
£ B. Liquid and gas 
£ C. Solid and gas 

 
 

4. What is the name of the change of state when a solid becomes a liquid? 
£ A. Freezing 
£ B. Melting 
£ C. Heating 

 
5. When does the process of condensing take place? 

£ A. When a liquid becomes a gas 
£ B. When a liquid becomes a solid 
£ C. When a gas becomes a liquid 

 
 
 
 
 
 
 
 



 
6. What is the opposite process to freezing? 

£ A. Melting 
£ B. Setting 
£ C. Boiling 

 
 

7. What are the melting and boiling points of water?  
£ A. Melting point is 100 °C, boiling point is 0 °C 
£ B. Melting point is 0 °C, boiling point is 100 °C 
£ C. Melting and boiling point are both 100 °C 

 
 
8. Which of these is most likely to be describing a metal? 

£ A. Shiny, soft, bendy  
£ B. Shiny, hard, stretchy 
£ C. Hard, strong, shiny 

 
 

9. If the following materials were put into an electrical circuit, which one would 
be most likely to allow a lightbulb to light up? 

£ A. Rubber 
£ B. Copper 
£ C. Paper 

 
 

10. Which of these is an example of dissolving? 
£ A. Adding sugar to a cup of tea 
£ B. Mixing two colours of paint together 
£ C. Separating sand from sea water  

 

 

 

 

  



 
Question Answer What to do next (Fix-It task) 

1 A If you answered B or C you need to review the 3 states of matter. Give 
an example of a solid, a liquid and a gas.   

2 A If you answered B or C you need to review the properties of solids, 
liquids and gases. Explain what is meant by a constant shape and 
volume.   

3 B If you answered A or C you need to review examples of the states of 
matter. Fizzy drinks are mostly liquid with air bubbles (gas) within 
them. State which states of matter are present in a tray of ice cubes 
melting. 

4 B If you answered A or C you need to review the changes of state. Melting 
is the change of state from a solid to a liquid. State the change of state 
when a liquid becomes a solid.  

5 C If you answered A or B you need to review the changes of state. 
Condensing is when a gas cools down to form a liquid. Give an example 
of where you can see the process of condensing happening.  

6 A If you answered B or C you need to review the changes of state. Melting 
is the opposite process to freezing as it involves a solid becoming a 
liquid. What the opposite process to boiling? 

7 B If you answered A or C you need to review the melting and boiling 
points of water. Describe what happens at 0 °C and 100 °C and state 
the phase changes that occur at each temperature.  

8 C If you answered A or B you need to review the properties of metals. 
Metals are usually hard, shiny and strong. Give an example of an object 
that is made of metal and explain what property makes it good for this 
function.  

9 B If you answered A or C you need to review the properties of metals. 
Metals are good conductors of electricity, which means they can 
complete a circuit. Suggest another metal than could be used to 
complete a circuit.   

10 A If you answered B or C you need to review the process of dissolving. 
Dissolving is when a solid is dispersed throughout a liquid to become a 
solution. Give another example of where you may see the process of 
dissolving.  

Great job! Now you’re ready to start learning about particles! 



 

 

 

 
The three states of matter 

1. The three states of matter are solids, 
liquids and gases 

2. Solids, liquids and gases have different 
physical properties: 

 

 
 
The particle model 

3. All matter is made from tiny particles 
4. The arrangement of particles affects 

the properties of the substance 
5. The three states of matter can be 

represented by a simple model, in 
which the particles are represented by 
small circles 
 

6. Particles in a solid 
are arranged in a 
regular pattern, 
touch each other 
and vibrate on the 
spot 
 

7. Particles in a 
liquid are 
arranged 
randomly, are 
touching and 
move freely 

 
8. Particles in a gas 

are arranged 
randomly, do not 
touch and move 
freely 

Changing state 
10. A substance melts when it changes 

from a solid to a liquid 
11. A substance freezes when it changes 

from a liquid to a solid 
12. Melting and freezing of a substance 

happens at a certain temperature called 
the melting point 
 

13. A substance boils when it changes from a 
liquid to a gas 

14. A substance condenses when it changes 
from a gas to a liquid 

15. Boiling and condensing take place at the 
boiling point 
 

 
 

 
16. The amount of energy needed to change 

state from solid to liquid and from liquid 
to gas depends on the strength of the 
forces between the particles of the 
substance 

17. The stronger the forces between the 
particles the higher the melting point and 
boiling point of the substance 

18. The particles in a solid can vibrate 
in a fixed position and cannot move from 
place to place because there are strong 
forces, called bonds, which attract the 
particles towards each other 

19. The particles in a liquid are able to move 
around each other because the bonds are 
strong enough to keep the particles close 
together, but weak enough to let them 
move around each other 

 

C1.1 Particles Knowledge Organiser 



 

 

 

9. Gas pressure happens because of 
particles colliding with the walls of a 
container  

Diffusion 
20. Diffusion is the movement of 

particles from a high concentration to 
a low concentration. 

 

 
The particles of red gas diffuse over 2 
minutes. The particles of the red gas move 
from a higher concentration to where the 
concentration is lower. 
 

21. Diffusion happens in liquids and gases 
because particles are free to move 

22. Diffusion cannot happen in 
solids because particles in a solid are 
not free to move 

23. Diffusion happens faster when 
the particles in a liquid or gas are 
moving faster after heating 

 

 
 
 
 
Variables 

24. The independent variable (IV) is the 
variable you change (the variable you 
want to investigate)  

25. The dependent variable (DV) is the 
variable you measure because it depends 
on the IV 

26. The control variables (CV) are the 
variables you keep the same because they 
could affect the dependent variable 

 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Keyword Definition 
Solid  

Liquid  
Gas  

Compress  
Flow  

Fixed volume  
Fixed shape  

Regular arrangement  
Melting  
Freezing  

Forces of attraction  
Boiling  

Condensing  
Evaporating  

Diffusion  
Concentration  

Independent variable  
Dependent variable  

Control variable  
Force  

Pressure  
Collision  



 

 

 

 
 
 
 
 
 
 

 
Starter 
Sort the following objects into groups.  
 
 
 
 
 
 
 
 
 
 
 

 
 
Objects consist of matter. There are three states of matter: 

• Solids 
• Liquids 
• Gases 

 
Objects are sorted into these groups based on their properties. Properties can be 
a description of how a material behaves or what it looks like. Scientists can use a 
number of questions to determine the properties of objects, such as: 
 

• Does the object flow? 
• Can the object be compressed? 
• Does the object fill to fit the container? 

 
If an object flows it means the object moves steadily in a stream, such as water 
being poured. If an object is compressed it means it can be ‘squished’ or reduce 
its size in one or more directions. If an object fills to fit the container it means it 
changes its shape based on the container it is in to take up all the space that is 
available.  

 
  

States of Matter 



 

 

 

 
 
 
 
 

 
1. Complete the following table using ticks and crosses: 

 
You might want to use some examples of each to help you determine their 
properties. You could use a block of wood as the solid, water as the liquid and air 
as the gas.  

 
Property Solid Liquid Gas 

Does the object flow?  
   

Can the object be compressed? 
   

Does the object fill to fit the container? 
   

Does the object have a fixed shape? 
   

Does the object have a fixed volume? 
   

 
2. Give the state of matter of the following materials  

a. A material which can be compressed and will flow.  
b. An object which cannot be compressed or flow. 
c. An object which will flow but has a fixed volume.  
d. An object which has no fixed volume or shape.  
e. An object with a fixed volume and shape 

 
3. Explain which state of matter the following objects are. Use the properties to 

justify your choices.  
a. Fruit squash 
b. A glass bottle 
c. A rubber band 

 
 
 
 
 
 
 
 
 
  



 

 

 

 
 

 
 
 
 

1. What are the three states of matter? 
£ A. Solid, mixture, liquid 
£ B. Solid, liquid, gas 
£ C. Mixture, gas, liquid 

 
2. Which of these statements best describes the properties of gases? 

£ A. Have a fixed volume, takes the shape of the container and cannot be 
compressed 

£ B. Completely fill their container and can be compressed 
£ C. Can flow, completely fill their container and can be compressed 

 
3. If an object cannot be compressed, what does this tell you? 

£ A. It has a fixed shape 
£ B. It has a fixed volume 
£ C. It has a fixed shape and volume  

 
If you answered A 
When an object is compressed, the spaces between the particles get smaller. Solids and 
liquids cannot be compressed because they do not have spaces between their particles. 
Although solids have a fixed shape, liquids do not because they can change their shape to fit 
the container.  
Compare the differences and similarities between the properties of solids and liquids and 
give an example of each. 
 
If you answered B 
When an object is compressed, the spaces between the particles get smaller. Solids and 
liquids cannot be compressed because they do not have spaces between their particles. 
Solids and liquids both have a fixed volume, although liquids do not have a fixed shape 
because they can change their shape to fit the container.  
Suggest which state of matter jelly is, using properties to explain your answer.  
 
If you answered C 
When an object is compressed, the spaces between the particles get smaller. Solids and 
liquids cannot be compressed because they do not have spaces between their particles. 
Solids and liquids both have fixed volumes but liquids do not have a fixed shape because 
they can change their shape to fit the container.  
Give an example of a solid and a liquid and describe the properties that they have in 
common. 
 



 

 

 

Solid  Liquid  Gas  

 
Starter  
 
1. What are the three states of matter? 
 
 
 
2. What state of matter is a material if it cannot be compressed but can be poured? 

 
 
3. Explain, in terms of properties, which state of matter a bar of melted chocolate 

is.  

 
 

 
Foundation: Name three liquids. 
 
 
Stretch: Sand is a solid. Why does it sometimes behave as a liquid? 

 
The properties of solids, liquids and gases can be explained using the particle 
model. In science models are often used to help us visualise occurrences that 
we would not be able to see.  
 
Every solid, liquid and gas is made up of particles. For example, gold is made 
of gold particles, water is made of water particles and Helium is made of Helium 
particles. Particles are so small that we cannot see them, even under a 
microscope. In an average glass of water there could be 
8,400,000,000,000,000,000,000,000 particles of water.  
 

 
 

The Particle 
Model 



 

 

 

 
Each circle represents a particle of material e.g. a Gold particle, water particle or 
Helium particle. There is nothing in the space between particles, it is just empty 
space. Often people assume that this is air, but air is also made up of its own 
particles! 
 
Note: these circles are just used to model the arrangement of the particles in 
each state of matter, the actual particles of gold, water and Helium are not 
orange and would not be exactly the same size.  
 
If you were able to zoom in far enough on any material you would see something 
that looks like this. In the particle model one substance is represented at a time, 
for example Gold. The particles would not change size or shape in a solid, a 
liquid or a gas. The only thing that would change would be how the particles are 
arranged. Particles in solids, liquids and gases are all moving, some to a greater 
or lesser extent.  
 
 
Particles in a Solid 

• The particles are very close together and touch their neighbours. 
• They are in a regular arrangement. 
• Particles vibrate on the spot. 
• Particles in a solid have the least energy. 

 
 
Particles in a Liquid 

• The particles are close together and touch their neighbours. 
• They are not in a regular arrangement. 
• Particles move around, sliding over each other. 
• Particles in a liquid have an intermediate amount of energy . 

 
Note: this is the particle diagram that is most commonly drawn incorrectly. It 
is important to show that the particles are touching each other, which makes 
them different from the particles in a gas. It is not simply ‘halfway’ between a 
solid and a gas.  
 
Particles in a Gas 

• The particles spread out.  
• The particles move fast throughout the whole container.  
• They are in a random arrangement. 
• Particles have the most energy.  
• The random and chaotic movements of gas particles is called 

Brownian motion. 
 
 



 

 

 

1. Draw the particle diagram for solids, liquids and gases.  
 
 
 
 
 
 
 
 
 
2. Describe the arrangement of particles in 
 

a. Solids 
b. Liquids 
c. Gases 

 
Consider: movement of particles, space between particles, regular or irregular 
arrangement, energy of particles.  

 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 

 
 
 

 
1. Imagine you could see the particles in this block 
of lead. Which diagram best matches what you 
would see? 
 

 
 
 

 
2.  Imagine you could see the particles in this 
beaker of water. Which diagram best matches 
what you would see? 

 
 
 
 
 

 
3. Imagine you could see the particles in a sample of 
carbon dioxide gas. Which diagram best matches 
what you would see? 
 

 

If you answered A 
The water in this beaker is an example of a liquid. Particles in a liquid are held close together but not in a 
regular arrangement, like in a solid. The particles are always moving past and over each other, they do not 
remain stationary.  
Draw a diagram to show the arrangement of particles in a liquid and describe the movement of the 
particles. 
If you answered B 
The water in this beaker is an example of a liquid. Particles in a liquid are held together very closely but not 
in a regular arrangement like in a solid. The particles are also able to move past each other regularly and 
freely.  
Draw diagrams to show the arrangement of particles in a liquid and a gas and describe the movement of 
the particles in each state.  
If you answered C 
The water in this beaker is an example of a liquid. Particles in a liquid are held together closely but not in a 
regular arrangement like in a solid. Particles in a liquid are also able to move freely past each other.  
Describe the movement of particles in each state of matter and put the states of matter in order of 
increasing energy of the particles. 
If you answered D 
The water in this beaker is an example of a liquid. The particles in a liquid are able to move freely past each 
other but the particles are held together much more closely than in a gas. They are also not in a regular 
arrangement like in a solid.  
Describe the differences between the particle arrangements in a liquid and a gas. You may wish to draw 
diagrams to help you explain the differences. 



 

 

 

 
Starter  
 
1. What are three properties of solids? 
 
 

2. What are two properties of liquids? 

 
 
3. What are two properties of gases? 

 
Foundation: Name the three states of water.  
 
 
Stretch: Why do car brakes contain a liquid rather than a gas?  
 
 

 
 
The particle model for each state of matter looks different because there are different 
forces of attraction between the particles in each state. The stronger the forces 
of attraction between the particles, the closer the particles are held together. 
Particles in a solid have the strongest forces of attraction between them, while 
particles in a gas have very weak forces of attraction between them.  

 
 
 
 
 
 
 
 
 
 

Explaining the 
properties of the 
states of matter 



 

 

 

 
 
 
Using gas as an example: 
 
What are some of the properties of gases? 

• Gases are easily compressed, can flow, do not have a fixed 
shape, do not have a fixed volume 
 
How can we describe the particle model for gases? 

• Particles are irregularly (randomly) arranged with lots of space between them. 
Particles are moving quickly because they have  a lot of energy.  
 
What are the forces of attraction like? 

• Weak 
 
Explain why gases can be easily compressed? 

• Gases can be compressed because there is lots of space between their particles as the 
forces of attraction between them are weak.  

  



 

 

 

 
 
 
 
 

 
Explain the effect of the forces between the particles on the properties of 
solids, liquids and gases.  

How to structure your answer: 

State the property you are explaining. 

State the strength of the force between the particles and how that affects: 

• the arrangement of the particles 

• the movement of the particles 

• the distance between the particles 
 
___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

___________________________________________________________________________ 

 
___________________________________________________________________________ 

___________________________________________________________________________ 



 

 

 

 

 

 

 
 
 

1. A block of copper is a solid at room temperature because: 
£ A. There are strong forces which attract the particles towards each other 
£ B. There are strong forces which repel the particles causing them to vibrate 
£ C. The particles in the block of copper do not move due to the strong forces 

 
2. A glass of water is liquid at room temperature because:  

£ A. The particles are able to move around each other because the forces are strong 
enough to keep the particles close together, but weak enough to let them move around 
each other 

£ B. The particles repel each other, allowing them to be able to move around each other  
£ C. The particles do not move but slide over each other 

 
3. Air is a gas at room temperature because: 

£ A. Air is not made up of particles  
£ B. The particles are free to move in any direction because the particles repel each other 
£ C. The particles are free to move in any direction as there are weak forces between 

particles  

 

 
If you answered A 
Particles in a solid are held together by strong forces of attraction, keeping them in their regular 
arrangement. These strong forces attract the particles to each other in all directions, which is why 
they form this regular arrangement. Particles in a solid are able to vibrate from their positions in 
this arrangement.  
Use the idea of forces of attraction to explain why gases can be compressed but solids cannot. 
 
If you answered B 
Particles in a solid are held together by strong forces of attraction, which hold the particles in a 
regular arrangement. This is because they all experience forces of attraction towards each other 
with the particles around them. Particles in a solid are able to vibrate from their positions but this 
is due to the energy of the particles rather than being repelled by other particles.  
Compare the particle arrangements of liquids and gases and explain these arrangements using 
the idea of forces of attraction.  
 
If you answered C 
Particles in a solid are held together by strong forces of attraction, where each particle experiences 
an attraction to the particles around it. This causes the particles in a solid to be held in a regular 
arrangement. Although particles in a solid are held in this arrangement they are still able to vibrate 
from their position. This means they move much less than particles in a liquid or gas, but there is 
still movement of the particles.  
Describe the relative movement of particles in solids, liquids and gases and explain this using the 
idea of forces of attraction. 



 

 

 

Starter – determine if the following statements are true or false: 
 
1. Bonds hold the particles in a solid together. 
 
 

2. The particles are able to move around each other in a liquid because the forces 
between the particles are not strong enough to keep the particles close together.  

 
 
3. A gas does not take the shape of its container.  

 
Foundation: Describe what happens to an ice cube when you take it out of the 
freezer using the words ‘particles’, ‘water’ ‘warmer', 'arrangement’ and ‘change’. 

 
 

Stretch: Why does ice float on water? 
 
 
 
 

Changing state between solid and liquid 
 
Melting is the change of state from a solid to a liquid. 
Freezing is the change of state from a liquid to a solid. 
 
What happens to the particles when a solid melts? 
 
When a solid melts the particles gain energy from the surroundings, so they begin 
to vibrate faster. The particles move away from their places in the pattern and 
continue to move around.  
 
 
 

Melting and 
Freezing 



 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
What happens to the particles when a liquid freezes? 
 
When a liquid starts to freeze, its particles move more slowly as they transfer 
energy to the surroundings. The particles get into a pattern and vibrate on the spot 
from their places in the pattern and continue to move around.  
 
The melting point of ice is 0∘C . This means that at 0∘C ice changes state into water. 
Melting point is the temperature at which a solid changes state into a liquid. It is also 
the temperature at which a liquid changes state into a solid, so melting point is the 
same as freezing point. 0∘C is only the melting point for ice, all other substances have 
their own melting points.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 

 
 
 
 

Ice  Water  



 

 

 

 
 

 
1. Add labels for each part of the microscope below. 
2. Add the functions of each part to the correct label on your diagram. 
 

Describe and explain what happens when a substance is heated from 
below its melting point to above its boiling point. You may wish to use 
graph to help you.  
 
 
 
 
 
 

 

 

 

How to structure your answer: 

1. State the starting temperature and describe what happens to it as it is heated. 

2. Describe what happens to the temperature as the substance is heated to its melting point. 

3. Describe what happens to the temperature as the substance is heated to its boiling point. 

4. Use data to show an example of what you describe for 2 and 3.  

5. Explain why the observations for 2 and 3 happen. 
 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________
__________________________________________________________________________ 

 



 

 

 

 
 
 
 
 
 
 
 

1. These pictures show wax that has melted on heating. 
Which best explains the change from a solid to a liquid? 

£ A. The wax around the particles melts. 
£ B. Solid particles (hard) change to liquid particles 

(runny). 
£ C. The particles start to move about from place to place, keeping close together. 

 
2.  What happens when solids melt at different temperatures? 

£ A.  The particles have sufficient energy to overcome the forces between the particles 
and move, whilst still staying close together. 

£ B. The energy goes into turning the solid into a liquid rather than the particles gaining 
energy. 

£ C. The particles have sufficient energy to overcome the forces between the particles and 
move, whilst moving further apart. 

 
3. What happens when a substance freezes? 

£ A. The particles contract and become smaller 
£ B. The particles move closer together 
£ C. The particles start to lose energy, vibrate in their positions but cannot move around. 

If you answered A 
When a substance freezes it changes state from liquid into solid. Any change of state involves a 
change in energy of the particles, which in this case is particles losing energy when they are cooled 
down. Particles do not change between states of matter, only the spacing between them and their 
arrangement. 
Describe what happens to the arrangement of particles when a solid melts. You should refer to 
the relative energy that the particles have. 
If you answered B 
When a substance freezes it changes state from liquid into solid. Any change of state involves a 
change in energy of the particles, which in this case is particles losing energy when they are cooled 
down. As they lose energy, the particles are no longer able to move freely past each other and they 
can only vibrate from their positions. The particles are now closer together, which is caused by the 
particles losing energy rather than the particles moving closer together then losing energy.  
Describe the processes of melting and freezing in terms of arrangement of particles. 
If you answered C 
When a substance freezes it changes state from liquid into solid. Any change of state involves a 
change in energy of the particles, which in this case is particles losing energy when they are cooled 
down. As the particles have lost energy they are no longer able to move freely past each other and 
can now only vibrate. 
Melting and freezing are opposite processes. Use particle diagrams to explain which process 
involves particles losing energy and which process involves particles gaining energy.   
 



 

 

 

Starter  
1. What is freezing? 
 

 
2. What is the melting point of a substance? 
 

 
3. What affects the amount of energy needed to change the state of a substance? 
 
 

 
Foundation: What is water called when it is a solid, a liquid and a gas? 
 
 
Stretch: Explain why the industrial revolution was powered by steam. 
 
 

 
Boiling is the change of state from a liquid to a gas.  
 
 
 
 
 
 

 
 
 

Boiling and evaporating are both changes of state from a liquid to a gas but they 
are different processes.  
 

 

Boiling and 
Condensing 



 

 

 

Boiling only happens at the boiling point. Boiling happens 
throughout a substance, where particles with enough energy to 
overcome the forces of attraction holding them close to other particles. 
These particles with sufficient energy rise up to the surface and escape 
into the air. An example of boiling can be seen when a pan of water is 
heated on a stove, where gas bubbles rise up to the surface and escape 
as steam.  
 
Evaporating can happen at any temperature, and only occurs at the 
surface of liquids. Particles with the most energy leave the liquid 
surface and move away from the liquid. An example of evaporation can 
be seen when a puddle of water evaporates from a road after it stops 
raining. The puddle is not heated enough for boiling to occur, which 
would give all particles enough energy to become gas. Only the particles 
with enough energy are able to escape from the surface of the liquid.  
 
What happens when water boils? 
 
When water starts to boil, steam bubbles rise to the surface of the liquid. They escape 
into the air. In these steam bubbles the water particles are much further apart, which 
is what makes them rise to the surface. The steam bubbles are much less dense than 
the water particles, although density is a topic that will be studied in much greater 
detail in later units.  
 
 
 
 
 
 

 
The boiling point of water is 100∘C . This means that at 100∘C water changes state to 
make steam. The boiling point is the temperature at which a liquid changes state into 
a gas. Gases condense into liquids when they cool down, such as steam cooling into 
water. You can see an example of this if you look at a mirror in the bathroom after a 
hot shower. The boiling point is equal to the condensing point. Different substances 
have different boiling points because the strength of the forces of attraction between 
their particles can vary, meaning they need different amounts of energy to overcome 
them.  
 
Melting points and boiling points can be used to determine the state of substances at 
different temperatures. Water is a liquid at room temperature (around 20∘C) because 
this is between its melting and boiling points. If a substance had a melting point of 
50∘C it would be a solid at room temperature because room temperature is below its 
melting point, meaning that it would not have been heated enough to allow it to 
melt.  

 

Boiling 

Evaporating 



 

 

 

 
 
 
 
 
 
 

1. Describe the similarities and differences between boiling and evaporation.  
 

___________________________________________________________
___________________________________________________________
___________________________________________________________

___________________________________________________________
___________________________________________________________ 

2. Use the following table to determine whether these substances would be solids, 
liquids or gases at room temperature: 
 

Substance Melting 
Point 
(°C) 

Boiling 
Point 
(°C)  

State at 
Room 
Temperature 
(20°C) 

Carbon 3500 4827  

Sulphur 112.8 444.6  

Copper 1083 2567  

Oxygen -218.4 -183  

Helium -272 -268.6  

 
Help: 
If you struggle when working with negative numbers it may help you to use this method of 
determining state of matter. The melting and boiling points of water have been used in this case. 
Room temperature is between the melting and boiling points, which means that water would be a 
liquid at room temperature. You can substitute the melting and boiling points of the different 
substances and determine if room temperature falls below the melting point, between the melting 
and boiling points or above the boiling point.  
 
 
 

 
 
 

Below melting 
point (substance 
must be a solid) 

Above boiling point 
(substance must be a 
gas) 

Between melting and 
boiling point 
(substance must be a 
liquid) 

Melting point = 0°C    Boiling point = 100°C    



 

 

 

 
 
 

 
 

 
1. What happens when liquids boil at different temperatures? 

£ A. When a substance boils the particles have sufficient energy to overcome the forces between 
the particles and are arranged far apart but do not move 

£ B. When a substance boils the energy goes into turning the liquid into a gas. 
£ C. When a substance boils the particles have sufficient energy to overcome the forces between 

the particles and move far apart in a random way 
 
2. What happens when a substance condenses? 

£ A. The particles contract and become smaller 
£ B. The particles start to lose energy and move closer together 
£ C. The particles start to lose energy, vibrate in their positions but cannot move around. 

 
3. When the water in a kettle is boiling, you can see bubbles. What is inside the bubbles?  

£ A. Nothing 
£ B. Water particles 
£ C. Water particles and air 

 
 

 
If you answered A 
When a substance boils it changes state from liquid to gas. This happens when the particles have 
enough energy to overcome the forces of attraction that are holding them close together (see the 
particle arrangement in liquids). Once the substance has boiled the particles are now spread far 
apart and can move freely.  
Compare the movement of particles in liquids and gases. 
 
If you answered B 
When a substance boils it changes state from liquid to gas. This happens when the particles have 
enough energy to overcome the forces of attraction that are holding them close together. It is the 
particles themselves that gain sufficient energy and this does not happen for the whole substance 
at the same time, which is why it takes time for a substance to boil. 
Water and ice are both made up of the same type of particle. Explain what makes them different 
using particle diagrams. 
 
If you answered C 
When a substance boils it changes state from liquid to gas. This happens when the particles have 
enough energy to overcome the forces of attraction that are holding them close together. The 
particles can now move freely and randomly and spread apart from each other.  
When humans sweat, liquid on the skin undergoes a change of state to become gas. Is this an 
example of boiling or evaporation? Explain your answer.  
 

 

 



 

 

 

Starter  
 
1. What is boiling? 

_________________________________________________________
_________________________________________________________ 
 

2. What is the difference between boiling and evaporating? 
_________________________________________________________
_________________________________________________________ 

 
3. Why do substances boil at different temperatures? 

_________________________________________________________
_________________________________________________________ 

 
Foundation: What is the boiling point of water? 

_________________________________________________________ 
 

Stretch: A student heats a beaker of water. Once it is boiling, they reduce the 
Bunsen flame. Why does the water continue to boil? 

_________________________________________________________
_________________________________________________________ 

 
 

If someone was to spray an air freshener in the corner of a classroom everyone in the 
classroom would eventually be able to smell it. This is because the particles of the air 
freshener have diffused throughout the classroom. The diagram below shows how 
the air freshener would have moved through the classroom after a period of time. 
The red circles represent the particles of air freshener and the blue circles represent 
air particles in the classroom.  

 

 
 

Diffusion 



 

 

 

Diffusion is the movement of particles from a high concentration to a lower 
concentration. Concentration is a measure of how much of a substance there is in 
a given area (technically it is the mass of solute per unit volume). You may recognise 
the term concentration from diluting juice bottles, as a recommendation of how 
much water to add. If you have a very concentrated juice it will taste much more of 
the juice because there are lots of juice particles in the area. If you have a low 
concentration (or dilute) solution it does not taste as obvious because there are less 
juice particles present.  
 
Diffusion happens in gases and liquids because particles can freely move. It cannot 
take place in solids because the particles in solids can only vibrate from their 
position in the regular arrangement of particles.  
 
In science we use the word rate to describe how quickly or slowly something 
happens. A faster rate means that a process happens more quickly or takes less time. 
The rate of diffusion can be affected by temperature because if particles are heated 
they gain energy, meaning they can move around faster and therefore spread to an 
area of lower concentration in a shorter amount of time.  
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

  



 

 

 

 
 

 
 
 
 
 
 
 
 
 
1. Put the following diagrams in order to show the movement of particles during 

diffusion.  
 
 

 
 
 
 
 
 
 
 
 
 

 
2. Write a paragraph to explain: 

a. What diffusion is 
b. Draw a diagram to show a substance before and after diffusion has happened 
c. Examples of diffusion 
d. Which states of matter diffusion happens in and why 
e. How the rate of diffusion can be increased 

 
 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 

3. Which type of water would you use for tea, hot or cold water. Explain your choice 
 

__________________________________________________________________________ 
__________________________________________________________________________ 
__________________________________________________________________________ 



 

 

 

 
 
 
 
 
 
 
 

 
1.  Which statement is the definition of diffusion? 

£ A. Particles move from a high concentration to a lower concentration  
£ B. Particles move from a low concentration to a higher concentration 
£ C. Particles move in solids, liquids and gases 

 
2. Why doesn’t diffusion happen in solids? 

£ A. Particles in a solid vibrate too much 
£ B. Particles in a solid cannot move freely 
£ C. Particles in a solid are arranged in a regular pattern 

 
3. Why does squash diffuse faster in hot water than cold water? 

£ A. Increasing the temperature makes particles move more slowly 
£ B. Increasing the temperature makes particles move faster 
£ C. Decreasing the temperature makes particles move more slowly 

If you answered A 
Diffusion is the movement of particles from a high concentration to a lower concentration. 
Diffusion cannot happen in solids because particles in a solid can only vibrate in their positions in 
the regular arrangement of particles. Diffusion can only happen if the particles are able to move 
freely.  
Explain why diffusion can happen faster at a higher temperature. 
 
If you answered B 
Diffusion is the movement of particles from a high concentration to a lower concentration. 
Diffusion requires particles to be able to move freely, which means that it cannot happen in solids 
as the particles can only vibrate in their positions.  
Describe the effect of temperature on the rate of diffusion and explain why this is. 
 
If you answered C 
Diffusion is the movement of particles from a high concentration to a lower concentration. 
Particles in a solid are arranged in a regular pattern but it is the fact that they are unable to move 
freely that stops them being able to diffuse. 
Explain why gases and liquids are able to diffuse but solids are not. 
 
 
 
 
 
 



 

 

 

Starter - Determine if the following statements are true or false and 
correct any false statements: 
 
1. Solids can flow because the particles can move freely. ____________ 
 
2. Diffusion is the movement of particles from a higher concentration to a lower 

concentration. ____________ 
 
3. Diffusion happens faster in gases as compared to liquids. ____________ 
 
Foundation: What are the units of area? 
 
__________________________________________________________________________ 

Stretch: What does rate mean? 
__________________________________________________________________________ 
__________________________________________________________________________ 

 
Every investigation has variables; these are factors (things) that change. You 
change something and then measure its effect.  
 
There are three types of variable: 
• The independent variable (IV) is the variable you change (the variable you 

want to investigate)  
• The dependent variable (DV) is the variable you measure because it 

depends on the IV 
• The control variables (CV) are the variables you keep the same because 

they could affect the dependent variable 
 

Worked Example 
Identify the variables in this experiment: 
 
I measured the time it took for a ball of paper and a flat sheet of paper to 
fall to the floor. 
 
Independent Variable – ball of paper or sheet of paper 
Dependent Variable – Time (seconds) 
Control Variables: height the paper is dropped from 
           keep windows and door closed 
           how the time is measured 

Diffusion 
Practical 



 

 

 

 
 

 
 
 

 

 

Complete the following table to identify the different variables in each of these 
experiments: 
 

Experiment Independent 
variable 

Dependent 
variable 

Control 
variables 

The height of a female 
athlete affects the time 
taken for her to run 
100 metres. 

Different 
height athletes 

Time it 
takes to run 
100 metres 

Same track 

Same weather 
Same age 

To find out if the 
volume of water 
affects the time it 
takes to boil it. 

   

The height a ball 
bounces depends on 
the type of ball used. 
 

   

An investigation to 
find out if the height 
of seedlings depends 
on the distance 
between them. 

   

To investigate how 
long it takes for 
different perfumes to 
diffuse across the 
classroom. 

   

 

 
 
 



 

 

 

Aim: 
To see how temperature affects the rate of diffusion of food dye in water. 
Method: 

1. Half fill a Petri dish with ice cold water and record the temperature 
in the table.  

2. Place the Petri dish on some 1cm2 graph paper 
3. Using a pipette, put 1 cm3 of food dye into the centre of the Petri 

dish 
4. Start the stop watch 
5. Stop the stop watch after 1 minute and estimate the area covered by 

the food dye. Record this in the results table.  
6. Now repeat steps 1-5 with tap water and hot water.   

 
Variables: complete the variables below for this investigation. 
Independent variable - 
___________________________________________________ 
Dependent variable - 
___________________________________________________ 
Control variables - 
__________________________________________________________ 
__________________________________________________________ 
Results: 

Temperature of 
water 

Estimated area of food dye covered 
in 1 minute (cm3) 

Ice cold water   
Tap water (room 

temperature) 
  

Hot water   
 
Conclusion Questions: 

1. Which temperature of water had the fastest rate of diffusion? Include 
evidence from your results table. 
__________________________________________________________ 
 

2. Which temperature of water had the slowest rate of diffusion?  
Include evidence from your results table. 
__________________________________________________________ 



 

 

 

 
3. Choose the correct word to complete this conclusion sentence: 

When the temperature is increased the rate of diffusion [increases / decreases] 
 

4. Describe the movement of the water particles at different temperatures. 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 
 

5. Explain why you only change one variable at a time.  
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 
 
 
 
 

1. I want to investigate how the amount of food dye added affects the rate of diffusion 
in water. What is the independent variable?  

£ A. The amount of food dye 
£ B. The rate of diffusion in water 
£ C. The area covered by the food dye 

 
2. Which of these is not a suitable control variable from today’s practical? 

£ A. Use different food dyes 
£ B. Use the same dish 
£ C. Use the same graph paper to measure area 

 
3. Why was the stopwatch used to measure 1 minute? 

£ A. To fairly compare the area covered by the food dye 
£ B. To know how long the food dye took to spread 
£ C. So we all had roles in the practical work 
 

 
If you answered A 
The independent variable is the variable that is changed in the experiment. This investigation 
would be determining the effect of the amount of food dye on the rate of diffusion. This means 
that the rate of diffusion is the dependent variable as it is being measured and the amount of food 
dye is the independent variable because it is being changed.  
Explain why experiments only have one independent variable. 
 
If you answered B 
The independent variable is the variable that is changed in the experiment. This investigation 
would be determining the effect of the amount of food dye on the rate of diffusion. This means 
that the rate of diffusion is the dependent variable as it is being measured and the amount of food 
dye is the independent variable because it is being changed.  
Explain the difference between a dependent variable and control variables. 
 
If you answered C 
The independent variable is the variable that is changed in the experiment. The initial 
investigation of this lesson measured the area covered by the food dye, which was the dependent 
variable in that investigation. In this investigation it is neither the independent or dependent 
variable as it is not being changed or measured in this case.  
Identify the independent and dependent variables if we measured the rate of diffusion in 
different shaped beakers that contained equal volumes of water.   
 
 
 
 
 
 



 

 

 

Starter - Determine if the following statements are true or false and 
correct any false statements: 
 
1. In a gas the particles are very close together and touch their neighbours. ______ 
 
2. In a gas the particles move around, sliding over each other. ________ 
 
3. In a gas the particles are in a random arrangement. _________ 
 
 
Foundation: Draw particle diagrams for a solid, liquid and gas 
 
 
 
Stretch: Explain why is it difficult to ride a bike with a flat tyre? 
 
__________________________________________________________ 
__________________________________________________________ 

 
When you blow up a balloon, the more air particles you add the bigger the balloon 
gets. Inside the balloon, air particles move quickly from place to place. They bump 
into, or collide with, each other. They also collide with the inside walls of the 
balloon, (the rubber the balloon is made from). These collisions exert a force on the 
rubber. A force acting on an area causes pressure. The greater the force exerted, the 
greater the pressure. When you are blowing up a balloon, the balloon expands 
because the pressure of the gas particles acting on the inside walls is greater than the 
pressure of the air particles outside the balloon pushing in.  
 

Gas Pressure 



 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
Gas pressure can be affected by the volume the gas is contained within. If the 
number of gas particles was kept the same but the balloon was half the size, the 
pressure would double because the particles would be exerting the same forces, but 
now on a smaller area.  
 
Gas pressure can also be affected by temperature. When particles are heated they 
gain energy and start to move around much faster. This means there will be more 
collisions between the gas particles and the inside walls of the balloon. If the balloon 
was to be cooled down the particles would lose energy and create less collisions, 
decreasing the pressure. This would mean that the force of gas particles outside the 
balloon pushing in would now be greater than the air particles inside the balloon 
pushing out, causing the balloon to collapse. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 

 
 
 
 
 
 
 

 
1. Choose the best answer to complete each statement: 
 
(a) Gas pressure is caused by… 

1. gas particles moving randomly. 
2. collisions of gas particles with the walls of a container. 
3. having many particles in a small volume. 

 
(b) To increase the pressure of gas in a balloon you could… 

1. remove some gas particles. 
2. make the volume of the balloon bigger. 
3. add more gas particles. 

 
(c) To decrease the pressure of gas in a balloon you could… 

1. remove some gas particles. 
2. make the volume of the balloon smaller. 
3. add more gas particles. 

 
(d) Greater gas pressure is caused by… 

1. more collisions of gas particles and the container. 
2. less collisions of gas particles and the container. 
3. gas particles colliding with each other. 

 
 
2. Explain why this empty bottle collapsed when placed in in the freezer. 
 
How to structure your answer: 
1. Explain what gas pressure is. 
2. Describe what happens to gas particles when the temperature 

is decreased. 
3. Explain how a change in gas pressure has affected the plastic 

bottle. 
4. Describe what would happen if the bottle was taken out of the 

freezer (the lid taken kept on). 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 



 

 

 

__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 
__________________________________________________________ 

 
 

Stretch – draw two particle diagrams showing air particles in the bottle before it 
was placed in the freezer and then after. Make sure there are the same number of 
particles in each diagram. 

 
 

  



 

 

 

 
 
 
 
 
 
 
 
 
 

1. How is gas pressure created? 
£ A. Collisions of gas particles with the walls of a container 
£ B.  Having many particles in a small volume 
£ C. Gas particles moving randomly 

 
2.  How can the gas pressure in a balloon be increased? 

£ A. Remove some gas particles. 
£ B. Make the volume of the balloon bigger. 
£ C. Add more gas particles. 

 
3. How is greater gas pressure created? 

£ A. More collisions between the gas particles and the container. 
£ B. Less collisions between the gas particles and the container. 
£ C. Gas particles colliding with each other. 

If you answered A 
Gas pressure is created by collisions of gas particles with the walls of the container, in this case 
the walls of the balloon. Removing some gas particles would result in fewer gas particles present, 
so fewer collisions between gas particles and the wall of the balloon. This means that removing 
gas particles would decrease the gas pressure rather than increase it.  
Describe two different ways you could decrease the gas pressure inside a balloon.  
 
If you answered B 
Gas pressure is created by collisions of gas particles with the walls of the container, in this case 
the walls of the balloon. If the volume of the balloon was increased there would be the same 
number of gas particles in a larger space, resulting in less frequent collisions with the walls of the 
balloon. This means that increasing the volume of the balloon would decrease the gas pressure 
rather than increase it.  
Explain why reducing the volume of a balloon would increase the gas pressure. 
 
If you answered C 
Gas pressure is created by collisions of gas particles with the walls of the container, in this case 
the walls of the balloon. If more gas particles were added to the balloon, there would be a greater 
number of gas particles colliding with each other and the walls of the balloon. This means there 
would be more force acting on the walls of the balloon, so increasing the number of gas particles 
would increase the gas pressure.  
Suggest what would happen to gas pressure if the temperature was increased.  

 
 

 
 



 

 

 

 
Christopher Jackson  
 
Earth Science Professor 
 
Christopher Jackson is an Earth Science professor in 
London. He enjoys teaching and that is what attracted him 
to this course of career. One of the most interesting things 
he has done is imaging ancient, buried magma chamber 
systems, including million-year-old volcanoes located off the coasts of China, 
Australia and New Zealand. This means that Christopher has studied a great deal 
about the structure of the earth, including which layers are solid and which layers are 
liquid. 

According to Christopher, a good scientist should have an inquisitive mind and the 
willingness to work with, listen and learn from others. For him, there is no typical day 
in academia and every day brings a new adventure.  

He does look forward to the days when he can do fieldwork, where he can work 
outdoors, in stunning, far-flung locations. He can then apply the concepts learned 
from reading academic articles and books to real life situations and gain hands-on 
experience. As a geologist, one of the coolest things he has done is abseil into an active 
volcano. But fieldwork can sometimes be very demanding due to its remoteness and 
physicality, for example, climbing mountains. The best, as well as the worst, thing 
regarding his job is the variety of people he meets. While sometimes he has wonderful 
experiences and sometimes it gets a bit tiring.  

Making science accessible to everyone is important for this professor. Christopher 
tries his best to make sure that everyone, regardless of their background and 
experiences, gets a chance to pursue science, be that in academia or industry.   

 

 

 

 

 

Scientist in the 
Spotlight 



 

 

 

Activity 
 
Use the scientist’s profile to answer the following questions: 
 

1. What is the scientist’s job? 
 
__________________________________________________________ 
__________________________________________________________
__________________________________________________________ 
 

2. Briefly describe what the scientist does in a typical day.  
 
__________________________________________________________ 
__________________________________________________________
__________________________________________________________ 
 

3. What skills do they need for this job? 
 

__________________________________________________________ 
__________________________________________________________
__________________________________________________________ 
 

4. What do you think is the most interesting part of their job? 
 
__________________________________________________________ 
__________________________________________________________
__________________________________________________________ 
 

5. Describe how this job links with the science you have learned in this unit.  
 
__________________________________________________________ 
__________________________________________________________
__________________________________________________________ 
 

6. State the definition of any words in bold.  
 
__________________________________________________________ 
__________________________________________________________
__________________________________________________________
__________________________________________________________ 


