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P6 Molecules and matter – Aiming for Grade 4 

Aims 

You will model solids, liquids and gases using a variety of balls and use the 
model to explain density. 

You will analyse data and answer questions about a change of state. 

You will experiment with air in a syringe, and plot a graph of data from an 
experiment about pressure and volume. 

Learning outcomes 

After completing this activity, you should be able to: 

 define density and calculate it 

 explain why substances in different states have different densities 

 describe the effect of specific latent heat on the change of state of a liquid 

 describe and explain what happens when you increase the temperature or 
decrease the volume of a gas. 

Safety 

None 

Equipment 

Part 1: 

 A tray 

 30 cm ruler 

 Digital balance 

 Marbles 

Part 2: 

 Calculator 

Part 3: 

 Small plastic syringe 

 Graph paper 

Setting the scene 

You cannot see the particles in materials, but you can model them. The particle 
model helps you to predict and explain what you see when particles change state, 
and when you change the temperature or volume of a gas. 
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Worked example 

Calculate the energy that you need to supply to vaporise 0.01 kg of water. The specific 
latent heat of vaporisation of water is 2 300 000 J/kg. 

Step 1:  

Write down what you know. 

Mass  0.01 kg 

Specific latent heat of vaporisation of water  2 300 000 J/kg 

Step 2:  

Calculate the thermal energy for a change in state. 

Thermal energy for a change in state  mass  specific latent heat 

     0.01 kg  2 300 000 J/kg 

     23 000 J 

Task 

Part 1: Modelling density and states of matter 

A You are going to make measurements to calculate the density of a model solid 
and liquid. Complete the table with your measurements: 

Type of 
arrangement 

Mass of 
tray (kg) 

Mass of tray 
full of balls (kg) 

Mass of balls 
only (kg) 

Volume of balls 

 volume of 
tray (m3) 

Density 
(kg/m3) 

marble solid      

marble liquid      

 

B Measure the mass of the tray in kg. 100 g  0.1 kg. Put your measurement in 
the first line of the table. 

C Use the ruler to work out the volume of the tray in m3. Put your measurement 
in the first line of the table. 

D Take the tray and some marbles. Fill the tray with marbles in a regular pattern. 

E Measure the mass of the tray when it is full of marbles. 

F Use your measurements to work out the density of your ‘marble solid’. You 
need to be able to remember and use this equation: 

density (kg/m3)  
mass (kg)

volume (m3)
 

G Arrange some marbles in a tray like a liquid. 

H Make measurements to find the density of your marble liquid. 
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Part 2: Change of state 

A scientist investigates the change in mass of different liquids. She puts 100 cm3 
of a liquid in a dish in a fume cupboard and leaves it for 10 minutes. Here is a 
table showing the data she collects. Complete the final column of the table. 

Liquid 
Mass of 
dish (g) 

Mass of dish + liquid at 
start of 10 minutes (g) 

Mass of dish + liquid at 
end of 10 minutes (g) 

Change in mass 
of liquid (g) 

water 100.0 110.0 109.6  

acetone 100.0 115.7 114.0  

methanol 100.0 114.0 113.2  

 
Part 3: Gas pressure 

A Hold a small plastic syringe with your finger over the end. Observe what 
happens to the force that you need to compress the gas inside as the volume 
decreases. 

B A student uses the apparatus below to change the volume of a gas and 
measure what happens to the pressure. 

  

 Here is the data that they recorded in their experiment 

Volume (cm3) Pressure (kPa) 

160 25 

80 50 

40 100 

20 200 

10 400 

 
 a Plot a graph of pressure against volume. 

 b Describe the pattern in your results. 

http://www.oxfordsecondary.co.uk/acknowledgements


P6 Aiming for 4  
 Student checkpoint follow-up 

Name ......................................................................  Class ..................  Date ......................  

© Oxford University Press 2016     www.oxfordsecondary.co.uk/acknowledgements 

This resource sheet may have been changed from the original. 4 

 

Questions 

Part 1: Modelling density and states of matter 

1 Complete these sentences by circling the correct word: 

 a The density depends on the mass/weight and the area/volume and is 
measured in kilograms per metres cubed/newtons per metre squared. (3 marks) 

 b You measure the volume of a regularly shaped object with a measuring 
cylinder/ruler, and the density of an irregular object with a measuring 
cylinder/ruler. (2 marks) 

 c Density does/does not depend on the volume of material that you have. (1 mark) 

 d When a material changes state, the mass changes/stays the same 
because the number of particles changes/stays the same. (2 marks) 

2 Complete this sentence: 

 Liquids are less dense than solids because… 

 

 (2 marks) 

3 Materials can be in a solid state, a liquid state, or a gas state. Write down and 
explain which state has a density that is very different from the other two states. 

 (2 marks) 

4 Mercury is a liquid metal and it is much denser than water. Suggest why. 

 (1 mark) 

Part 2: Change of state 

5 a Write down the name of the change of state in this experiment. 

  (1 mark) 

 b Name another change of state that involves a liquid and a gas. 

  (1 mark) 

 c Describe the difference between the two processes. 

  

  (1 mark) 

 d Explain how the law of conservation of mass applies in this experiment. 

  

  (2 marks) 
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 e The student used the same volume of each liquid, and the mass of the 
dishes was the same. Explain why the mass of the dish + liquid was 
different in each case. 

  (1 mark) 

6 Explain why the change in the mass of liquid was not the same in each case. 

 

 

 (3 marks) 

7 The specific latent heat for this change of state for water is 2 300 000 J/kg. 
Calculate the energy transferred to the water in this experiment. 

 

 (2 marks) 

Part 3: Gas pressure 

8 Complete these sentences by circling the correct word: 

 a As the volume of air inside the syringe decreases the force that you need 
to apply decreases/increases. (1 mark) 

 b This is because the pressure of the air inside the syringe decreases/increases. (1 mark) 

 c This is because the gas molecules collide with/stick to the walls of the 
syringe more often. (1 mark) 

 d Pressure and volume are directly/inversely proportional. (1 mark) 
 
9 Explain why a gas exerts a pressure on a surface. 

 

 (2 marks) 

10 Complete this sentence: 

 As the pressure doubles the volume of gas ………………………………..… (1 mark) 
 
11 The student repeats the experiment with pressure, but this time changes the 

temperature of the gas. Complete the table below with the words ‘increase’, 
‘decrease’, or ‘stay the same’. (6 marks) 

 
Pressure of a 

gas will… 
Mass of  

gas will… 
Speed of gas 

molecules will… 

increase in temperature    

increase in volume    
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