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The particle model: a scientific idea used to explain the properties of solids, liquids and gases. 
 

 

Matter can exist in many different forms. There are four that we see in everyday life, these are solids, liquids, gases 
and plasma (fire). For the GCSE we only study three states these are solids, liquids and gases.  
We need to understand the following about each of the three states of matter:    

1. How the particles are arranged in each state.   
2. How the particles move in each state.  
3. What the forces between the particles are like in each state.  
4. What are the properties of each state.  

 
 

Solids  
 

Particle arrangement: the particles in a solid are closely packed in a fixed regular arrangement.  
 

Particle movement: Particles vibrate about their fixed positions so they don’t move freely. 
 

Forces between particles: There are strong forces of attraction holding the particles in place. 
 

Properties: Solids are incompressible which means they cannot be compressed into a smaller space. Solids typically 
have a high density. Solids have a definite shape which means that they will not flow. 

 

                                          
 
 

Liquids 
 

Particle arrangement: particles are close together but further apart than they are in solids. 

 

Particle movement: particles are constantly moving randomly, sliding past one another. This movement allows 
liquids to flow. 

 

Forces between particles: there are weak forces holding particles to each other. 

 

Properties: liquids are incompressible. Liquids can flow and take the shape of any container they are placed into. 
 

                                  
 
 

Gases 
 

Particle arrangement: particles are far apart from each other. 

 

Particle movement: particles move rapidly and randomly in all directions. 

 

Forces between particles: there are forces between particles but they are very weak and easy to overcome. 

 

Properties: gases are compressible, this means they can be compressed into a smaller volume.  
Gases don’t have a definite shape meaning they will take the shape of their container.                      

                                 
 
 

The figure shows the arrangement of particles in a solid.  

The diagram shows the arrangement of particles in a liquid.  

The diagram shows the arrangement of particles in a gas.  
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Substances can exist as a solid, liquid or gas. Changing from one state to another usually involves heating or cooling. 
The figure below shows the changes in heat energy and their effect on the state of matter.  
 

 
 

 

Heat must be supplied to a substance for it to melt, evaporate or boil. For example, you need to heat ice to melt it, 
and you need to heat water to make steam. Heat must be removed from a substance to condense or freeze it. In other 
words, the substance must be cooled down. 
Under certain conditions, some solids turn straight into a gas when heated. This process is called sublimation.  
 

 
 

Sublimation: the direct change of a solid into a gas or vice versa.   Deposition: is the direct change of a gas to a solid. 
 

A good example of sublimation is solid carbon dioxide, also called ‘dry ice’. At atmospheric pressure, it turns straight 
into gaseous carbon dioxide. Liquid carbon dioxide can exist under high pressure, such as in fire extinguishers. 
 

When a substance changes state this is a physical change, not a chemical change. 
 

What does this mean? The particles themselves don't change, they are just arranged differently and mass is conserved.   

 

Density 
 

 
 
 

Density: the mass of a substance divided by the volume of the substance. The units of density depend on the units 
of mass and volume given in a question, they are usually either g/cm3 or kg/m3.  
 

 

   

Useful rearrangements:  
 

 

Density = mass ÷ volume 

Mass = density × volume 

Volume = mass ÷ density  
 

A few example calculations involving density ������  
Example 1: A balloon contains some helium gas. The helium in the balloon has a mass of 0.00454 kg. The balloon has 
a volume of 0.0245 m3. Calculate the density of helium. Give your answer to 3 significant figures.  

 

Density = mass ÷ volume 
Density = 0.00454 ÷ 0.0245     

Density = 0.185 kg/m3 
 

 

Example 2:The mass of an orange was 120 g. The density of the orange was 0.88 g/cm3.  
Calculate the volume of the orange. Give your answer in cm3. 

Volume = mass ÷ density 
Volume = 120 ÷ 0.88 

Volume = 136 cm3 
 

Example 3: The reservoir stores 8 600 000 m3 of water. The density of the water is 996 kg/m3. 
Calculate the mass of water in the reservoir. Give your answer in standard form. 

 

Mass = density × volume 
Mass = 996 × 8 600 000 

Mass = 8 565 600 000      Mass = 8.57 × 109 kg 


