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Grasping the particle concept

Difficult ideas in chemistry

This extract is based on and summarised from part of Chapter 12 “Difficult Ideas in Chemistry” of Ross, K., Lakin, E. and Callaghan, P. (2004) Teaching Secondary Science. (Second edition) London: David Fulton. Price £17 IBSN 1843121441 

This download shows how the big ideas in chemistry should be used as the basis for structuring learning. Sometimes the details blur the bigger picture - for example pupils may learn how to balance equations but not understand that the process is an expression of the conservation of atoms. This download deals with these indestructible particles, which lead us to consider burning as a constructive process. 

Particles that do not burn away

This is from a learning log of a primary teacher in training:

I gradually came to realise how much of a part ‘atoms’ do play in matter. I have always assumed that as materials go though the process of change, the atoms from which they are made up, change too. However, this unit helped me to understand that atoms are indestructible and I can look at any substance now and judge that, regardless of what change it goes through, the atoms will remain the same.

There are only about 100 different atoms, represented by the elements of the periodic table, of which about 25 make up the bulk of what we see around us. Many people leave school ‘knowing’ that matter is made of particles, but believing that these particles are just little bits of sugar, iron, plastic etc. They think that the ‘atoms’ melt, burn, expand, and dissolve, just like the real materials do. One of the biggest barriers preventing people from understanding the world from a chemical point of view is the problem of seeing atoms as unchanging amid change. Melting is when particles, previously in fixed positions, are able to slide past each other; burning is where oxygen atoms from the air join with the atoms in the fuel,...and so on.

Although we may spend plenty of time in school getting pupils used to this kinetic theory of matter, somehow their ‘bulk matter’ model persists. We need to make clear their distinction between bulk descriptions (atoms are melting, getting hotter) and particle descriptions (atoms break free from one another, vibrate faster). We need to spend much more time emphasising that our particles (called atoms, molecules and ions) are very different from little bits of real matter. 

The Key Stage 3 Strategy for science has identified ‘particles’ as one of its five key ideas.Without this idea of indestructible atoms all other explanations in chemistry become a closed book. We need to continually test our pupils to see whether they have grasped this idea and are beginning to use it. We must give our pupils much more time to re-interpret, use and apply the ideas they meet in their science lessons. Otherwise they will be learnt for the exams, harvested as a good GCSE grade, and promptly forgotten.

	
Bulk materials

	
Particle model

	ice melts 

the solid shape turns into a pool of water

	molecules once vibrating in fixed in a regular lattice are still touching but now slip past each other as they move from place to place

	wood burns 

the bulk of the wood seems to disappear, as gases enter the air. A solid whitish powder remain (ashes).
	atoms making up the wood combine with atoms of oxygen in the air to form oxides, some escape as separate molecules into the air, others remain forming a solid lattice structure (ashes) 

	bulk words

 solid, element, crystal, temperature
	particle words 

unchanging, atom, bond, vibrate
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