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Molecular models and equations

Chemical Equations 

It amazes people to see molten iron emerge from a furnace where black charcoal and brown rock are heated strongly – and they don’t link this at all with the layers of rust that appear on garden tools left out in the damp. Chemical changes only become understandable as we see that beneath the outward appearance of change are the unchanging indestructible atoms – the Lego blocks of our real world – which we confidently express to our perplexed pupils in the form of equations. Balancing equations is often perceived as such a difficult task that it is only undertaken with the top GCSE sets and it is taught as a sort of algorithm, as if the important thing is to get the right answer – as soon as you mention numbers pupils get frightened.

Lower down the school we make do with word equations, but these are almost meaningless to pupils so have to be learnt by heart to get marks. They simply name the reactants and products (using obscure names), but fail to provide the underlying particle model that makes everything so clear.

The solution is that equations should be taught at Key Stage 3, not using numbers, but actual atomic models or coloured circles, with symbols in each circle. Pupils can easily count the atoms in atom drawings, and they begin to understand that atoms are conserved. At the same time they begin to see that each atoms usually joins with a constant number of other atoms, so they begin to grasp, or at least experience, the concept of valency. Picture equations are far easier for pupils to understand than word equations (which have little meaning). Chemical symbols can be introduced by labelling the circles, and the numbers we use in formulae can be introduced when children get tired of drawing out all the atoms, and need shorthand. By then they understand the conservation of atoms and the need to ‘balance’ equations. You will find an animation using ‘model’ atoms, for the reaction between wood and oxygen as it burns in the Matter unit of Ross et al 2005 (CD).

Example using the marble-acid reaction.

This picture represents the reaction between calcium carbonate (marble) and hydrochloric acid. While pupils are just coming to terms with chemical formulae there would be no sense in trying for ‘scientific accuracy’ by showing the ions present in the solid calcium carbonate, dilute hydrochloric acid or the resulting calcium chloride solution. However there is a direct correlation with the ‘balanced’ chemical equation:
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Attaching the names of the substances that react is straight forward – after all we can see these being added together. However IF we try to restrict the presentation ONLY to the word equation there is no way of predicting the products, especially the formation of water. In fact the words have so little meaning that most pupils either have to learn them by rôte, though a few might glean some meaning from the names. Experience of the reaction gives evidence for the formation of a gas (carbon dioxide?) and ‘calcium chloride’ may seem sensible given the names of the reactants (calcium hydrochloride is often predicted). However, without the model or the formula there is no way of ‘expecting’ the formation of water.
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