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Empty space
1 Imagine you could see the particles in this jar of methane gas.
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Which diagram best matches what you would see?
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Chemistry > Big idea CPS: Particles and structure > Topic CPS1: Substances and mixtures: > Key concept CPS1.1: A particle model for the solid, liquid and gas states
	Diagnostic question

	Empty space


	Learning focus:
	Understand a basic particle model of matter that can explain the properties of substances in the gas state.

	Observable learning outcome:
	Describe how the arrangement and movement of particles alters when a substance changes from the liquid to gas state.

	Question type:
	simple multiple choice

	Key words:
	gas, state, particle


What does the research say?

Research by Johnson (1998) shows that the empty space between particles is problematic for many students. Often it is labelled as ‘air’. However, it is not clear what students consider air to be. A later study by Johnson and Papageorgiou (2010) also indicates that many students have very limited understanding of what a substance in the gas state actually is or that it is in fact a substance at all.

Ways to use this question
Students should complete the question individually.  This could be a pencil and paper exercise, or you could use an electronic ‘voting system’ or mini white boards and the PowerPoint presentation.  

The answers to the question will show you whether students understood the concept sufficiently well to apply it correctly.  

Expected answers
1 C
How to respond - what next?

This question explores the relationship between the particles and the substance for a sample in the gas state and the idea of empty space between the particles.  Those choosing option C appreciate that the particles are the substance, they are spaced far apart and there is empty space between the particles - not something else, since the particles are the substance, methane. These students could still be thinking that the individual particles have the macroscopic properties of the gas state.  However, research suggests that if a student understands the idea of empty space he or she will also understand that observed properties are due to the collective behaviour of particles and not their individual nature.

It is not always clear how students interpret ‘air’ in option D, but this is likely to be a popular choice since many want ‘something’ to be there between the particles and they are not thinking that air itself is particulate. Option C acknowledges a particulate view but has the particles filling all the space, thus avoiding the issue of what is between the particles.  Option A is consistent with the idea of particles being embedded in the continuous substance but not of it– literally ‘in the gas’.
If students have misunderstandings about what is found in between particles in the gas state it may help for them to consider the change from liquid to gas state. As the particles move apart no other substance is added to fill the extra space. The following BEST ‘response activity’ could be used in follow-up to this diagnostic question:
· Water in syringe
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