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Molecule explanation

The molecules that make up nitrogen dioxide and dinitrogen tetroxide can be represented by the following diagrams.
[image: A picture containing vector graphics

Description automatically generated]
nitrogen dioxide (NO2)
[image: A group of red and blue circles

Description automatically generated with low confidence]
dinitrogen tetroxide (N2O2)

1 Match the molecule diagrams to the colour that would be observed.
2 Explain why the light brown colour is what is observed for the equilibrium reaction 
2NO2 ⇌ N2O4
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Description automatically generated]

a			light brown
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Description automatically generated with medium confidence]

b			dark brown 
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c			colourless
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	Response activity

	Molecule explanation



Overview
	Learning focus:
	At dynamic equilibrium the rate of the forwards reaction is equal to the rate of the reverse reaction meaning that the reaction mixture contains both reactants and products. 

	Observable learning outcome:
	Recognise that, in a closed system, the forwards and reverse reactions can take place at the same time.

	Activity type:
	Clarifying – sub-microscopic thinking

	Key words:
	reversible reaction



This activity can help develop students’ understanding by addressing the misunderstandings revealed by the following diagnostic question:
· Sealed container

What does the research say?
Van Driel (2002) found that some students in his study reasoned in terms of oscillating reactions. They separated the forwards and reverse reactions in time and thought that one occurred after the other. This is echoed by Raviolo and Garritz (2009) whose literature review found that some analogies for equilibrium may encourage the misconception that the forwards reaction must be complete before the reverse reaction can start. 
Pedrosa and Dias (2000) noted a range of problematic language used in textbooks about dynamic equilibrium. One example was the use of the singular word “reaction” in the term “reversible reaction”. The authors suggested that this could be misleading to students as there are actually two reactions (plural) taking place, the forwards reaction and the reverse reaction. 
Van Driel (2002) found that it helped some students to distinguish between the “outside” and the “inside” of the equilibrium system. The “outside” represents the observable macroscopic properties and the “inside” describes the unobservable sub-microscopic processes. In other words, students needed to think at two different levels in order to understand what was happening. 
Ways to use this activity
This response activity is designed to follow-on directly from the diagnostic question “Colour change”. You may wish to ensure that students can see the opening information (slide 1) about the colour of nitrogen dioxide and dinitrogen tetroxide gases. 
This activity provides a scaffolded approach to students thinking sub-microscopically about the molecules that make up the two gases in the equilibrium.
Students could be encouraged to discuss the three particle diagrams and whether they show a single substance or a mixture. Students could then consider what colour would be observed
Students could then be encouraged to think about why a mixture of molecules would be present. They should conclude that some dinitrogen tetroxide molecules break up before all the nitrogen dioxide molecules have reacted resulting in a mixture of the reactants and products. 
Differentiation
Some students may need further scaffolding to support them in giving a clear explanation. Students could be provided with sentences to sort of writing prompts. 
Expected answers
1a dark brown
b light brown
c colourless
2 Some dinitrogen tetroxide molecules decompose to form nitrogen dioxide molecules before all the nitrogen dioxide molecules have reacted. There is therefore a mixture of molecules in the sealed container, so the colour observed is light brown. 
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