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Sealed container

Nitrogen dioxide (NO2) gas is dark brown. 


Dinitrogen tetroxide (N2O4) gas is colourless. 

A mixture of nitrogen dioxide and dinitrogen tetroxide is light brown.

The equation for the reversible reaction between the two gases is shown below. 
2NO2 ⇌ N2O4

1 The reversible reaction takes place inside a sealed glass container. 
Select the diagram that best shows the colour or colours that will be observed.
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	Diagnostic question

	Sealed container



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.

	Question type:
	Simple multiple choice

	Key words:
	reversible reaction



What does the research say?
[bookmark: _Hlk94177141][bookmark: _Hlk94191091]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. 
[bookmark: _Hlk94194347]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 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. 
If there is a range of answers, you may choose to respond through structured class discussion. Ask one student to explain why they gave the answer they did; ask another student to explain why they agree with them; ask another to explain why they disagree, and so on. This sort of discussion gives students the opportunity to explore their thinking and for you to really understand their learning needs. 

Differentiation
You may choose to read the questions to the class, so that everyone can focus on the science. In some situations, it may be more appropriate for a teaching assistant to read for one or two students.
Expected answers
1 C
How to respond - what next?
A student who selects option A or D may not understand that the in a reversible reaction that products can change back to the reactants. The question says that the nitrogen dioxide is in a sealed glass container. This is a closed system. The initial products are kept inside the container and can then change back into the reactants.
A student who selects B may think that the forwards reaction must be completed before the reverse reaction takes place. This may lead the student to visualise an oscillating effect with the two gases formed in an alternating pattern.
If students have misunderstandings about the forwards and reverse reaction taking place at the same time it may help to encourage student to think at the sub-microscopic level. Explain to students that the result is a light brown colour. Support students to understand that this means there is a mixture of molecules of nitrogen dioxide and dinitrogen tetroxide. This may then make it easier for students to understand the possibility that some dinitrogen tetroxide molecules can change back into nitrogen dioxide molecules before all the reactant molecules have converted into products.
 The following BEST ‘response activities’ could be used in follow-up to this diagnostic question:
· Molecule explanation
Acknowledgments
[bookmark: _Hlk94191352]Developed by Helen Harden (UYSEG) inspired by demonstration from the Chemistry Captured video collection (Cardiff University). 
To find out more about this reaction see the Chemistry Captured videos by Cardiff University https://www.cardiff.ac.uk/chemistry/engagement/chemistry-captured under the “Effect of temperature on equilibrium” heading.
Images: Helen Harden (UYSEG)
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