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Constant colour


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 reversible reaction between the two gases takes place inside a sealed glass container. 
The reaction reaches dynamic equilibrium. 
2NO2 ⇌ N2O4
The colour observed is light brown.
Explain why the light brown colour does not change.
For each statement, tick () one column to show what you think.
	
	I am sure this is right
	I think this is right
	I think this is wrong
	I am sure this is wrong

	A
	The chemical reaction has finished.
	
	
	
	

	B
	The overall number of nitrogen dioxide molecules and dinitrogen tetroxide molecules isn’t changing.
	
	
	
	

	C
	The forwards and reverse reaction are happening at the same rate.
	
	
	
	

	D
	The number of nitrogen dioxide molecules now equals the number of dinitrogen dioxide molecules.
	
	
	
	

	E
	Individual molecules are not changing.
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	Diagnostic question

	Constant colour



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:
	Explain, in terms of the equal rates of the forwards and reverse reactions, why no macroscopic changes are observed when a system is at dynamic equilibrium.

	Question type:
	Confidence grid

	Key words:
	Reversible reaction, rate of reaction




What does the research say?
[bookmark: _Hlk94194322]Both Van Driel (2002) and Pedrosa and Dias (2000) mention the misconception that at dynamic equilibrium students may think that no reaction is taking place. Van Driel comments that some students think that a chemical reaction must be observable.
Van Driel describes an experiment used in the study to challenge misconceptions relating to dynamic equilibrium. The experiment used involved complexes and the system was pink at lower temperatures (matching the colour of the first complex) and blue at a higher temperature (matching the colour of the other complex). The pink solution was then warmed, and the blue solution cooled until they were both at 55°C. At this temperature the reaction mixture was purple. The reaction mixture stayed this colour. The only way students were able to explain this was to recognise that at 55° C both reactions were taking place (because the purple colour indicated a mixture of reactant and product molecules) and that the rates of the opposite reactions must be equal (because the colour did not change). 
Ways to use this question
Students should complete the confidence grid 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. 
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
B and C are correct.
How to respond - what next?
A student who has confidence in A may think that if there is no observable change, a chemical reaction cannot be taking place. 
Confidence in E may mean that even though the student is considering what is happening at the sub-microscopic level they may be thinking that the lack of an observable macroscopic change indicates no changes to the particles. In other words, if there is no visible sign a product is being made then the students may think that the reactant molecules are not reacting to form new product molecules.
A student who has confidence in D may have misunderstood what is equal or balanced at dynamic equilibrium. It is the rate of the forwards and reverse reaction that is equal, not the number of reactant and product molecules. 
If students have misunderstandings about how it is possible for there to be no observable changes even though chemical reactions are happening it may help to support students to think about reactions in terms of individual molecules reacting (or splitting apart) rather than the bulk substance. The following BEST ‘response activities’ could be used in follow-up to this diagnostic question:
· Molecule representations
Acknowledgments
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.
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