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Description automatically generated]Which two diagrams represent a chemical reaction at dynamic equilibrium?

2 Use molecules to explain why there are no observable changes when a chemical reaction is at equilibrium.
3 Use molecules to explain why the maximum possible quantity of product is not formed by a chemical reaction that is at equilibrium. 
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	Response activity

	Molecule representations



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.
Recognise that if a reaction is at dynamic equilibrium the reaction mixture will contain both reactants and products.

	Activity type:
	Clarifying – sub-microscopic thinking

	Key words:
	Dynamic equilibrium



This activity can help develop students’ understanding by addressing the misunderstandings revealed by the following diagnostic questions:
· Constant colour
· Manufacturing ammonia
What does the research say?
[bookmark: _Hlk94520498]Van Driel (2002) discusses how introductory chemistry courses generally present chemical reaction as taking place in one direction only and as always proceeding to completion this means that when introduced to chemical equilibrium students are required to revise their initial conceptions of a chemical reaction.
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.
Pedrosa and Dias (2000) mention the importance of students having an adequate understanding of the concept of a system including the idea of a reaction mixture (that includes both reactants and products). 
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. 

Raviolo and Garritz’s literature review (2009) found that very few analogies illustrate the dynamic nature of equilibrium in terms of the breaking and making of chemical bonds meaning that there may be a lack of explanation at the molecular level in school textbooks and resources. 
Ways to use this activity
This activity is designed to support students in thinking at the sub-microscopic level. Students could be asked to discuss the diagrams and descriptions in pairs so that they select A or B then C or D. Each pair could share with the whole class and then guided class discussion used to explore any differences of opinion. This could help to identify and address any remaining misconceptions.
It may help for students to develop a physical model to show the process in option D. Molecules kits, counters or modelling clay may be useful.
Differentiation
It may help to support some students to talk through each diagram and description to ensure they understand what is being shown. 
Expected answers
1 B and D
2 At chemical equilibrium the proportion of reactant and product molecules remains the same, so the observable properties (such as colour) also remain the same.
3 Product molecules may change back to reactant molecules before all the reactant molecules have reacted. There is never a full conversion of reactant molecules to product molecules. 
Acknowledgments
Developed by Helen Harden (UYSEG)
Images: Helen Harden (UYSEG)
References
Pedrosa, A. M. and Dias, H. M. (2000). Chemistry textbook approaches to chemical equilibrium and student alternative conceptions. Chemistry Education: Research and Practice in Europe, 1(2), 227-236.
Raviolo, A. é. s. and Garritz, A. (2009). Analogies in the teaching of chemical equilibrium: a synthesis/analysis of the literature. Chemistry Education Research and Practice, 10, 5-13.
Van Driel, J. H. (2002). Students' corpuscular conceptions in the context of chemical equilibrium and chemical kinetics. Chemistry Education: Research and practice in Europe, 3(2), 201-213.

image1.png
There are an equal number of each
type of molecule.

There are different numbers of
each type of molecule.

R R B L
® ®
:’-h-i{x - *ﬁhﬁ*{x

Fta B

The individual molecules are not
changing.

For each pair of smaller molecules

combining another larger molecule
splits.




image2.png
BEST

Best Evidence Science Teaching




