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Chemistry > Big idea CCR: Chemical reactions > Topic CCR8: Chemical equilibrium
	Key concept (age 14-16)

	CCR8.1: Dynamic equilibrium



What’s the big idea?
A big idea in chemistry is that during chemical reactions atomic nuclei and electrons are rearranged and new substances are formed.
How does this key concept develop understanding of the big idea?
This key concept helps to develop the big idea by introducing the idea of dynamic equilibrium.
The conceptual progression starts by checking understanding of the idea of reaction mixture. It then supports the development of the concept of a reversible reaction in a closed system. This enables understanding of the idea that at dynamic equilibrium the rate of the forwards reaction is equal to the rate of the reverse reaction and that the reaction mixture will contain both reactants and products.
[image: ]Using the progression toolkit to support student learning 
Use diagnostic questions to identify quickly where your students are in their conceptual progression. Then decide how to best focus and sequence your teaching. Use further diagnostic questions and response activities to move student understanding forwards.




Progression toolkit: Dynamic equilibrium
	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. 

	
	
	
	
	
	

	As students’ conceptual understanding progresses they can:
	C O N C E P T U A L   P R O G R E S S I O N 


	
	Recognise that a reactant added in excess will still be present in the final reaction mixture.
	Recognise that some chemical reactions are reversible.

	Recognise that, in a closed system, the forwards and reverse reactions can take place at the same time.
	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 products and reactants. 


	
	
	
	
	
	

	Diagnostic questions
	Reacting magnesium
	Ammonium chloride
	Sealed container
	Constant colour
	Manufacturing ammonia

	
	
	
	
	
	

	Response 
activities
	Excess reactant
	Petri dish reaction
	Molecule explanation
	Molecule representations

	
	
	
	
	Escalator analogy
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	Confidence grid
	Talking heads
	Simple multiple choice
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	Petri dish reaction
	Molecule explanation
	Molecule representations
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	Talking heads
	PEOE
	Clarifying
	Clarifying 
	Critiquing a representation




What’s the science story?
[bookmark: _Hlk93928225]A chemical reaction can be reversible. At dynamic equilibrium the rate of the forwards reaction is equal to the rate of the reverse reaction. The reaction mixture contains a mixture of reactants and products. The composition of this reaction mixture remains the same meaning that there are no observable changes at the macroscopic level.  
Earlier development of understanding (BEST 11-14)
When applying their understanding to novel situations, students of all ages often revert to earlier misunderstandings. Before moving forward, it is worthwhile using diagnostic questions from earlier topics to check that students do not have any persistent misunderstandings that can form barriers to learning. Time spent consolidating the scientific understanding of earlier key concepts before moving forward can accelerate progression later. 
	Key concept CCR1.1: Formation of a new substance
Learning focus: During a chemical reaction a new substance (or substances) are formed which have different properties.
This key concept:
· develops the idea of a reaction mixture that may contain both reactants and products
· introduces the idea that a chemical reaction can be reversible
· introduces the idea that when a chemical reaction is at dynamic equilibrium the reactants are not fully converted into products



What does the research say?
The learning progression starts by checking understanding of the idea of a reaction mixture in the context of a chemical reaction with limiting (and excess) reactants. This is to ensure that students are able to use the idea of a reaction mixture and the upper end of the learning progression. 
In a paper that considers students’ particle-level understanding of chemical equilibrium and kinetics (Van Driel, 2002) the author states that in introductory courses, chemical reactions are generally presented as proceeding to completion and taking place in one direction only.
The learning progression next checks understanding of one of these key ideas, that a chemical reaction can be reversible. 
Van Driel (2002) found that some students through that reversible reactions oscillated between the reactants and products without realising that the reverse reaction could happen at the same time as the forwards reaction. The progression checks that students understand this important idea. 
In a slightly earlier paper (Pendrosa and Dias, 2000) reviewed how a range of textbooks approach the teaching of dynamic equilibrium. They noted some specific language that was problematic. Textbooks referred to “the reaction” when at dynamic equilibrium two reactions (forwards and reverse) are taking place. The authors suggest that this may reinforce the misconception that no reaction is taking place when dynamic equilibrium is reached. For this reason, the progression checks that students are aware that even if there is no observable change a system may still be at dynamic equilibrium.
Van Driel (2002) goes on to show how a colourful equilibrium can be used as evidence that both the forwards and reverse reaction are actually happening simultaneously with equal and opposite rates. This is the only way to explain why an equilibrium system stays at a colour that is a mixture of the reactant and product colour.
Finally Van Driel (2002) goes on to postulate that the understanding of dynamic equilibrium requires “statistical notions”. That is that at a specific moment a particle type X may be formed whilst at the same time another X particle is converted at another place keeping the total number of X particles constant. Some response activities have been written to support students in developing this -sub-microscopic thinking. 
It is also worth noting the findings of a paper by Raviolo and Garritz (2009) which found that many of the analogies used to explain dynamic equilibrium may contribute to student misconceptions. The authors also noted that very few analogies helped to explain dynamic equilibrium in terms of the making and breaking of chemical bonds. This is also explored through a response activity.
The final idea that is checked in this progression is that, at dynamic equilibrium, the reactants not fully converted into products. The reaction mixture of an equilibrium reaction always contains both reactants and products.
Guidance notes
Some exam specification, for students aged 14 to 16 years, require understanding of Le Chatelier’s principle. This is not covered in this key concept. The aim of the key concept is instead to secure a better understanding of the fundamental concept of dynamic equilibrium and the idea that reactions do not always go to completion. This aims to provide a strong foundation for further work relating to industrial chemical reactions and the optimisation of conditions to balance yield, rate, cost and safety. 
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