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Description automatically generated]Manufacturing ammonia
1 In industry, ammonia gas is made by the reaction of nitrogen and hydrogen.

The reaction is an equilibrium reaction.

N2 (g) + 3H2 (g) ⇌ 2NH3(g)


The maximum yield of ammonia that can be produced is equal to the quantity of ammonia would be obtained if all the nitrogen and hydrogen was converted into ammonia.
What percentage of this maximum yield is actually achieved during ammonia manufacture?
Put a tick () in the box next to the best answer.	
	A
	100% The nitrogen and hydrogen is all converted into ammonia
	

	 
	
	

	B
	<100% Some of ammonia breaks apart and reforms nitrogen and hydrogen.
	

	
	
	

	C
	50% At equilibrium the amount of reactants and products is equal.
	

	
	
	

	D
	0% All the ammonium chloride breaks apart and reforms nitrogen and hydrogen.
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	Diagnostic question

	Manufacturing ammonia



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

	Question type:
	Simple multiple choice

	Key words:
	reactant, product, dynamic equilibrium




What does the research say?
[bookmark: _Hlk94520347]Introductory chemistry courses generally present a chemical reaction as taking place in one direction only and as always proceeding to completion. Van Driel (2002) discusses how this means that when introduced to chemical equilibrium students are required to revise their initial conceptions of a chemical reaction.
[bookmark: _Hlk94526027]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). 
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 B
How to respond - what next?
If a student selections option A (100%) then they may still consider that eventually all the reactants will be converted to products, in other words, the reaction proceeds to completion. 
Selection of option C (50%) suggests that the students may have misunderstandings about what is balanced in a chemical equilibrium. It is the rates of the forwards and reverse reaction that are balanced not the quantity of reactants and products.
Selection of option D is possible if a student still thinks that the reverse reaction does not take place until the forwards reaction is complete. A student could think that the process reverses meaning that the reactants are reformed. 
If students have misunderstandings about the reaction mixture at equilibrium including both reactants and products it may help to think about the situation at the sub-microscopic level. The following BEST ‘response activities’ could be used in follow-up to this diagnostic question:
· Molecule explanations 
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