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Reacting magnesium

A student adds a small piece of magnesium to a beaker containing dilute hydrochloric acid.

Magnesium reacts with hydrochloric acid to form magnesium chloride solution and hydrogen gas.

The chemical equation for the reaction is:
Mg(s) + HCl(aq) → MgCl2(aq) + H2(g)

The student observes the reaction until it finishes.
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Which substances are in the beaker at the end of the reaction?
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
	magnesium chloride solution and hydrogen
	
	
	
	

	B
	magnesium chloride solution
	
	
	
	

	C
	magnesium chloride solution and hydrochloric acid 
	
	
	
	

	D
	magnesium chloride solution, hydrochloric acid and magnesium
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	Diagnostic question

	Reacting magnesium



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 a reactant added in excess will still be present in the final reaction mixture.

	Question type:
	Confidence grid

	Key words:
	reactants, products, chemical reaction




What does the research say?
A paper (Raviolo and Garritz, 2009) discusses a number of misconceptions that may arise from the use of analogies to explain equilibrium. One of these is the idea that reactants and products are situated in different containers with reactants on the left and products on the right.
Another paper (Van Driel, 2002) observes that many students appeared to separate the two opposite reactions of an equilibrium either in space (as above) or in time (one reaction happens after the other).The author suggests that students could be helped to distinguish what is macroscopically observed about a system from what is happening “inside” at the sub-microscopic level. 
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). 
This question is not based on an equilibrium reaction. It uses a reaction in which one reactant is in excess to check that students recognise that products and reactants can both be in the reaction mixture at the same time even at the end of the reaction. To recognise this, students cannot rely on just macroscopic observations. They need to think about what is happening at the sub-microscopic level.
Ways to use this question
Diagrams are provided to show the changes that occur during this reaction however you may wish to demonstrate the reaction for students or allow students to undertake the experiment in pairs.
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
It may help some students if a teaching assistant works with a small group to show students the reaction and to discuss each option in turn.
Equipment 
OPTIONAL
For the class (demonstration):
· beaker
· 0.1M hydrochloric acid
· small strip of magnesium ribbon
Practical work should be carried out in accordance with local health and safety requirements, guidance from manufacturers and suppliers, and guidance available from CLEAPSS. If students are carrying out the experiment eye protection should be worn.
Expected answers
The hydrochloric acid is in excess. Once all the magnesium has reacted there will still be some hydrochloric acid left (HCl in solution).
One of the products is hydrogen. As the hydrogen is in the gas state it will escape from the beaker.
At the end of the reaction therefore the beaker will contain the remaining hydrochloric acid and the product magnesium chloride (in solution) so students should have confidence in statement C.
How to respond - what next?
A student who has confidence in A may think that at the start of a reaction the beaker contains the reactants (left of chemical equation) and at the end the beaker contains the products (right of the chemical equation). The student may not have considered that hydrogen is in the gas state and will escape from the beaker (B). The student may also not realise that at the end of the reaction one reactant may not be completely reacted. This is because the reaction finishes when all the limiting reactant (in this case magnesium) has reacted. 
Confidence in D may indicate that a student thinks that the magnesium is somehow still present (as perhaps salt is when it dissolves). The student may benefit from revisiting 11-14 ideas about the formation of new substances during a chemical reaction (see Key concept CCR1.1: Formation of new substance).
If students have misunderstandings about a reactant being left at the end of a reaction once a limiting reactant has fully reacted, it may help to discuss observations of a variety of chemical reactions. The following BEST ‘response activities’ could be used in follow-up to this diagnostic question:
· Excess reactant
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