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Excess reactant

Some students add twenty spatulas of copper carbonate powder to a beaker containing dilute sulfuric acid. The students wear eye protection.
The chemical equation for the reaction is
CuCO3(s) + H2SO4(aq) → CuSO4(aq) + CO2(g) + H2O (l)
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Some students are discussing what is in the beaker when the reaction has finished. 
1 Who do you agree with?
2 Who do you disagree with and why?
 (
Evan
:
 
I can s
ee some copper carbonate in the bottom of the beaker
. The solution looks blue so there is copper sulfate and water too.
) (
Daniel:
 
At the end of the reaction the products have
 been made so 
the beaker will contain copper sulfate, carbon dioxide and water.
)



 (
Geraint
:
 
We s
aw the carbon dioxide bubbles escaping so
 it will be just copper sulfate and water left in the beaker.
 
)
 (
Meredith
:
 
There
 is copper sulfate and water but also the reactant copper carbonate. Maybe there is some sulfuric acid left as well.
 
)







	Cards for 
Excess reactant
	

	Daniel: At the end of the reaction the products have been made so the beaker will contain copper sulfate, carbon dioxide and water.
	Evan: I can see some copper carbonate in the bottom of the beaker. The solution looks blue so there is copper sulfate and water too.

	Geraint: We saw the carbon dioxide bubble escaping so it will be just copper sulfate and water left in the beaker.
	Meredith: There is copper sulfate and water but also the reactant copper carbonate. Maybe there is some sulfuric acid left as well.



	Cards for 
Excess reactant
	

	Daniel: At the end of the reaction the products have been made so the beaker will contain copper sulfate, carbon dioxide and water.
	Evan: I can see some copper carbonate in the bottom of the beaker. The solution looks blue so there is copper sulfate and water too.

	Geraint: We saw the carbon dioxide bubble escaping so it will be just copper sulfate and water left in the beaker.
	Meredith: There is copper sulfate and water but also the reactant copper carbonate. Maybe there is some sulfuric acid left as well.
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Chemistry > Big idea CCR: Chemical reactions > Topic CCR8: Chemical equilibrium > Key concept CCR:8.1: Dynamic equilibrium
	Response activity

	Excess reactant



Overview
	Learning focus:
	At dynamic equilibrium the rate of the forwards reaction is equal to the rate of the reverse reaction meaning at 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.

	Activity type:
	Talking heads

	Key words:
	reactants, products, chemical reaction



This activity can help develop students’ understanding by addressing the misunderstandings revealed by the following diagnostic question:
· Reacting magnesium

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 there 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 activity
This task is intended for discussion in pairs or small groups. It can be done as a pencil and paper exercise or projected onto a screen. You may wish to demonstrate the reaction to students.
Students should read the statements and follow the instructions on either the worksheet or the PowerPoint. Listening in to the conversations of each group will often give you insights into how your students are thinking. Each member of a group should be able to report back to the class.
Feedback from each group can be used, with careful teacher questioning, to bring out a clear description or explanation of the science. 
Differentiation
The quality of the discussions can be improved with a careful selection of groups; or by allocating specific roles to students in each group. For example, you may choose to select a student with strong prior knowledge as the scribe. This strategy encourages contributions from more members of each group. 
NB in any class, small group discussions typically improve over time and a persistence with this strategy is often very successful in the medium to long term.
Expected answers
1 Evan is correct.
2 Daniel is incorrect because the carbon dioxide is in the gas state and will have escaped.
Geraint is incorrect because there is also copper carbonate (a reactant) in the final reaction mixture because this was added in excess.
Meredith is incorrect. The sulfuric acid must all have reacted because the copper carbonate that is left is there because there was no sulfuric acid left for it to react with. 
Acknowledgments
Developed by Helen Harden (UYSEG)
Images: Helen Harden (UYSEG) created with Chemix 
References
Raviolo, A.  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
copper carbonate

sulfuric acid




image2.png
BEST

Best Evidence Science Teaching




