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Checkpoint Task

Amount of substance
Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 7. This Checkpoint Task should be used in conjunction with the KS4–5 A Level Chemistry Transition Guide Amount of Substance, which supports OCR A Level Chemistry A and Chemistry B (Salters).
When distributing the activity section to the students either as a printed copy or as a Word file you will need to remove the teacher instructions section.
Overview
Learners are often able to carry out familiar mole calculations with apparent ease and can manipulate the most common equations that relate amount of substance to mass, volume or concentration. However, they often come unstuck when relating these calculations to the information provided in balanced symbol equations, and can also take a very formulaic approach to the calculations with little real understanding of the underpinning concepts. In particular learners often have little understanding of the flexible nature of the mole as a unit of measurement and this comes to problems when they are asked to determine the amount of atoms in a given amount of molecules, for example. In particular this becomes apparent when learners try to determine reagents in excess, changes in amount for equilibrium calculations, or the concentration of an individual ion in a solution of a known amount of ionic compound. 

The moles ‘True or False’ activity does not include any calculations, as learners can often arrive at the correct numerical answer by chance or educated guesses. Instead, learners must consider each statement carefully and decide whether it is true or false. Once they have done so they must provide an example or explanation as to why they have chosen their answer – this prevents learners rushing to the end by guessing and also means that misconceptions and confused reasoning will be quickly highlighted. The first four questions will help to identify if learners are confusing the conservation of mass, which is usually ingrained at a fairly early stage in their education, with conservation of other units such as volume or amount of substance. Questions 5–7 test the learners’ understanding of the term mole and again help to identify whether or not learners appreciate that it is a concept that can simultaneously apply to the amount of molecules, atoms, ions or other particles. Questions 8 and 9 test the learners’ understanding of molar volume and the last question tests whether learners can apply the concept of a balanced equation to reagents in excess.

Teacher preparation

Depending on the likely level of learners’ understanding, this activity could either be run prior to any teaching of quantitative chemistry or after a brief period of consolidation of Key Stage 4 knowledge. The latter is perhaps a better idea as it will give learners confidence in carrying out the necessary calculations so that they don’t start off feeling as if they know nothing!

Learners should be encouraged to discuss the statements in pairs or small groups as this will help them express their thoughts more clearly and challenge each other’s misconceptions. Learners should also be given access to data booklets and textbooks or revision guides so that they can look up relevant examples. If learners are really struggling to come up with examples or explanations, a few familiar ‘prompt’ equations should be given that contain a variety of different stoichiometries and states of matter (examples could be thermal decomposition of carbonates, cracking, acids and carbonates, Haber Process, and the magnesium/hydrochloric acid equation). Molecular modelling kits may also be useful as learners can relate the number of atoms to the number of molecules and thus understand that ‘amount’ when measured in moles is not a conserved unit. 

Because the activity is designed to elicit misconceptions there is a risk that learners may become disheartened by writing the wrong answers. Learners should be encouraged to discuss each statement before writing anything, especially as later statements may change their ideas. Personal whiteboards can be used so that learners can change their answers as their understanding evolves. 

A summary of the main conceptual problems learners may encounter, along with ideas on how to get around them, is given for each individual statement in the answers section below.
Instructions and answers
Learners should be put into pairs or small groups in order to discuss the statements. You may wish to advise them to spend ten minutes reading and discussing the statements, going with their ‘gut feelings’ before looking up examples and writing down answers. The time taken to complete the activity will vary but it is likely that to think through each statement thoroughly and to produce an explanation learners will need 30–40 minutes. Any learners who finish quicker than the rest of the class can attempt the extension exercise. 

Time to feed back is obviously important so that learners do not end up reinforcing their own misconceptions. By circulating through the class and discussing the statements you can get a good idea of where the main conceptual difficulties lie and prompt learners with ideas or examples that challenge them to rethink. Answers and example explanations (which are not the only possible explanations) are given below.
True / False statements and explanations:
1.
The total number and type of atoms present are the same at the start and end of a reaction.

	True. This is of course the basis of balanced equations. Matter cannot be created or destroyed and in chemical reactions atoms retain their identity (proton number) although they may change the number of electrons. It may be worth checking that learners understand the difference between chemical reactions and nuclear reactions, as they will no doubt have come across examples where the element identity does change.


2.
The amount of substance, measured in moles, is the same at the start and end of a reaction.

	False. Thermal decomposition reactions such as the breakdown of metal carbonates or catalytic cracking are good examples of why this is not the case:

CaCO3  (  CaO  +  CO2
C10H22  (  2C2H4  +  C6H14
These are not the only examples, but if a substance breaks down into smaller substances then there will be more moles in the products than in the reactants. Conversely, addition reactions produce one product from two. An everyday analogy such as dismantling a bicycle helps to show why ‘amount’ is not conserved – from one bicycle you can obtain two wheels, one handlebar, one seat etc. 


3.
The total mass of reactants is equal to the total mass of products for any reaction.

	True. This statement is inextricably linked with the first statement, since the atoms involved do not change their mass during a reaction. Learners may have become confused about mass loss due to reactions where gas is given off (this is a popular way of measuring reaction rate after all) so try getting them to imagine (or indeed demonstrate) what happens if a balloon is put over the end of the reaction vessel and the change in mass monitored.


4.
The total volume of gas is the same at the start and the end of a reaction.

	False. The two reactions used in statement 2 above also apply to this, since in both the decomposition of carbonates and cracking of liquid hydrocarbons there are no gases in the reactants. Similarly the reaction of acids with metals or metal carbonates provide simple examples.



5.
The amount in moles is proportional to the number of particles for that substance.

	True. This statement is likely to generate discussion over the meaning of the term ‘particles’. When quantifying the amount of substance using the mole as a unit, it is important to be specific about whether you are referring to moles of atoms, moles of molecules, moles of ions or simply moles of a ‘repeat unit’ for giant structures. Either way this statement remains true due to the phrase ‘proportional’. The number of carbon dioxide molecules in a mole is proportional to Avogadro’s number; so is the number of oxygen atoms in a mole of carbon dioxide molecules. 


6.
One mole of methane molecules (CH4) contains 1/5 mole of carbon atoms and 4/5 mole of hydrogen atoms.

	False. The use of molecular modelling kits could be useful in explaining this to learners as it is a surprisingly common misconception. Demonstrate taking apart a model of methane so that learners can see how many atoms are produced; it is important that they are happy with the relationship between amount in moles and number of molecules so that they can see the two quantities follow the same rules. Everyday analogies may also be useful again – taking apart a bicycle does not produce 2/3 wheels and 1/3 frame!


7.
One mole of methane molecules (CH4) contains 1 mole of carbon atoms and 4 moles of hydrogen atoms.

	True. Statement 6 and 7 are mutually exclusive and so the same explanation can be applied to both.


8.
100 cm3 of methane gas contains the same number of molecules as 100 cm3 hydrogen gas at room temperature and pressure.

	True. It is surprising how often learners use the molar gas volume in equations without being fully aware of its implications in terms of the amount of substance. Diagrams which show the relative space between particles compared to the size of particles (the empty space in argon activity can be used for able learners) in a gas can help to explain this, along with the PhET simulation.


9.
100 cm3 of methane gas at room temperature and pressure has the same mass as 100 cm3 of hydrogen gas under the same conditions.

	False. By calculating the relative formula masses of methane and hydrogen, it can be seen that statements 8 and 9 must be mutually exclusive. Molymods or differing size balls or marbles could be used to demonstrate two containers which contain the same number of particles in a given volume but which have a different total mass. 


10.
If 0.1 mol of magnesium atoms reacts with a solution containing 0.1 mol of hydrochloric acid, 0.1 mol of hydrogen molecules will be produced. (Hint – you may need to look up or work out the balanced equation for this reaction.)

	False. This statement tests learner understanding of ‘excess’ which is often poorly understood despite being used fairly regularly as a technique for salt preparation or reaction rate measurement. The balanced equation for the reaction is as follows:

Mg  +  2HCl  (  MgCl2   +  H2
It therefore follows that magnesium reacts with hydrochloric acid in a 2 : 1 ratio; HCl is a limiting reagent in this example as only 0.05 mol of magnesium will react with 0.1 mol of acid. Since the equation shows that one mole of magnesium reacts to produce one mole of hydrogen, the total amount of hydrogen produced in this case will be 0.05 mol. This can also be demonstrated using models to show the particles that are used up compared to the particles that are left behind, and again the bicycle analogy can be brought into play – having two frames and two wheels does not mean I can assemble two bicycles!


Supporting/further information

Creative Problem Solving – Argon (RSC)

http://www.rsc.org/learn-chemistry/resource/res00000654/argon?cmpid=CMP00000731 
As mentioned above, this activity uses molar volume calculations to work out the percentage empty space in a sample of argon, highlighting the large volume of unoccupied space that leads to a constant molar volume regardless of the size of gas particle.
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Checkpoint Task

Amount of substance
Student Activity

Introduction

Often learners have very different levels of understanding when it comes to chemical calculations and the mole. This activity will probe your understanding of the words used to describe chemical quantities and amounts, and how they relate to the symbols (balanced equations), calculations and observations that happen in chemical reactions. You may find that your ideas change and evolve as you discuss the activity, so don’t be concerned if you find some of the concepts difficult.
Task 1

Read through each of the ten statements below. With a partner or in a small group, discuss whether you think each statement is true or false and make a note of your answers.
1.
The total number and type of atoms present are the same at the start and end of a reaction.

2.
The amount of substance, measured in moles, is the same at the start and end of a reaction.

3.
The total mass of reactants is equal to the total mass of products for any reaction.

4.
The total volume of gas is the same at the start and the end of a reaction.

5.
The amount in moles is proportional to the number of particles for that substance.

6.
One mole of methane molecules (CH4) contains 1/5 mole of carbon atoms and 4/5 mole of hydrogen atoms.

7.
One mole of methane molecules (CH4) contains 1 mole of carbon atoms and 4 moles of hydrogen atoms.

8.
100 cm3 of methane gas contains the same number of molecules as 100 cm3 hydrogen gas at room temperature and pressure.
9.
100 cm3 of methane gas at room temperature and pressure has the same mass as 100 cm3 of hydrogen gas under the same conditions.

10.
If 0.1 mol of magnesium atoms reacts with a solution containing 0.1 mol of hydrochloric acid, 0.1 mol of hydrogen molecules will be produced. (Hint – you may need to look up or work out the balanced equation for this reaction.)

Task 2

Now for the difficult bit! For each of the statements you will need to justify your true/false answer with an explanation or example. If you have decided that a statement is true, try to give an explanation using the chemical concepts and definitions you know. If you have decided that a statement is false, you could find an example of a chemical process, reaction or balanced equation where it is not the case. You are free to look up information using whatever resources you have available to assist you with your explanations.
Extension

Read through the statements again and imagine you are trying to teach the concept of ‘amount of substance’ to a class of younger pupils who are having difficulty understanding. What practical demonstrations / activities / everyday examples can you think of that will help them understand?
OCR Resources: the small print�OCR’s resources are provided to support the teaching of OCR specifications, but in no way constitute an endorsed teaching method that is required by the Board, and the decision to use them lies with the individual teacher.   Whilst every effort is made to ensure the accuracy of the content, OCR cannot be held responsible for any errors or omissions within these resources. �© OCR 2017 - This resource may be freely copied and distributed, as long as the OCR logo and this message remain intact and OCR is acknowledged as the originator of this work.


OCR acknowledges the use of the following content: n/a


Please get in touch if you want to discuss the accessibility of resources we offer to support delivery of our qualifications: �HYPERLINK "mailto:resources.feedback@ocr.org.uk"��resources.feedback@ocr.org.uk�





We’d like to know your view on the resources we produce.  By clicking on ‘�HYPERLINK "mailto:resources.feedback@ocr.org.uk?subject=I%20liked%20the%20AS%20and%20A%20Level%20Chemistry%20A%20and%20Chemistry%20B%20(Salters)%20Amount%20of%20substance%20Checkpoint%20task"��Like�’ or ‘�HYPERLINK "mailto:resources.feedback@ocr.org.uk?subject=I%20disliked%20the%20AS%20and%20A%20Level%20Chemistry%20A%20and%20Chemistry%20B%20(Salters)%20Amount%20of%20substance%20Checkpoint%20task"��Dislike�’ you can help us to ensure that our resources work for you.  When the email template pops up please add additional comments if you wish and then just click ‘Send’.  Thank you.


Whether you already offer OCR qualifications, are new to OCR, or are considering switching from your current provider/awarding organisation, you can request more information by completing the Expression of Interest form which can be found here: � HYPERLINK "http://www.ocr.org.uk/expression-of-interest" �www.ocr.org.uk/expression-of-interest�


Looking for a resource? There is now a quick and easy search tool to help find free resources for your qualification: ��HYPERLINK "http://www.ocr.org.uk/i-want-to/find-resources/"�www.ocr.org.uk/i-want-to/find-resources/
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