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Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 11. This Topic Exploration Pack supports OCR A Level Chemistry A and A Level Chemistry B (Salters).

When distributing the activity section to the learners, either as a printed copy or as a Word file, you will need to remove the teacher instructions section.
Learning outcomes 
1.1.1 Planning

(a) experimental design, including to solve problems set in a practical context [Including selection of suitable apparatus, equipment and techniques for the proposed experiment. Learners should be able to apply scientific knowledge based on the content of the specification to the practical context.]

(b) identification of variables that must be controlled, where appropriate

(c) evaluation that an experimental method is appropriate to meet the expected outcomes.

1.1.2 Implementing

(a) how to use a wide range of practical apparatus and techniques correctly [As outlined in the content of the specification and the skills required for the Practical Endorsement]
(c) presenting observations and data in an appropriate format

1.1.4 Evaluation

(a) how to evaluate results and draw conclusions

(b) the identification of anomalies in experimental measurements

(c) the limitations in experimental procedures

(d) precision and accuracy of measurements and data, including margins of error, percentage errors and uncertainties in apparatus

(e) refining experimental design by suggestion of improvements to the procedures and apparatus.

2.1.3(d) the terms anhydrous, hydrated and water of crystallisation and calculation of the formula of a hydrated salt from given percentage composition, mass composition or based on experimental results

2.1.3(i) the techniques and procedures required during experiments requiring the measurement of mass, volumes of solutions and gas volumes
EL(b)(ii) the techniques and procedures used in experiments to measure masses of solids

EL(c)(ii) the techniques and procedures used in experiments to measure volumes of solutions;
DF(a) the techniques and procedures used in experiments to measure volumes of gases

Introduction

Chemistry is a practical subject and the development of practical skills is fundamental to understanding the nature of chemistry. Practical skills are embedded throughout the content of both Chemistry A and Chemistry B (Salters). Learners are required to develop a range of practical skills throughout their study of the course which, alongside the Practical Endorsement, are then assessed indirectly in written examinations.

The introductory section of the topic exploration pack ‘Practical skills: experiments on rates of reaction’ (http://www.ocr.org.uk/Images/371956-practical-skills-experiments-on-rates-of-reaction-topic-exploration-pack.doc) discusses and exemplifies the requirements of the learning outcomes relevant to this indirect assessment of practical skills, Module 1.1 in the specifications. Reference is made to specific questions from the Sample Assessment Materials, available on the qualification websites, which illustrate the general points that are made.
Additional teacher preparation
There are a number of reasons that teachers choose to use class practical activities or practical demonstrations. These include the development of skills which can be assessed directly within the Practical Endorsement framework or indirectly in written examination papers, and to support learner understanding of chemical concepts. Some practical activities may contribute to all three areas, but it is important that teachers are clear about their aims when choosing any particular activity. If the reasons for doing practical work are confused or blurred, or the practical is ‘overloaded’ with too many expected outcomes, then these outcomes may not be achieved. Spending sufficient time, sometimes spread over more than one session, can help learners focus on the different outcomes.

A useful approach to planning a sequence of practical activities is to decide on those that will support the learning of chemical concepts required for the particular topic. These activities might be a combination of class activities and practical demonstrations. Once chosen, the activities can be assessed for their potential to provide opportunities for learners to develop skills that are required to achieve the Practical Endorsement. The activities can further be analysed for their potential to provide learner opportunities to develop practical related skills that may be assessed indirectly in written examination questions. Sometimes this will mean that learners need to be involved in planning the activity. Sometimes these opportunities are best provided by extension questions arising from practical work in which learners evaluate and process data.

In the context of amount of substance, learners need to develop skills  to use the techniques and procedures required to measure mass, volumes of solutions and gas volumes as described by learning outcomes for Chemistry A 2.3.1(i) and Chemistry B (Salters) EL(b)(ii), EL(c)(ii) and DF(a). One context of mass measurement is the calculation of the formula of a hydrated salt using experimental data as required by the Chemistry A learning outcome 2.1.3(d).

OCR Practical Activity Group (PAG) Suggested Activities

Many of the  PAGs produced by OCR  can be used by teachers to support the development of skills required to measure mass, volumes of solutions and gas volumes.  It is important to realise that PAGs are not just useful for helping learners develop their skills to achieve the Practical Endorsement but are also useful in developing practical related skills that are indirectly assessed in written exam papers.

In PAG 1.1, learners determine the composition of copper(II) carbonate basic. They carry out mass measurements, measurement of the volume of a solution using a measuring cylinder and measurement of gas volume using an inverted measuring cylinder. This PAG therefore provides experience of experimental techniques included in learning outcomes 2.3.1(i), EL(b)(ii), EL(c)(ii) and DF(a). The extension activities in this PAG offer a range of opportunities to practice skills related to practical work that are assessed in written examinations. Questions 2 and 3 involve calculation of percentage uncertainties as required by learning outcome 1.1.4(d), question 4 asks about the choice of reaction conditions as required by 1.1.1(c), questions 5 and 6 involve limitations of experimental procedure as required by 1.1.4(a) and(c) and question 7 asks learners to suggest refinements to procedures as required by learning outcome 1.1.4(e).

In PAG 1.2, learners determine the relative atomic mass of magnesium by collecting the hydrogen produced by reaction with sulfuric acid and use the same skills as in PAG1.1. The extension questions again provide opportunities to develop skills assessed in written papers including question 1 for learning outcomes 1.1.4(a) and (c), question 2 for learning outcome 1.1.4(d) and question 3 for learning outcome 1.1.4(e).

PAG 1.3 requires only the measurement of mass in order to determine the empirical formula of magnesium oxide and therefore covers only part of learner outcome 2.3.1(i) together with learner outcome EL(b)(ii). Extension questions 1 and 2 ask about experimental design as required by learner outcome 1.1.1(a) and question 3 requires learners to draw conclusions about the procedure from experimental results as required by learner outcome 1.1.4(a).

In PAG 2.1, students make up a standard solution of sodium hydrogencarbonate and use it to determine the concentration of a hydrochloric acid solution using an acid–base titration. In this activity learners measure the mass of a solid and measure the volume of a solution using a volumetric flask, pipette and a burette. These skills are covered by part of learning outcome 2.3.1(i) and by EL(b)(ii) and EL(c)(ii). Extension questions 1, 3 and 4 provide opportunities to calculate percentage uncertainties as required by learner outcome 1.1.4(d). In question 2 learners have to explain why a change in procedure would not be appropriate to meet expected outcomes as required by learning outcome 1.1.1(c).

PAGs 2.2 and 2.3 also provide opportunities to practice the measurement of mass of a solid and volume of a solution using a volumetric flask, pipette and burette. Extension questions require the calculation of percentage uncertainties as required by learner outcome 1.1.4(d).

PAGs 3.1, 3.2 and 3.3 are enthalpy change experiments and provide opportunities for learners to make mass measurements and to measure the volume of liquids using a measuring cylinder. Extension question 2 in PAG 3.1 asks learners to evaluate their result and to suggest reasons for the difference from data book values and so provides an opportunity to develop the skills required by learning outcome 1.1.4(a) and asks them to refine the experimental procedure as required by learning outcome 1.1.4(e). Question 5 in the same PAG provides useful practice for learner outcome 1.1.1(c) in which learners evaluate that an experimental method is appropriate to meet expected outcomes. Extension questions in PAGs 3.2 and 3.3 provide further opportunities for learners to comment on the limitations of, and to suggest improvements to, experimental procedures.

PAG 9.1 is a rates experiment in which learners use an inverted burette to measure the volume of a gas and thus provides an alternative to PAGs 1.1 and 1.2 for them to demonstrate this skill. PAG 3.2 is another rates experiment. In part 1 of the activity learners use mass measures to follow the course of the reaction while in part 2 they use a gas syringe to measure the volume of the gas produced. The use of a gas syringe adds to the range of apparatus learners may have used in other experiments to measure the volume of a gas. Learners also use a gas syringe to measure the volume of a gas in PAG 9.3. Extension questions 1 and 3 in this PAG provide excellent opportunities to help learners develop skills required to meet learning outcomes 1.1.1(c) and 1.1.4(a), (c), (e).

Other sources of practical activities

Other practical activities can be used in addition to or in place of the OCR PAG activities. The Royal Society of Chemistry website LearnChemistry, http://www.rsc.org/learn-chemistry, is a rich source of useful activities. There is a useful compilation of the resources on the site mapped to the required skills, apparatus and techniques: http://www.rsc.org/learn-chemistry/resource/res00002010/english-a-level-chemistry-specification-guide.

An experiment to determine the relative atomic mass of magnesium, http://www.rsc.org/learn-chemistry/resource/res00000401/determination-of-relative-atomic-mass, is similar to PAG 1.2 but the hydrogen produced is collected in an inverted burette rather than a measuring cylinder. The activity involves the measurement of mass, volume of liquid and volume of gas so helps develops all of the skills required by learning outcomes 2.3.1(i), EL(b)(ii), EL(c)(ii) and DF(a).

The use of a balance and gas syringe is also required in an experiment to determine the relative molecular mass of a gas http://www.rsc.org/learn-chemistry/resource/res00000832/determining-relative-molecular-masses-by-weighing-gases. The method can be applied to a range of gases. Another experiment that requires measurement of mass and gas volume is the determination of the molecular mass of butane http://www.rsc.org/learn-chemistry/resource/res00001720/determining-the-relative-molecular-mass-of-butane. This is usually used as a demonstration using butane from pressurised cans used for lighter refills, camping gas stoves or gas blow torches but could be carried out by learners given adequate supervision.

A novel approach to developing measurement of  mass and gas volume skills is found in a problem solving activity where learners are asked to devise and then carry out a method for finding the molar mass of hydrogen produced by the reaction of magnesium and vinegar http://www.rsc.org/learn-chemistry/resource/res00000601/gas-volume. 

An experiment to find the formula of a hydrated salt, http://www.rsc.org/learn-chemistry/resource/res00000436/finding-the-formula-of-hydrated-copper-ii-sulfate?cmpid=CMP00006780, involves several mass measurements. This activity provides an opportunity to develop skills required by learning outcome 2.1.3(d) as well as practice of measuring the mass of a solid required by part of learning outcome 2.3.1(i) and EL(b)(ii). A similar experiment to find the formula of Epsom salts, hydrated magnesium sulfate, can be found in the OUP resources developed specifically for the Chemistry B (Salters) course. 

A microscale version of this type of experiment is available on the SSERC http://www.sserc.org.uk/chemistry-resources/microscale-chemistry/microscale-experiments/3912-water-in-a-hydrated-salt-microscale and CLEAPSS websites where robust and cheap bottle tops are used instead of the easily broken porcelain crucibles. 

Common issues when measuring mass and volumes
Measuring the mass of a solid is carried out so frequently it is easy to assume that all learners can do so accurately. It is good practice to check this from time to time. It is helpful to clarify the difference between weighing by difference and using a balance tare facility and explain why weighing by difference is preferred when the mass change is small. In the context of finding the formula of a hydrated salt, learners need to appreciate why it is usual to heat the sample until its mass is constant. CLEAPSS produce a comprehensive guide about buying and using balances http://science.cleapss.org.uk/Resource/GL122-Electronic-balance-buying-guide.pdf. The use of a tap pan balance to accurately weigh a solid is demonstrated in a short video in the interactive lab primer resource http://www.rsc.org/learn-chemistry/resource/res00001077/weighing-compounds-using-a-balance.

The change in mass when magnesium burns, which is at the centre of  PAG 1.3, is also described in a LearnChemistry experiment http://www.rsc.org/learn-chemistry/resource/res00000718/the-change-in-mass-when-magnesium-burns. CLEAPSS have devised a reduced scale version of this experiment using two bottle tops tied together by wire http://science.cleapss.org.uk/Resource-Info/GL181-Make-it-guide-bottle-top-crucibles.aspx. This method avoids breakage of fragile crucibles and the loss of material that can occur if the crucible lid is lifted during heating of the metal to allow more air get to get in.

Learners need to be able to select the appropriate piece of apparatus with which to measure the volume of a solution in different circumstances. This is covered by learning outcome 1.1.1(a). Providing them with several pieces of glassware so that they have to make a choice is an effective way of consolidating this skill. They should be taught from an early stage to read the volume of a colourless solution when the bottom of the meniscus rests on a mark on the apparatus and with their eyes level with the mark as required by learning outcome 1.1.2(a). Asking learners how they might modify this approach when they can’t easily see the meniscus in a coloured solution can lead to an interesting discussion.

While most learners find a measuring cylinder easy to use, many find measuring volumes of solution with a pipette or burette to be amongst the most difficult skills they are asked to develop at this level. Consequently, it makes sense to provide ample practice in using the apparatus when they are first met. Too often, learners are asked to use this equipment for the first time in the context of a titration when they have many other aspects of the activity to think about. Another interactive lab primer resource demonstrates the use of a pipette and burette to measure the volume of a liquid in the context of an acid base titration http://www.rsc.org/learn-chemistry/resource/res00002258/titration.

Measuring the volume of a gas can be quite tricky. Inverted measuring cylinders or burettes need to be securely clamped in a trough or bowl of water so that hands are left free to mix reagents to start a reaction. It may be helpful for learners to work in pairs for this kind of activity as they begin to develop the required skills. Learners need to be aware that they are looking at an inverted scale as this  can be the source of further problems. When using a gas syringe there may be practical problems with the barrel sticking when collecting a gas. Tapping the syringe with a pencil can help avoid this problem.
Learner activity 1

In this activity learners are asked to comment on factors that could affect the outcome of an experiment to determine the relative atomic mass of magnesium. This activity will help learners develop skills required by learning outcomes 1.1.4(a), 1.1.4(d) and 1.1.4(e).
Sample answer to questions:
(a) Percentage uncertainty = 0.1/0.18 × 100 = 56%

(b) The acid is in excess

(c) The escape of hydrogen from the flask before the bung was in place would not explain the low value for the relative atomic mass of magnesium. A lower volume of hydrogen would lead to a lower value for the moles of hydrogen and therefore of magnesium which would produce a higher value for the relative atomic mass as relative mass = mass / number of moles.
(d) Inclusion of the mass of paper in the balance reading would mean that less than 0.18 g of magnesium had been used. This would explain the low value calculated for the relative atomic mass of magnesium

(e) If some magnesium remained on the paper this would also mean that less than 0.18 g of magnesium had been used. This would explain the low value calculated for the relative atomic mass of magnesium.

(f) If pushing the bung into the flask forced more gas into the measuring cylinder this would increase the moles of gas collected and increase the moles of  magnesium it is assumed has reacted. This would lead to a lower value being calculated for the relative atomic mass of magnesium.
(g) Using more magnesium and more acid would not improve the experiment since even more gas would be produced which the measuring cylinder could not contain

(h) Using less magnesium and less acid would certainly reduce the volume of gas produced so that it could be measured by the measuring cylinder. However, the amount of acid might still not be sufficient to react with all of the magnesium and so the experiment could still be flawed

(i) Using more magnesium and less acid would not improve the experiment since there would be even more unused magnesium left over at the end

(j) Using less magnesium and more acid might well improve the experiment since the magnesium could all be used up and a reduced volume of gas would be produced that might fit in the measuring cylinder.
Learner activity 2

In this activity, learners use a card sort activity to plan an experiment to determine the formula of Epsom salts, hydrated magnesium sulfate. This involves choosing steps in the procedure that they will use from the group of cards. Some of the cards are distractors since they include apparatus that is not required and information that is not relevant. They then place the steps in the order that will form their experimental procedure. 

This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a), 1.1.1(c) and 2.1.3(d). A good way of using the activity is to ask groups of learners to discuss together which cards they should select and the sequence of the steps in the experimental procedure. This helps learners to articulate and to clarify their ideas and can help identify any misconceptions that they might have.

Sequence of steps which could make up the experimental procedure:

· Weigh an empty crucible
· Add Epsom salts to the crucible

· Weigh the crucible and Epsom salts

· Place the crucible on a pipe clay triangle on a tripod

· Heat the crucible

· Let the crucible cool

· Weigh the crucible and residue

· Re-heat the crucible

· Let the crucible cool

· Re-weigh the crucible and residue

· Repeat heating, cooling and weighing if necessary

Cards that are not required:

· Place the crucible on a gauze on a tripod

· Lift the lid of the crucible from time to time

· Add water to the solid in the crucible

· Place a lid on the crucible
Learner activity 3

In this activity learners are asked questions about experimental data from experiments to determine the formula of magnesium oxide. This activity helps learners to develop skills required by learning outcomes 1.1.4(a), (b), (c), (d) and (e).
Sample answers to questions:

1. The uncertainty associated with measurements made using a balance is the same whatever the mass weighed. The percentage uncertainty is therefore associated with the smallest mass measurement, 25.00 g.

2. The results of student C are anomalous. In these results 0.7 g of magnesium combines with 0.5 g of oxygen compared to the data from students A and B where 0.7 g of magnesium combines with 0.4 g of oxygen to give the expected formula of MgO. This additional mass of oxygen cannot be explained by procedural errors.

3. The formation of Mg3N2 will produce a smaller increase in mass per mole of magnesium than the formation of MgO. Therefore the calculation should lead to a formula for magnesium oxide where the ratio is one of magnesium to less than one of oxygen.

4. Since student A calculated a formula of exactly MgO this suggests that the formation of magnesium nitride has very little effect on the formula of magnesium oxide that is calculated.

5. The results suggest that student D did not allow sufficient air into the crucible. Comparing the data with the results of student A it would be expected that 0.35 g of magnesium should react with 0.2 g of oxygen. The results of student D show that 0.35 g of magnesium reacted with only 0.1 g of oxygen.

6. The student could check whether the reaction had finished by re-heating the crucible with the lid on, then cooling it and re-weighing it. If the reaction had finished, there should be no change in mass. If the reaction had not finished, then the mass should increase as more magnesium oxide is formed.

7. Without the lid on the crucible it is likely that some of the material would escape from the crucible. This would mean that when re-weighed, the crucible would be lighter than expected. This would suggest that the magnesium had reacted with a small amount of oxygen so the formula would be calculated to be one mole of magnesium to less than one mole of oxygen.
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Topic Exploration Pack

Practical skills: experiments involving amount of substance
Learner activity 1
A group of students set out to determine the relative atomic mass of magnesium by measuring the volume of gas produced by reacting a known mass of magnesium with excess sulfuric acid.

Mg  +  H2SO4  (  MgSO4  +  H2
They set up a 250 cm3 conical flask which has a bung fitted with a delivery tube that fits under an inverted 250 cm3 measuring cylinder in a trough of water. They measure out 50 cm3 of 1.00 mol dm–3 acid using a 100 cm3 measuring cylinder and add it to the flask. They place a piece of paper on a one decimal place balance and add magnesium powder until the balance reads 0.18 g. They pour the powder from the paper into the flask and push the bung in the mouth of the flask. They measure the total volume of gas collected.

(a) Calculate the percentage uncertainty in the balance measurement?

	


(b) Why is it not necessary to calculate the percentage uncertainty in the measurement of the acid?

	


The students first work out the number of moles of hydrogen they have collected and assume that the same number of moles of magnesium have reacted. To determine the relative atomic mass of magnesium they divide the mass of magnesium used by the number of moles they have calculated. They find that the value they have worked out for the relative atomic mass is lower than expected. They suggest some reasons for their low value. Explain whether each suggestion could explain their low value:
(c) some of the hydrogen escaped from the flask before the bung was in place

	


(d) the mass of the paper was included in balance reading

	


(e) some of the magnesium power remained on the paper

	


(f) pushing the bung into the flask forced more gas into the measuring cylinder

	


Another group of students carry out the same experiment using different amounts of reactants. They find that more gas is produced than will fit in the measuring cylinder and that some of the magnesium is unused at the end of the experiment. They decide to repeat the experiment using the same apparatus but with different amounts of reactants. Explain whether each of the following changes is likely to overcome the problems they have identified:
(g) use more magnesium and more sulfuric acid

	


(h) use less magnesium and less sulfuric acid

	


(i) use more magnesium and less sulfuric acid

	


(j) use less magnesium and more sulfuric acid

	


Learner activity 2 

You are going to carry out an experiment to determine the formula of Epsom salts (hydrated magnesium sulfate).
Steps in the procedure are given on cards. Place the cards in sequence to show how you will carry out the experiment. You do not need to use all of the cards.
	Heat the crucible
	Re-heat the crucible
	Let the crucible cool

	Let the crucible cool
	Add water to the solid in the crucible
	Weigh an empty crucible

	Weigh the crucible and residue
	Weigh the crucible and Epsom salts
	Re-weigh the crucible and residue

	Place the crucible on a pipeclay triangle on a tripod
	Place the crucible on a gauze on a tripod
	Lift the lid of the crucible from time to time

	Add Epsom salts to the crucible
	Repeat heating, cooling and weighing the crucible if necessary
	Place a lid on the crucible


Learner activity 3 

A class of students carry out an experiment to find the formula of magnesium oxide. They weigh a crucible with its lid, add a piece of magnesium ribbon to the crucible and weigh it again with the lid. They heat the crucible strongly with the lid on for a few minutes, moving the lid up slightly from time to time, allow it to cool down and weigh it again with the lid. The results of some of the students are shown in the table.

	
	Student A
	Student B
	Student C
	Student D

	Mass of crucible + lid/g
	25.00
	24.80
	24.75
	25.10

	Mass of crucible + lid + magnesium ribbon/g
	25.70
	25.50
	25.45
	25.45

	Mass of crucible + lid + residue after heating/g
	26.10
	25.90
	25.95
	25.55


Student A calculated the formula of magnesium oxide from her results to be exactly MgO.
1. Student A used the same balance for all of her measurements. Explain which measurement has the greatest percentage uncertainty associated with it (a calculation is not required).

	


2. The results of one of the students are thought to be anomalous. Identify the student and explain why the results are anomalous.

	


3. Some magnesium reacts with nitrogen in the air to form magnesium nitride, Mg3N2. How might this affect the formula calculated for the magnesium oxide?
	


4. In view of the result calculated by student A, what can you say about the impact of magnesium nitride formation on this experimental results?

	


5. One of the students forgot to lift the crucible lid from time to time to allow sufficient air into the crucible. Identify the student and explain how the results are affected by this omission from the experimental procedure.

	


6. One student thinks that the reaction hadn’t finished when he stopped heating the crucible. How could he check this?

	


7. Another student in the class forgot to place the lid back on the crucible before heating it. How might this affect the formula he calculated for the magnesium oxide?
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