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Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 10. 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 
Learners should be able to demonstrate and apply their knowledge and understanding of:

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.

3.2.3(d) the techniques and procedures used to investigate changes to the position of equilibrium for changes in concentration and temperature

5.1.2(c) the techniques and procedures used to determine quantities present at equilibrium

CI(h) techniques and procedures for experiments to determine equilibrium constants
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.

Sources of practical activities

A class experiment that provides an engaging introduction into equilibria is the distribution of iodine between two immiscible solvents http://www.rsc.org/learn-chemistry/resource/res00001723/distribution-of-iodine-between-two-immiscible-solvents. The reversible nature of equilibria can also be seen vividly in a spectacular demonstration described by Colin Baker in Education in Chemistry https://eic.rsc.org/exhibition-chemistry/a-spectacular-reversible-reaction/2020036.article .

There are a range of class experiments and demonstrations that can be used to illustrate the effect of concentration and temperature on the position of equilibrium. Techniques and procedures to investigate these changes are explicitly required in the Chemistry A learning outcome 3.2.3(d). The outcomes of this type of experiment may also be the focus of questions in both Chemistry A and Chemistry B (Salters) exams. One class experiment explores the equilibria between copper(II) ions and its complex with ammonia, http://www.rsc.org/learn-chemistry/resource/res00001711/an-equilibrium-involving-copper-ii-ions and another looks at the equilibrium involving chromate(VI) and dichromate(VI) ion http://www.rsc.org/learn-chemistry/resource/res00001710/an-equilibrium-involving-chromate-vi-and-dichromate-vi-ions. Both experiments are quick and effective.

An assessment for learning approach to this topic can be seen at http://www.rsc.org/learn-chemistry/resource/res00000117/afl-equilibrium-reactions where the equilibrium between iron(III) ions and cyanate ions is used to explore the effect of concentration change on equilibrium position.

Teacher demonstrations can also be used to show the effect of concentration and temperature on equilibria. The equilibrium between bismuth(III) oxychloride and bismuth chloride shows the effect of concentration http://www.rsc.org/learn-chemistry/resource/res00001738/le-chateliers-principle-the-effect-of-concentration-on-equilibrium, while the equilibrium between nitrogen dioxide and dinitrogen tetroxide shows the effect of temperature http://www.rsc.org/learn-chemistry/resource/res00001739/le-chateliers-principle-the-equilibrium-between-nitrogen-dioxide-and-dinitrogen-tetroxide. The demonstration of the effect of both concentration and temperature in the equilibrium between iodine monochloride and iodine trichloride can be found at http://www.rsc.org/learn-chemistry/resource/res00001737/le-chateliers-principle-the-effect-of-concentration-and-temperature-on-an-equilibrium and a video showing a microscale version of these changes is available at the CLEAPSS YouTube website https://www.youtube.com/watch?v=N89vQex7doM.

The equilibrium between two coloured cobalt species is often used to illustrate the effect of concentration and temperature on equilibrium position as the changes in equilibrium position can cause easily seen changes in the colour of the solution. Instructions for a demonstration of the procedures can be easily modified for use as a class experiment. The effect of concentration changes can be found on the LearnChemistry website http://www.rsc.org/learn-chemistry/resource/res00000001/the-equilibrium-between-two-coloured-cobalt-species. It can also be investigated in microscale http://media.rsc.org/Microscale%20chemistry/Microscale%2018.pdf. There are a number of YouTube videos that show the changes in this system including https://www.youtube.com/watch?v=GS9kIj9n-BU.

Techniques and procedures to determine quantities present at equilibrium in order to determine equilibrium constants are required in Chemistry A learning outcome 5.1.2(c) and in Chemistry B (Salters) learning outcome Cl(h). Equilibrium constants are usually determined by mixing reagents, allowing the reaction mixture to stand for some time so that equilibrium is established and then finding the concentration in the mixture of one of the reactants or products.

The equilibrium formed by a carboxylic acid, alcohol, ester and water lends itself to this kind of treatment. The concentration of the carboxylic acid in the mixture is found by titration with a standard solution of sodium hydroxide. An excellent account of this experiment can be found on the SSERC website http://www.sserc.org.uk/index.php/advanced-higher-revised/1140-physical-chemistry-ah/3059-finding-an-equilibrium-constant which includes a learner worksheet, a teacher guide, technician notes and a risk assessment. A similar activity can be found in the resources produced by OUP specifically for the Chemistry B (Salters) specification (https://global.oup.com/education/secondary/kerboodle/science/alevel-salters-chemistry-kerboodle). 

The equilibrium between silver ions & iron(II) ions and silver & iron(III) ions can be investigated using a microscale titration. The silver ions in the mixture are titrated with potassium thiocyanate solution. Details of the procedure can be found on LearnChemistry http://www.rsc.org/learn-chemistry/resource/res00000537/measuring-an-equilibrium-constant-on-a-microscale.One advantage of exploring this equilibrium is that equilibrium is normally reached within 24 hours whereas the carboxylic acid/alcohol/ester/water system needs to be left for at least a week. An advantage of microscale titration is the reduction in use of expensive silver nitrate, compared with carrying out this practical at a ‘standard’ scale.

The reaction between iron(III) ions and thiocyanate ions produces an equilibrium with the deep red coloured iron(III) cyanate complex ion. A colorimeter can be used to measure the absorption due to of the complex ion in the equilibrium mixture. By use of a calibration curve this absorption can be converted to an equilibrium concentration of the complex and hence provide information that can be used to determine the equilibrium constant for the system. Details of the method can be found at http://www.mctcteach.org/chemistry/C1152/C1152_handouts/lab_handouts/Det_of_Equil_Const.pdf 

Common issues with experiments on equilibria

It is essential to spend time making sure learners understand basic ideas about equilibria before moving on to changes in concentration and temperature. Research described by Vanessa Kind in section 12 of ‘Beyond appearances: Learners’ misconceptions about basic chemical ideas’ suggests that equilibria is one of the hardest topics to teach and learn http://www.rsc.org/learn-chemistry/resource/res00002202/beyond-appearances. One of the misconceptions that some learners have is that at equilibrium the concentrations of reactants and products are equal. Experiments to determine the equilibrium constant can help address this issue.
The procedure required for determination of the equilibrium constant for the equilibrium involving a carboxylic acid, alcohol, ester and water is quite complex. It therefore provides a good opportunity for learners to practice the skill of evaluating that an experimental method is appropriate to meet the expected outcomes as required by criteria 1.1.1(c). Some learners find it difficult to understand that the volume of sodium hydroxide solution added to the equilibrium mixture has to be sufficient to neutralise both the carboxylic acid and the acid catalyst. The amount of sodium hydroxide neutralised by the acid can be calculated if using a standard acid solution or a separate titration of the acid alone can be carried out. Since the reaction mixture is held for at least a week, an air tight stopper must be inserted into the flask to prevent evaporation of its volatile contents.

It is a good idea if some groups of learners start with a mixture of carboxylic acid and alcohol while other groups start with the ester and water. If different groups share their results this can help counter the misconceptions that an equilibrium can only be reached from one side of the reaction and that the two starting points represent totally different reactions. This is another of the issues identified by Vanessa Kind. 

Even if mixtures are left for a week before analysis the system may not quite have reached equilibrium. This provides a really good opportunity for learners to evaluate their results and draw conclusions as required by 1.1.4(a) and to suggest improvements to the procedures as required in 1.1.4(e). Since each experiment may result in only a single titration, it is important that learners know how to carry out a titration correctly (1.1.2 (a)). To investigate how long it takes for a reaction to reach equilibrium learners could make up a larger quantity of reaction mixture and remove aliquots of it at different time intervals for titration. Eventually the titres should become constant.

Care should be taken if the cobalt compounds equilibrium is used as a class practical because of the toxic nature of the compounds. If the equilibrium between potassium chromate(VI) and potassium dichromate(VI) is used as a class experiment teachers should provide a solution of potassium chromate(VI) for learners because the hazards associated with the solid.

A microscale titration such as that used in the iron(II) ions/silver ions and silver/iron(III) ions experiment provides an excellent opportunity to add variety to learners experience of practical work. It also provides an opportunity for learners to look at uncertainties in the microscale apparatus in comparison with a more traditional titration and so develop skills needed to meet criteria 1.1.4(d).

Learner activity 1

In this activity learners are required to plan what they need in order to investigate the effect of changing concentration and temperature on the position of the equilibrium between two coloured cobalt species.
[Co(H2O)6]2+(aq)   +   4Cl–(aq)   ⇌   [CoCl4]2–(aq)   +   6H2O(l)

This activity will help learners develop skills that are required to meet learning outcome 1.1.1(a).

Sample answers to questions:

Reason for the fifth test tube:
The fifth test tube is there to act as a control. The changes of colour brought about by changes in concentration and temperature can be compared with the original colour of the control solution.

List of required materials and equipment:

· cobalt(II) chloride solution (0.4 mol dm–3), 20 cm3
· concentrated hydrochloric acid, 1 cm3
· distilled water, 1 cm3
· test tubes, 5

· test tube rack

· dropping pipette, 2

· 250 cm3 beakers, 2

· kettle

· tap water, 400cm3
· ice cubes, one tray

· thermometer, 0–110oC

Learner activity 2

In this activity learners answer questions about the experiment design and data produced in an experiment to determine an equilibrium constant. This activity will help learners develop skills that are required to meet learning outcome 1.1.1(a), 1.1.1 (c), 1.1.4 (a), 1.1.4 (b), 1.1.4 (c) and 1.1.4 (d).

Sample answers to questions:

1. ‘Glacial’ ethanoic acid means that it is the pure acid, not a solution

2. A 100 cm3 conical flask would be most suitable

3. Phenolphthalein would be a suitable indicator. Methyl orange would not be suitable for the titration of a weak acid and a strong base.

4. The flasks need to be securely stoppered when they are left for a week. If this is not done some of the mixture could evaporate.

5. The uncertainty in weighing 3.00 g of methanol using a 2 decimal place balance

0.01/3.00 × 100 = 0.33%
6. The learner would also need to know the density of methanol since

mass = volume × density

7. A 50 cm3 burette or a graduated 10 cm3 pipette would be suitable to measure the volume of the hydrochloric acid.

8. The sodium hydroxide solution titre for flask 2 seems to be anomalous.

9. A lower value for Kc would be expected if the reaction had not reached equilibrium.

10. The learner does not have to add water as there is water in the hydrochloric acid solution.
Learner activity 3

In this activity, learners use a card sort activity to plan an experiment to determine an equilibrium constant using a microscale technique. This involves choosing from a set of cards the apparatus and steps in the procedure that they will use. 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) and 1.1.1(c). 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 clarify their ideas and can help identify any misconceptions that they might have.

Sequence of steps which could make up the experimental procedure:
· Using a 2 cm3 pipette

· Transfer 2 cm3 of silver nitrate solution to a

· 10 cm3 conical flask

· Transfer 2 cm3 of iron(II) sulfate solution to the flask

· Stopper the flask

· Leave the flask overnight

· Fill a microburette with potassium thiocyanate solution

· Using a 1 cm3 pipette

· Transfer 1 cm3 of the solution to a 

· 10 cm3 beaker

· Add the solution from the burette until

· A permanent red colour is seen

· Repeat the titration

Cards that are not required
· Using a 10 cm3 measuring cylinder

· Using a 10 cm3 pipette

· 100 cm3 conical flask

· 250 cm3 beaker

· A white precipitate is formed
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The red solution is decolourised
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Topic Exploration Pack

Practical skills: experiments involving equilibria
Learner activity 1
You are going to complete the planning of an experimental investigation into the effect of changing concentration and temperature on the position of the equilibrium between two coloured cobalt species.

[Co(H2O)6]2+(aq)   +   4Cl–(aq)   ⇌   [CoCl4]2–(aq)   +   6H2O(l)


pink
blue

The outline method is:

1. Place a 2 cm depth of cobalt(II) chloride solution (0.4 mol dm-3) in each of five test tubes.

2. To the first test tube add distilled water dropwise until the colour of the solution is pink.

3. To the second test add concentrated hydrochloric acid dropwise until the solution is blue.

4. Heat the third tube to above 90oC.

5. Cool the fourth tube to below 5oC.
Make a list of all the materials (including quantities) and apparatus that you will need to carry out the experiments. You will be working in a laboratory with electric sockets but no gas supply.

Explain the purpose of the fifth test tube.
Learner activity 2 

A learner carries out a series of experiments to determine the equilibrium constant for the reaction between methanol and ethanoic acid to form the ester methyl ethanoate and water:
CH3OH   +   CH3COOH   ⇌   CH3COOCH3   +   H2O

She sets up four conical flasks containing different proportions of methanol, glacial ethanoic acid and 1.0 mol dm–3 hydrochloric acid and leaves them for one week. The contents of each flask are then titrated with a 1.0 mol dm–3 solution of sodium hydroxide.

The learner records her results in a table.

	
	Flask 1
	Flask 2
	Flask 3
	Flask 4

	Mass of methanol / g
	3.00
	3.00
	3.00
	4.00

	Mass of glacial ethanoic acid / g
	3.00
	3.00
	3.00
	2.50

	Volume of hydrochloric acid / cm3
	6.00
	6.00
	6.00
	4.00

	Sodium hydroxide solution titre / cm3
	32.10
	36.55
	32.20
	17.50


Questions

1. What is meant by ‘glacial’ ethanoic acid?
2. What capacity conical flask would be suitable for use in these experiments?
3. What indicator might the learner use in her titrations?
4. One very important detail has been omitted from the description of what the learner did. What is it and why is it important?

5. What is the percentage uncertainty in weighing 3.00 g of methanol using a 2 decimal place balance?
6. If the learner had measured the volume of the methanol instead of weighing it, what other information would she have needed to calculate its mass?
7. What apparatus would be suitable to measure the volume of the hydrochloric acid?
8. Which data appears to be anomalous?
9. The learner calculated the equilibrium constant for the reaction from her data using the expression: 
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She found that her values were all smaller than the value in a data book. Suggest why her values for Kc were smaller.
10. In an additional experiment, the learner mixed methyl ethanoate and hydrochloric acid in a flask. After leaving the mixture to equilibrate for one week, she titrated the mixture with sodium hydroxide solution to determine the equilibrium constant for the reaction starting with products. Why did she not have to add water to react with the ester in the flask?
Learner activity 3 
You are going to plan a microscale practical to determine the equilibrium constant for the reaction between silver ions and iron(II) ions. 

Ag+(aq)   +   Fe2+(aq)   ⇌   Ag(s)   +   Fe3+(aq)

Silver ions and iron(II) ions are mixed together and the reaction is allowed to reach equilibrium overnight. The concentration of silver ions at equilibrium is found by titration with potassium thiocyanate solution. A white precipitate of silver thiocyanate forms until the end-point when a permanent red colour due to Fe(SCN)2+ is seen.
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.

	100 cm3 conical flask
	10 cm3 conical flask
	10 cm3 beaker

	250 cm3 beaker
	Using a 10 cm3 measuring cylinder
	Using a 10 cm3 pipette

	Using a 2 cm3 pipette
	Using a 2 cm3 pipette
	Using a 1 cm3 pipette

	Stopper the flask
	Repeat the titration
	Transfer 2 cm3 of silver nitrate solution to a

	Transfer 2 cm3 of iron(II) sulfate solution to the flask
	Leave the flask overnight
	Add the solution from the burette until

	Transfer 1 cm3 of the solution to a
	Fill a microburette with potassium thiocyanate solution
	A white precipitate is formed

	A permanent red colour is seen
	The red solution is decolourised
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