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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.

4.2.3(a) the techniques and procedures for: (i) use of Quickfit apparatus including for distillation and heating under reflux; (ii) preparation and purification of an organic liquid including: use of a separating funnel to remove an organic layer from an aqueous layer; drying with an anhydrous salt (e.g. MgSO4, CaCl2); redistillation

4.2.3(c) two-stage synthetic routes for preparing organic compounds.

6.2.5(a) the techniques and procedures used for the preparation and purification of organic solids involving use of a range of techniques including: (i) organic preparation: use of Quickfit apparatus; distillation and heating under reflux; (ii) purification of an organic solid: filtration under reduced pressure; recrystallisation; measurement of melting points

6.2.5(c) multi-stage synthetic routes for preparing organic compounds.

WM(e) techniques and procedures for making a solid organic product and for purifying it using filtration under reduced pressure and recrystallisation (including choice of solvent and how impurities are removed); techniques and procedures for melting point determination and thin layer chromatography

WM(f) techniques and procedures for preparing and purifying a liquid organic product including the use of a separating funnel and of Quickfit or reduced scale apparatus for distillation and heating under reflux
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 organic synthesis, learners need to develop skills required to prepare and purify organic liquids as described by learning outcomes for Chemistry A 4.2.3(a) and Chemistry B (Salters) WM(f). They also need to be able to prepare and purify organic solids as described by learning outcomes for Chemistry A 6.2.5(a) and Chemistry B (Salters) WM(e). The preparation and purification of organic compounds may be part of synthetic routes as required by learning outcomes for Chemistry A 4.2.3(c) and 6.2.5(c).
OCR Practical Activity Group (PAG) Suggested Activities

OCR have produced six Practical Activity Group (PAG) activities that can be used by teachers to support the development of skills and to aid understanding of chemical concepts related to the preparation and purification of organic liquids and solids. Three focus on the preparation of organic liquids (PAG5 – https://interchange.ocr.org.uk/Downloads/GCE_Chemistry_PAG5.zip) and three focus on the preparation and purification of organic solids (PAG6 –https://interchange.ocr.org.uk/Downloads/GCE_Chemistry_PAG6.zip). These PAG activities can be used for helping learners develop conceptual understanding, skills that are assessed in the Practical Endorsement and skills assessed indirectly in the written examination.

In PAG 5.1 learners prepare a haloalkane from an alcohol. They use a separating funnel and drying with an anhydrous salt before distillation with Quickfit apparatus, all techniques described in learning outcomes for Chemistry A 4.2.3(a)(i) and (ii) and Chemistry B (Salters) WM(f). Extension questions 1, 2 and 3 require understanding of experimental design required by learning outcome 1.1.1(a) and 1.1.1(c). Extension question 4 requires learners to draw conclusions about causes of low yield as required by learning outcome 1.1.4(a).

PAG 5.2 involves the synthesis of an alkene from an alcohol. Quickfit apparatus in this PAG is used to carry out a reflux as well as a distillation. Using a drying agent and a separating funnel are also included as required by learning outcomes 4.2.3 (a)(i) and (ii) in Chemistry A and WM(f) in Chemistry B (Salters). Extension questions 1, 2, 3 and 4 provide opportunities to develop skills required for learning outcomes 1.1.1(a) and (c). Question 5 provides practice in evaluating results and drawing conclusions as required by learning outcomes 1.1.4(a).

In PAG 5.3 learners carry out the partial and complete oxidation of ethanol. As with PAG 5.2, this activity requires learners to use Quickfit apparatus to reflux and distil a liquid. Extension question 2 provides a particularly good opportunity for learners to comment on the limitations of experimental procedures as required by learning outcome 1.1.4(c). An alternative PAG 5.3 is based on a method suggested by CLEAPSS and involves the partial oxidation of ethanol using an alternative oxidising agent instead of sodium dichromate(VI) and hot water from a kettle instead of the use of a Bunsen burner to heat the distillation flask.

PAGs 6.1, 6.2 and 6.3 involve the preparation and purification of organic solids. In PAG 6.1 learners prepare aspirin via a multi-stage synthesis. This is a good opportunity for them  to experience an extended piece of practical work in contrast to most activities that they complete in one session. This activity illustrates the synthetic routes that are required for learning outcomes 4.2.3(c) and 6.2.5(c) in Chemistry A. In the course of this practical, learners use Quickfit apparatus to carry out a reflux and also filtration under reduced pressure. They purify the solid product using crystallization and check on its purity using thin layer chromatography and measurement of melting point. In this way they develop skills required by learning outcomes 6.2.3(a) for Chemistry A and WM(e) for Chemistry B (Salters). In extension question 1 after part 2 of the procedure, learners evaluate their results and suggest improvements to the procedures to minimise loss of materials in the individual steps of the synthesis. This question helps develop skills required by learning outcomes 1.1.4(a) and 1.1.4(e).

PAG 6.2 involves a two stage preparation of benzoic acid. It provides a further opportunity for learners to develop skills in the use of Quickfit apparatus for reflux, recrystallization, filtration under reduced pressure, measuring a melting point and carrying out thin layer chromatography. As well as providing opportunities for learners to develop skills required by learning outcomes 6.2.5(c) in Chemistry A and WM(e) in Chemistry B (Salters), extension question 2 asks them to think about the limitations of experimental procedures which is the focus of learning outcome 1.1.4(c).

In PAG 6.3 learners prepare methyl 3-nitrobenzoate. The experimental procedure includes several of the techniques required by learning outcomes 6.2.5(c) in Chemistry A and WM (e) in Chemistry B (Salters) such as recrystallization, filtration under reduced pressure, measuring a melting point and using thin layer chromatography. The extension questions in this activity provide opportunities to develop several skills in planning and evaluating practical work. Question 1, for example, helps to develop skills required by learning outcome 1.1.4 (c), question 4 for 1.1.1(c) and question 5 for learning outcome 1.1.4(a).

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’ 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.

The preparation of aspirin in a multi-stage synthesis from ‘Oil of Wintergreen’ is described in the LearnChemistry resource http://www.rsc.org/learn-chemistry/resource/res00000056/aspirin-book. This is similar to the experiment in PAG 6.1.

A comprehensive LearnChemistry resource describes the multi-stage preparation and purification of paracetamol http://www.rsc.org/learn-chemistry/resource/res00000058/paracetamol-book. These experiments involves the use of Quickfit apparatus for distillation as required by learning outcome 6.2.5(a) in Chemistry A as well as many of the techniques involved in purifying an organic solid specified in learning outcomes 6.2.5(a) in Chemistry A and WM(f) in Chemistry B (Salters).

The conversion of cyclohexanol to 1,6-hexanedioic acid can achieved in a short time using a microscale technique http://www.rsc.org/learn-chemistry/resource/res00000555/the-oxidation-of-cyclohexanol-by-nitric-acid. This activity provides an opportunity for learners to specifically focus on filtration and measuring a melting point. The nitration of methyl benzoate that is the focus on PAG 6.3 is also described in a LearnChemistry resource http://www.rsc.org/learn-chemistry/resource/res00002323/nitration-of-methyl-benzoate 

The preparation of hexan-2-ol from hex-1-ene is a different example of the preparation and purification of an organic liquid – http://www.rsc.org/learn-chemistry/resource/res00001777/the-hydration-of-alkenes. The activity requires the use of a separating funnel, drying agent and distillation using Quickfit apparatus as required by learning outcomes 4.2.3(a) in Chemistry A and WM(f) in Chemistry B (Salters).

Common issues with organic synthesis experiments

Some of the skills required in preparing and purifying organic liquids and solids are quite challenging for many learners who may not have met them before. The ‘Interactive lab primer – lab techniques’ is a comprehensive LearnChemistry resource that explains how to use techniques such as heating under reflux, distillation, recrystallization, filtration under reduced pressure, thin layer chromatography and melting point determination using diagrams, animations and videos http://www.rsc.org/learn-chemistry/resource/res00001064/the-interactive-lab-primer. Guidance about using these kinds of techniques is also found on the SSERC website http://www.sserc.org.uk/chemistry-resources/chemistry-techniques. 

A CLEAPSS video demonstrating the preparation and purification of an organic liquid can be found at https://www.youtube.com/watch?v=-l2gg3TVn0E and another relevant video at https://www.youtube.com/watch?v=A0XvMrPfPZE. Learners can be asked to look at one of these videos before they carry out a similar experiment themselves so they are aware of the techniques involved. This is an effective way of helping them learn how to use a range of apparatus and techniques correctly as is required by learning outcome 1.1.2(a). A wide range of such techniques are available at https://www.youtube.com/user/lowlevelpanic999/videos, https://www.youtube.com/user/mkseery/videos, https://www.youtube.com/user/farnboroughchemistry/videos and https://www.youtube.com/user/Franklychemistry/playlists. The preparation and purification of aspirin is the topic of one a series of screen experiments produced by the Royal Society of Chemistry http://www.rsc.org/learn-chemistry/resource/res00001644/aspirin-screen-experiment. Individuals and whole classes of learners can register to use this interactive resource which is an excellent preparation for their own practical work.

There are a few practical problems that teachers should be aware of. Separating funnels can cause a particular difficulty for learners in deciding which layer to keep and which to dispose of. Discussion before the practical can help them decide in which layer their product is likely to be. Learners will also need to be shown how to use a separating funnel safely.
Learners should be warned not to place a stopper in the top of the condenser when heating under reflux because of the build-up in pressure that this would cause. As with all practical work in chemistry laboratories, it is good practice for learners to standing, so that they can quickly move out of the way in the event of an accident.

The narrow tubes needed for loading samples onto a thin layer chromatography plate or in a melting point determination can be bought for the purpose or be made by learners from glass tubing. They will need to be shown how to do this but working with glass is a skill that they will enjoy developing.

Low water pressure in some laboratories may make filtration under reduced pressure time consuming. An alternative is to use fluted filter paper. There are several YouTube videos showing how to fold a fluted filter paper such as https://www.youtube.com/watch?v=caXpfoVqqXo
Alternative methods to water and suction pumps for use with Buchner funnels and Liebig condensers have been documented by CLEAPSS: http://science.cleapss.org.uk/Resource/GL191-Alternative-water-and-suction-pumps.pdf.

Organic preparations often result in low yields and this provides useful opportunities for learners to consider the limitations of the experimental techniques as required by learning outcome 1.1.4(c) and to suggest ways of refining the experimental procedure to minimise the loss of materials as required by learning outcome 1.1.4(e).
Learner activity 1

In this activity learners are asked to identify flaws in a procedure for making a pure sample of ethyl ethanoate from ethanol and ethanoic acid. They are required to explain why the errors they describe make the procedure unsafe or would mean that it would not work. This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a), 1.1.1(c), 1.1.2(a) and 1.1.4 (c).

Suggested flaws in the procedure

· In step 1 the reagent should be glacial ethanoic acid since the reaction with a solution of the acid would be extremely slow.

· In step 1 the choice of a 100 cm3 flask is not appropriate as the reactants would not all fit into it. A 250 cm3 flask would be needed for the volumes of reagents quoted.

· In step 2 the concentrated sulfuric acid should be added slowly rather than all in one go. The reaction is very exothermic and fast addition would likely cause the mixture to boil over.

· In step 3 there should be no stopper in the top of the condenser. A stopper would lead to a dangerous build-up of pressure in the flask during the reflux process.

· In step 3 a few anti-bumping granules should be added.

· In step 6 the volume of sodium carbonate solution need not be exact as it is in excess.

· In step 7 the separating funnel should be swirled gently rather than shaken vigorously as this might lead to a rapid build-up in pressure inside the funnel and the ejection of the stopper and the contents of the funnel.

· In step 8 the choice of a 250 cm3 conical flask in not appropriate as it is too big for the small amount of liquid poured into it.

· In steps 8 and 9 it is the upper layer in the separating funnel that contains the impure product which must be saved. It is the lower aqueous layer that is discarded.

· In step 10 the drying agent should be calcium chloride rather than the hydrated calcium carbonate which would not work. To act as a drying agent the solid needs to be anhydrous rather than hydrated so that it can absorb water

· In step 11 the bulb of the thermometer should be level with the exit to the condenser rather than in the liquid so that the boiling point of the vapour is accurately measured.

Learner activity 2

In this activity, learners use a card sort activity to explore recrystallisation. This involves choosing the appropriate sequence of stages in the process from the group of cards and then putting alongside this list cards which describe what each step achieves. Some of the cards are distractors and should not be chosen. 

This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a) and (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 can help learners to articulate and clarify their ideas and can help identify any misconceptions that they might have.

Suggested sequence of chosen cards:

	Stage
	What is achieved by the stage

	Warm the impure sample with the solvent 
	This stage dissolves  the pure product and soluble impurities

	Filter the hot mixture
	This stage removes insoluble impurities

	Allow the solution to cool slowly
	This stage allows crystals of the pure product to form

	Filter the cold mixture
	This stage separates the pure product from soluble impurities

	Wash the solid with a small amount of cold solvent
	The stage separates the pure product from contaminated solvent

	Dry the solid 
	This stage separates the pure product from pure solvent


Cards that should not be chosen: 

· Wash the solid with a small amount of hot solvent

· This stage forms crystals of the insoluble impurities

· Cool the solution quickly
Learner activity 3

In this activity learners answer questions about an experiment to prepare aspirin, including checking the purity of the sample using melting point determination and thin layer chromatography.

This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a), 1.1.1(c) and 1.1.4(a).

Suggested answers to questions:

1. A 10 cm3 measuring cylinder would be most suitable to measure out 4 cm3 of ethanoic anhydride. A burette would not be suitable as filling and cleaning this glassware takes more time, increasing the handling risk of this hazardous substance.

2. A dropper pipette would be suitable to transfer the concentrated sulfuric acid.
3. The 100 cm3 conical flask could be cooled by surrounding it by crushed ice or ice and water in a 500 cm3 beaker

4. A spatula and a pre-weighed watch glass would be needed to remove the solid from the funnel so that the solid can be allowed to dry and the watch glass and solid weighed.

5. The thermometer needs to be able to measure temperatures above 140oC. A 0–200 oC or 0–360 oC thermometer would be suitable.

6. The presence of the impurity lowers the melting point of the sample. The melting point of the impure aspirin will be lower than 138oC

7. The main impurity will be 2-hydroxybenzoic acid
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8. The plate is removed from the solvent just before the solvent reaches the top of 
the tlc plate

9. The position of the spots on the tlc plate can be seen using ultra violet light or by putting the plate in a beaker with iodine crystals and gently heating the beaker in a fume cupboard
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Topic Exploration Pack

Practical skills: experiments on organic synthesis
Learner activity 1
Preparation and purification of ethyl ethanoate

You have found on the internet a procedure for preparing a pure sample of ethyl ethanoate from ethanol and ethanoic acid. The procedure is flawed. Identify as many reasons as you can why the method is not appropriate and explain why the flaws would mean that the method is not safe or would not work.

Suggested procedure

1. Mix 50 cm3 of ethanol and 50 cm3 of 0.1 mol dm-3 ethanoic acid in a 100 cm3 pear shaped flask

2. Add 20 cm3 of concentrated sulfuric acid into the flask

3. Clamp the flask and fit with a vertical condenser with a stopper in the top.
4. Boil the mixture gently for 10 minutes.
5. Rearrange the position of the condenser for distillation and distil off half of the mixture.
6. Transfer the distillate to a separating funnel and add exactly 25 cm3 of 30% sodium carbonate solution.
7. Stopper the funnel and shake vigorously.
8. Immediately run off and save the lower layer in a 250 cm3 conical flask.
9. Discard the liquid that is left in the funnel.
10. Add lumps of hydrated calcium carbonate to the flask to dry the impure ethyl ethanoate.
11. Decant the ethylethanoate into a pear shaped flask and set up a distillation apparatus making sure that the bulb of the thermometer in the still head is in the liquid.
12. Heat the flask, collecting the fraction that distils over between 74o and 79oC.

Learner activity 2 

Recrystallisation
Recrystallisation is a technique for purifying an organic solid. It can remove impurities that are soluble and impurities that are insoluble in the solvent used for recrystallisation. 

You are given cards that show the stages involved in recrystallisation and cards that indicate what each stage achieves. Your first task is to create a vertical list with puts the cards you have chosen in the order in which the stages are carried out. Next you should create a second vertical list alongside the first one so that the effect of each stage is alongside the appropriate step. You do not have to use all of the cards.
	Filter the hot mixture
	This stage dissolves the pure product and soluble impurities
	Wash the solid with a small amount of hot solvent

	Wash the solid with a small amount of cold solvent
	This stage separates the pure product from soluble impurities
	Allow the solution to cool slowly

	Warm the impure sample with the solvent
	This stage allows crystals of the pure product to form
	This stage separates the pure product from contaminated solvent

	This stage separates the pure product from pure solvent
	Filter the cold mixture
	This stage forms crystals of the insoluble impurities

	Dry the solid
	This stage removes insoluble impurities
	Cool the solution quickly


Learner activity 3 

Preparation of aspirin

A learner prepares a sample of aspirin using the following procedure: 

1. 2 g of 2-hydroxybenzoic acid is added to a 100 cm3 conical flask.
2. 4 cm3 of ethanoic anhydride is measured out and added to the flask.
3. 5 drops of concentrated sulfuric acid is added to the flask.
4. The flask is shaken gently for 10 minutes.
5. The flask is cooled.
6. 4 cm3 of cold glacial ethanoic acid is added to the flask.
7. The mixture is filtered under reduced pressure using a Hirsch funnel.
8. The residue in the funnel is washed with cold distilled water.
9. The solid is removed from the funnel and allowed to dry.
10. The dry sample is weighed.
Questions
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What apparatus might be used to measure out 4 cm3 of ethanoic anhydride?
2. What apparatus might be used to transfer 5 drops of concentrated sulfuric acid to the flask?

3. How could the flask be cooled?
4. What apparatus would be needed to remove the solid from the funnel in order to dry and weigh it?


The learner uses a melting point apparatus to determine the melting point of the aspirin sample. The melting point of pure aspirin is 138-140 oC. The melting point of the sample shows the learner that it is impure.

5. What thermometer would be suitable for use in the melting point apparatus?
6. How does the learner know that the sample is impure?
7. What is likely to be the main impurity in the aspirin sample?


The learner uses thin layer chromatography (tlc) to confirm that the aspirin sample is impure. 

8. Draw a labelled diagram of the tlc plate that the learner should place into a beaker containing chromatography solvent

9. When is the tlc plate removed from the solvent?

10. After the tlc plate has been removed and dried, how can the position of spots on the tlc plate be identified?

11. Draw a diagram of what the tlc plate looks like at the end of the procedure.
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