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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

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.

2.1.4(d) the techniques and procedures used when preparing a standard solution of required concentration and carrying out acid-base titrations
5.1.3(n) pH titration curves for combinations of strong and weak acids with strong and weak bases, including: (i) sketch and interpretation of their shapes; (ii) explanation of the choice of suitable indicators, given the pH range of the indicator; (iii) explanation of indicator colour changes in terms of equilibrium shift between the HA and A– forms of the indicator

5.2.3(d) the techniques and procedures used when carrying out redox titrations including those involving Fe2+/MnO4– and I2/S2O32–
EL(c)(ii) the techniques and procedures used in experiments to measure volumes of solutions; the techniques and procedures used in experiments to prepare a standard solution from a solid or more concentrated solution and in acid-base titrations
ES(f) techniques and procedures in iodine–thiosulfate titrations
O(k) techniques and procedures to measure the pH of a solution
DM(a) manganate(VII) titrations 

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 process and evaluate data.

In the context of titrations, learners need to develop skills to use the techniques and procedures required to prepare standard solutions, carry out acid–base and redox titrations and measure pH as described by learning outcomes for Chemistry A 2.1.4(d), 5.1.3(a), 5.2.3(d) and Chemistry B (Salters) EL(c)(ii), ES(f), O(k) and DM(a).

OCR Practical Activity Group (PAG) Suggested Activities

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.

OCR have produced three PAG activities, PAG 2.1, 2.2 and 2.3, that can be used by teachers to support the development of skills required to prepare standard solutions and carry out acid–base titrations. They therefore provide opportunities to develop the skills required by learning outcomes 2.1.4(d) and EL(c)(ii). The extension activities in these PAGs offer a range of opportunities to practise skills related to practical work that are assessed in written examinations. Questions 1, 3 and 4 in PAG 2.1, questions 1, 2 and 3 in PAG 2.2 and questions 1, 2 and 3 in PAG 2.3 involve calculation of percentage uncertainties as required by learning outcome 1.1.4(d). In question 2 in PAG 2.1 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).

In PAG 11.2, learners design and then carry out a method to investigate acid–base titrations by measuring pH. This PAG provides an opportunity for them to develop skills required by learning outcomes 5.1.3(n), and O(k). The design of an experimental procedure involved in this PAG also provides opportunities to practise skills needed by learning outcome 1.1.1(a). PAGs 11.1 and 11.3 provide additional opportunities for learners take measurements of pH, although not in the context of titrations.

In PAG 12.1, learners carry out a short investigation into the iron content of iron tablets. This activity provides a good opportunity for them to practise carrying out a manganate(VII) titration which they need to do to satisfy the requirements of learning outcomes 5.2.3(d) and DM(a). The investigative approach that learners apply provides further practice for the skills required by learning outcomes 1.1.1(a), (b) and (c).

An investigative approach that provides further practice for the skills required by learning outcomes 1.1.1(a), (b) and (c) is also needed in PAG 12.2. Here learners use an iodine–thiosulfate titration to determine the copper content in a sample of brass and practise skills required by learning outcomes 5.2.3(d) and ES(f).

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. Instructions for a simple acid–base titration can be found, for example, in stage one of the experiment http://www.rsc.org/learn-chemistry/resource/res00000697/titrating-sodium-hydroxide-with-hydrochloric-acid.
Acid–base titrations can be carried out as part of a short investigation into the purity of aspirin tablets. In the Chemistry Review ‘Project Page’ which appeared in January 1997, Vol. 6, No. 3, pp. 18-19, details are provided about a straight forward titration and a ‘back’ titration https://www.york.ac.uk/chemistry/schools/chemrev/projects/.

Conducting an acid-base titration with a coloured solution is a challenge because it may mask the colour change of the indicator. One solution is to use a pH titration as described in the resource http://classes.uleth.ca/200801/chem20001/6268%20Expt5_pH%20Meter%20Titration.pdf. This type of experiment provides opportunities for learners to develop skills required by learning outcomes 5.1.3(n) and O(k).

There are resources that approach acid–base titrations in different ways. A novel titration technique can be found at http://www.rsc.org/learn-chemistry/resource/res00002027/chemistry-stinks-olfactory-indicators-experiment in which change of smell rather than change of indicator colour is used to detect the end point of the reaction while the resource http://www.rsc.org/learn-chemistry/resource/res00000536/a-microscale-acid-base-titration outlines how an acid–base titration can be carried out on a microscale. Extending the range of techniques still further, the resource http://www.rsc.org/learn-chemistry/resource/res00000429/a-thermometric-titration provides details of how to carry out a thermometric titration and http://www.rsc.org/learn-chemistry/resource/res00001735/a-conductimetric-titration-using-acids-and-alkalis describes a simple conductimetric titration. All of the resources that focus on preparing a standard solution or carrying out an acid–base titration help learners develop the skills required for learning outcomes 2.1.4(d) and EL(c)(ii).

Iodine–thiosulfate titrations are redox titrations that are used in a range of analytical contexts. A clear account of a titration used to analyse iodised salt is found on a website of the University of Canterbury in New Zealand http://www.chemteach.ac.nz/investigations/documents/salt_iodate.pdf. The same website also describes how to use an iodine titration to determine vitamin C content http://www.outreach.canterbury.ac.nz/chemistry/documents/vitaminc_iodine.pdf.

On the LearnChemistry website you can find details of how to determine the vitamin C in fruit drinks http://www.rsc.org/learn-chemistry/resource/res00000539/measuring-the-amount-of-vitamin-c-in-fruit-drinks, how to determine the sulfur dioxide content of wine http://www.rsc.org/learn-chemistry/resource/res00000584/vintage-titrations-sulfur-dioxide-concentrations-in-wine and how to decide which is the best bleach to buy in a mini investigation http://www.rsc.org/learn-chemistry/resource/res00001205/which-bleach-is-the-best-buy. All of the resources that involve an iodine–thiosulfate titration help learners develop the skills required for learning outcomes 5.2.3(d) and ES(f). 

Another form of redox titration is one involving acidified manganate(VII) ions. A Khan Academy YouTube video https://www.youtube.com/watch?v=EQJf8Gb8pg4 provides a good introduction to this type of titration that can be viewed by learners before they begin their practical work. Other resources that provide experimental details about this type of titration can be found at http://ncert.nic.in/NCERTS/l/lelm106.pdf, at https://www.scribd.com/doc/45155718/Permanganate-Titration and at http://staff.buffalostate.edu/nazareay/che112/manganate.htm. The resources developed by OUP for Chemistry B (Salters), https://global.oup.com/education/content/secondary/series/ocr-b-a-level-chemistry, include the use of a manganate(VII) titration to determine the amount of iron in dried thyme. All of these resources help learners develop the skills required for learning outcomes 5.2.3(d) and DM(a).

Common issues with titrations
Many learners find measuring volumes of solution with a pipette or burette to be amongst the most difficult skills they are asked to develop at A–level. It makes sense, therefore, to provide ample practise 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. This key issue of breaking up learning into manageable chunks is discussed in detail in an article in Education in Chemistry https://eic.rsc.org/cpd/moles-and-titrations/2000006.article and this blog from OCR http://www.ocr.org.uk/qualifications/by-subject/science/science-news/practical-work-and-cognitive-load/.
One of the skills that learners develop is that of using and reading a burette correctly. A series of helpful, interactive simulations can be found at http://www.labskills.co.uk/resources.php. Learners 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, using a piece of white paper or a white tile as background 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 in, for example, a manganate(VII) titration, can help them appreciate the need for a consistent technique for every reading.
Learners should be asked key questions about their titration technique so that they think about the reasons for what they are doing rather than simply following instructions. These might include why they rinse their burette with a solution it is to contain rather than with water, whereas they do rinse their conical flask with water; what is the purpose of a ‘rough’ titration; why they should not force all of the solution from their pipette into the conical flask; why they should shake a standard solution after making it up; and why they shouldn’t put a hot solution into a volumetric flask. The YouTube video from University of Edinburgh goes into useful depth: https://www.youtube.com/watch?v=rK7Egs-SJus.
Other videos are excellent tools for helping learners prepare for titations. One LearnChemistry resource includes excellent narrated videos that show how to make up a standard solution and carry out an acid base titration http://www.rsc.org/learn-chemistry/resource/res00002012/titrations-quizzes-new-users-guide. They could easily be used to prepare learners for PAGs 2.1, 2.2 or 2.3, perhaps in a ‘flipped learning’ approach to teaching and learning. Other resources, that are part of the interactive lab primer collection, also show how to prepare a standard solution http://www.rsc.org/learn-chemistry/resource/res00002257/standard-solution and how to carry out a titration http://www.rsc.org/learn-chemistry/resource/res00002258/titration. The ‘Titration screen experiment’ is an interactive resource on LearnChemistry that allows learners to run their own experiment: http://www.rsc.org/learn-chemistry/resource/res00002077/titration-screen-experiment. Each of four levels takes about 30 minutes to complete and all are designed to be used as pre-lab activities in class or as homework.

Colour visual deficiency (CVD) or colour blindness affects about 4.5% of the population, mainly but not entirely male http://www.colourblindawareness.org/teachers/secondary-school-higher-education/. Learners with CVD may find it difficult to accurately identify the end point of titrations using certain indicators such as methyl orange. Replacing methyl orange with screened methyl orange or a different indicator all together can help mitigate these problems. Learners with CVD may also find it difficult to read universal indicator accurately so care should be taken if indicator paper is used rather than a pH meter in a pH titration.

There can be a number of issues connected with the use of indicators in titrations. Some learners find the choice of indicator for an acid–base titration difficult. They need to understand how the pH changes during a titration and how this depends on the strength of the acid and base. This information is essential for them to be able to make sense of a pH titration. The choice of starch solution as the indicator for an iodine–thiosulfate titration depends on the formation of a starch–iodine complex. The sensitivity in using this indicator is maximised if its addition to the titration flask is delayed until most of the iodine has reacted and the colour has become ‘straw yellow’. Care must be taken, however, not to add too much thiosulfate solution so that the indicator is added after the end point of the titration. Some learners become so used to using indicators to identify the end point of titrations that they are confused when first meeting a manganate(VII) titration and need help in appreciating why in this case no indicator is necessary.

pH meters must be stored correctly to maintain them in working order. It is a good idea to calibrate them using buffer solutions every time they are used and to rinse them in distilled water before using them in different solutions. Often it is better to use a small beaker rather than a conical flask when carrying out a pH titration, so that the pH probe is covered by the solution. A magnetic stirrer can ensure adequate mixing of the solution during the titration but care must be taken not to allow the magnetic flea to collide with the end of the pH probe which is very fragile.

Learner activity 1

In this activity, learners are asked to think about examples of poor technique when making up a standard solution and carrying out an acid–base titration, and to suggest how this will affect the titre and value calculated for the concentration of the acid. This activity will help learners develop skills required by learning outcome 1.1.4 (a). It will also serve to reinforce the correct ways of using apparatus and techniques as required by learning outcome 1.1.2(a).
Sample answer to questions:
1. If some of the solid is spilled on the bench the solution of sodium hydrogencarbonate will be more dilute than expected. The titre volume of sulfuric acid required to react with the sodium hydrogencarbonate will be lower and the value calculated for the concentration of the acid will therefore be higher than it should be (as titre volume and concentration are inversely proportional).

2. If excess water has been added, the solution of sodium hydrogencarbonate will be more dilute than expected. The titre volume of sulfuric acid will therefore be lower and the value calculated for the concentration of the acid will therefore be higher than it should be.

3. If the burette is rinsed out with water this can dilute the acid. This will increase the titre and mean that the value calculated for the concentration of the acid is lower.

4. Rinsing the pipette out with water will dilute the sodium hydrogencarbonate solution. This will mean that the titre will be lower and the calculated concentration of the acid will be higher than it should be.

5. Rinsing the conical flask out with water will have no effect of the amount of sodium hydrogencarbonate added to it and therefore no effect on the volume of acid used in the titration. The titre will not be affected and the value calculated for the concentration of the acid will not be affected either.

6. If an air bubble is not removed from the tip of the burette before the titration begins it may be moved by the flow of the sulfuric acid out of the burette during one of the titrations. A different volume of acid will be used in this titration than measured so the titres may be inconsistent leading to an incorrect calculated acid concentration.
7. If the burette leaks and the lost sulfuric acid does not go into the conical flask then it will be assumed that more acid reacted with the sodium hydrogencarbonate solution that was the case. The measured titre will therefore be higher than expected and the calculated concentration of the acid will be lower than it should have been.

8. If the student finds it difficult to accurately identify the end point of the titration then the titre may be higher or lower than expected and is likely to lead to inconsistent titres. A higher than expected average titre will lead to a lower calculated value of the concentration of acid and a lower than expected average titre will lead to a higher acid concentration.

Learner activity 2

In this activity, learners use a card sort activity to plan how they would make a standard solution of sodium hydrogencarbonate. This involves choosing steps in the procedure that they will use from the group of cards and placing them in the correct sequence. Some of the cards are distractors since they include steps that are not required.
This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a), 1.1.1 (c), 2.1.4(d) and EL(c)(ii). 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:

· Record the mass of the weighing boat

· Add sodium hydrogencarbonate to the weighing boat

· Record the mass of the weighing boat + sodium hydrogencarbonate
· Tip the sodium hydrogencarbonate into a beaker

· Record the mass of the weighing boat again

· Add distilled water to the beaker

· Stir the contents of the beaker to dissolve the solid

· Insert a funnel into the volumetric flask

· Pour the sodium hydrogencarbonate solution into the volumetric flask

· Rinse the stirring rod holding it above the funnel

· Rinse the beaker with distilled water

· Pour the water used to rinse the beaker into the volumetric flask

· Add distilled water to just below the mark on the volumetric flask

· Remove the funnel from the flask

· Add distilled water to the flask using a dropper pipette

· Check that bottom of meniscus is level with the mark on the flask

· Insert a stopper into the volumetric flask

· Invert the volumetric flask several times
Cards that are not required:

· Tare the balance
· Tip the sodium hydrogencarbonate into the volumetric flask

· Check that the top of the meniscus is level with the mark on the flask

Learner activity 3

In this activity, learners are asked questions about data recorded during a pH titration of a strong acid and a strong base. This activity well help learners develop skills required by learning outcomes 1.1.4 (a), (b), (d) and (e) and also 5.1.3(n) and O(k).

Sample answers to questions:

1. A pH titration might be used instead of a titration with an indicator when one of the solutions in coloured, or when a suitable indicator is unavailable.
2. Percentage uncertainty for pipette = (0.06/25.0) × 100 = 0.24%

3. It is not necessary to calculate the percentage uncertainty associated with the burette readings because the results are going to be used to draw a graph.
4. The pH readings at 6.00 and 34.00 cm3 are anomalous.
5. The student should not use the anomalous data when drawing her graph.
6. The equivalence point lies between 23.00 and 24.00 cm3
7. In order to find a more accurate value for the equivalence point the student could repeat her titration, adding the acid in small amounts between 23.00 and 24.00 cm3
8. In order to find a more accurate value for the equivalence point the student could plot a graph of the slope of the graph (∆pH/∆titre) on the y axis against the titre on the x axis. There will be a spike on the graph at the equivalence point with the titre at the maxima of the graph providing an accurate value for the equivalence point.
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Topic Exploration Pack

Practical skills: experiments involving titrations
Learner activity 1
A student makes up a standard solution of sodium hydrogencarbonate from the anhydrous solid. He determines the concentration of a sulfuric acid solution by titration with the sodium hydrogencarbonate solution.

For each of the following examples, explain how (i) the titre and (ii) the value calculated for the concentration of the acid will be affected.

1. In making up the standard solution, some of the solid sodium hydrogencarbonate is spilled on the bench while being transferred from the weighed sample tube to the volumetric flask.

	


2. In making up the standard solution water the student fails to notice that the level of solution in the volumetric flask is above the mark on the neck of the flask. 
	


3. The student rinses the burette out with water before filling it with sulfuric acid.
	


4. The student rinses the pipette out with distilled water before using it to pipette the sodium hydrogencarbonate solution.

	


5. The student rinses the conical flask with distilled water before the sodium hydrogencarbonate solution is transferred into it.

	


6. The student does not remove an air bubble in the tip of the burette before starting the titration.

	


7. The student fails to notice that the burette is leaking between noting the initial burette reading and placing the conical flask under the burette.

	


8. The student finds it difficult to identify the end point shown by the indicator.

	


Learner activity 2 

You are going to make up a standard solution of sodium hydrogencarbonate.

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.

	Record the mass of the weighing boat
	Record the mass of the weighing boat again
	Record the mass of the weighing boat + sodium hydrogencarbonate

	Tare the balance
	Rinse the beaker with distilled water
	Stir the contents of the beaker to dissolve the solid

	Add distilled water to the beaker
	Pour the sodium hydrogencarbonate solution into the volumetric flask
	Insert a stopper into the volumetric flask

	Remove the funnel from the flask
	Invert the volumetric flask several times
	Tip the sodium hydrogencarbonate into the volumetric flask

	Rinse the stirring rod holding it above the funnel
	Pour the water used to rinse the beaker into the volumetric flask
	Add distilled water to just below the mark on the volumetric flask

	Add distilled water to the flask using a dropper pipette
	Tip the sodium hydrogencarbonate into a beaker
	Insert a funnel into the volumetric flask

	Check that the bottom of the meniscus is level with the mark on the flask
	Check that the top of the meniscus is level with the mark on the flask
	Add sodium hydrogencarbonate to the weighing boat


Learner activity 3 

A student set out to carry out a pH titration to determine the concentration of a hydrochloric acid solution. She used a pipette to transfer 25.0 cm3 of 0.100 mol dm–3 aqueous sodium hydroxide to a 100 cm3 beaker and clamped a pH meter probe in the solution. She added the hydrochloric acid from a burette into the beaker, stirring the mixture using a magnetic stirrer. She recorded her results as shown in the table below and plotted a graph of titre against pH.

	Titre / cm3
	pH
	Titre / cm3
	pH
	Titre / cm3
	pH

	0.00
	12.90
	13.00
	12.53
	26.00
	2.48

	1.00
	12.89
	14.00
	12.48
	27.00
	2.41

	2.00
	12.87
	15.00
	12.44
	28.00
	2.37

	3.00
	12.85
	16.00
	12.39
	29.00
	2.28

	4.00
	12.83
	17.00
	12.30
	30.00
	2.20

	5.00
	12.80
	18.00
	12.21
	31.00
	2.13

	6.00
	11.78
	19.00
	12.10
	32.00
	2.06

	7.00
	12.76
	20.00
	12.02
	33.00
	2.04

	8.00
	12.74
	21.00
	11.75
	34.00
	2.30

	9.00
	12.70
	22.00
	11.45
	35.00
	1.85

	10.00
	12.66
	23.00
	10.22
	36.00
	1.71

	11.00
	12.61
	24.00
	3.20
	37.00
	1.65

	12.00
	12.58
	25.00
	2.69
	38.00
	1.54


1. When might you use a pH titration rather than a titration using an indicator to find the equivalence point of an acid–base titration?

	


2. What is the percentage uncertainty associated with the pipette measurement if the pipette has an uncertainty of ±0.06 cm3?

	


3. Why is it not necessary to calculate the percentage uncertainty associated with the burette readings?

	


4. The student felt that two of her readings were anomalous and should be discounted. What are the two measurements?

	


5. What should she do about the anomalous data?

	


6. Between which two titres does the equivalence point lie?

	


7. How could the student refine her experiment in order to find a more accurate value for the equivalence point?

	


8. What graph could the student plot to find a more accurate value for the equivalence point and how could she use the graph to determine this value?
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