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Instructions and answers for teachers

These instructions cover the learner activity section which can be found on page 16. 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.

H432 A Level Chemistry A

3.2.2(e) the techniques and procedures used to investigate reaction rates including the measurement of mass, gas volumes and time
5.1.1(b)(i) orders from experimental data
5.1.1(h) the techniques and procedures used to investigate reaction rates by the initial rates method and by continuous monitoring, including use of colorimetry
H433 A Level Chemistry B (Salters)

OZ(f) techniques and procedures for experiments in reaction kinetics including plotting graphs to follow the course of a reaction
CI(c) techniques and procedures for experiments in reaction kinetics; use of experimental data [graphical methods (including rates from tangents of curves), half-lives or initial rates when varying concentrations are used] to find the rate of reaction, order of a reaction (zero-, first- or second-order), rate constant and construction of a rate equation for the reaction
DM(n) techniques and procedures to measure concentrations of solutions using a colorimeter or visible spectrophotometer
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 discusses and exemplifies the requirements of the learning outcomes relevant to this indirect assessment of practical skills, Module 1.1 in the specification. Reference is made to specific questions from the Sample Assessment Materials, available on the qualification websites, which illustrate the general points that are made.  Links to the Sample Assessment Materials are given at the end of this section.

Learning outcome 1.1.1 (a) requires learners to design their own experiments. At its simplest level, this could mean the selection of the correct piece of apparatus to achieve a specified task. For example, selecting a colorimeter to determine the rate of reaction where there is a colour change (e.g. H432/01 Q5), selecting a separating funnel to separate immiscible liquids (e.g. H032/01 Q23(a)(iii)), selecting a measuring cylinder of suitable size to measure a volume of solution (e.g. H433/03 Q4(a)(i)) or selecting a burette or pipette and a volumetric flask to accurately dilute a solution (e.g. H033/02 Q1(f)(ii)). 

In more demanding questions, learners might be asked to draw a diagram of the apparatus they would use in specified circumstances. This might be the apparatus to carry out a distillation (e.g. H432/02 Q20(a)), an electrochemical cell that could be used to measure a cell potential (e.g. H433/01 Q35(d)(i)) or the apparatus needed to carry out filtration under reduced pressure (e.g. H433/03 Q1(a)(ii)).

Learners may be asked to describe the procedures that they would use to carry out specified experiments.  This could include planning how to make up a standard solution (e.g. H432/01 Q20(a)), how to purify a liquid product from an organic synthesis (e.g. H432/02  Q20(a)) or how to test for inorganic ions (e.g. H033/01 Q19(d)). In some cases, the question may be set in the context of an investigation in which learners have to devise an experimental procedure in a context they may not have met before (e.g. H432/02 Q20(d); H432/03 Q 2(a); H433/03 Q 2(a)(i)). In these cases, learners are expected to apply their knowledge from other experiments that they have carried out to this unfamiliar context.

As part of the planning process for this learning outcome, learners may be asked to carry out calculations to determine the amount of reagents that they need in an experiment or the amount of product that will be produced (e.g. H032/02 Q5(b); H432/03  6(a); H033/02 1(f)(i); H433/03 Q2(b)(i)).

Learning outcome 1.1.1(b) requires learners to identify which variables must be controlled in some circumstances. This is particularly relevant in questions about rates of reaction where only one variable should be allowed to change at a time so that the effect of this variable can be monitored (e.g. H432/03 Q4(c)). Controlling variables can also be important when comparing experimental conditions used by different learners (e.g. H432/01 Q15) or to ensure fair conditions in comparative experiments (e.g. H433/03 Q2(a)).
Learning outcome 1.1.1(c) builds upon the skills required in 1.1.1(a). In this type of question, learners are required to evaluate a given method to check that it is appropriate to meet expected outcomes (e.g. H033/02 Q4(b)(i); H432/03 Q6(c)(i); H433/02 Q1(e)(ii)). Other questions might ask learners to explain the purpose of a specified piece of equipment or procedure (e.g. H432/02 Q2; H43/03 Q 4(a)(ii)).

Learning outcome 1.1.2(a) requires learners to demonstrate that they know how to use a range of practical apparatus and techniques correctly. Use of apparatus might include, for example, recording appropriate data given diagrams of apparatus, such as a burette (e.g. H032/02 Q6(b)(i)). Use of techniques could require learners to correctly describe and sequence a number of steps in carrying out a technique such as purifying an organic liquid (e.g. H432/02 Q20(a)) or producing a calibration curve (e.g. H433/03 Q4(b)(iii)).

Learning outcome 1.1.2(c) requires learners to demonstrate an understanding of how to present observations and data in appropriate formats, for example in presenting predicted observations in inorganic ion tests (e.g. H032/02 Q4(a); H432/03 Q2(a)) or analytical comparisons (e.g. H433/03 Q2(a)(i)) 

In learning outcome 1.1.4(a) learners have to evaluate the results of an experiment to draw conclusions. This could involve, for example, suggesting the causes of a lower than expected result in an enthalpy change experiment (e.g. H032/01 Q19) or suggesting reasons for higher or lower than expected titres in a titration (e.g. H033/01 Q9; H433/03 Q 4(c)(i)).

Learning outcome 1.1.4(b) requires learners to identify anomalies in experimental measurements. An example of this type of question involves the selection of appropriate titres from which to calculate an average titre in a titration (e.g. H433/03 Q 4(a)(iii)). It could also involve choosing appropriate points to use when drawing a line of best–lit on a graph.

Learning outcome 1.1.4(c) is about limitations in experimental procedures. Learners might, for example, be asked to explain the reasons for low yields in an organic reaction (e.g. H033/02 Q4(b)(iv)) or why the amount of product that can be produced is limited (e.g. H433/02 Q1(e)(ii)). Other questions might ask about the relative accuracy of using a measuring cylinder compared to a burette or pipette when measuring volumes of a solution, or the accuracy of different balances. Questions about enthalpy change experiments might ask about the sources of experimental error in the procedure (e.g. H032/01 Q18(b); H433/03 Q4(c)).

Precision and accuracy of measurements produced by apparatus and data is covered by learning outcome 1.1.4(d). Learners could be asked about the accuracy of measurements (e.g. H433/03 Q4(b)(ii)), appropriate significant figures of their results (e.g. H032/01 Q 18 (a); H432/01 Q16(d)), and the uncertainty in measurements (e.g H033/01 Q20(b)(iii); H433/03 Q3(a)(i)).

It should be noted here the difference between percentage uncertainty and percentage error. Percentage uncertainly is commonly calculated in Chemistry, and based on the uncertainty of measurements due to, for example, the resolution of the measuring devices. Percentage error is the calculated difference between a measured value and a true value, e.g. from a data book. Percentage error calculations are common in Physics, but not in Chemistry. Incidences in the Chemistry Sample Assessment Materials where percentage error is asked for should be interpreted as percentage uncertainty calculations. Equally, margin of error may be used in Biology when assessing the confidence of a sample, but not in Chemistry. Further details can be found in the Practical Skills Handbook, Appendix 4: http://www.ocr.org.uk/Images/208932-practical-skills-handbook.pdf.

Finally, learning outcome 1.1.4(e) may require learners to refine experimental methods that they are given by suggesting improvements to apparatus and procedures. For example, developing an experiment to improve outcomes (e.g. H032/02 Q 4(a)),  developing an experiment to improve its accuracy (e.g. H032/01 Q21(c)(ii); H433/01 Q 31(b)(iii)), suggesting alternative ways of carrying out an experiment (e.g. H432/03 Q4(b); H433/03 Q4(d)) and suggesting modifications to improve an experiment (H432/03 Q6(c)(ii); H033/02 Q4(c)(ii)).

Further information about all aspects of practical work, including assessment, can be found in the A Level Chemistry Practical Skills Handbook : http://www.ocr.org.uk/Images/208932-practical-skills-handbook.pdf.

Links to Sample Question Papers are:

AS Level Chemistry A - H032/01 Breadth in chemistry

· http://www.ocr.org.uk/Images/171751-unit-h032-01-breadth-in-chemistry-sample-assessment-materials.pdf
AS Level Chemistry A - H032/02 Depth in chemistry

· http://www.ocr.org.uk/Images/171752-unit-h032-02-depth-in-chemistry-sample-assessment-materials.pdf
A level Chemistry A - H432/01 Periodic table, elements and physical  chemistry

· http://www.ocr.org.uk/Images/171721-unit-h432-01-periodic-table-elements-and-physical-chemistry-sample-assessment-materials.pdf
A Level Chemistry A - H432/02 Synthesis and analytical techniques

· http://www.ocr.org.uk/Images/171722-unit-h432-02-synthesis-and-analytical-techniques-sample-assessment-materials.pdf
A Level Chemistry A - H432/03 Unified chemistry

· http://www.ocr.org.uk/Images/171749-unit-h432-03-unified-chemistry-sample-assessment-materials.pdf
AS Level Chemistry B (Salters) - H033/01 Foundations of chemistry

· http://www.ocr.org.uk/Images/171755-unit-h033-01-foundations-of-chemistry-sample-assessment-materials.pdf
AS Level Chemistry B (Salters) - H033/02 Chemistry in depth

· http://www.ocr.org.uk/Images/171756-unit-h033-02-chemistry-in-depth-sample-assessment-materials.pdf
A level Chemistry B (Salters) – H433/01 Fundamentals of chemistry

· http://www.ocr.org.uk/Images/171724-unit-h433-01-fundamentals-of-chemistry-sample-assessment-materials.pdf
A level Chemistry B (Salters) – H433/02 Scientific literacy in chemistry

· http://www.ocr.org.uk/Images/171725-unit-h433-02-scientific-literacy-in-chemistry-sample-assessment-materials.pdf
A level Chemistry B (Salters) – H433/03 Practical skills in chemistry

· http://www.ocr.org.uk/Images/171753-unit-h433-03-practical-skills-in-chemistry-sample-assessment-materials.pdf
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 studying rates of reactions, learners need to focus on two different types of experimental techniques and procedures which are specifically identified in the Practical Endorsement and in Chemistry A but could also be required in Chemistry B (Salters). They must investigate reaction rates by an initial rates method and also by continuous monitoring. Continuous monitoring techniques must include the use of colorimetry. It is also expected in Chemistry A that rates experiments will involve measurement of mass and gas volume changes. The reason for monitoring rates of reactions is often to determine the orders of reactions. This may be achieved by selecting activities that allow learners to plot and make use of appropriate graphs.

OCR Practical Activity Group (PAG) Suggested Activities

OCR have produced seven Practical Activity Groups (PAGs) suggested activities that can be used by teachers to support the development of skills and to aid understanding of chemical concepts related to rates of reactions. As discussed above, these PAG activities can be used for helping learners develop conceptual understanding, skills that are assessed in the Practical Endorsement and as assessed indirectly in the written examinations. Of the seven PAG activities, three use an initial rates method, three use a continuous monitoring method and one has a focus on an investigative approach using an initial rates method.

PAG 9.1 investigates the rate of decomposition of hydrogen peroxide by a continuous measurement technique and involves the accurate measurement of gas volume and time. Learners use graphical methods to determine values for the half-life of the reaction and are therefore able to comment on the order of reaction. This activity allows learners to reinforce learning about concepts such as rate of reaction, half-life and order of reaction. It also gives them experience of techniques included in learning outcomes 3.2.2(e), 5.1.1(b), 5.1.1(h), OZ (f), CI (c) as well as the planning outcome 1.1.1(a) and (b) and evaluation learning outcome 1.1.4(a). Extension question 5 can also be used to cover learning outcomes 1.1.4(c) and (d).

PAG 9.2 is similar to PAG 9.1 but looks at the reaction between calcium carbonate and hydrochloric acid and includes the additional technique of mass change measurement. The activity again uses graphical methods to determine values for the half​-life of the reaction and order of reaction. Extension question 1(b) and (c) provide opportunities for learner outcomes 1.1.4(c) and (e).

The technique used in PAG 9.3 is also similar to PAG 9.1 in that the volume of gas produced by the reaction of magnesium and hydrochloric acid is measured continuously. The experiment differs from PAG 9.1, however, in that the experiment is carried out using three different concentrations of acid and involves the determination of initial reaction rate to deduce the order of reaction and the rate of reaction. As well as extending the range of techniques that can be used to find order of reaction, which is useful for learning outcome 1.1.1(a), the extension questions provide excellent opportunities to help learners develop skills required to meet learning outcomes 1.1.1(c) and 1.1.4(a), (c), (e).

The three PAG 10 activities all use an initial rates method of following a reaction. PAG 10.1 uses a ‘clock’ reaction involving peroxodisulfate(VI) ions and iodide ions to determine the initial rate of reaction. An element of planning is included and therefore provides practice for learning outcomes 1.1.1(a) and (b). The treatment of experimental data using graphical methods provides further opportunities for developing skills required by learning outcome 1.1.4(a).

PAG 10.2 extends the range of useful practical techniques that the learner can use by investigating the rate of reaction between thiosulfate ions and an acid using the ‘disappearing cross’ method to determine initial rates. This activity provides a further opportunity for learners to clarify their understanding of rate of reaction, order of reaction, rate equation and rate constant and their understanding of how experimental data can be analysed using graphical methods to determine some of these aspects of this reaction. 

PAG 10.3 extends the learner experience in a different way in that it involves the chemical concept of how temperature affects the rate of reaction and makes use of this to determine the activation enthalpy of reaction using an Arrhenius plot. This activity can be important, therefore, in helping learners to understand this challenging topic and to try out a different way of evaluating experimental data, learning outcome 1.1.4(a).

Finally, PAG 12.3 places a particular focus on the planning skills included under learner outcomes 1.1.1(a), (b) and (c) in the context of the rate of reaction between potassium manganate(VII) and ethanedioic acid. It makes use of an initial rates ‘clock’ technique and would therefore be suitable to further develop skills first met in PAGs 10.1 or 10.2.

Each PAG activity includes a teacher/technician sheet as well as a learner worksheet. The teacher sheet includes trial experimental data and shows how it can be processed. This means that teachers can devise an overall scheme to make use of the OCR PAGs in which some activities are used as class practicals and the data from other activities are used to provide further practice in evaluating information without actually carrying out the activity.

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.

A good example is an experiment in which learners use colorimetry to follow the course of a reaction. The experiment ‘Investigating the reaction between manganate(VII) and ethanedioate ions’  http://www.rsc.org/learn-chemistry/resource/res00002322/investigating-the-reaction-between-manganate-vii-and-ethanedioate-ions involves the same reaction as that used in PAG12.3 but uses a continuous measurement technique using a colorimeter rather than a clock reaction. 

The same reaction is at the centre of another experiment to be found on LearnChemistry. In this case the source of oxalic acid is sticks of rhubarb. The experiment http://www.rsc.org/learn-chemistry/resource/res00000745/rates-and-rhubarb can be used to look at the effect of surface area as well as temperature and concentration on rate of reaction and is a really engaging way of introducing the topic of rates. 

Alternatively, short demonstrations might be used as ‘starter’ activities to introduce lessons. The demonstration http://www.rsc.org/learn-chemistry/resource/res00001384/iodine-clock-demonstration uses the same reaction that is investigated in PAG 10.1 to look at the effect of concentration on reaction rate. It is accompanied by a video http://www.rsc.org/learn-chemistry/resource/res00001384/iodine-clock-demonstration  that could be used instead of the demonstration. The catalytic decomposition of hydrogen peroxide that is studied in PAG 9.1 can be demonstrated in a spectacular way http://www.rsc.org/learn-chemistry/resource/res00000831/hydrogen-peroxide-decomposition.  A video of this demonstration is also available http://www.rsc.org/learn-chemistry/resource/res00000831/hydrogen-peroxide-decomposition.  

Other sources of experiments cover the reaction between propanone and iodine which can be followed using two different techniques. Either the reaction can be stopped after a particular time by ‘quenching’ it to neutralise the acid catalyst http://www.jelsim.org/pub/SQA-UCLESwebresource/ppa5/ppa5.html or by continuously monitoring the iodine concentration using a colorimeter https://www.scribd.com/doc/64293623/Kinetics-of-the-Acid-Catalysed-Reaction-Between-Iodine-and-Propanone-Final-Lol. Both of these methods are covered 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.  A different clock reaction that involves bromide and bromate(V) ions in acid solution can be found at https://www.scribd.com/doc/31083024/Bromine-Clock .

The use of experiments to investigate rates of reaction is discussed in a series of articles in Chemistry Review. One article looks in detail at the catalytic decomposition of hydrogen peroxide https://www.york.ac.uk/chemistry/schools/chemrev/projects/peroxide/. Other articles look at the rates of reaction between metals and acids (January 1996, Vol. 5, No. 3, pp. 12-13) and at a range of clock reactions (November 1996, Vol. 6, No. 2, pp. 14-15)  (https://www.york.ac.uk/chemistry/schools/chemrev/projects). 

Common issues with rates of reaction experiments

The choice of concentration of reagents is very important to ensure that the rate of reaction is not too slow or too fast to follow. The teacher/technician sheets for each PAG activity include notes that identify issues connected with the experiment, particularly those that arose during trialling. If the clock reaction involving bromide and bromate(V) ions is used, the concentrations should not be too high or the bromine produced in the reaction could be cause for safety concerns. In a similar vein, the reaction between propanone and iodine produces iodopropanone which is lacrymatory. If there are concerns about these issues, the experiments should be carried out in a fume cupboard. A colorimeter is best suited to following reactions when concentrations are changed. It is not really appropriate to use it for temperature change experiments.

Stopwatches that record time in seconds to several decimal places are frequently used in rates experiments and this can lead learners to record data to a much greater accuracy than is warranted. In thinking about time errors associated with clock reactions, learners may only consider the uncertainty associated with the stopwatch itself instead of also thinking about the uncertainty in judging when the colour change they are looking for has occurred or when the cross under a beaker has been sufficiently obscured. 

There may be practical problems with the barrel of a gas syringe sticking when collecting a gas. Tapping the syringe with a pencil or a piece of rubber tube can help avoid this problem.  Recording gas volumes in a syringe or inverted burette or measuring cylinder can be difficult as the syringe barrel or water level is moving. It is more accurate to keep your eye on the syringe or burette/measuring cylinder rather than the stop watch and when it reaches a particular value look at the watch to record the time rather than trying to record a volume at a previously decided time.

Some learners are confused by clock reactions such as that between peroxodisulfate(VI) and iodide ions and think that the sodium thiosulfate solution used to react with the iodine produced in the reaction is a reagent and should be included in the rate equation. Asking them why a fixed amount of thiosulfate solution is added in every experiment should help them clarify their ideas. A more subtle issue is appreciating why only a small amount of thiosulfate solution must be used, which is because the rate of reaction that is calculated is the average over a small percentage of the overall reaction time and is therefore a good approximation to the initial rate of reaction.

Reactions involving solutions and solids such as those between hydrochloric acid and magnesium ribbon and hydrochloric acid and calcium carbonate can also lead to misconceptions. Some learners do not appreciate that the concentration of the solid is effectively constant so that it is not appropriate to determine the order with respect to the solid.

Learner activity 1

In this activity learners are required to plan a series of experiments involving a clock reaction between bromide and bromate(V) ions in acid solution. This should enable them to find the rate of reaction at different concentrations of bromide ion, and thereby determine the order of reaction with respect to bromide ions. This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(a), (b) and (c).

An appropriate series of steps could be:

· Set up 5 separate burettes in stands

· Fill the burettes respectively with potassium bromide solution, potassium bromate(V) solution, phenol solution, sulfuric acid solution and distilled water

· From the burettes, add into a 100 cm3 beaker 10 cm3 of potassium bromide solution, 10 cm3 of potassium bromate(V) solution and 5 cm3 of phenol solution

· Into a separate 100 cm3 beaker add 15 cm3 of sulfuric acid from the burette

· Use a dropping pipette to add 4 drops of methyl orange solution to the acid solution

· Add the bromide, bromate(V), phenol mixture to the acid mixture, start a stopwatch immediately and stir the mixture with a glass rod

· When the mixture is decolorised, stop the stop watch immediately and note the time that has elapsed

· Carefully wash out both beakers

· Repeat the experiment, replacing the 10 cm3 of potassium bromide solution with 8 cm3 potassium bromide solution and 2 cm3 of distilled water

· Repeat the experiment using 6 cm3 + 4 cm3, 4 cm3 + 6 cm3 and 2 cm3 + 8 cm3 (potassium bromide + water).

Processing the data

· For each experiment, calculate a rate of reaction as one over the time taken for the mixture to be decolorised (units = s–1)

· Calculate the concentration of bromide ions in each experiment. The initial concentration in the first experiment was 0.01 mol dm–3. In the second experiment the concentration will therefore be 8/10 x 0.01 mol dm–3 and so on.

· Plot a graph of the rate of reaction (y axis) against the concentration of bromide ions (x axis)

· Inspect the shape of the graph to determine the order of reaction with respect to bromide ions. A straight line indicates that it is first order.

Learner activity 2

In this activity, learners use a card sort activity to plan an experiment using a continuous monitoring technique to follow the reaction between magnesium and sulfuric acid. They first choose the apparatus and materials that they will use from the group of cards. Some of the cards are distractors since they include apparatus and materials that are not required. They then select the steps that will together form their experimental procedure from a second group of cards. Again, some of the cards are not required. Finally, they place the steps of the procedure in the order they will carry them out.

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

Apparatus and materials required

· 0.5 mol dm–3 sulfuric acid

· magnesium ribbon

· boiling tube with side arm

· 100 cm3 gas syringe

· rubber connector

· rubber bung

· boiling tube rack

· clamp stand, clamp and boss

· 100 cm3 measuring cylinder

· balance

· scissors

· stop watch/timer

Apparatus and materials not required

· 250 cm3 beaker

· 250 cm3 conical flask

· 5 cm3 syringe

· 25 cm3 pipette

· clingfilm

· thermometer

· stirring rod

· test tube rack

· distilled water

Sequence of steps which could make up the experimental procedure

· support gas syringe in a horizontal position

· support the boiling tube with side arm so that it can’t fall over

· connect the side arm of the boiling tube to the syringe

· adjust the syringe to read 0 cm3
· measure out 20 cm3 of 0.5 mol dm–3 sulfuric acid

· pour the acid into the side arm tube

· weigh out 0.1 g of magnesium ribbon

· drop the magnesium ribbon into the boiling tube with side arm

· insert the bung into the boiling tube with side arm

· start the stop watch

· record the volume of gas every 10 seconds for 5 minutes

· plot a graph of gas volume (y axis) against time (x axis)

Steps that are not required

· record the temperature of the acid

· record the volume of gas when the reaction stops

· stop the stop watch when the reaction stops

· stir the reaction mixture

· dilute the acid to the required concentration

· plot a graph of gas volume (x axis) against time (y axis)

Learner activity 3

In this activity learners are asked to evaluate a provided experimental plan. They calculate the percentage uncertainty in calculating volumes of solution and are then required to identify the flaws in the suggested apparatus and procedures, explaining why are not appropriate. Finally they are asked to refine the plan by suggesting improvements.

This activity will help learners develop skills that are required to meet learning outcomes 1.1.1(b), 1.1.1(c), 1.1.4(c), 1.1.4(d) and 1.1.4(e). There is merit in asking learners to work in groups to carry out this activity so that they can discuss the issues involved.

Percentage uncertainty calculations

Uncertainty in measuring 5.00 cm3 KI(aq) with a 50 cm3 burette = (2 x 0.05)/5.00 × 100 =  2%

Uncertainty in measuring 2.00 cm3 K2S2O8(aq) with a 100 cm3 measuring cylinder = 0.5/2.00 x 100 = 25%

Flaws in the apparatus and procedure

· Step 1: The choice of a 500 cm3 beaker as a reaction vessel is inappropriate. The large volume of the beaker compared to the small volumes of reagents means that it would be difficult to mix the reagents and difficult to see the change of colour.

· Step 2: The choice of 100 cm3 measuring cylinder is inappropriate as the percentage uncertainty involved is very high.

· Step 3: The timer should be started immediately the two solutions are mixed together. Starting after about 20 seconds is difficult to replicate and will miss the first part of the reaction.

· Step 4: The timer should be stopped immediately the first sign of a blue black colour is seen. Waiting until the whole mixture has a blue black colour is too subjective.
· Table: In experiments 1, 2 and 3 the total volume of the mixture changes so no fair comparison can be made.
· Table: Experiment 2 can’t be compared with experiments 4 and 5 since the total volume of the mixture is different.
· Table: In experiment 5, no starch solution is included so the colour due to the formation of iodine will be indistinct which makes it difficult to record an accurate time.

· Table: In experiments 6 and 7, the volume and hence concentration of Na2S2O3(aq) changes. This means that the proportion of the full reaction being allowed to proceed is different. It is not appropriate to try to find the order of reaction with respect to S2O32- ions
Modified Procedure

1. Measure out 5.00 cm3 KI (aq), 2.00 cm3 S2O32–(aq) and 1.00 cm3 starch solution into a 100 cm–3 conical flask using separate 50 cm3 burettes.

2. Measure out 2.00 cm3 of K2S2O8(aq) into a boiling tube using a 50 cm3 burette.

3. Add the 2.00 cm3 of K2S2O8(aq) to the mixture in the conical flask and immediately start the timer. Swirl the flask to mix the contents thoroughly.

4. Stop the timer when the blue black colour is just visible.

5. Record the time.

6. Carry out further experiments in the same way using the volumes indicated in the table below.

	
	Volume used / cm3

	Experiment Number
	KI(aq)
	K2S2O8(aq)
	Na2S2O3(aq) 
	starch solution 
	distilled water

	1
	5.0
	2.0
	2.0
	1.0
	0.0

	2
	4.0
	2.0
	2.0
	1.0
	1.0

	3
	3.0
	2.0
	2.0
	1.0
	2.0

	4
	2.0
	2.0
	2.0
	1.0
	3.0

	5
	1.0
	2.0
	2.0
	1.0
	4.0

	6
	5.0
	1.5
	2.0
	1.0
	0.5

	7
	5.0
	1.0
	2.0
	1.0
	1.0

	8
	5.0
	0.5
	2.0
	1.0
	1.5
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Topic Exploration Pack

Practical skills: experiments on rates of reaction
Learner activity 1
The bromine clock reaction
You are going to plan experiments to investigate the reaction between bromide and bromate(V) ions in acid solution.

5Br–(aq)  +  BrO3–(aq)  +  6H+(aq)  →  3Br2(aq)  +  3H2O(l)

Your aim is to devise a method that will allow you to determine the order of reaction with respect to bromide ions. To do this you will need to use a ‘clock’ reaction and carry out several experiments where you vary the concentration of bromide ions. You should be able to find the rate of reaction in each of the experiments.

Important information:
· Bromine reacts rapidly with phenol

Br2  +  C6H5OH  (  BrC6H4OH  +  H+  +  Br–
· Bromine is an oxidising agent and decolourises methyl orange solution very quickly

· A suitable mixture to start with is:

· potassium bromide solution (0.01 mol dm–3),10 cm3
· potassium bromate solution (0.005 mol dm‑3), 10 cm3
· phenol solution (0.001 mol dm–3) ,10 cm3
to which you can add 15 cm3 of sulfuric acid (0.01 mol dm–3) which contains 4 drops of methyl orange solution (1 g dm-3)

What to do:
· Write down a sequence of steps to describe how to carry out your experiments. The plan should be in sufficient detail so that a fellow learner could use it to carry out the experiments.
· Outline how you will use the measurements that you make to determine the order of the reaction with respect to bromide ions.
Learner activity 2 

You are planning to investigate the reaction between 0.1 g magnesium ribbon and about 20 cm3 0.5 mol dm–3 sulfuric acid by a continuous monitoring technique. Your aim is to measure the volume of gas given off over time so that you can plot a graph and find several values for the half-life of the reaction.

Apparatus

Select from the provided cards the apparatus and materials that you will need. You will not need to use all of the cards.

	250 cm3 beaker
	boiling tube with side arm
	250 cm3 conical flask

	100 cm3 gas syringe
	5 cm3 gas syringe
	rubber connector

	rubber bung
	cling film
	25 cm3 pipette

	250 cm3 measuring cylinder
	balance
	thermometer

	stirring rod
	boiling tube rack
	test tube rack

	scissors
	clamp stand, clamp
and boss
	stop watch

	distilled water
	magnesium ribbon
	bottle of 0.5 mol dm–3 
sulfuric acid


Procedure

Select from the provided cards the steps that will make up your procedure. Place the steps in order that they will be used. You will not need to use all the cards.

	measure out 25 cm3 of 0.5 mol dm–3 sulfuric acid
	record the temperature of 
the acid
	record the volume of gas every 10 seconds for 5 minutes

	record the volume of gas when the reaction stops
	support the boiling tube with side arm so it cannot fall over
	start the stop watch

	stop the stop watch when 
the reaction stops
	insert the rubber bung
into the boiling tube with side arm
	drop the magnesium ribbon into the boiling tube with side arm

	weigh out 0.1 g of magnesium ribbon
	connect the syringe to the side arm of the boiling tube
	support the gas syringe in a horizontal position

	pour the acid into the boiling tube with side arm
	stir the reaction mixture
	dilute the acid to the required concentration

	plot a graph of volume of gas (x axis) against time 
(y axis)
	plot a graph of volume of gas (x axis) against time 
(y axis)
	adjust the syringe to read
0 cm3


Learner activity 3 

A pair of learners plan an experiment to determine the rate equation for the reaction between peroxodisulfate(VI) ions (S2O82–) and iodide ions (I–).

S2O82–(aq)  +  2I–(aq)  (  2SO42–(aq)  +  I2(aq)

They read in a book that they also need to include sodium thiosulfate solution (Na2S2O3) in the reaction mixture.

The learners are provided with:

· 1.00 mol dm–3 aqueous potassium iodide, KI(aq)
· 0.0400 mol dm–3 aqueous dipotassium peroxodisulfate(VI), K2S2O8(aq)
· 0.0100 mol dm–3 aqueous sodium thiosulfate, Na2S2O3(aq)
· 1% aqueous starch indicator
They decide on an experimental procedure as follows:

1. Measure out 5.0 cm3 KI(aq), 2.0 cm3 S2O32–(aq) and 1.0 cm3 starch solution into a 
500 cm–3 beaker using separate 50 cm3 burettes

2. Measure out 2.0 cm3 of K2S2O8(aq) using a 100 cm3 measuring cylinder

3. Add the 2.0 cm3 of K2S2O8(aq) to the mixture in the beaker. Stir the mixture for about 20 seconds then start the stop clock. 

4. Stop the clock when the whole mixture has a blue-back colour  

5. Record the time.

6. Carry out further experiments in the same way using the volumes indicated in the table below
	
	Volume used / cm3

	Experiment Number
	KI(aq)
	K2S2O8(aq)
	Na2S2O3(aq) 
	starch solution 

	1
	5.0
	2.0
	2.0
	1.0

	2
	3.0
	2.0
	2.0
	1.0

	3
	1.0
	2.0
	2.0
	1.0

	4
	3.0
	2.5
	2.0
	0.5

	5
	3.0
	3.0
	2.0
	0.0

	6
	5.0
	2.0
	1.5
	1.5

	7
	5.0
	2.0
	1.0
	2.0


· In the first experiment, calculate the percentage uncertainty in measuring (a) 5.0 cm3 KI(aq), (b) 2.0 cm3 K2S2O8(aq)

· The learners’ plan is flawed. Identify which aspects of the plan may cause problems and explain why.

· Refine the experimental design by suggesting improvements to the apparatus and procedure.
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