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Introduction

OCR involves teachers in the development of new support materials to capture current teaching practices tailored to our new specifications. These support materials are designed to inspire teachers and facilitate different ideas and teaching practices.  Each Scheme of Work and set of sample Lesson Plans is provided in Word format – so that you can use it as a foundation to build upon and amend the content to suit your teaching style and students’ needs.

The Scheme of Work and sample Lesson plans provide examples of how to teach this unit and the teaching hours are suggestions only. Some or all of it may be applicable to your teaching. 
The Specification is the document on which assessment is based and specifies what content and skills need to be covered in delivering the course. At all times, therefore, this Support Material booklet should be read in conjunction with the Specification. If clarification on a particular point is sought then that clarification should be found in the Specification itself.  References to the content statements for each lesson are given in the ‘Points to note’ column.
Sample Scheme of Work

GCSE Gateway Science Chemistry B J264
Module C5: How much quantitative analysis?
Topic: C5a Moles and molar mass
Suggested Teaching Time: 2 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Review relative formula mass calculations.
Molar mass calculations.
	There is a lot involved in this lesson and it will need revisiting throughout the topic and during revision sessions. Even the most able candidates can end up getting even the basics wrong when they revisit this. Work through the fundamentals at the level your group can achieve and consolidate at each stage to ensure they fully understand and can apply each idea.
	There are a host of resources for this area of chemistry from boardworks through to text books and worksheets and the web e.g. Http://chemistry.about.com/od/workedchemistryproblems/a/molecularmass.htm 
	It is worthwhile going through all the formulae that the higher candidates need in the fundamental chemical concepts during the topic as these formulae may not be given to the candidates in an exam.
The activities at the start of this module give an opportunity to develop and assess the mathematical skills of the candidates and to make links with the graphing skills required in the fundamental scientific processes.


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Understand the conservation of mass during a chemical reaction
	Demonstrate that there is no mass change during a chemical reaction.  This can be followed with how we can make use of this idea.
There are realistically two different approaches here the more challenging of the two is the reaction of magnesium with oxygen as the balanced chemical equation involves two moles of magnesium reacting with one mole of oxygen molecules. This can take a little time for even the most able of students to appreciate, alternatively the amount of oxygen molecules can be put to one side and the students simply work with a ratio of one mole of magnesium giving one mole of magnesium oxide. It might be an idea to keep this experiment for the start of section C5b to investigate empirical formulae and percentage composition.
Possibly an easier reaction to explain to students is the thermal decomposition of a metal carbonate as this is a straight forward 1:1 ratio throughout. More able students could look at the different proportions of carbon dioxide given off as the metal differs due to the mass of the metal attached to the carbonate. This was the further planning involved at the end of the data task on transition metal carbonates on the previous syllabus coursework.
Practice questions in class and for homework will develop the problem solving skills students need to fully understand this important idea.
	http://www.siraze.net/chemistry/sezennur/subjects/experiment/008.pdf
Full practical details for the oxidation of magnesium can be found at http://www.practicalchemistry.org/experiments/the-change-in-mass-when-magnesium-burns,207,ex.html 

http://www.practicalchemistry.org/experiments/thermal-decomposition-of-metal-carbonates,281,ex.html 

For the metal carbonate it may be worthwhile using sodium carbonate and comparing it to copper carbonate. Calculate the percentage of carbon dioxide that is released for each one and show that it is a greater percentage for the sodium than the copper. Ask them to explain why. It may also be useful here to highlight that the copper carbonate changes colour because copper is a transition metal whereas sodium does not.
Again text books and the web are a good source of material.
	Great care needs to be taken on this section as the students are always wary of “the number in front of the chemical” when balancing chemical equations and now they are beginning to use this. 


Topic: C5b Percentage composition and empirical formula
Suggested Teaching Time: 2 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	To understand the terms empirical formula and percentage by mass 
	There are two alternatives here again. The first is to carry out the magnesium experiment from the previous lesson if you did not do it, again use the practical chemistry instructions to carry out the experiment. If you did do it ask the students to plot a graph of mass of magnesium against mass of oxygen to get a 1:1 ratio, this is shown on the practical chemistry website.
Alternatively the students can find the mass of oxygen in copper oxide and so the mass of copper by reducing the copper oxide using methane. Again use the practical chemistry site as a guide to carrying out this experiment.
Whichever experiment you use, go through how to calculate empirical formulae from their results (these will not be completely accurate but explain to the students that this is due to incomplete reactions and experimental error). Also review the number of moles of the element in the different masses of the substance and the percentage composition.
	www.practicalchemistry.org/experiments/the-change-in-mass-when-magnesium-burns,207,ex.html
Alternatively use the reduction of copper oxide using methane www.practicalchemistry.org/experiments/finding-the-formula-of-copper-oxide,210,ex.html 

	This is a very “busy” lesson with the students tackling a number of new concepts. It may be worthwhile spending a few lessons on this and concentrating on one idea at a time to consolidate with the students each concept.

	Calculate molar masses of substances given their formulae
	Students can carry out the experimental procedure from the practical chemistry website to determine the formula of hydrated copper (ii) sulphate. The syllabus states that the students need to be able to calculate the molar mass of a substance from its formula that contains brackets so go through a number of substances including ammonium sulphate and magnesium hydroxide.
	www.practicalchemistry.org/experiments/finding-the-formula-of-hydrated-copperii-sulfate,202,ex.html 

	It may be sensible at this stage to review all of the concepts covered so far in this topic, possibly in the form of a homework with calculations to test the students knowledge on percentage by mass etc.


Topic: C5c Quantitative analysis
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates should be able to recognise and use units for concentration and be able to calculate amount of moles, concentration and volume given two values.
	Before the idea of concentration is introduced it may be worth revising the units used in the measurement of volume and then work on conversion of cm3 into dm3 and back.  (and on a practical note how they link to ml and litres)
There are some excellent sites that students can work through with worked examples to help them on concentration. Note the number of ways the syllabus requires the students to discuss concentration in the foundation tier. Possibly ask groups of students to research each type of unit from the syllabus and report back to the class. Higher tier students need practice on calculations to calculate amount of moles, concentration and volume. A homework sheet will probably need to be prepared and followed up as a starter in the next lesson.
	http://chemistry.about.com/od/lecturenotesl3/a/concentration.htm 

http://www.ausetute.com.au/concsols.html
http://www.sciencegeek.net/chemistry/taters/unit6solutionconcentration.htm
Are just some of the sites that work through these ideas. 
	It may be sensible to ask the students to work through one of these sites prior to the lesson so that they come to the lesson with their questions as they often find this whole area confusing.


	Candidates need to understand how to dilute a concentrated solution to a less concentrated solution.
	Candidates can either dilute concentrated orange squash, or windscreen wash fluid by a factor of ten then be introduced to the concept of 1.0 mol/dm3 to 0.1 mol/dm3 .  Ensure you cover why we may need to dilute solutions e.g. The dilution of medicines and children’s milk.
	The containers and/or labels of a range of commercial products that need dilution would provide a starting point for discussion of why concentration is important and why it could be dangerous to use the wrong concentration.  
	

	Candidates survey guideline daily allowances on food packaging.
	Collect together a range of food labels, can the students spot similarities/differences in the way that the information is presented? Indicate to them what the units mean and then set the task for the students to calculate how much of a chemical is in the amount of food they would eat. What is their GDA and how much have they eaten from this one food source.
	Food labels
	From the work covered so far the higher tier students should be able to calculate the amount of salt present in the food from the amount of sodium ions present. Ask them if salt is the only source of sodium ions. Initiate the discussion that sodium ions can come into the food from a variety of ways.


Topic: C5d Titrations
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to be able to carry out an investigation to find out how pH changes during the neutralisation of an alkali with an acid
	Firstly demo to the students how to carry out a titration, then allow them to titrate a strong acid against a known volume of alkali. For this titration use universal indicator and a pH probe if the school has one to track the pH and to see the colour change of the indicator. The method described in the first practical chemistry reference can be used without the collection of the sodium chloride crystals.
At the end of the lesson demonstrate the indicator rainbow described in the second practical chemistry reference to reinforce the colour changes that universal indicator will go through.
Ensure the students are able to plot and understand what is happening with the titration curve.
	http://www.practicalchemistry.org/experiments/titrating-sodium-hydroxide-with-hydrochloric-acid,129,ex.html 

http://www.practicalchemistry.org/experiments/universal-indicator-rainbow,98,ex.html 
	This may be the first time the students have titrated so it will be worthwhile taking them through good practice e.g. Filling the burette etc. The next lessons highlight the need for a single colour change indicator so explain to the students that by using the universal indicator we are investigating the colour change involved during ph change.

	
	Again the practical chemistry reference can be used without the collection of the sodium chloride crystals, the main difference is that foundation students need to understand the purpose of each part of the titration process whereas higher candidates need to be comfortable with concentration calculations. The second purpose of the lesson could be to show the different colour changes of litmus and phenolphthalein indicators during titrations.
	http://www.practicalchemistry.org/experiments/titrating-sodium-hydroxide-with-hydrochloric-acid,129,ex.html 

http://www.ausetute.com.au/titrcalc.html
http://www.scribd.com/doc/8303174/59-titration-calculations 


	Higher candidates will need plenty of examples of calculations concerning concentration. Even though this section has been timed at two hours it might well be useful to set aside another lesson simply to practice the calculations and the various rearrangements that can be asked for. There are a number of sites on the internet that give worked examples e.g. Http://www.ausetute.com.au/titrcalc.html 

http://www.scribd.com/doc/8303174/59-titration-calculations 


Topic: C5e Gas volumes
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to know how to measure the volume and mass of gas released during a practical
	With the equipment available in schools it will probably be easier for the candidates to measure the volume of gas released rather than measuring the mass of gas released. Students follow the procedure outlined in the practical chemistry reference to measure the volume of hydrogen gas released using an upturned measuring cylinder or burette. Candidates can take the volume measurement every thirty seconds and this should then give them the chance to plot a graph either in the class or for homework to see the reaction happening. The measuring cylinder can be replaced by a gas syringe if you have enough, or this can be demonstrated. A second demonstration can also be carried out to show the loss in mass when acid reacts with calcium carbonate on a two place digital balance, again the mass can be taken every thirty seconds and a graph drawn.
	http://www.practicalchemistry.org/experiments/the-rate-of-reaction-of-magnesium-with-hydrochloric-acid,100,ex.html 
Connecting a data logger to the balance will enable the progress of the reaction to be displayed instantly.
	Alternative methods to measure the progress of a reaction involving the production of a gas.-  this is a good opportunity to practice the evaluation of practical procedures for the  controlled assessment.

	Candidates need to understand that the amount of product formed depends upon the amount of limiting reactant
	Candidates can redo the acid and magnesium experiment again, but this time they will change the amount of magnesium used each time. This is probably the easiest way of getting the point of limiting reactants across as they will see all of the magnesium react and then the reaction stops. Ask the students to predict how much gas will be produced as the amount of magnesium is increased from 1g to 2g as this will help their appreciation of the relationship between moles and volume of gas later. More able candidates should be able to calculate the amount of moles of hydrogen gas produced from a known mass of magnesium. Can they calculate the volume of one mole of hydrogen gas?
	http://www.practicalchemistry.org/experiments/the-rate-of-reaction-of-magnesium-with-hydrochloric-acid,100,ex.html 
	


	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to link the shape and gradient of a graph to the production of products and the effect of a limiting reactant on the shape of the graph
	The approach to this will depend upon the experience the students have had with graph drawing and interpretation. Ensure they understand how to work out the total volume of gas produced, when the reaction stops, the volume of gas at a particular time and the volume of gas produced when the amount of limiting reactant is changed. They can either do this from the graphs they have produced throughout the topic or from results given to them.
	
	Higher level candidates need to understand how the shape/gradient of a graph shows what is happening in the reaction so that they can interpret graphs.


Topic: C5f Equilibria
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to understand how reaction rates of forward and backward reactions in an equilibrium reaction changes.
	Teacher demo of the equilibrium between chromate and dichromate ions and how it can be affected by the addition of hydrogen ions and hydroxide ions. The experiment should not be carried out by GCSE students but makes a good demonstration to discuss what is happening as the equilibrium point is being reached.
The second reference gives a film clip and a description of what is happening during the reaction
	http://www.practicalchemistry.org/experiments/an-equilibrium-involving-chromatevi-and-dichromatevi-ions,284,ex.html 

http://jchemed.chem.wisc.edu/jcesoft/cca/cca8/main/8/08/32/movie.html 


	Higher level candidates need to understand the change in the reaction rates throughout the reaction for both the forwards and backward reaction.

	Candidates need to understand what will alter the position of equilibrium.
	This is a very involved area of the specification in which the students can get very confused especially when le Chateliers principle is introduced. The BBC website is possibly a way of getting the students to research this before the lesson so they come with questions already rather than become more confused during the lesson, use the animations from the website to explain why equilibrium happens and what is happening during the equilibrium reaction.
	http://www.bbc.co.uk/schools/gcsebitesize/science/add_aqa/chemreac/reversiblereacrev1.shtml 
	This may be worthwhile taking two lessons over with the higher level candidates and explaining the various syllabus statements with them. Pressure is an easier idea for them to understand, but the effect of temperature on the Haber process is much more difficult for them to appreciate.  Examine yield data on changing conditions in the process to reinforce ideas on how the equilibrium position can be changed.

	Candidates need to understand the contact process for the production of sulphuric acid
	There are a number of very useful websites that students can use to research the Contact Process. The first website is simply a written explanation of the Contact Process itself. The second site is a video showing the various stages of the process. The third site is an interactive animation. There are many more examples for the students to research the Contact Process including the RSC industrial chemistry resource.
	http://www.chemguide.co.uk/physical/equilibria/contact.html 

http://www.youtube.com/watch?v=bu3ns9ii80m 

http://www.absorblearning.com/media/item.action?quick=12b 

www.rsc.org/education/teachers/resources/alchemy/index2.htm

	


Topic: C5g Strong and weak acids
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to know that strong and weak acids have different pH values and that this is related to their ability to produce hydrogen ions.
	For a good visual effect of this students can add small pieces of magnesium to 0.5M ethanoic acid and 0.5M hydrochloric acid (check Hazcards). They will see that even though the acids are the same concentration, the hydrochloric acid reacts more vigorously. If possible get the students to come up with the ionic equations to show the break down of the hydrochloric acid and the ethanoic acid. Ask the students what is the particle that is reacting? When they have understood the idea that it is the hydrogen particle introduce the idea that the ethanoic acid is an equilibrium reaction so even though there is the same concentration of acid there is a difference in the amount of hydrogen ions released to react. 
	http://www.practicalchemistry.org/experiments/the-acidic-reactions-of-ethanoic-acid,215,ex.html gives a very long investigation into the strengths of ethanoic acid and hydrochloric acid, however, there are a lot of chemicals involved so it might be worthwhile leaving some of these out.
	Higher candidates can write ionic equations for the release of hydrogen ions from mono basic acids.

	Candidates need to appreciate that hydrochloric acid will have a higher rate of reaction in comparison to ethanoic acid.
	If magnesium was used in the last experiment then concentrate on 1.0M hydrochloric acid and 1.0M ethanoic acid with calcium carbonate. Candidates can measure the volume given off every thirty seconds as they have done previously and higher candidates can measure the rate of reaction at given times from the graph plotted. Foundation candidates should be able to recognise that the hydrochloric acid reacts quicker from the graph.
Foundation candidates need to recognise that the hydrochloric acid and ethanoic acid will both release the same amount of gas even though the hydrochloric acid is stronger. Standard demand students need to be able to explain this observation.
	http://www.practicalchemistry.org/experiments/the-acidic-reactions-of-ethanoic-acid,215,ex.html again this will give you some good ideas on how to carry out the experiment.
	With higher tier students it may be worthwhile here introducing the idea of the equilibrium in the ethanoic acid shifting to give more product as the hydrogen ions react. Relate this back to earlier work.

	Candidates need to understand and/or explain why ethanoic acid has a lower electrical conductivity than hydrochloric acid of the same concentration.
	Demonstrate the conductivity of the two acids, use the same concentration.  The approach here depends upon the ability of the students in your class, higher candidates will probably appreciate the difference in electrical conductivity with little input from the teacher and will be able to explain why hydrogen is released at the cathode. This might however take some time with lower ability candidates.
	CLEAPSS.
	


Topic: C5h Ionic equations and precipitation
Suggested Teaching Time: 3 Hours

	Topic outline
	Suggested teaching and homework activities 
	Suggested resources
	Points to note

	Candidates need to appreciate what is happening to soluble ions in a precipitation reaction.
	Students react lead nitrate solution with potassium chloride, potassium bromide and potassium iodide solutions (check Hazcards). Students need to recognise that the chloride will give a white precipitate, the bromide will give a cream precipitate and the iodide will give a yellow precipitate.

Higher level candidates need to appreciate what is happening when a precipitate is formed in terms of collision theory.
Word and symbol equations need to be developed.
Students need to appreciate that these reactions can be used to test for chloride, bromide and iodide ions.
Students react barium chloride with sodium sulphate to see the production of a white precipitate of barium sulphate (check Hazcards). Word and symbol equations are needed with state symbols.
	
	It might be worthwhile at this stage to introduce the idea of state symbols and spectator ions to embed the idea for later work.

	Candidates prepare a dry sample of an insoluble salt by precipitation.
	Students can follow the practical chemistry guidelines to make a dry sample of magnesium carbonate. Symbol and ionic equations are given.
	http://www.practicalchemistry.org/experiments/making-magnesium-carbonate-an-example-of-a-salt-which-is-insoluble-in-water,116,ex.html gives instructions on the preparation of magnesium carbonate.
	


Sample Lesson Plan

GCSE Gateway Science Chemistry B J264
Module C5: How much quantitative analysis?
Item C5a: Conservation of mass
OCR recognises that the teaching of this qualification above will vary greatly from school to school and from teacher to teacher. With that in mind this lesson plan is offered as a possible approach but will be subject to modifications by the individual teacher.

Lesson length is assumed to be one hour.

Learning Objectives for the Lesson

	Objective 1
	To understand that mass is conserved during a chemical reaction FT

	Objective 2
	To use the concept of the mole to show that it is the same number of moles of metal carbonate that releases equivalent number of moles of metal oxide and carbon dioxide


Recap of Previous Experience and Prior Knowledge

Students will need to have been taken through the concept of the mole and how to calculate this before they start this lesson. They also need to have a working understanding of molar masses, this will be made simpler by the straight forward mathematics involved.

	Time in mins
	Learning activities
	Resources
	Assessment

	
	Teacher
	Pupil
	
	

	Introduction/Starter
	

	5
	Give out molymods and ask the students to make copper carbonate, alternatively they can draw this. Then ask the students to break apart the model and make copper oxide and carbon dioxide
	Individually or in pairs students either make the reaction using molymods or draw it out, ask them what they notice about the number of atoms involved. Can they write a balanced symbol equation?
	Molymods/paper for drawing


	

	Main
	

	5
	Give the students the atomic masses of copper, oxygen and carbon, allow them to calculate the molar masses. Lead them into the realisation that it is the same mass of reactants as products
	Students review the molar masses and possibly add them to their diagrams, what do they notice?
	diagrams
	Can the students calculate the molar masses and the conservation of mass within the reaction?

	5
	Now scale back the masses so that the students have half a mole of copper carbonate rather than a mole, what mass of copper oxide and carbon dioxide would they expect to be produced. If they struggle double the mass or treble it
	Students carry out molar mass calculations
	calculators
	Can the students calculate the molar masses and the conservation of mass within the reaction?

	5
	Give each group a slightly different mass of copper carbonate to calculate the number of moles they have and ask them to calculate the number of moles and so the mass of the products from the thermal decomposition
	Students use the concept of the mole to calculate how much product would be produced. The masses they are given should be the masses they are going to thermally decompose


	
	Can students use the mole to calculate mass of products

	20
	Explain that they are all working together to get a set of results, one from each group to produce a graph. 
	Students find the mass of their borosilicate boiling tube and add their mass of copper carbonate, heat until no more carbon dioxide is given off. Find the mass lost this is the mass of carbon dioxide and the difference is the mass of copper oxide. Higher level students could now use the concept of the mole to calculate if the same number of moles of copper oxide and carbon dioxide have been produced.
	http://www.practicalchemistry.org/experiments/thermal-decomposition-of-metal-carbonates,281,EX.html gives an example of the equipment needed and the safety implications on how to do this, you may include bubbling the carbon dioxide through limewater to show it is released
	

	5
	Allow the students to either share their results with others in the class or to fill in a table on the board
	Collect the results of other groups in the class
	Whiteboard or via a PC to give an instant graph
	

	10 
	Review the results they have collected, are there any patterns, do the results always increase by the same amount? What do they think this will look like on a graph? What are they going to do with their results i.e. look at the number of moles of each chemical, look at the percentage of carbon dioxide each time compared to the amount of copper carbonate?
	
	
	

	Consolidation
	
	
	

	5
	Review the inaccuracies that may affect the students results e.g. incomplete reaction etc.
	
	
	


Homework:
Students to draw a graph of their results and link this to moles produced etc.

Key words:
Molar mass, moles, thermal decomposition.
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