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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 C6: Chemistry Out There
Topic: C6a Electrolysis
Suggested Teaching Time: 3 Hours

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

	Students should understand what happens during electrolysis and be able to relate this to the electrolysis of aqueous sodium hydroxide or dilute sulphuric acid.
	The students should be taken through the terminology for electrolysis including the use and meanings of cathode, cation, anode, anion, electrolyte, discharge and half equation. Many schools have Hoffmann voltameters, if not use the reference to design or purchase the equipment needed for the electrolysis of dilute sulphuric acid. The findings from the electrolysis can then be applied to the electrolysis of aqueous sodium hydroxide and this can then be set as a homework e.g. equipment, reaction conditions, expected products etc.  

Discuss with the students before they start the experiment what they expect to get and why? 
	www.practicalchemistry.org/experiments/identifying-the-products-of-electrolysis,152,ex.html 

If there is not enough gas produced to test for oxygen and hydrogen then possibly have some pre-prepared to show the tests.

The electrolysis of sodium hydroxide can be used in the fuel cell lesson C6b
	Higher candidates can be introduced to the idea of the volume of gases released i.e. there should be twice as much hydrogen as oxygen, why? Very able candidates can discuss why sodium will not be released at the cathode when sodium hydroxide is electrolysed.


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

	Students should understand the quantitative and qualitative electrolysis of copper sulphate solution.
	The students can use the reference to carry out the electrolysis of copper sulphate solution, this is quite difficult to carry out quantitatively so it may be enough to show them that if we electrolyse for longer we get more of a deposit of copper on the cathode. To complete the quantitative part of this experiment it would be better to use the second reference and carry it out as a demo at the end of the lesson to show how changing current and time affects the amount of copper collected. There is a useful question sheet in the second reference.  Different groups of students could be asked to run their experiment with different current and/or for different periods of time so that comparisons can be made by the whole class.
	www.practicalchemistry.org/experiments/electrolysis-of-copperii-sulfate-solution,108,ex.html
www.practicalchemistry.org/experiments/quantitative-electrolysis-of-aqueous-copperii-sulfate,154,ex.html

	The syllabus states that the students need to know what happens during the electrolysis of copper sulphate solution using carbon electrodes, so the first reference is useful here, but the second reference gives them the quantitative understanding. This can then be applied to the electrolysis of dilute sulphuric acid.
This lesson gives a good opportunity to develop the experimental skills that pupils will need for the Controlled Assessments part of the qualification.



	Students should understand the difference between the electrolysis of a molten ionic compound and an aqueous solution.
	Explain why solid ionic substances cannot be electrolysed, then using the reference demonstrate the electrolysis of molten lead bromide. (Refer to CLEAPPS guidelines).
The second reference can be used to show the students how other ionic compounds breakdown by electrolysis.

	www.practicalchemistry.org/experiments/electrolysing-molten-leadii-bromide,106,ex.html
www.gcsescience.com/ex5.htm

	This is a really good time to get the students to practice writing half equations and recognising oxidation and reduction.

Higher students should also practice calculations based on time and current.
Fundamental Scientific Processes (FSP) data processing


Topic: C6b Energy transfer – fuel cells
Suggested Teaching Time: 2 Hours

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

	Students need to understand the processes that happen in a hydrogen-oxygen fuel cell and why this type of fuel cell is efficient.
	Either as a starter or plenary activity demonstrate to the students the exploding soap bubbles experiment. This shows the exothermic reaction between hydrogen and oxygen and if you allow it to build the bubbles for different amounts of time, it also shows that the amount of electricity put in alters the amount of energy released.

A simple fuel cell can be made using the electrolysis cell as in the resource from C6a.   When enough gas has been made the power supply can be replaced with a voltmeter to show that electricity is created.
The students need to appreciate the energy level diagram for the reaction between hydrogen and oxygen.

Although this is a good area for the students to research as there is a lot going on in this area at the moment. You will however have to take the students through the theory behind this as a number will not necessarily pick this up from research alone.

Boardworks etc have good resources for teaching fuel cells along with the benefits and drawbacks.

Students also need to be introduced to energy level diagrams and understand what they show and how they work so that they can apply them to other reactions other than hydrogen and oxygen
	www.practicalchemistry.org/experiments/exploding-bubbles-of-hydrogen-and-oxygen,158,ex.html
http://auto.howstuffworks.com/fuel-efficiency/alternative-fuels/fuel-cell.htm gives a nice introduction to fuel cells which includes most of the major points.
www.practicalchemistry.org/experiments/identifying-the-products-of-electrolysis,152,ex.html 

(use 1M sodium hydroxide) Safety Goggles must be worn refer to CLEAPPS guidelines.

	Redox reactions and half equations at the electrodes need to be fully understood.

Link to homework from C6a


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

	Students need to understand the benefits and drawbacks and uses of fuel cells.
	The general areas for the students to research on these points are the use of fuel cells in cars and also in space craft. Both have slightly different benefits and draw backs.

Look into why the fuel cells do not produce pollution when they are used, but ask the students do they produce no pollution at all? Where is the pollution problem and how might they address this?
	http://www.youtube.com/watch?v=u392lUwhnZU is among a number of fuel cell videos that give further information the use of fuel cells in cars

http://upssystemspower.co.uk/home/fuel-cells. is a nice general overview
	This lesson gives a good opportunity to develop the research skills that pupils will need for the Controlled Assessments part of the qualification.




Topic: C6c Redox reactions
Suggested Teaching Time: 3 Hours

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

	Students must understand the idea of oxidation and reduction in terms of loss or gain of oxygen (foundation) and loss or gain of electrons (standard/higher).
	There are many ways of showing the conditions needed for rusting of iron/steel and it has usually been covered at KS3, but if you think your class would benefit then either demo or allow them to set up boiling tubes in which all/some or none of the conditions for rusting are available to the metal.

For the higher candidates go through the half equations for the inter conversions of the substances in the syllabus.
	www.practicalchemistry.org/experiments/the-causes-of-rusting,209,ex.html
Most commercially available resources e.g. board works will cover this well.
	This lesson gives a good opportunity to develop the experimental skills that pupils will need for the Controlled Assessments part of the qualification.



	Students need to understand the different ways that iron and steel can be protected against rusting.
	A survey of protection methods as a previous homework or around school as a starter sets the scene.  Set up the practical from the reference to show the different ways of protecting iron and/or steel. The level of explanation depends upon the ability of the students. Foundation students need to understand this in terms of oxygen and/or water not getting to the metal, standard demand students need to understand the idea of sacrificial metals whereas higher candidates need to begin to appreciate electron movement and link this to oxidation and reduction.
	www.practicalchemistry.org/experiments/preventing-rusting,251,ex.html

	Higher candidates need to realise the differences in reactivity of tin, iron, zinc etc. Particularly the idea of coating iron with tin as if there is a scratch in the tin this would lead to the iron reacting even faster. 


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

	Candidates need to understand the concept of displacement reactions and why they happen.
	Candidates are realistically repeating a practical that they did in either year eight or nine. Use the reference but replace the metals suggested by the ones required by the syllabus i.e. magnesium, zinc, iron and tin.A good way to show the simplicity of what is happening is to give the students cards with the separate parts of the chemical written on them e.g. zinc on one card and sulphate on another then ask the students to build the word equation. They soon realise that all that happens is that the metals change place. Dependent on the ability of the group this could also be done with cards with the individual ions/atoms on them and students can use these to balance the chemical equations and also to see the oxidation/reduction process when they remove the spectator ions.
	www.practicalchemistry.org/experiments/displacement-reactions-between-metals-and-their-salts,304,ex.html

	


Topic: C6d Alcohols
Suggested Teaching Time: 4 Hours

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

	Candidates  should be able to explain why alcohols are not hydrocarbons and to interpret displayed and molecular formula of alcohols.
	Ask the candidates for the definition of a hydrocarbon, draw the displayed formula of ethanol and ask them why it is not a hydrocarbon. Dependent upon the ability of the group give them molymods, the more able will begin to build alcohols up to C5, less able will need a much more structured approach. Finish the lesson with the introduction of the general formula for alcohols and how it can be used.
	Molymods/molecular models
	As extension for more able candidates introduce the idea of isomers and ask the students to draw the isomers of pentanol.
The fermentation for the next lesson can be set up to give it more time to produce the ethanol.



	Candidates need to know the raw materials used in the fermentation of sugar, the conditions used and why they are used.
	Students carry out the practical shown then with 15 minutes left in the lesson carefully collect all their alcohol, discarding the yeast and distil the remainder collecting the fraction that comes off at around 80 oC. light the sample in a tin lid on a heat proof mat and show that it is far more combustible than the substance it was distilled from.

Discuss with the students why those conditions were used with reference to the yeast.
	www.practicalchemistry.org/experiments/fermentation-of-glucose-using-yeast,109,ex.html

	For the more able students use the molymods again and ask them to build ethanoic acid from ethanol as the starting point to the anaerobic conditions needed for fermentation.

	Alcohol has a number of uses, candidates need to know and understand these as well as why ethanol can be either a renewable and a non-renewable fuel.
	Demonstrate the whoosh bottle experiment, check the CLEAPPS guidelines carefully. After the reaction show that water has been evolved by pouring it out of the container and carefully allow the students to put their hands on the outside of the container to feel the heat that has been generated. It might be wise to have two containers prepared for the demonstration as the students will no doubt ask you to do it again.

Review fermentation as a way of producing ethanol, then introduce the hydration of ethene. Ask the students in groups to explain why ethanol produced by fermentation is renewable fuel, whereas ethanol produced by hydration of ethene is non-renewable.
	www.practicalchemistry.org/experiments/the-whoosh-bottle-demonstration,240,ex.html This was voted by students as their favourite demonstration in Chemistry so it is well worth doing. 
	The students have not really looked at starting materials before other than in the Haber process, so the idea of a fuel being both renewable and non-renewable may be difficult to understand without pointing out the starting materials.


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

	Ethanol can be produced in two different ways, candidates need to understand the ways it is produced and the pros and cons of each method.
	Split the students up into groups of four. Half the groups are to research the fermentation method of producing ethanol, the other are to research the hydration of ethene method.  

The areas they need to compare are in the syllabus e.g. batch as opposed to continuous, sustainability etc. Either give each group one area and ask them to report back or alternatively allow them to research all the areas then present their research.
	www.world-agriculture.com/agricultural-bioenergy/alcoholic-fermentation-process.php is a good resource for the fermentation process.
www.gcsescience.com/o42.htm is an excellent overall summary of the work in this lesson.
	


Topic: C6e Depletion of the ozone layer
Suggested Teaching Time: 3 Hours

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

	Candidates need to understand the structure of CFCs and how and why their use was banned.
	 Independent research might be a good idea here, possibly with the extension of writing a linked piece with all of the work covered in this section making up a report.
	www.gcsescience.com/w8-ozone-layer.htm is an excellent overall site again.
www.nas.nasa.gov/about/education/ozone/history.html gives a very good historical background to how the depletion was first discovered and the problems of banning CFCs.
	This links to work from P1 which could be the staring point for this section.  The level of detail you go into obviously depends upon your group, some will excel in this research, whereas others will need a much more structured approach.

	Candidates should know how CFCs breakdown the ozone layer and what affect this has on the amount of ultraviolet light that gets through.
	Candidates will not have met the idea of radicals before so will need guidance through a lot of this area. They will be much more aware of the dangers involved when there is less ozone in the ozone layer.
	www.gcsescience.com/w8-ozone-layer.htm is again an excellent overall site.
http://environment.nationalgeographic.com/environment/global-warming/ozone-depletion-overview.html is another very useful site.
	

	Candidates need to appreciate the alternatives available to CFCs.
	One problem with students researching this area is that a number of the references they can use are too detailed for them. It might be better to print off selected websites and ask them to research from these printed resources.
	www.arap.org/docs/hcfc.html
www.chemsystems.com/reports/search/docs/abstracts/93s6abs.pdf 

Both references give slightly more accessible information for the students.
	


Topic: C6f Hardness of water
Suggested Teaching Time: 3 Hours

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

	Candidates should understand the ions that cause water hardness.
	Candidates carry out the experiment from the reference to discover which ions cause hardness. Lead on to the word equation for the production of calcium hydrogen carbonate.
	www.practicalchemistry.org/experiments/which-ions-cause-hardness-in-water,243,ex.html

	

	Candidates need to understand the origins of temporary and permanent hardness and the different methods of removing hardness.
	Again follow the practical procedure set out in the reference, this is a long practical, but it covers well the curriculum requirements. Higher candidates will need to be able to write the balanced symbol equation for the decomposition of calcium hydrogen carbonate.
	www.practicalchemistry.org/experiments/how-can-hardness-in-water-be-removed,244,ex.html

	

	Candidate need to be able to test to see which sample of water is hard and which is soft and understand the processes that make water hard.
	Carry out the practical from the reference given, students will understand that the hardness of water can be measured by how much soap it takes to form a lather. 

Students can research the methods of softening water and explain how each works either as the final part of the lesson or as a homework.
	www.practicalchemistry.org/experiments/testing-the-hardness-of-water,249,ex.html
www.docbrown.info/page01/aqueouschem/aqueouschem.htm#1c

	


Topic: C6g Natural fats and oils
Suggested Teaching Time: 3 Hours

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

	Candidates need to understand the difference between fats and oils, their uses and how we can test to see saturation or unsaturation within the chemicals.
	Review the differences between oils and fats and the uses that these chemicals are put to. Lead into the idea of saturation and unsaturation (examining margarine tub labels etc give a link to this topic) possibly getting the students to use molymods to build the different types.

The reference gives a practical method of testing for unsaturation, however it does require a lot of fume cupboard space.

With the higher candidates continue on to look at the displayed formulae of unsaturated compounds and how these will react with bromine.
	Molymods

www.practicalchemistry.org/experiments/unsaturation-in-fats-and-oils,227,ex.html

	Higher students need to consider how fats and oils and their level of saturation make up a healthy diet.  This makes a good starting point.  

A nice extension from this is to look at the naming of the di-bromo compounds formed and to explore the rules for this naming.

	Candidate need to understand the different types of emulsions. 
	Students can look at milk and butter under a microscope to see the difference between oil in water and water in oil emulsions. Add the different types of dye and see which part of the emulsion is affected.

If you wish the students can carry out the practical in the reference, however higher level candidates will probably already appreciate this from earlier work.
	Microscopes, small samples of butter and milk

Oil and water based dyes

www.practicalchemistry.org/experiments/emulsifiers,125,ex.html

	

	Candidates can produce their own sample of soap by the saponification of oil using sodium hydroxide solution.
	Teachers must be extremely careful when carrying out this practical due to the use of sodium hydroxide solution, if there are any concerns consult with CLEAPPS before attempting this experiment.
	www.practicalchemistry.org/experiments/making-soaps-and-detergents,300,ex.html

	


Topic: C6h Detergents
Suggested Teaching Time: 3 Hours

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

	Candidates need to understand how detergents remove stains and what each part of the detergent does.
	Take the candidates through the role of the different constituents of detergents and how they act as emulsifiers.
If time, the students can be given the different constituents of detergents and they can carry out research to discover what each part does.
	www.explainthatstuff.com/detergents.html

	The structure of an emulsifier will need to be revised.

Students can design the label/packaging for their own brand of washing powder and washing up liquid, containing detailed constituents and extoling the virtues of each component. 

	Why can some stains be cleaned using water whereas others cannot?
	Review the idea of intermolecular bonds again and the different strengths. Introduce the idea that stains will only be removed from a material if the strength of the intermolecular bonds at the end are larger than the strength of the intermolecular bonds at the start.

Demonstrate the weakening of the intermolecular bonds in water using the demonstration of the needle on water from the practical reference, this always gets a wow from the students, if you wish carry on to show the effect on powder on the surface.
	www.practicalchemistry.org/experiments/detergents-soaps-and-surface-tension,301,ex.html

	

	Candidates need to be able to critically analyse the effectiveness of washing up liquids and washing powders.
	Candidates can be given cotton with stains on them e.g. blackcurrant. They can then add these to samples of different washing powder and wash them. From their results they need to rank the washing powder and work out which may contain the enzyme. Set the question why heating the water higher would not necessarily make the stain be removed easier.
	Cloth with various stains on. Samples of washing powders.
	This lesson gives a good opportunity to develop the experimental skills that pupils will need for the Controlled Assessments part of the qualification.




Sample Lesson Plan

GCSE Gateway Science Chemistry B J264
Module C6: Chemistry Out There
Item C6a: Electrolysis
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 the terminology used to describe electrolysis F

	Objective 2
	To understand what happens during the electrolysis of acidified water S/H


Recap of Previous Experience and Prior Knowledge

Students have met electrolysis in C2c and C2h, therefore they will be aware of the terminology used but will need refreshing. They are also more adept at writing half equations so can be given more challenging tasks on this
	Time in mins
	Learning activities
	Resources
	Assessment

	
	Teacher
	Pupil
	
	

	Introduction/Starter
	

	5
	Give out cards that have the words cathode, anion, electrolyte etc and cards that have the definitions. Students individually or in pairs link these. Once they have completed this give out further cards with examples of these definitions e.g. copper sulphate solution for electrolyte and again the students match these up.
	In pairs or individually students match up each set of cards, those cards that they find difficult they need to make notes of in their book.

	Cards for sorting


	How much have the students remembered from C2?

	Main
	

	5
	Give the students the formula H2O and ask them if they were to split it up which two gases would be made? Ask them for the formula of each of these gases, then ask them to write a balanced symbol equation for this reaction. 
	Students balance the symbol equation for the breakdown of water by electrolysis, see if any of the students notice that from the stoichiometry there should be twice as much hydrogen released as oxygen. If none of the students notice lead them into an appreciation of this by questioning.
	
	Can the students balance the chemical equation?

	5
	Introduce the charges on the hydrogen ion and oxide ion and ask the students which is the anion and which is the cation and which electrode each will go to.
	Students identify anions and cations
	
	

	10
	Show the students the Hoffmann voltameter and which electrode is which as they are connected to the power pack. Discuss the design of the equipment including the bridge in the voltameter as the equipment is set up. Draw the students attention to the anode and cathode and remind them of their prediction as to the volumes of the gas produced. 
	Students need to understand how and why the voltameter works and also have an appreciation of the amount of gas that will be produced and why it will be produced at that electrode.

Leave running while students carry out next exercise to collect enough gas to test.
	Hoffmann voltameter
	Test by questioning their understanding of the Hoffmann voltameter

	15
	Give out cards again, but this time they are written out to allow the students to complete half equations. Students use some of the cards to produce the half equation at each electrode.
	Start off with no guidance as the students should understand what is made at each electrode then they should be able to build up the ions that combined to make the elements via combination/loss of electrons. Introduce the idea of balancing these equations.
	Cards made with the element, the ions, electrons and +, - and = 
	Can the students produce the half equations.

	10
	Ask the students why the amount of oxygen made in their constructed half equation is equal to the amount of hydrogen.
	Students work through how they can get the correct amount of hydrogen and oxygen in their half equations compared to their predictions. When the students have come up with twice as much hydrogen as oxygen explain that they now have the same amount of electrons and link this back to the movement of electrons through the wires attached to the voltameter.
	Cards made with the element, the ions, electrons and +, - and =
	Students ability to complete the equations.

	5
	Test gases collected in the demonstration or  prep-prepared boiling tubes of oxygen and hydrogen to show the reactions.
	Students should record each test and result to distinguish between the two gases.
	Pre-prepared boiling tubes of oxygen and hydrogen
	

	Consolidation
	

	5
	Review the half equations covered then set the homework to research the electrolysis of sodium hydroxide solution and the half equations.
	Students predictions can be tested in the fuel cell lesson C6b.


Homework:
Homework to research the electrolysis of sodium hydroxide solution and the half equations.

Key words:
voltameter, electrolysis, anode, cathode, anion, cation, electrolyte
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