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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 C3: Chemical economics
Topic: C3a: Rates of reaction (1)
Suggested Teaching Time: 3 Hours

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

	Know that some reactions are slow whereas other reactions are fast.
Know how to measure the rate of a reaction using volume of gas released.
	There are lots of examples of fast and slow reactions on the internet, show the class examples of each and ask them to try to explain why the reactions are at different speeds, dependent on the ability of the group you may introduce the idea of particles colliding here.
Students need to complete or observe the magnesium ribbon and dilute hydrochloric acid experiment using a gas syringe to measure volume of gas lost.
Students then need to draw a graph and from this determine the rate of reaction and the units, as well as understanding when the reaction ends. (Fundamental Scientific Processes)
	http://www.practicalchemistry.org/experiments/the-rate-of-reaction-of-magnesium-with-hydrochloric-acid,100,ex.html gives details on how to carry out the experiment, however it shows the students using an upturned measuring cylinder. The syllabus states that a gas syringe should be used, so the students will at least have to observe the teacher demonstrate with a syringe if there are not enough to go round the class.
Another alternative for collecting the gas is an upturned burette (should be used with higher level students only).
Dependent on their ability students should be given the opportunity to draw the graph in the lesson and be shown how to calculate rate at different parts on the graph.
	Higher level candidates need to understand why the reaction finishes.
They should also be introduced to why the rate of reaction slows in terms of the number of particles.

	Know how to measure the rate of a reaction using the mass of gas released.
	Students can observe the change in mass of a flask as calcium carbonate reacts with dilute hydrochloric acid (check on CLEAPPS Hazcards)
Students need to plot a graph of mass loss against time and again be able to measure the rate of reaction. Stress to the students that the units this time are different. (Fundamental Scientific Processes)
	It is unlikely that each student can have a two decimal place balance so the readings may need to be projected onto the board. Via a data logger or a desk cam.
	Again discuss with higher candidates why the reaction rate changes in terms of particle collision


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

	Know how to measure the change in reaction rate from plotting reaction times on a graph.
	Students can react sodium thiosulphate with different concentrations of hydrochloric acid and measure the time it takes for a cross to disappear (check CLEAPPS Hazcards).
	Throughout this section try to develop the students ability to extrapolate and interpolate results, as well as their ability to understand what each part of a graph is showing.
	The students need to understand that this is a very different way of measuring rates as this is probable four or five different concentrations and they are measuring the end point of the reaction not the ongoing rate
Higher level students can plot 1/time (rate) against concentration to gain a better understanding of the relationship between the 2 variables


Topic: C3b Rate of reaction (2)
Suggested Teaching Time: 2 Hours

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

	Students need to know how changing the temperature changes the rate of a reaction.
	Students should have developed the skills needed to measure the rate of reaction in part (1) they are now going to apply those skills to three ways that the rate of reaction can change. The first of these is how temperature alters the rate of reaction. 
	http://www.bbc.co.uk/learningzone/clips/collision-theory-and-rates-of-reaction/10668.html has good animations showing collision theory for all parts of this section. It would be worthwhile reviewing this and only showing the part relevant to the lesson at the start of each section.
Students can investigate the effect of temperature on rate of reaction in a number of ways, possibly the simplest is to put three test tubes of dilute hydrochloric acid (check on CLEAPPS Hazcards) into an ice bath, at room temperature and in a water bath at 400C. The students then time how long it takes for equal lengths/masses of magnesium ribbon to disappear. 
An alternative is to measure the volume of carbon dioxide given off from the reaction between calcium carbonate and dilute hydrochloric acid at different temperatures.
The acid/thiosulfate reaction can be used as a further alternative. Working at temperatures of about 20, 30, 40, 50 and 60oC.
	Care should be taken if carrying out the calcium carbonate reaction as the temperature of the acid will alter as the reaction proceeds.
Higher level students need to understand on a particle and a collision level why changing the temperature alters the rate of a reaction.
Take the chance to develop the students skills in calculating rate of reaction from a graph.  (Fundamental Scientific Processes)
Students can get an insight into experimental design ( to help with coursework planning) if the same reaction and same basic method is used to examine the effect of changing concentration and then adapted to examine the effect of changing temperature.

	Students need to know how changing the concentration changes the rate of a reaction.
	The measurement of volume of gas lost in the reaction between calcium carbonate and differing concentrations of hydrochloric acid (check CLEAPPS Hazcards for instructions on how to use more concentrated acid).
The drawing of the graph for this experiment often challenges the more able candidates as there are a number of lines on the same graph.  (Fundamental Scientific Processes)
	http://www.bbc.co.uk/learningzone/clips/collision-theory-and-rates-of-reaction/10668.html has good animations showing collision theory for all parts of this section. It would be worthwhile reviewing this and only showing the part relevant to the lesson at the start of each section.
There is no need to exceed 2m hydrochloric acid in this experiment, also any concentration lower than 0.5m shows very little reaction, but a range of concentrations between these are excellent. Students can measure the volume of gas given off either using a gas syringe or an upturned measuring cylinder over water.
	Higher level students need to understand on a particle and a collision level why changing the concentration alters the rate of a reaction.
Take the chance to develop the students’ skills in calculating rate of reaction from a graph.


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

	Students need to know how changing the pressure of gases changes the rate of a reaction.
	The theory here is very similar to the theory for concentration altering the rate of reaction. There are a number of animated clips including Boardworks to show how increasing pressure will increase the rate of reaction. 
	It will need careful management, but simply having the students in a large area and asking them to visualise the number of collisions there would be if the area was reduced gets the point across.
Some of the students may have come across pressure cookers so this may prove a valuable learning tool.

	Smartboard and multimedia science school also have resources that can be used to help visualise the effect of changing pressure.
Any spare time can be used to advance the students’ ability to draw and interpret graphs showing rates of reaction.


Topic: C3c Rate of reaction (3)

Suggested Teaching Time: 2 Hours

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

	Students need to know what a catalyst does.
Students need to know how using a catalyst changes the rate of a reaction.
	Students can observe the change in breakdown of hydrogen peroxide (check CLEAPPS Hazcards) with different metal oxides to include manganese dioxide.
	Have a range of metal oxides and also raw liver as this will also catalyse the breakdown and show students that catalysts are specific for the reaction.
	

	Students need to know how changing surface area changes the rate of a reaction.
	Candidates can either use magnesium ribbon and powdered magnesium or alternatively different sized pieces of calcium carbonate with dilute hydrochloric acid (check with CLEAPPS Hazcards)  to observe the change in rate of reaction.
	Calcium carbonate is often a better resource to use in this practical as it can be sorted to have a range of different surface areas.
If there is time at the end of this lesson it is worthwhile explaining to the students that when we change the temperature, surface area and use a catalyst we increase/decrease the rate of reaction, but we do not alter the amount of product made. If we change the concentration however we do alter the amount of product made and it would be worthwhile especially with the more able to provoke a discussion as to how much gas would be produced in the reaction between magnesium and hydrochloric acid if we altered the concentration from 1M to 2M.
http://www1.teachertube.com/viewvideo.php?vid
Eo_id=176725 is a good way of showing the explosive potential of lycopodium powder.
	Higher level students need to understand on a particle and a collision level why changing the surface area alters the rate of a reaction.
Running two experiments side by side with different size of chips via a data logger with the resulting curves projected onto a screen as it develops is a powerful way of showing the difference in the two rates.


Topic: C3d Reacting masses
Suggested Teaching Time: 3 Hours

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

	Students need to understand the terms atomic mass, relative formula mass and be able to calculate formula mass.
	Calcium carbonate, carbon dioxide, hydrogen, water, hydrochloric acid sulfuric acid, calcium chloride, magnesium chloride and magnesium sulphate are the formulae that the students need to recall so it would be best to reinforce these by asking the students to firstly find the atomic masses of the constituent atoms and then calculate the relative formula masses.
	For lower ability candidate it is sometimes worthwhile to have cards with the names, symbols and masses on of the atoms then ask the students to build the compound, this makes it more obvious where the relative formula mass comes from.
This is a perfect time to start to use the periodic table as a source of the relative atomic masses.
	For higher candidates they need to be able to calculate relative formula masses of compounds with brackets in the formula, examples they can be given are ammonium sulphate and hydroxides of group 2 metals.
Demonstrate the alternative methods of calculating the relative formula mass.  Ask the students to decide which they prefer to use.

	Students need to understand that the mass of reactants at the start of the reaction is equal to the mass of products at the end and that this is called the principal of conservation of mass.
	Carry out the precipitation reaction between sodium hydroxide and copper sulphate solutions on a two decimal place balance. As well as getting a wow from the students if it is the first time they have seen precipitation, this will also show that the mass remains constant even though there has been an obvious chemical reaction.

	
	With higher level candidates it would be worthwhile looking at the link between the masses and the atomic masses and relative formula mass. Extend them by suggesting that they try to predict masses of magnesium oxide that would be made by reacting given masses of magnesium. Continually link this to the balanced symbol equation. 

	
	Ask the students to heat various amounts of magnesium e.g. 0.12g, 0.24g. 0.48g etc 
Split this up so that each group only does one mass and the results are pooled at the end. When the candidates plot these on a graph they should get a straight line.
	http://www.practicalchemistry.org/experiments/the-change-in-mass-when-magnesium-burns,207,ex.html is a good guide to this experiment, but using masses closer to those given will give more convincing results and will lead to less calculations having to be made. As suggested it is worthwhile discussing with the students why the results are not accurate.
	Important for the students to understand that the gain in mass is due to the addition of oxygen BUT the starting magnesium and oxygen will have the same mass as the product.  As the next experiment is a thermal decomposition with higher level candidates it would be useful here to introduce the idea of a limiting reactant affecting how much product is formed.


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

	Students need to develop their understanding of the link between reacting masses and the mass of the products formed.
	The coverage in this lesson will depend on the ability of the students in the group. Lower ability students can simply understand that if one of the products formed is a gas then the mass will remain the same, but the gas will not be there at the end. Copper carbonate can be thermally decomposed and the mass of copper carbonate and copper oxide compared, the mass that is missing is the carbon dioxide.
If the students use different masses a graph would be useful as a homework activity, higher level candidates can continue with calculations 
	Again ask the students to use sensible masses e.g. 1.23g etc

	Higher candidates can start to look at predicting other masses of carbon dioxide/copper oxide from given masses of copper carbonate.


Topic: C3e Percentage yield and atom economy
Suggested Teaching Time: 2 Hours

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

	Students need to understand the idea of percentage yield.
	The specification suggests students prepare ammonium sulphate or a similar salt and the students have already done this in neutralising. The students however will need to be given exact amounts of the ammonium hydroxide with the mass of ammonium hydroxide on the bottle and the same for the sulfuric acid as they have not covered molarity yet so will not be able to do the calculations.
	The students will need to carry out the whole experiment including filtration etc so that the discussion at the end can concentrate on possible causes of loss of product to include loss in filtration/evaporation/ transferral of liquids and the fact that not all the reactants have reacted. As the students complete the experiment prompt with questions such as, has all the liquid been poured out the bottle?
With higher candidates it may be worthwhile to discuss the fact that the balanced symbol equation shows two ammonium hydroxides reacting with one sulfuric acid. Why would this happen and what effect does this have on the mass of product?
Again they will not be able to produce the dry crystal at the end of the lesson so have calculations or a discussion piece about why scientists want to get as close to one hundred as possible.
	This should have the emphasis on a calculation to work out how effective the process to make a product is.
Students can carry out practice calculations for homework.

	Students need to understand how the starting material will affect the percentage yield.
	The specification suggests the use of various magnesium reactants to produce magnesium sulphate, the starting materials are magnesium, magnesium oxide, magnesium hydroxide, magnesium carbonate. Dependent upon the group the students could calculate how much of each would be needed to contain the same amount of magnesium to react with the sulfuric acid.
The magnesium sulphate made will be in a 1:1 ratio with the amount of magnesium reactants so students can calculate the atom economy for each of the reactions.
	Care should be taken when preparing the dry crystals of magnesium sulphate to ensure that the magnesium sulphate solution is neutral before attempting the evaporation using a water bath. Do not heat to dryness.
	This makes a very good summary of the topic so far for the higher ability students. They can balance the equations, discuss rate of reaction e.g. Powdered magnesium oxide but magnesium ribbon and calculate the amount of magnesium required in each of the reactants.
Again practice atom economy calculations can be set for homework.


Topic: C3f Energy
Suggested Teaching Time: 2 Hours

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

	Students need to be able to recognise endothermic and exothermic reactions from temperature changes.
Standard and higher tier students need to recall and explain these reactions in terms of energy changes that occur during bond breaking and making.
	If you wish to have a fantastic opener for this topic try using http://www.practicalchemistry.org/experiments/the-whoosh-bottle-demonstration,240,ex.html ensure that you consult the CLEAPPS risk assessment and turn the lights down. The whoosh bottle will also heat up and when it is safe to do so ask the students to put their hands on the outside of the bottle so that they can feel the heat that has been produced. If you wish you could compare this with alcohol set alight in a tin lid, why is there a difference in the reaction?

	For lower ability candidates have tables of results for reactions showing temperature tables, which are endothermic and which are exothermic.
A good comparison of exothermic and endothermic reactions at
http://media.rsc.org/classic%20chem%20experiments/cce-84.pdf
Alternatively use data loggers or thermometers to measure temperature changes whilst reactions are happening. Sodium hydroxide solution and hydrochloric acid (check CLEAPPS Hazcards) is good as there is no other observable evidence of a reaction happening.
Standard and higher students need to be introduced to energy changes in bond breaking and making being the reason for the reaction being endothermic or exothermic.
	To really stretch the higher candidates it might be interesting here to give out tables of bond energies and ask them to calculate overall the change in energy for both reactants and products, possibly look at increasing length of alkane chain and its effect on the energy released as combustion occurs

	Students need to be able to measure the amount of energy released by a fuel and also calculate the energy released per gram of fuel burnt.
	The students need to be clear that there are three different measurements being made here. The first is the temperature change of the water, the second is the calculation of the energy released, but the third is the calculation of energy released per gram of fuel and so a decision can be made on which is the “best” fuel.
Stress the idea of fair testing and split the students up so that a good range of fuels are burnt. A common mistake is that students use the mass of fuel burnt as the mass in the energy released equation.
	http://www.practicalchemistry.org/experiments/measuring-heat-energy-of-fuels,21,ex.html gives a good guide to the experiment.
	The calculation of energy change can be linked to the physics section on specific heat capacity.
This experiment is a good one to use for evaluation of the method used.  The students can compare the “book value” for the fuel that they have used and think about where the heat loss has occurred from their experiment.


Topic: C3g Batch or continuous?
Suggested Teaching Time: 2 Hours

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

	Students need to understand the differences and the relative drawbacks and benefits of batch and continuous processes.
	www.atworkwithscience.com is an excellent way in to this process allowing the students a virtual tour of laboratories and to work through a case study on working up a process from 2g to 20,000g.
Apply this to the problems and costs of making new pharmaceutical drugs and the dangers and problems of testing them.
	http://www.practicalchemistry.org/experiments/extracting-iodine-from-seaweed,256,ex.html gives a method for extracting iodine from seaweed.
	Make links to fractional distillation, cracking, haber process for continuous.
Making fertilisers, salts etc for batch.

	Students need to understand how chemicals are extracted from plants and why and how new pharmaceuticals are purified.
	http://www.rsc.org/education/teachers/resources/alchemy/index2.htm is an excellent resource to show the production of pharmaceuticals and to look at pharmaceutical development. (Fundamental Scientific Processes)
Students could attempt to extract the purple dye from red cabbage and then use chromatography to purify it. (alternative – chlorophyll from grass).
All students need to understand the ways that the purity of the chemical can be determined i.e. Melting and boiling point and chromatography.
	http://www.practicalchemistry.org/experiments/extracting-iodine-from-seaweed,256,ex.html gives a method for extracting iodine from seaweed if it has not been used previously.
	


Topic: C3h Allotropes of carbon and nanochemistry
Suggested Teaching Time: 2 Hours

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

	Students need to understand the different structures and properties of carbon allotropes.
	Boardworks has a very good section on the different structures and properties of diamond, graphite and buckminster fullerene
	Either paper resources or molymods will allow the students to build the different allotropes.
Stress that due to the pentagons buckminster fullerene will form either a sphere or tubes, whereas diamond and graphite do not. Also concentrate on the weak bonds between the layers giving graphite different properties to diamond, but explain the giant covalent structure properties.
	

	Students need to understand and give examples of some uses of nanotechnology.
	Students can research the uses of nanotechnology. There are many sites on the internet including
http://www.howstuffworks.com/nanotechnology.htm and
http://www.crnano.org/whatis.htm 
	Dvds and other resources on nanotechnology available from http://cordis.europa.eu/nanotechnology/src/pe_leaflets_brochures.htm

	


Sample Lesson Plan

GCSE Gateway Science Chemistry B J264
Module C2 Chemical resources
Item C3a: Rates of reaction (1)
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 some reactions are slow whereas other reactions are fast. F
	· 

	Objective 2
	To understand that the rate of a reaction measures how much product is formed in a fixed time period. H
	


Recap of Previous Experience and Prior Knowledge

Students will already know that some reactions are faster than others from work on the reactivity series of metals from Key Stage Three, however this topic takes this understanding on to look at factors that can change individual reactions and how we can measure the rate of the reaction.

Content

	Time in mins
	Learning activities
	Resources
	Assessment

	
	Teacher
	Pupil
	
	

	Introduction/Starter
	

	10
	Ask the students individually or in pairs to come up with examples of fast and slow reactions. Fast reactions are easier for them so you may need to prompt with slower reactions e.g. rusting.

Show video clips of fast and slow reactions from the internet.
	Individually or in pairs students put down fast and slow reactions. Higher students may want to try to explain why the reactions are at different speed


	Whiteboards

Internet clips of reactions of different speeds
	What have the students remembered from KS3 and what is their prior knowledge

	Main
	

	5
	Either allow the students to put magnesium ribbon into dilute hydrochloric acid (safety glasses) or quickly demonstrate it to show that at the start the reaction is fast, but that it slows down towards the end.
	Students add magnesium ribbon to dilute hydrochloric acid (Check CLEAPPS Hazcards) and observe the reaction. Stress that the reaction slows towards the end. Ask the students why this happens, prompt them to think about particles and what might be happening.
	Dilute hydrochloric acid and small pieces of magnesium ribbon.
	Given prompts how far can the students explain reaction theory?

	5
	Demonstrate the use of a gas syringe and how it can be used to measure the volume of gas given off at a definite time, then move on to the idea of using an upturned measuring cylinder. Ask the students what they are measuring and how they will do this.
	Viewing the demonstration and in pairs working out who will measure time, who will measure volume and who will record the results. What table will they need in their books?
	
	

	15
	Students set up and carry out the experiment to gat the results in the table
	Measure the volume of gas given off every 5/10/20 seconds and note the volume and time down in a table


	http://www.practicalchemistry.org/experiments/the-rate-of-reaction-of-magnesium-with-hydrochloric-acid,100,EX.html is a good guide to the experiment.
	Can the students work as a pair to complete the results table

	15
	Explain to the students how they are to draw the graph, what shape do they think it will have. Ask those that finish early to try to predict what is happening on each part of the graph, can they explain it using collision theory
	Draw the graph and try to assess what each part of the graph is showing, why is it not a straight line? What happens to the particles that are reacting?
	
	Assess students ability to draw graphs and to understand what they show.

	5
	Go through theory on how to calculate rate of reaction set the students homework to calculate the rate at four different time intervals, stress the units used
	Ask questions if they do not understand how to calculate rate of reaction. Most will have covered gradients in maths
	
	Assess students ability to calculate rates from the gradient of a graph.


Consolidation

	Time in mins
	Learning activities
	Resources
	Assessment

	
	Teacher
	Pupil
	
	

	5
	Ask students to review what they have understood from the lesson.
	More confident students can discuss their understanding of the concepts covered.
	
	Check understanding.


Homework
As above

URLs for clips
Clip 1 http://www.practicalchemistry.org/experiments/the-rate-of-reaction-of-magnesium-with-hydrochloric-acid,100,EX.html
Key words
Collision, particles, rate, reactants, products, gradient
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