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Introduction

Background

A new structure of assessment for A Level has been introduced, for first teaching from September 2008. Some of the changes include:

· The introduction of stretch and challenge (including the new A* grade at A2) – to ensure that every young person has the opportunity to reach their full potential

· The reduction or removal of coursework components for many qualifications – to lessen the volume of marking for teachers

· A reduction in the number of units for many qualifications – to lessen the amount of assessment for learners

· Amendments to the content of specifications – to ensure that content is up-to-date and relevant.

OCR has produced an overview document, which summarises the changes to Chemistry. This can be found at www.ocr.org.uk, along with the new specification.
In order to help you plan effectively for the implementation of the new specification we have produced this Scheme of Work and Sample Lesson Plans for Chemistry. These Support Materials are designed for guidance only and play a secondary role to the Specification.  
Our Ethos

All our Support Materials were produced ‘by teachers for teachers’ in order to capture real life current teaching practices and they are based around OCR’s revised specifications. The aim is for the support materials to inspire teachers and facilitate different ideas and teaching practices.
In some cases, where the Support Materials have been produced by an active teacher, the centre logo can be seen in the top right hand corner

Each Scheme of Work and set of sample Lesson Plans is provided in:

· PDF format – for immediate use

· 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.
A Guided Tour through the Scheme of Work

 SHAPE  \* MERGEFORMAT 



	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours

For topic
	Topic
	2.3 Energy



	Topic outline
	Suggested teaching and homework activities 
	      Suggested resources
	Points to note
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2.3.1 Enthalpy changes
Enthalpy changes: ΔH of reaction, combustion and formation

	Students can perform a series of experiments looking at endothermic and exothermic reactions and measure the associated temperature changes. Students could use 
      dataloggers to monitor
      temperature and plot graphs 

      to determine ‘instantaneous’      

      temperature change
Using the observed temperature changes calculate ΔH = mcΔT for each experiment.  This can be used to calculate ΔHmolar. Students can then construct enthalpy profile diagrams for the associated reactions

Students can then look at combustion of alcohols and use ΔH = mcΔT to find ΔHc
Students can discuss why, although some reactions are exothermic they are not spontaneous to introduce the idea of activation energy
	Example reactions include:

NaOH(aq)/ HCl(aq)

Zn (s)/ CuSO4(aq)

HCl(aq)/ Na2CO3(s)

Combustion of peanuts over test-tubes can highlight large errors that occur and this can be extended to combustion of alcohols using simple gas burners.  Ensure risk assessment is carried out

Different equipment can be used to allow students to evaluate (e.g. beakers/polystyrene cups/ thermos flasks, different thermometers) and varied particle size

RSC Classic Chemistry Experiment using spirit burners

Determining enthalpies of combustion (ILPAC)


	Correction for heat loss using extrapolation graphs can be used 

Standard conditions (100 kPa, 298 K)

Remind students of thermal decomposition of CaCO3 and the oxidation of glucose in respiration as examples of endothermic and exothermic changes

The importance of fossil fuels can be discussed here

Limit this discussion to activation energy only. Link to enthalpy profile diagrams

All should be related to one mole

	
	Students can construct balanced equations to represent the Standard Enthalpy changes for ΔHc, ΔHf and ΔHr
	
	

	[image: image4.jpg]


[image: image5.jpg]


Bond enthalpies


	Using molecular models students can investigate the concept of bond making and breaking as being exothermic and endothermic respectively

Students can calculate ΔH and ΔHr and relate to the calorimetry 

      experiments above and to data

      book values and explain the 

      variation in values  


	Spreadsheets can be designed by students to calculate ΔH using bond enthalpies and graphs plotted. E.g. for combustion of alcohols
	Average bond enthalpy should be defined as the breaking one mole of bonds (ΔH positive)

‘Mexo Bendo’ can be used – 

Mexo is making is exothermic

Bendo is breaking is endothermic

Bond breaking is always endothermic as energy needed to break bonds and that bond making is exothermic




	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours
	Topic
	2.3 Energy

	Topic outline
	Suggested teaching and homework activities 
	       Suggested resources
	Points to note
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Hess’ law and enthalpy cycles


	Students can carry out an experiment to calculate the enthalpy change for a reaction using a Hess cycle 

In groups students could then design an experiment, (using a Hess’ cycle), for an appropriate reaction where errors were minimised to see who could obtain the most accurate ΔH value

Using cards with arrows, formulae 

      and coefficients students can

      solve Hess’ cycle problems. 

      This should be done for ΔHr 
      from ΔHf and ΔHr from ΔHc 
      and they can derive shortcuts 
      for each cycle
Discussion: What do students understand by the terms endothermic and exothermic?
	Example reactions include: 

CuSO4 ( CuSO4•5H2O (hydration of anhydrous and hydrated salt) (ILPAC) 

Reaction of Ca and CaO with HCl or CaO and CaCO3 with HCl 
2KHCO3 ( K2CO3 + H2O + CO2  with HCl reaction

Can incorporate evaluation into this experiment

Data books will also be required for enthalpy changes
	.


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours
	Topic
	2.3 Energy

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

	2.3.2 Rates and equilibrium

Simple collision theory
The Boltzmann distribution
	Students can conduct experiments using CaCO3/HCl investigating concentration and particle size on CO2 volume or mass loss.  Graphs can be plotted to show how either of these factors changes with time. The shapes of the graphs can be explained using collision theory

Students can formulate explanations based on activation energy and the Boltzmann distribution, the effect of temperature and catalysis on reaction rate
	Shapes of graphs noted and explained by students in terms of collision theory

Hydrogen peroxide and MnO2 or catalase demo


	The effect of increasing the pressure of a gas should also be discussed

Effect of temperature and catalyst should be explained in terms of the proportion of molecules exceeding Ea

	Catalysts
	Students can research the use of, and the processes involved in, catalysis of reactions e.g. catalytic converters, Zeigler–Natta Advantages and disadvantages should be explained including the environmental benefits (e.g. lower temperatures) and disposal problems (toxicity)
	Enthalpy profile diagrams should be drawn to represent catalytic action

RSC exhibition Chemistry experiment: H2O2 and blood
	Examples to be considered include:

Fe in Haber process

Zeigler–Natta in polyethene production

Pt, Pd and Rh in catalytic converters


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours
	Topic
	2.3 Energy

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

	Dynamic equilibrium and le Chatelier’s principle
	Students should study the Fe3+ and SCN- equilibrium and discuss the effect of changing concentration on the colour and hence the position of equilibrium 

This can be used to discuss the concept of le Chatelier’s principle and students can establish the changes on the position of equilibrium brought about by changing reaction conditions for a variety of reactions

Students could then propose optimum conditions for an industrial process (e.g. Haber Process) and compare these to actual conditions used


	Escalator analogy

Fe3+  and SCN- experiments

[Cu(H2O)6]2+ ⇌   [CuCl4]2- expt using effect of temperature to change position of equilibrium

http://www.wpbschoolhouse.btinternet.co.uk/page07/equilibria3.htm
Students can analyse yield data comparing rate and yield with varying conditions and extend this to predicting reaction conditions used for equilibrium reactions to produce the most efficient reaction


	Homogeneous systems only should be considered

In a dynamic equilibrium at the position of equilibrium the rate of the  forward reaction = rate of the reverse reaction


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	16 hours
	Topic
	2.1 Basic Concepts and Hydrocarbons

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

	2.1.1 Basic concepts and 2.1.2 Alkanes

Representing formulae of organic compounds

Isomerism

Functional groups and naming of organic compounds


	Students could make models of simple alkanes and write down the molecular formula of each. From this they can determine the empirical formula and general formula and identify the difference between successive members of the homologous series

They could then draw the displayed, structural and skeletal formulae of the first ten alkanes. Using models they can describe and explain the shape around each carbon 

Encourage students to make different structural isomers of butane and draw
      them out in all forms.  Have a competition 
      to see which group can find the most   

      isomers of pentane and hexane.
      Students can discuss whether 
      any are the same

Students can be given rules for naming and then challenged to name the isomers they have drawn


	Molecular model kits (Molymods)

http://www.mp-docker.demon.co.uk/chains_and_rings/naming/index.html

On line quiz for naming alkanes including cyclic alkanes: http://www.wpbschoolhouse.btinternet.co.uk/page06/DFalkanes/DFalkaneQsa.htm
Could design posters showing all the isomers of a particular alkane with names

Cards with name ‘stems’ and numbers can be used here e.g. 2-methylpropane

	Definitions of General, Molecular and Empirical formula should be given. Introduce concept that all single bonds are free to rotate  

Skeletal structures can be deduced by removing all H’s from models

Remind of Shapes and bond angles

IUPAC names should be used

Structural isomers are compounds with the same molecular formula but different structural formulae




	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	16 hours
	Topic
	2.1 Basic Concepts and Hydrocarbons

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

	Percentage yields and atom economy (found at end of SOW)

Substitution reactions of alkanes

Hydrocarbons from crude oil

Hydrocarbons as fuels
	· Using models and data books students 

      could discuss the intermolecular forces  

      present in the alkanes and explain the 

      trends in boiling points by 

      investigating the packing of 

      straight and branched chain 

      alkanes

· Encourage students to think of uses of alkanes around the home. Identify the use of combustion reactions and the products of complete and incomplete combustion

· Students can carry out the reaction of alkanes with Br2 in light and dark and discuss the different observations.

· Students can carry out fractional distillation of CLEAPPS ‘crude oil’ 

Homework exercise to describe the process of fractional distillation of crude oil and the subsequent cracking of longer chain molecules to obtain more useful materials and the processing of straight chain hydrocarbons into branched and cyclic hydrocarbons. Link to alternative fuels and enhanced greenhouse effect
	Use models and RSC PowerPoint slides to explain mechanism

Extension work
Use models and bond enthalpy data to
      explain why organic free radical is formed 
      rather  than H free radical  

Possible visit to a refinery
Group presentations on the various processes of cracking, isomerism and reforming and the benefits and constraints of biofuels

	· Combustion reactions can be linked to ΔH calculations and bond enthalpies

· Definitions of radical and homolytic fission required. Students should also know that this reaction occurs with Cl2
· No details of catalysts required

Dangers of CO production should be noted

	2.1.3 Alkenes

Properties of alkenes

Addition reactions of alkenes


	Students can make models of ethene and propene and discuss of shapes and key features

Challenge students to make isomers of butene (branching and position of double bond). Students to make but-2-ene and 
      then use models to discuss 
      similarities and differences in
      cis-trans isomers. Extend this 
      to pentene and hexene

Data analysis exercise of C=C bond strength compared to 2 x C–C and discussion of formation of σ and π bonds 

Students can carry out reaction of cyclohexene with Br2 and compare to reaction with cyclohexane. Students can use cards to determine the reaction mechanism Electrophilic addition mechanism

Using models students can predict the products of reactions with hydrogen, hydrogen halides, halogens and steam with ethene and propene (formation of two isomeric products possible)


	Images of σ and π bonds

Extension work for more able is to study 
      hybridisation   

http://www.mp-docker.demon.co.uk/chains_and_rings/mechanisms/index.html
Reaction of cyclohexene with Br2
Extraction of limonene and testing with Br2
Cards with images of mechanism and word descriptions of steps  

RSC mechanisms worksheet

Molecular model kits


	Highlight unsaturation, non-rotation of double bond and trigonal planar shape. Include cycloalkenes

E/Z isomerism arises when there is restricted rotation about a double bond and there are two different groups on each carbon of the C=C. Cis-trans isomers are a special case of E/Z and have two non-hydrogen groups and two hydrogens around a C=C bond. Only cis-trans is required at AS level

Remind students of sigma bond formation

Hybridisation is not required

Define Heterolytic Fission and the use of ‘curly arrows’

Br2 is a test for unsaturation

Define electrophile as an electron pair acceptor



	Industrial importance of alkenes
	Extension work could be based on Markovnikoff’s rule for addition to C=C
Students could search how margarine came into existence


	
	Hydrogen in presence of Ni Catalyst used in hydrogenation of vegetable oils to produce margarine.

Steam in presence of acid catalyst

Proportions of isomers not required for unsymmetrical addition

	Polymers from alkenes

Industrial importance of alkenes


	Students can look for polymers around the home using recycling information

Manufacturing a polymer

Use models to illustrate addition polymerisation and images to allow identification of repeat units and monomers

Students can discuss the benefits and disadvantages of polymer production and research the steps taken by chemists to reduce the environmental impact. Students could prepare a presentation on impacts of polymers and benefits and constraints of recycling


	From RSC ‘Classic Chemistry experiments’

Trip to local waste disposal/recycling facility or incinerator

Talk by local waste recycling officer

Plastics industry website: British Plastics Federation has excellent information on uses, recycling, and environmental issues.

http://www.bpf.co.uk/
www.greener-industry.org also has information on polymers


	PVC, Poly(ethene), PTFE, should be studied

Students should be able to work out polymer from given monomer and vice versa


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours
	Topic
	2.2 Alcohols, Halogenoalkanes and Analysis



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

	2.2.1 Alcohols

Properties and preparation of ethanol


	Students can name and draw isomers of selected alcohols including butanol and compare boiling points and solubility. Students can compare properties (e.g. boiling point) with alkanes and explain using F321 work

Research the formation and uses of ethanol and compare advantages and disadvantages of each method. Students can conduct fermentation experiment

Students can perform oxidation experiments using distillation and reflux conditions
	Graphs and spreadsheets could be used

Extension: Explain these properties in terms
      of Intermolecular forces

ILPAC Advanced Practical Chemistry

Fermentation experiment or brewery visit

ILPAC experiment using K2Cr2O7/H2SO4 

Quickfit glassware


	Functional group as the group of atoms responsible for the characteristic reactions of a compound 

Discuss properties in terms of hydrogen bonding and define volatility
Primary, secondary and tertiary alcohols should be identified



	Reactions of alcohols
	Students can observe the difference between primary, secondary and tertiary reactivity by testing alcohols with acidified potassium dichromate and warming

Demonstration: Dehydration to Alkene

Students can prepare and test esters on a test-tube scale and name esters produced
	Tollens’ reagent and silver mirror test

Elimination of water from cyclohexanol or

ILPAC ethanol practical demonstrating elimination


	Ethene with steam and acid catalyst and fermentation of glucose. Idea of atom economy could be introduced here

Infrared spectra of reactants and products can be run or downloaded

Tertiary alcohols are not oxidised


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	20 hours
	Topic
	2.2 Alcohols, Halogenoalkanes and Analysis



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

	2.2.2 Halogenoalkanes
Substitution reactions of halogenoalkanes

The ozone layer

Uses of halogenoalkanes


	Students can name and draw isomers of selected halogenoalkanes
Students can be shown (or predict, using    pre-prepared cards) the mechanism 
      and asked to find three factors 
      which could affect it. They could
      then be given data on dipoles and
      bond enthalpy and asked to predict which
      has the most effect on rate. They can then  

      conduct an experiment investigating

       the rates of hydrolysis and 

       conclude the most important factor      

 Students can determine the repeat unit and therefore the monomer in PVC and PTFE

The ozone layer: students can research the formation of ozone and the dynamic equilibrium that exists to maintain a constant level of ozone and describe the importance of stratospheric ozone

CFC’s: Students can research the uses and properties of CFC’s and their subsequent role in destruction of the ozone layer. They can then research what chemicals are now used to fulfil these roles and their different properties. They can also investigate the role of NOx in ozone 
      depletion
	RSC Mechanism disc is available
Models for nucleophilic substitution reaction and websites for visual learners

Practical comparing rates of hydrolysis of primary/secondary/tertiary and bromo/ chloro/iodo

http://www.mp-docker.demon.co.uk/chains_and_rings/mechanisms/index.html
Extension work to consider why primary, secondary and tertiary reactions occur at different rates

http://www.ausetute.com.au/cfcozone.html
http://toms.gsfc.nasa.gov/     (ozone
       mapping spectrometer)

http://www.bom.gov.au/lam/Students_Teachers/ozanim/ozoanim.shtml gives animation

Students can prepare a presentation on the 
      ozone layer and CFCs
	Nucleophile defined as electron pair donor

Experiment can be carried out using AgNO3 (aq) in ethanol (H2O is the nucleophile) or hot aqueous alkali followed by neutralisation and addition of AgNO3 (aq). (OH- is the nucleophile)

The inventor of CFCs Thomas Midgley also discovered the anti-knocking properties of tetra-ethyl-lead (link to mass spectrometry below)

Students need to know the catalytic behaviour of Cl. and NO.
Montreal Protocol (1987) to limit ozone destruction

	2.2.3 Modern analytical techniques

Mass spectrometry

Infrared spectroscopy


	Students can determine Relative isotopic masses, RAM and RMM (using molecular ion peak) and study spectra to identify elements

They can then use model kits to break molecules and predict fragment ions that may be seen.   Use spectra of heroin etc to show current usage and to highlight mass spectra as ‘fingerprints’ of molecules. Students can predict fragments of given molecules and compare with actual spectra

Students can run samples through an IR spectrophotometer if available. Students can compare and identify simple groups in spectra 

Students can predict spectra of 
      simple molecules and compare
      predictions to actual spectra
Students could be set a simulated forensic investigation utilising the above techniques to review this topic   


	Spectra websites. Mars Space probe

http://www.colby.edu/chemistry/OChem/DEMOS/MassSpec.html
http://www.spectroscopynow.com/coi/cda/detail.cda?chId=4&id=10749&type=Feature&page=1 shows the use of MS in forensic science

RSC Spectroscopic Applications CD-Rom resource
http://riodb01.ibase.aist.go.jp/sdbs/cgi-bin/cre_index.cgi?lang=eng

Gives spectra database 

Spectra of alcohols, aldehydes, ketones, carboxylic acids and esters should be studied
http://teaching.shu.ac.uk/hwb/chemistry/tutorials/molspec/irspec1.htm gives bending and stretching animations

Opportunity to visit a forensic laboratory or synthetic chemical lab/ university lab
	Highlight where parent ion/ molecular ion is found

Students do not have to know how the mass spectrometer works

Only fragments of alkanes, alkenes and alcohols should be considered

Link into forensic applications i.e. use in breathalysers for ethanol determination and use for synthetic chemistry e.g. esters form alcohols and carboxylic acids


	GCE Chemistry A: H034. F322 Chains, Energy and Resources 

	Suggested teaching time
	8 hours
	Topic
	2.4 Resources

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

	2.4.1 Chemistry of the air

The ‘Greenhouse effect’
Ozone layer (see 2.2.2 with halogenoalkanes)

Controlling air pollution
Green Chemistry 

(integrated into teaching    using case studies – see   points to note)
	Students can prepare presentations linking adsorption of IR radiation by the bonds in the main molecules responsible for both the natural and enhanced greenhouse effect (H2O, CO2 and CH4), the role of scientists in providing evidence to governments, investigating solutions and monitoring progress against the Kyoto Treaty

Presentations can incorporate emissions from cars and role in the formation of low level (tropospheric) ozone and the formation of photochemical smog

Describe the science behind catalytic converters


	Global Warming Websites

Carbon Capture and Storage (CCS)

http://www.co2capture.org.uk/
Infra red spectra of greenhouse gases can be found at

http://www.elmhurst.edu/~chm/vchembook/globalwarmA5.html
Students could also prepare a presentation on Thomas Midgley who was responsible for exploiting the anti-knocking properties of lead in petrol and the use of CFC’s as refrigerants
Catalytic converter websites:

http://www.corporate.basf.com/en/stories/wipo/katalysator/?id=V00-nMnF5AZLLbcp*Kn

	Integrate suggested case studies from 2.4.2 Green Chemistry into the presentations e.g. supercritical CO2, 
www.greener-industry.org has numerous case studies dealing with chemical production including supercritical CO2
Review use of IR spectroscopy in monitoring air pollution

This can provide a good review of catalysis including adsorption and desorption

	2.1.1

% Yields and atom economy
	Students can calculate the % yield and atom economy for reactions and compare the atom economy in, for example, the production of ethanol by addition to ethene or hydrolysis of bromoethane
	Atom economy can be demonstrated by using molecular model kits and comparing starting materials to useable products

An example can be found at:

http://www.greeningschools.org/docs/WasteandTinkerToysAtomEconomy.pdf
www.greener-industry.org also discusses atom economy of processes
	


Sample GCE Lesson Plan: Chemistry A

H034 
Chains, Energy and Resources F322

Chemistry of the Air: The Greenhouse Effect (lesson 1 of 2)

OCR recognises that the teaching of this qualification 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 but could be split over 2 lessons.

Learning Objectives for the lesson

	Objective 1
	Students will understand the basic principle of the Greenhouse Effect. 

	Objective 2
	Students will apply the principles of IR spectroscopy to Greenhouse Gases

	Objective 3
	Students will understand the ‘Greenhouse Effect’ of a given gas based on absorption of IR radiation

	Objective 4
	Students will devise and evaluate methods for monitoring atmospheric CO2 levels.


Recap of previous experience and prior knowledge

· Students have studied infrared spectroscopy and the absorption of IR radiation by chemical bonds. To begin the lesson effectively students would have been set a piece of homework to research a scientific explanation of the Greenhouse Effect. 

Content

	Time
	Content

	10 minutes
	· In pairs students to draw a picture to explain the greenhouse effect. The following points should be considered. Why is it important? What types of radiation are involved? What gases are involved? How is radiation absorbed? What are the likely consequences? 

	10 minutes
	Teacher to review findings using contributions from each pair. Build up a picture on board illustrating key points above. Highlight

· Main gases responsible as being CO2, CH4 and H2O with minor contributions from NOx  


	Time
	Content

	
	· CO2 is the gas that is increasing most rapidly from anthropogenic sources. 

· Discussion of how these gases absorb the IR radiation by bending and stretching- students can ‘be the bonds’ and bend and stretch.

· Students can add this diagram to their notes or be provided with a copy.

	15 minutes
	· Using data books containing bending and stretching frequencies (or web based resources) students can sketch the IR spectra of the named gases. All 3 spectra can be sketched on the same axes, using different colours, to highlight the efficiency of the mixture of gases in absorbing IR radiation.

· Alternatively http://www.elmhurst.edu/~chm/vchembook/globalwarmA5.html contains IR spectra of the main gases and shows the bending and stretching absorptions. Print outs could be provided.

	15 minutes
	Small group discussion to answer the following questions using spectra from above: 

· What factors would determine how effective a gas is at absorbing IR radiation? – (Atmospheric concentration and wavelength of absorption give a measure of the Global Warming Potential or ‘Greenhouse Effect’ of a particular gas)

· How could IR spectroscopy be used to assess CO2 levels? – (Set wavelength at 2349 cm–1 where none of the other gases absorb IR) 

· What chemical methods could be used to monitor CO2 levels? – (e.g. Bubble through limewater)

· What are the possible local and global effects of the enhanced Greenhouse effect?


Consolidation

	Time
	Content

	10 minutes
	· Using data/graph from Mauna Loa and associated images have a quick multiple-choice quiz to review IR spectroscopy and the measurement of CO2 levels.
· Set Homework: Compile a list of what is being done and what could be done to halt the rise in CO2 levels and investigate the role that Chemists could play in halting global warming?


Sample GCE Lesson Plan: Chemistry A H034 

Chains, Energy and Resources F322

Chemistry of the air: The Greenhouse Effect (lesson 2 of 2)

OCR recognises that the teaching of this qualification 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 but could be split over 2 lessons.

Learning Objectives for the lesson

	Objective 1
	Understand the role of scientists in providing evidence to verify that global warming is taking place

	Objective 2
	Understand and evaluate the potential solutions to rising CO2 levels

	Objective 3
	Consider the range of careers available to scientists 


Recap of previous experience and prior knowledge

· Recap previous lesson considering the different greenhouse gases, the role of IR spectroscopy in monitoring CO2 levels and the effects of global warming.

Content

	Time
	Content

	5 Minutes
	A quick, short answer, review of the process of global warming, the main gases involved and the absorption of IR radiation.

	10 minutes
	· Discuss the evidence that global warming is taking place. The evidence is that global temperatures are rising and/or atmospheric CO2 levels are rising. Scientists measure these levels.

· Show students images of global temperature and CO2 levels (e.g. NASA database) and video clips of scientists analysing ice cores to gather historical data. Class discussion of the important roles of research scientists and the fact that research does not only take place in the laboratory


	Time
	Content

	15 minutes
	Provide students with targets set by the Kyoto Treaty including reduction of CO2 levels and renewable energy commitments. Put students into groups to compile a list, using their homework, of:

· Sources of Greenhouse gases

· How CO2 levels are being, and could be, reduced and what they consider to be the most effective method. Include measures that they are personally taking.

· Feedback to teacher to compile a class list 

Students should be able to feedback that the reduction can be brought about by reducing emissions (e.g. renewable technologies, legislation) or by removing CO2 from the atmosphere (e.g. CCS, reforestation, seeding the oceans with Iron to encourage phytoplankton growth (currently being trialled) - again chemists are vital in studying the results of these trials.

	10minutes
	Class discussion on current research into, for example, Carbon Capture and Storage using http://www.co2capture.org.uk/ as a possible resource.  Do they consider this technology feasible? 

	10 minutes
	In groups, using the overall class list, students can discuss the advantages and disadvantages of each approach and decide upon their favoured approach.

	5 minutes
	Groups feedback their favoured way of solving the problem


Consolidation

	Time
	Content

	5 minutes
	In pairs, students to write down what they consider to be the most compelling evidence that global warming is happening and how scientists are providing the evidence that this is occurring. 


Sample GCE Lesson Plan: Chemistry A H034

F322: Chains, Energy and Resources

Green Chemistry and Atom Economy

OCR recognises that the teaching of this qualification 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 but could be split over 2 lessons.

Learning Objectives for the lesson

	Objective 1
	Students will understand how to calculate the atom economy or a reaction 

	Objective 2
	Students will apply knowledge of organic reactions to propose alternative production methods with high atom economies. 

	Objective 3
	Students will review organic reactions

	Objective 4
	Students will appreciate other ‘green’ considerations for chemical reactions and describe the sustainability of reactions


Recap of previous experience and prior knowledge

· Students have calculated % yields for reactions and have studied all organic reactions.

Content

	Time
	Content

	5 minutes
	· Review how a % yield is calculated and ask, using an example reaction, if this takes into consideration any of the waste products generated. 

· Introduce atom economy:

· Atom economy  = molecular mass of the desired products    x 100%

                                     Sum of molecular masses of all products 

	15 minutes
	· In pairs, using molecular model kits, students should make a model of ethene and a model of water and ‘react’ them together. They should calculate/determine the atom economy for this reaction.


	Time
	Content

	
	· They should then make a model of bromoethane and ‘react’ this with hot aqueous sodium hydroxide to produce ethanol and sodium bromide. They can calculate the atom economy of this process.

· Review question: will addition reactions always have a greater atom economy than substitution reactions?

· Extension question: If substitution was the only way to manufacture ethanol how could you increase the atom economy of the process

	15 minutes
	By comparing the atom economies of the two proposed reactions below (the first one being a hypothetical reaction used for the purposes of illustrating atom economy) students can play the role of an industrial chemist. The second reaction has a greater atom economy than the first.

· Students can make a model of the trimethylpropylamine ion CH3CH2CH2N+(CH3)3 and ‘react’ with OH- to form propene, trimethylamine and water and calculate the atom economy for this reaction (help them to make models by sketching structures on the board)  
· Students can devise another method to produce propene with a lower atom economy. (They should be able to remember that propan-1-ol can be dehydrated using Sulphuric acid to form propene and water).

	20 minutes
	· Case study: Ibuprofen. Using, for example, the BHC Company Synthesis of Ibuprofen. Students can be shown the Boots/ Brown synthesis as an example of a multistage process. Comparison of 40% atom economy of the old Boots process (equating to approx 15 million Kg of waste produced each year) with the 77% of new production method. (see ref. below)

http://www.chemistry.org/portal/resources/ACS/ACSContent/education/greenchem/case.pdf
· Discuss other considerations of sustainability e.g. the purification processes at each step requires solvents/ energy and the production of toxic bi-products etc.

· Students can be given a reaction scheme for the new process and can calculate the atom economy of the new 3-step method and asked whether a high atom economy is an indication of a ‘green’ production process. What other aspects of the production process must be considered?


Consolidation

	Time
	Content

	5 minutes
	· Flash up a set of reactions showing addition, substitution, elimination. Multiple choice: which has the greatest atom economy.

· List 5 other considerations for choosing a production process apart from atom economy.


Sample GCE Lesson Plan: Chemistry A H034

F322: Chains, Energy and Resources

Green Chemistry: The Ozone layer and CFC’s

OCR recognises that the teaching of this qualification 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 but could be split over 2 lessons.

Learning Objectives for the lesson

	Objective 1
	Students will understand the process of ozone formation and depletion and the dynamic equilibrium established in the ozone layer

	Objective 2
	Students will understand where the ozone layer is found and why it is important to life on earth

	Objective 3
	Students will learn the mechanism of ozone  depletion by free radicals 

	Objective 4
	Students will explain that the apparent benefits of CFC’s were offset by the unexpected environmental impact. 

	Objective 5
	Students will explain the importance of establishing international cooperation to promote the reduction of pollution levels


Recap of previous experience and prior knowledge

· Students have studied dynamic equilibrium, le Chatelier’s principle, catalysis and bond enthalpies.

Content

	Time
	Content

	25 minutes
	· Divide the class of students into groups of two or three 

· Each group to be given a small research task to carry out using resources provided by the teacher (paper based and internet).


	Time
	Content

	
	· Each group should prepare two slides, a 3-minute presentation and 3 questions based on their research task to assess the learning of the rest of the class. The tasks/research questions should be short and focussed and based on some of the points below:

· The location of the ozone layer and the importance of the ozone layer to life on Earth. The formation and destruction of ozone by UV radiation and the dynamic equilibrium that is established including equations.

· The uses of CFC’s and the advantages that scientists thought they held at the time. The role of CFC’s and chlorinated hydrocarbons in catalysing the destruction of ozone, including equations and information on the bond that breaks in the CFC (can include the role of NO (produced from NOx from aircraft engines) in ozone destruction. 

· The evidence for the destruction of the ozone layer. Where is the hole found, how are ozone levels measured and what has been done to halt the destruction? The persistent nature of CFC’s leading to the slow reforming of layer.

· The development of replacement materials and chemicals (e.g. HFC’s, Pyrocool FEF in fire fighting, and supercritical CO2 in dry cleaning) 

· The role of Thomas Midgley in Ozone depletion (and in atmospheric lead pollution)

	25 minutes
	· Groups present findings to the rest of the class and assess their learning using the questions they have generated


Consolidation

	Time
	Content

	10 minutes
	Students to complete the prepared question sheet 


Other forms of Support

In order to help you implement the new Chemistry specification effectively, OCR offers a comprehensive package of support. This includes:

OCR Training
Get Ready…introducing the new specifications
A series of FREE half-day training events are being run during Autumn 2007, to give you an overview of the new specifications.

Get Started…towards successful delivery of the new specifications

These full-day events will run from Spring 2008 and will look at the new specifications in more depth, with emphasis on first delivery.

Visit www.ocr.org.uk for more details.

Mill Wharf Training

Additional events are also available through our partner, Mill Wharf Training. It offers a range of courses on innovative teaching practice and whole-school issues - www.mill-wharf-training.co.uk. 

e-Communities
Over 70 e-Communities offer you a fast, dynamic communication channel to make contact with other subject specialists. Our online mailing list covers a wide range of subjects and enables you to share knowledge and views via email.

Visit https://community.ocr.org.uk, choose your community and join the discussion!

Interchange

OCR Interchange has been developed to help you to carry out day to day administration functions online, quickly and easily. The site allows you to register and enter candidates online. In addition, you can gain immediate a free access to candidate information at you convenience. Sign up at https://interchange.ocr.org.uk
Published Resources

OCR offers centres a wealth of quality published support with a fantastic choice of ‘Official Publisher Partner’ and ‘Approved Publication’ resources, all endorsed by OCR for use with OCR specifications.

Publisher partners

OCR works in close collaboration with three Publisher Partners; Hodder, Heinemann and Oxford University Press (OUP) to ensure centres have access to:

· Better published support, available when you need it, tailored to OCR specifications 

· Quality resources produced in consultation with OCR subject teams, which are linked to OCR’s teacher support materials

· More resources for specifications with lower candidate entries

· Materials that are subject to a thorough quality assurance process to achieve endorsement

The publisher partnerships are non-exclusive with the GCE Sciences being the only exception.  Heinemann is the exclusive publisher partner for OCR GCE Sciences.
Heinemann is producing the following resources for OCR GCE Chemistry for first teaching in September 2008 [publication – Spring 2008]
Rob Ritchie, Dave Gent,                  AS Chemistry Spec A Student Book                   ISBN: 9780435691813

Helen Eccles                                    and Exam Café CD-ROM (2008)

(Series Editor Rob Ritchie)

Rob King, Chris Wood,                    AS Chemistry Spec A Exam Café CD-ROM        

Rob Clarke                                       (2008)

(Series Editor Rob Ritchie)
Chris Wood, Rob King,                    AS Chemistry Spec A Teacher File and              ISBN: 9780435691837

Rob Duncan                                     CD-ROM (2008)
(Series Editor Rob Ritchie)
Mike Wooster, Helen Eccles            Revise AS Chemistry A for OCR (2008)              ISBN: 9780435583712

(Series Editor Rob Ritchie)

Endorsement

OCR endorses a range of publisher materials to provide quality support for centres delivering its qualifications. You can be confident that materials branded with OCR’s “Official Publishing Partner” or “Approved publication” logos have undergone a thorough quality assurance process to achieve endorsement. All responsibility for the content of the publisher’s materials rests with the publisher.

These endorsements do not mean that the materials are the only suitable resources available or necessary to achieve an OCR qualification. Any resource lists which are produced by OCR shall include a range of appropriate texts.




































= ICT Opportunity 


This icon is used to illustrate when an activity could be taught using ICT facilities.





= Stretch & Challenge Activity 


This icon is added at the end of text when there is an explicit opportunity to offer


Stretch and Challenge.





= Innovative Teaching Idea


All the teaching idea contained in the SOW are innovative, but the icon is used 


to Highlight exceptionally innovative ideas.
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