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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
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	GCE Chemistry A: H434. F325 Equilibria, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.1.1 How Fast?

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

	Rate graphs and orders


	Students can review the factors influencing the rate of reaction to produce a mind map or a poster explaining all the factors affecting rate

Students can carry out practical activities to illustrate this. They can use their results to draw appropriate graphs of concentration (or ‘quantity’) against time. Data logging could be used


	Some excellent animations can be found at:
http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animationsindex.htm 

The effect of temperature on rates can be observed, if required, using the clock reactions listed below
.  Although only the qualitative effect is required by the specification and this would probably have been covered previously

http://www.avogadro.co.uk/chemist.htm provides resources which can be used throughout this unit

http://www.chemguide.co.uk/physical/basicrates/orders.html gives notes on rate of reaction

CaCO3 and HCl experiment to measure volume of gas produced or mass lost

ILPAC: Advanced Practical chemistry: 
I2/ (CH3)2CO/H+ using colorimetry or titration to measure I2 concentration. This could be done as a planning exercise in groups e.g. using the Salters experiment on the next page

	The terms rate of reaction, order of reaction, rate constant, half-life and rate-determining step should be considered

The half-life of a first-order reaction is independent of concentration

Students must be able to deduce, from rate concentration graphs and initial rates method, the order with respect to a reactant

Students would need to be introduced to colorimeter and iodine/ thiosulfate reaction

Results are often unclear so data could be provided




	GCE Chemistry A: H434. F325 Equilibria, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.1.1 How Fast?

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

	
	Using concentration against time graphs students can draw tangents and take gradients to draw rate against concentration graphs

Shapes of graphs can be used to determine the orders of reactions with respect to particular reactants. 1st and 2nd order reactions should be identified using half-lives
Clock reactions can be used to mimic the initial rates method and students can determine the order of reaction using these reactions
Students could integrate the rate equation and prove that a first order reaction will have a half-life which is independent of the initial concentration 

	http://www.york.ac.uk/org/seg/salters/chemistry/ResourceSheets/iodine_propanone.PDF
http://www.avogadro.co.uk/chemist.htm gives a virtual graph plot

Use clock reactions to mimic initial rates methods of determining order. Experimental data can be used

Clock reactions include:

I2/S2O82- or H+/H2O2/I2 with S2O32-,the thiosulfate clock HCl/ S2O32-, the bromine clock and hydrolysis of benzenediazonium chloride (ILPAC Advanced Practical Chemistry)

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/kinetics2/rxnRate01.html gives a rate experiment animation
http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch14.htm gives reaction order tutorials. It also gives reaction mechanism information and could be used with more able students

· http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/O2+NO2%20kinetics8.html gives initial rates collisions animation


	Only 0, 1st and 2nd orders should be considered

Initial rates uses 1/t to approximate to the initial rate of the reaction. A plot of concentration against time and gradients and half-lives are meaningless here. Students could consider how valid this approximation is




	GCE Chemistry A: H434. F325 Equilibria, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.1.1 How Fast?

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

	Rate equations; Rate constants
	Based on the experiments carried out above students can construct overall rate equations for a series of reactions. Using experimental data they can calculate a value for the rate constant, k (including units).  Experiments often do not provide sufficient data so students could be provided with data here
Students can solve problems to determine the initial rate of reaction and use data to determine the order of reactions
	Worksheets giving examples of calculations 
ILPAC ‘Advanced Chemistry Calculations’ provides worked examples and structured questions


	The general form of the rate equation is:

Rate = k [A]m [B]n where m and n are the orders of reaction with respect to A and B respectively

The units of k are dependant on the form of the rate equation

	Rate-determining step
	Students can conduct a study of the I2 / propanone experiment to determine the particles involved in the rate-determining step

Students can study data for SN1 and SN2 mechanisms for primary and tertiary halogenoalkanes and propose reaction mechanisms


	http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/kinetics2/kinetics.html gives initial rates simulation

Examples of organic reactions studied in F324 can be used here

http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch14.htm gives a reaction mechanism tutorial
	Only species involved in the rate determining step will appear in the rate equation. When studying experimental data each species should be considered individually

Establish the relationship between the rate equation and the mechanism. SN1 and SN2 studies are useful to include as they emphasise the importance of the study of rates with respect to reaction mechanisms


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	Equilibrium
	Students can review le Chatelier’s principle and the factors affecting equilibrium

Introduce the concept of equilibrium constant Kc and show students the general Kc expression

Students can write Kc expressions for selected examples and use experimental data to calculate Kc (and determine units) for simple homogeneous equilibria

Using reacting ratios and initial quantities/concentrations students can calculate quantities/ concentrations present at equilibrium. And thus calculate Kc

	Fe3+/SCN- experiment (ILPAC ‘Advanced Practical Chemistry’) will review qualitatively the factors involved in equilibrium

ILPAC ‘Advanced Practical Chemistry’ gives an experiment to determine equilibrium constant. (See below also)

Using ILPAC ‘Advanced Chemistry calculations’ students can calculate Kc using equilibrium concentrations and then using initial concentrations and concentration remaining at equilibrium

	[  ] must be used for concentrations in Kc expressions

Equilibrium reactions must take place in a closed system

Homogeneous systems only should be considered




	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	
	Students can then, in groups, determine from first principles the effects of changing temperature on the value of Kc Students can conduct an experiment to determine a value for Kc
· Students should note that changes in concentration or pressure do not affect Kc and determine when Kc has no units
Students could consider how it is possible for Kc to stay constant when the pressure is changed
	A spreadsheet of reaction data could be designed 

· Determination of Kc for ethanoic acid/ ethyl ethanoate equilibrium. ILPAC ‘Advanced Practical Chemistry’ gives experiment to determine the equilibrium constant
	Note Ensure students are working with concentrations when calculating Kc Volumes can only be omitted when there is the same number of particles on each side of an equation

Only temperature effects Kc


	5.1.3 Acids, Bases and Buffers
	· Students can measure the pH of a variety of concentrations of weak and strong acids. After giving students the expressions for calculating pH and [H+] they can calculate the [H+] concentration and using this suggest the difference between a weak and a strong acid 


	· ILPAC ‘Advanced Practical Chemistry’ gives experiments for determining the pH of a weak acid at various concentrations and the pH of different acids at the same concentration


	· BrØnsted- Lowry definition of an acid as an H+ donor and bases as an H+ acceptor

· Importance of dilution upon pH of strong and weak acids

· Reliable pH meters required for these experiments

· pH is defined as pH= -log[H+]
· [H+] = 10-pH



	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	
	In groups students can use the RSC misconceptions sheets to develop the difference between weak and strong and concentrated and dilute acids

Using the expressions from above students can write an expression for Ka and the dissociation of water Kw and discuss why it is valid to exclude [H2O] from the expression for Kw
· Students can use Kw to calculate pH from [H+] and [H+] from pH for strong acids, strong bases and weak acids

Students can use Kw to calculate the pH of strong bases and Ka to calculate the pH of weak acids

	RSC strong acid/ weak acid  worksheets from ‘Chemical misconceptions- prevention diagnosis and cure’ or from www.chemsoc.org/Networks/Learnnet/miscon2.htm
Dissociation of water animation. http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/H2Oeq.html shows animation of water (needs shockwave to load
)

	Kw = [H+][OH-] = 1 x 10-14 mol2 dm-6  at 25 oC 

Link the pH scale to 10-14


	
	Students can write expressions for the acid dissociation constant Ka and can explain the magnitude of Ka in relation to the strength of the acid. They can then calculate the pH of weak acids 
Given Ka values students can calculate pKa and state the relationship between magnitude and acid strength 
	ILPAC  ‘Advanced Practical Chemistry’ determination of Ka of a weak acid
	When calculating pH and [H+] for weak acids, e.g. HA, assume:

[H+(aq)] = [A-] and equilibrium [HA] = undissociated [HA]
pKa= -log Ka




	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	
	Using examples introduce the term conjugate acid-base pair and give students examples to identify the conjugate pairs for a variety of acids

They can carry out a titration to calculate the enthalpy change of neutralisation
Students can conduct experiments looking at the reactions of strong and weak acids with metals, metal carbonates and alkalis and write full and ionic equations for the reactions that take place

Provide students with the enthalpy of dissociation of water and ask them to determine the changes in [H+] and acidity that may occur at higher or lower temperatures


	ILPAC ‘Advanced practical Chemistry’: ΔH of neutralisation from a thermometric titration 

	


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	Buffers: Action, uses and calculations
	Students can conduct an experiment to investigate the effect of acids and alkalis on a buffer system and hence propose a definition for a buffer

Using resources identified explain how a buffer system works. Students to identify conjugate acid base pairs

Case study: The blood buffer. In groups students can prepare a short presentation describing the blood buffer system

· Given Ka values students should calculate the pH of different buffer systems

· Students can prepare a buffer solution of given pH by calculating quantities/ concentrations required.

· Students can calculate the resulting pH if acid or alkali is added to the system (assume no change in the overall volume) 

	ILPAC ‘Advanced Practical Chemistry’ Practical: Adding acids and alkalis to buffers and measuring changes using pH meters

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/HOAcbuffer.html gives ethanoic acid buffer animation (needs shockwave to load)
http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/acidbasepH/pHbuffer20.html gives an interactive buffer animation

· ILPAC ‘Advanced Practical Chemistry’ Preparation of a buffer


	Definition of a buffer is a system that maintains a constant pH on additions of small amounts of acid or alkali

Assumptions made in these calculations are:

[Acid]eqm = [Acid]initial
And [Salt]eqm = [Salt] initial



	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.1.2 How Far?

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

	Neutralisation
	In groups students can conduct acid base titrations for combinations of weak/strong acids and bases and record the data. This can then be plotted to produce a class set of the four standard neutralisation curves. Data loggers can be used 
Students could determine the concentration, by titration, of a series of acids, with each group using a different indicator, and compare the results as a class. They could then use their pH curves and the pH ranges for a range of indicators to identify the most appropriate indicator for a titration

Students could describe and explain the buffering region in some of the curves and also calculate the pH at various points along a strong acid/ strong base titration curve to verify its basic shape  

	ILPAC ‘Advanced Practical Chemistry’: Choosing and indicator and drawing pH curves

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/acid_base.html  gives animation of titrations including choice of indicator. 

A pH meter animation http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/stoichiometry/a_b_phtitr.html 

www.avogadro.co.uk also gives simulated pH titration curves with indicators


	Note buffering region in some of the titrations

An alternative approach could include different indicators whilst using the pH meter to generate titration curves




	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.2: energy

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

	5.2.1 Lattice enthalpy
	Give students the definition for lattice enthalpy and ask them to discuss all of the enthalpy changes required to form a lattice from the elements in their standard states and whether each of these changes would be endothermic or exothermic

Students can then construct Born–Haber cycles using card ordering for a variety of ionic compounds. They can compare lattice enthalpies of different size/charge ions and from this discuss factors affecting size of lattice enthalpy

Students can be shown the heat of solution animation, or conduct a practical, and then, using enthalpy change of solution and enthalpy changes of hydration, construct relevant Born–Haber cycles

Students can describe the effect of ionic charge and radius on the enthalpy change of hydration

· Using the ideas covered students can suggest why Group 1 nitrates are soluble but Group 2 sulfates are insoluble
	Cards with arrows and the enthalpy changes on

PowerPoint resources from DFES

RSC scaffolding explanations from ‘Chemical misconceptions- prevention diagnosis and cure’

ILPAC ‘Advanced practical Chemistry’: Determining ΔH of solution – link to entropy for endothermic process

Heat of solution animation: http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/thermochem/heat_soln.html 
	The following terms should be used: enthalpy change of formation, ionisation energy, enthalpy change of atomisation and lattice enthalpy

The Born–Haber cycle is a useful model to calculate or compare enthalpy terms and does not suggest any sort of mechanism of reaction

Lattice enthalpy is defined as the energy released when one mole of a solid crystal is formed from its gaseous ions

The term ‘Charge density’ should be used here

	5.2.2 Enthalpy and entropy


	Students can conduct a series of experiments to understand that systems tend towards disorder

They can carry out an endothermic reaction (e.g. NH4Cl and Ba(OH)2 and explain, in terms of entropy, that some endothermic  reactions are spontaneous

For a series of reactions/equations the entropy change can be calculated using 

ΔS = ΣS products – ΣS reactants
Students can decide whether changes of state e.g. water condensing should occur given solely entropic considerations. They can then discuss the other factors which need to be considered when predicting spontaneity of reactions

Students should then calculate ΔG for various reactions and consider the effect of changing temperature on the spontaneity of a reaction 

	Reaction between NH4Cl and Ba(OH)2 .  Other experiments include the reaction between cobolt chloride hexahydrate and thionyl chloride and dissolving ammonium nitrate

Entropy circus, e.g. mixing sand, card shuffling etc. (see lesson plans)

www.avogadro.co.uk covers entropy and the interaction between system and surroundings

http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch13.htm contains an animated entropy explanation including the entropy battle game and a Gibbs free energy animation

http://www2.wwnorton.com/college/chemistry/gilbert/tutorials/ch13.htm provides analysis of the effect of enthalpy and temperature on ΔG
	Entropy increases as the disorder of a system increases

Introduce the relationship

(G = (H – T(S and note the importance of temperature



	5.2.3 Electrode potentials and fuel cells
Electrode potentials
	Students can carry out an experiment investigating displacement reactions of metal based on the reactivity series. They can construct full and 1/2 equations for the reactions that have taken place 

The same reactions can be set up as electrochemical cells and the cell potentials measured. Practical: measuring standard electrode potentials e.g. Cu2+/Cu and Ag/Ag+. What happens when salt bridge is removed
Students can test predictions based on electrochemical potentials and conduct experiments to assess their predictions

	ILPAC ‘Advanced practical Chemistry’ Experiment: Displacement reactions of metal 

ILPAC ‘Advanced practical Chemistry’: measuring the potential difference generated by electrochemical cells

ILPAC ‘Advanced practical Chemistry’: Variation of EMF with concentration

ILPAC ‘Advanced practical Chemistry’: Testing predictions about redox reactions and the rusting of Iron and steel.

http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/CuZncell.html gives zinc/copper cell animation (needs shockwave to load)

	Cell annotation must be correct

½ equations required




	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.2: energy

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

	
	Using a standard hydrogen electrode if available or a simulation show students how the standard electrode potentials of elements can be determined. Alternatively the idea can be shown by setting up a cell using a metal such as copper in contact with copper sulfate solution and comparing metals to this

The topic can be reviewed by setting problems based on electrode potentials

Students can assess the size of the electrode potential for a spontaneous reaction and to consider the kinetic and thermodynamic feasibility of a reaction 
	http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/ZnCutransfer.html shows electron transfer in electrochemical processes. (needs shockwave to load)

Shows animation of standard hydrogen electrode: http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/animations/SHEZnV7.html (needs shockwave to load)

Traffic light exhibition experiment 

http://www.rsc.org/Education/EiC/issues/2005July/Exhibitionchemistry.asp can be used to assess feasibility of a reaction and kinetic constraints


	Conditions required for the measurement of standard electrode potentials must be noted

For E o  measurements, ions of the same element can have concentrations of 1 mol  dm–3 or be equimolar

Anticlockwise rule is useful in assessing whether reactions are spontaneous but limitations of predictions made using standard cell potentials must be considered in terms of kinetics and concentration

The distinction between kinetic and thermodynamic stability should be drawn out. (It is a very common error for students to incorrectly associate a small positive value for the electrode potential with a slow reaction)


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	20 hours
	Topic
	5.2: energy

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

	Storage and fuel cells


	Students can build a simple fuel cell and/or an animated fuel cell can show how electricity is produced

Students can write the ½ equations for the reactions that occur

As a review students could, if time allows,  calculate enthalpy of combustion of petrol, ethanol and hydrogen using bond enthalpies and compare the efficiencies of the three fuel types

In groups students can compare the sources of, and advantages and disadvantages of, different fuel types and the advantages of, for example, fuel cell vehicles. There is the opportunity for a debate to decide on the ‘greenest’ fuel


	Salters Advanced Chemistry practical

http://www.rolls-royce.com/energy/tech/fuelcells.jsp  provides a short video on the development of fuel cells

http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcell_animation.html  

http://www.rolls-royce.com/energy/tech/fuelcells.jsp
http://zebu.uoregon.edu/2001/ph162/l10h.html  
	Fuel cell vehicles (FCVs) can be powered by pure hydrogen or hydrogen rich fuels which can be stored as a liquid under pressure or adsorbed and absorbed


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.3 Transition Elements

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

	5.3.1 Transition elements
	Students should write electron configurations of atoms and ions of the period 4 d-block elements

Students can carry out an investigation looking at the variable oxidation states of vanadium and/or manganese to show the formation of coloured compounds. They can predict whether the reactions are feasible using standard electrode potentials where applicable


	http://www.rjclarkson.demon.co.uk/tandp/optiontransitionelements.htm gives a good transition metal starting point and notes

ILPAC ‘Advanced practical Chemistry’ Illustrating the oxidation states of Vanadium and manganese.

Genie in a bottle demonstration (decomposition of H2O2)

http://www.chem.leeds.ac.uk/delights/texts/expt_14.html gives some short video demonstrations

http://www.chemsoc.org/Networks/Learnnet/videodemos/catalysts.pdf
Traffic light exhibition experiment

http://www.rsc.org/Education/EiC/issues/2005July/Exhibitionchemistry.asp  (if not used previously)
	Transition elements are described as having at least one ion with an incomplete d sub-shell

Electrode potentials can be included indicate feasibility of reactions

	Precipitation reactions
	Students should add aqueous sodium hydroxide to solutions containing Cu2+(aq), Co2+ (aq), Fe2+(aq) and Fe3+(aq) and note down the colour changes. They should then write ionic equations for the reactions that have taken place
	
	· The colours of precipitates should be noted


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.3 Transition Elements

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

	Ligands and complex ions
	Students can investigate the shape of complex ions after investigating the formula of a complex ion [e.g. the formula of hexa-aqua copper(II)] 

Introduce the terms complex ion and coordination number

Students can make models of complex ions e.g. Ni(NH2)2Cl2 and [Ni(NH2CH2CH2NH2)]and investigate types of isomerism
Students can research the use and properties of cis-platin in anti-cancer treatment
	http://www.chemguide.co.uk/inorganic/complexions/whatis.html#top gives notes on transition elements

ILPAC ‘Advanced practical Chemistry’ 

Finding the formula of a complex ion using a colorimeter

Molecular model kits


	H2O, Cl- and NH3 should be used as examples of monodentate ligands

Bidentate ligands required e.g. NH2CH2CH2NH2
Cis-trans and optical isomers required

	Ligand substitution
	Students can undertake a series of ligand substitution experiments e.g. using Cu2+  and Co2+  and the substitution of H2O, NH3 and Cl-. Equations can be written

Introduce students to the expression for the stability constant Kstab and ask them to write Kstab expressions for the ligand substitution reactions and complex ions formed

Students can conduct a practical to analyse the relationship between the magnitude of Kstab and the stability of a complex ion
	Investigation into the stability of some Nickel complexes (Salters practical)

ILPAC ‘Advanced practical Chemistry’ 

Using stability constants to predict ligand substitution reactions


	Equations should be written as equilibrium processes

The reversible nature of complex formation and ligand exchange can be linked to entropy


	GCE Chemistry A: H434. F325: Equilibrium, Energetics and elements

	Suggested teaching time
	15 hours
	Topic
	5.3 Transition Elements

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

	
	Students can prepare short presentations on the substitution of O2 and CO2 on iron in haemoglobin
	http://www.bmu.unimelb.edu.au/examples/gasxlung/index.html  gives an animated overview of the process
	

	Redox reactions and titrations
	Students should undertake some investigative chemical analysis to determine, for example, the % of iron in iron tablets (using MnO4- ) and the amount of copper in brass using I2/S2O32- 

	http://www.chem.iastate.edu/group/Greenbowe/sections/projectfolder/flashfiles/redoxNew/redox.html gives redox titrations animation

Other experiments include the available chlorine in bleach and the purity of KIO3
	


Sample GCE Lesson Plan: Chemistry A H434

F325: Equilibria, Energetics and Elements

Hydrogen Economy and Fuel Cells

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 extended to 2 lessons or a ‘longer’ science lesson.

Learning Objectives for the lesson

	Objective 1
	Students will understand how a fuel cell operates.

	Objective 2
	Students will construct a fuel cell.

	Objective 3
	Students will apply knowledge of electrochemistry to write full and ½ equations for the processes that occur in a fuel cell.


Recap of previous experience and prior knowledge

· Students will have constructed electrochemical cells and carried out experiments to determine cell potentials. They will understand oxidation and reduction and the concepts behind electrochemical cells.

Content

	Time
	Content

	10 minutes
	· Show the Rolls Royce http://www.rolls-royce.com/energy/tech/fuelcells.jsp  (or similar) video about Fuel Cells

· Set a series of short answer questions to answer using the information in the video to include the type of fuel used and the possible advantages of fuel cells. 

	25 minutes
	· Practical activity:

· In groups students build a fuel cell (e.g. using either i) electrolysis of water and subsequent connection to a voltmeter or ii) a fuel cell kit. If the former is used ask students to consider why this would not be viable to use). 
· Note the ratio of H2 to O2 produced 



	Time
	Content

	15 minutes
	· Using the suggested animated resources below (or others if appropriate), show students how a modern day fuel cell is designed to work to produce electricity. 

· Challenge students to write the ½ equations for the processes that occur at each electrode and an overall equation for the reaction occurring. Discuss the benefits of producing water as an emission.

http://www1.eere.energy.gov/hydrogenandfuelcells/fuelcell_animation.html  shows the set up of a PEM cell and gives the electrode reactions.

http://www.rolls-royce.com/energy/tech/fuelcells.jsp  provides an animation and gives some background on the sources of hydrogen

http://zebu.uoregon.edu/2001/ph162/l10h.html  provides a clear animation the equations and the advantages and disadvantages oh hydrogen as a fuel.


Consolidation

	Time
	Content

	5 minutes
	Identify the significant features of a fuel cell by labelling a cross section with the correct chemical processes and material.

	5 minutes
	Set homework to research the sources of hydrogen for use in Fuel Cell Vehicles (FCVs) and hydrogen rich fuels which could be used instead. 


Sample GCE Lesson Plan: Chemistry A H434

F325: Equilibria, Energetics and Elements

Hydrogen Economy 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.
Learning Objectives for the lesson

	Objective 1
	Students will apply principles of bond enthalpies to calculate enthalpies of combustion of common fuels.

	Objective 2
	Evaluate the advantages and disadvantages of using hydrogen as a fuel.

	Objective 3
	Understand that energy is required to produce hydrogen.


Recap of previous experience and prior knowledge

· Students have studied the Greenhouse Effect and the use of hydrogen in fuel cells. They have calculated enthalpy changes and have been set a piece of homework to research the sources of hydrogen for use in a fuel cell.
Content

	Time
	Content

	10 minutes
	Small group discussion: 

· Why is Hydrogen a preferred fuel for cars compared to Petrol and Diesel?

· Groups can list the disadvantages and advantages of each type of fuel.

	20 minutes
	· Using a prepared spreadsheet with bond enthalpies, or from first principles, students can calculate the energy released by the combustion of hydrogen and compare this to ethanol and petrol. 

· This can be calculated as the enthalpy change per mole and per gram to get a measure of the energy density. 

· They can calculate the volume occupied by 1 gram of each material.

	10 minutes
	· Provide groups with data on the efficiencies of hydrogen powered cars and ask them to list as many constraints with the use of hydrogen that they can find.

· Feedback as a class to compile a list including the storage of gas, flammability, availability of hydrogen. Images of the Hindenburg disaster could be used.


	Time
	Content

	10 minutes
	· Using their homework students can list the sources of pure hydrogen and the methods by which it can be obtained. 

· They can note down the problem that the extraction has an energy input and may release greenhouse gases. 

· Can they think of any green technologies which may make the extraction of hydrogen a ‘clean’ process? 

· How could they transport the hydrogen?


Consolidation

	Time
	Content

	10 minutes
	· Review with the use of hydrogen as a fuel by considering the statement ‘Hydrogen is an ‘energy carrier’ and not an ‘energy source’’.


Sample GCE Lesson Plan: Chemistry A H434

F325: Equilibria, Energetics and Elements

An Introduction to Entropy and disorder (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.
Learning Objectives for the lesson

	Objective 1
	Students will understand that endothermic reactions can be spontaneous.

	Objective 2
	Students will carry out experiments to discover that systems tend towards disorder.

	Objective 3
	Students will understand that Entropy is a measure of disorder.


Recap of previous experience and prior knowledge

· Review previous work by giving students a quick quiz on enthalpy changes to include the following terms: activation energy, endothermic, exothermic, the terms in  ΔH = mcΔT and enthalpy profile diagrams

Content

	Time
	Content

	10 minutes
	Teacher led review of key terms: Activation energy, endothermic and exothermic reactions, ΔH = mcΔT and enthalpy profile diagrams. 

	20 minutes
	In groups students carry out the reaction between solid NH4Cl and Ba(OH)2 and calculate the enthalpy change using ΔH = mcΔT (this could be done as a class demonstration instead)

	5 minutes
	· Give students the balanced equation for the above reaction. 

· Ask why this endothermic reaction should occur spontaneously.

	20 minutes
	· 
In groups students can complete a circus of experiments demonstrating changes in order. Examples could include: mixing 2 layers of sand in jar, mixing a ready made trifle, shuffling an ordered pack of cards, ordering a flow chart of cards showing snowman melting, ice cubes melting, water boiling and mixing different coloured paints.

· 
Students can describe of order of particles in solids, liquids and gases. 


	Time
	Content

	
	· Ask the students if it is possible to carry out the reverse of the processes they have carried out.

· State that the term entropy is a measure of disorder and the systems tend towards a state of maximum entropy. 

· (Entropy is represented by S, the change in entropy by ΔS.  For an increase in disorder ΔS is positive)


Consolidation

	Time
	Content

	5 minutes
	· Working individually, using yes/no cards, students can be given a series of examples and asked which result in an increase in entropy. Examples include:

Water evaporating

Solid CO2 subliming

Steam condensing to water

Salt dissolving in water

Hydrogen gas and oxygen gas reacting to form water.
Discuss the changes in state that result in an increase in disorder.


Sample GCE Lesson Plan: Chemistry A H434

F325: Equilibria, Energetics and Elements

Calculating Entropy and Free Energy Changes (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 extended to 2 lessons or a ‘longer’ science lesson.

Learning Objectives for the lesson

	Objective 1
	Students will recognise and describe changes that produce an increase in disorder.

	Objective 2
	Students will analyse reactions for increase in disorder and calculate ΔS values.

	Objective 3
	Students will evaluate the use of ΔS in determining spontaneity and understand the use of ΔG in determining spontaneity of reactions. 


Recap of previous experience and prior knowledge 

· Define entropy and describe the change in entropy that occurs for three different processes.

Content

	Time
	Content

	5 minutes
	Small group review. Each group to define entropy and consider the changes in entropy of the following changes: Solids dissolving, gases being produced in chemical reactions and a liquid evaporating.

	10 minutes
	· Give students the 2nd law of thermodynamics

· Working in small groups students decide which of the following equations results in an increase in disorder/increase in entropy

· Review Answers with explanations.

2Mg (s)   + O2 (g) ( 2MgO (s)
CaCO3 (s)  ( CaO (s) + CO2 (g)
N2 (g)  + 3H2 (g)  ( 2NH3 (g)
Zn (s) + Cu2+(aq) (  Zn2+(aq) + Cu (s)
Na (s) + ½ Cl2 (g) ( NaCl (s)
6CO2 (g)  + 6H2O (l) (  C6H12O6 (aq) + 6O2 (g)
These could be presented on a worksheet with all relevant values (SӨ and ΔH)

	Time
	Content

	10 minutes
	· Given SӨ values students can calculate ΔS for two of the reactions above using ΔS = ΣSӨ products – ΣSӨ reactants 
· Review answers

	15 minutes
	· Students should consider whether, according to entropy, water should condense.

· In groups students to order cards explaining the changes that are taking place in both the enthalpy and entropy of the system and surroundings and to discuss that even though disorder is decreasing the change is spontaneous.
· Depending on ability of group discuss other considerations that might affect the change e.g. the temperature and the increase in entropy of the surroundings.

	10 minutes
	· Explain that predicting whether a reaction will occur spontaneously is a combination of enthalpy and entropy and we need to calculate ΔG. For a spontaneous reaction ΔG is negative.

· Give students the equation ΔG = ΔH – TΔS (ensure all units are correct) and show students how to calculate ΔG for one of the reactions above.


Consolidation

	Time
	Content

	5 minutes
	Quiz to review symbols and signs associated with an increase or decrease in entropy and with the spontaneity of a reaction, including + ΔS, disorder, gases, ΔG etc.

	5 minutes
	Set homework. Calculate ΔG values for the above reactions at 298 K and 273 K and comment on the changes in spontaneity of each reaction as the temperature changes.


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


This icon is used to Highlight exceptionally innovative ideas.
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�I have added this comment all the way through. Some of the sites contain animations. Shockwave should load automatically on school/college systems.


�Placed in points to note as an alternative approach. 


�Innovative reffered to predicting electrode potentials above not the Hydrogen electrode
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�I have added this comment all the way through. Some of the sites contain animations. Shockwave should load automatically on school/college systems.


�Placed in points to note as an alternative approach. 


�Innovative reffered to predicting electrode potentials above not the Hydrogen electrode


�Loaded Ok on college computers
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