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Aim
The aim of this review is primarily to show university academic staff what is taught at A-level.  It will also form a useful starting point for ascertaining the impact of the new (2008) specifications on the material that will be taught to future A-level students.

It should be pointed out that the review is based on exam board specifications.  It should be recognised that although the exam board may not require a particular item to be taught, it is quite possible that it has been covered by teachers.  Chemistry teachers do a brilliant job of motivating and enthusing students, and the recent increases in uptake at A-level and in university applications are in no small part attributable to the enthusiasm and hard-work of classroom practitioners.
The depth of coverage in different schools will be variable for a number of reasons (I speak from my own experience as an A-level teacher in a comprehensive school with 20+ students doing chemistry), and academic staff should be aware of the following points:
a) Unfortunately, teachers’ performance is judged on exam results, and it is sometimes in their interests to spend time preparing students to do well in exams.  Furthermore, many students expect a degree of exam coaching in their lessons which puts more pressure on teaching time, and reduces scope for extending teaching beyond the syllabus.
b) A majority of A-level chemists will not be doing chemistry degrees, so preparing students for a chemistry degree is not a priority for most chemistry teachers.
c) Facilities for practical work (fume cupboards, equipment) are somewhat variable and some students will have very limited practical experience.
d) In some cases, non-specialist teachers will be involved in A-level teaching because of a shortage of chemistry teachers.  We need to be sure to support these brave people (I wouldn’t be able to teach A-level physics or biology!) by sharing good practice.
e) In many cases, teachers are faced with very mixed ability (and sometimes quite large) classes, which inevitably means that more difficult topics are harder to deliver.
As is seen at university level, students do have short memories sometimes, and they may well need to be reminded about what they were taught at A-level!  This is perhaps an unfortunate consequence of the modularisation of the A-level course which allows students to compartmentalise their knowledge, which can lead to its ‘disposal’ after the exam.  It should not therefore be expected that first year undergrads will have a thorough working knowledge of the material that they were taught as shown in this document! 
Using this document
I have put together this review of A-level chemistry content by referring primarily to the exam board specifications themselves.  To make it accessible for academics, I have tried to break it into Inorganic, Organic and Physical, although this distinction is not necessarily made now in teaching at A-level, especially since the modular courses were introduced in the 1990s.  Interestingly, our own students at Southampton University tell us that they like their teaching to be delivered in terms of I, O and P as this helps them to identify areas of weakness.

In each section, I have reviewed the content of the 5 main (English) specifications (see Appendix B for more detail).  Topics are listed on the left, and coverage in a particular specification is indicated by a /, while the absence of that topic is denoted by X.  In some cases AS or A2 are used to indicate that the topic in question is covered elsewhere.  In the case of Edexcel Nuffield and (most notably) OCR, OPT will be seen when material is covered in an optional module. Coverage of the optional modules included in these specifications is limited to that which overlaps with the mainstream content of other specifications (see Appendix A for more detail).

Entries in bold beginning ‘Students should be able to…’ are there to help communicate what the students should be capable of. I remind the reader that ‘should’ is a very vague term… The demand of the topic entries is variable, and I have made no attempt to suggest grade levels for them.
I apologise at this point for any incorrect information, and I welcome reports of errors for correction (d.read@soton.ac.uk).  As stated elsewhere, this document is meant to be an overview, although it has admittedly become somewhat larger than originally envisaged!  For truly comprehensive records of what each board requires, please refer to the specifications.
From my own perspective, it has been a useful process as I have been able to identify the gaps in different specifications, which will help me to develop support for undergraduates who come in with different A-level backgrounds.  Some interesting headlines are that the OCR specification is the only one that makes no mention of ‘entropy’, a significant omission, some might suggest.  SN1 and SN2 reactions only crop up in the two Edexcel specifications (the others cover nucleophilic substitution in a generic sense), while AQA is the only board to cover the ideal gas equation and Gibbs free energy.  These are just a few of the differences that can be found between the different specifications. 
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AS level general chemistry: atomic structure

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Atoms (+ ions and isotopes) are made from protons, neutrons and electrons.  Atomic symbols can be used to work out how many of each is present.

Students should be able to draw representations of atoms, define ions isotopes etc
	/
	/
	/
	/
	/

	Electron shells are made up of sub-shells and orbitals.  Shapes of s & p orbitals taught.

Students should be able to work out electron configurations.
	/
	/
	/
	/
	/

	Electronic structure decides the chemical properties of an element (ion formation to get noble gas configuration).  (4s1 configuration of Cr and Cu is discussed)

O: 1s2 2s2 2p6 3s2 3p4  (or [Ne] 3s2 3p4).  They can also draw ‘electrons (arrows) in boxes’
	/
	/
	/
	/
	/

	Ionisation is the removal of one or more electrons, and ionisation energy is affected by atomic radius, nuclear charge and electron shielding.  

Students should be able to explain the role of atomic radius, nuclear charge and electron shielding in magnitudes of IE values, & describe evidence for the existence of sub-shells.
	/
	/
	/
	/
	/

	Ionisation energies decrease down a group (e.g. group II).

Students should be able to use similar arguments to the above to explain this.
	/
	/
	/
	/
	/

	Successive ionisation energies of elements provide evidence for the existence of sub-shells.
Students should be able to explain the trend in successive ionisation energies for an element (e.g. Na) using ideas about the charge on the ion and sub-shells.
	X
	/
	/
	/
	/


OCR Salters requires knowledge of ideas about nuclear fusion forming elements in stars.  Radioactive decay and nuclear equations are also covered.  Atomic spectra are also covered in some detail, incorporating absorption/emission of quantised energy, with the precise wavelengths being characteristic of the element. Lyman, Balmer and Paschen series are covered.

Edexcel Nuffield requires discussion of the flame colours if group I and II metals in relation to emission spectra and the existence of energy levels for electrons. (See OCR Analysis and Detection optional module at A2 level for similar material).

AS level general chemistry: moles and equations

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Definitions of Relative atomic, isotopic and molecular mass on C-12 scale.

Students should be able to deduce relative atomic mass from % abundances/masses.
	/
	/
	/
	/
	/

	Relative masses can be measured using a mass spectrometer – details limited to vaporisation, ionisation, acceleration, deflection, detection. Expanded on at A2 level.

Students can derive R.A.M. (or R.F.M.) and % isotopic abundance from spectra
	/
	/
	/
	/
	/

	The mole is a measure of the amount of a substance,

Students should be able to calculate no. of moles, no. of particles, concentration of solutions, moles from gas volumes (at RTP), rearranging equations where appropriate.
	/
	/
	/
	/
	/

	Empirical formulae can be calculated from information regarding masses of elements in compounds, experimental results (e.g. combustion) or % compositions.

Students should be able to carry out the appropriate calculations.
	/
	/
	/
	/
	/

	Molecular formulae can be calculated using the empirical formula/R.F.M.

Students should be able to carry out the appropriate calculations.
	/
	/
	/
	/
	/

	Chemical equations can be used to show what happens in a reaction.

Students should be able to balance equations (inc. state symbols), and use balanced equations to work out reacting masses/gas volumes.
	/
	/
	/
	/
	/

	Ionic equations only show the reacting particles, and the charges on both sides must balance.

Students should be able to write ionic equations for relevant reactions (although they often find it very difficult).
	/
	/
	/
	/
	/

	Titrations are used to investigate solutions quantitatively.

Students should be able to carry out titrations and use the data to calculate no.s of moles, concentrations, volumes of reagents etc.
	/
	/
	/
	/
	/


AQA is the only board which covers the ideal gas equation.
AS level general chemistry: covalent bonding and shapes of molecules

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Molecules are groups of atoms held together by covalent bonds (shared pairs of electrons).

Students should be able to represent molecules using dot+cross diagrams (not Lewis structures).
	/
	/
	/
	/
	/

	σ bonds are formed by overlap of two s orbitals (many students may not be aware that two px orbitals can form σ bonds) giving a high electron density between the nuclei.

Students should be able to describe σ bonding with the aid of simple diagrams (coverage in this area by be inconsistent.
	/
	/
	/
	/
	/

	bonds are formed by overlap of two p orbitals, with the electrons being found above and below the molecular axis.

Students should be able to describe the bonding in ethane and represent that molecule using a dot-and-cross diagram or rough sketches of the molecular orbitals. 
	/
	/
	/
	/
	/

	Dative (coordinate) covalent bonding is where both electrons come from one atom. (e.g. NH4+)
	/
	/
	/
	/
	/

	The shape of a molecule is determined by the no. of e- pairs in the outer shell of the central atom.

Students should be able to explain that lone pairs repel more than bonding pairs.
	/
	/
	/
	/
	/

	VSEPR theory can be used to work out the shapes of molecules and ions.

Students should be able to derive the shapes of the following species:

2 electron pairs: e.g. BeCl2, CO2
3 electron pairs: e.g. BF3, CO32-, NO3-

4 electron pairs: e.g. NH4+, NH3, SO32-, H2O

5 electron pairs: e.g. PF5
6 electron pairs: e.g. SF6
	/
	/
	/
	/
	/


AS level general chemistry: ionic, metallic and giant covalent structures

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Ionic bonding arises from the strong electrostatic attraction between ions of opposite charge.
	/
	/
	/
	/
	/

	Ions are formed when atoms gain/lose electrons to get full outer shells of electrons.

Students should be able to represent ions using dot-and-cross diagrams, and derive the formula of an ionic compound using information about ionic charges.
	/
	/
	/
	/
	/

	Sodium chloride has a giant ionic lattice structure (cube shaped) with many strong ionic bonds.

Students should be able to describe and explain properties of ionic compounds (high m.pt/b.pt, conductivity (electrolysis)) in terms of energy required to break bonds, mobility of ions in different states.
	/
	/
	/
	/
	/

	Small cations with a high charge are polarising due to their high charge density.  Large anions with a small charge are easily polarised due to low charge density.  
Students should be able to describe and explain the covalent character of some ionic compounds with reference to polarising powers/polarisabilities.
	/
	/
	/
	/
	/

	Metals have giant structures with positive ions in a lattice surrounded by a sea of delocalised electrons.  

Students should be able to describe and explain the properties (m.pt, b.pt, conductivity, ductility/ malleability) with reference to structure.
	/
	/
	/
	/
	/

	Diamond, graphite (allotropes of C) and SiO2 have giant covalent structures.

Students should be able to describe/explain the properties (m.pt/b.pt, density, conductivity, insolubility) of diamond/graphite with reference to bonding. 
	/
	/
	/
	/
	/


OCR Salters requires a discussion of the differences between the structures of CO2 and SiO2.
AS level general chemistry – intermediate bonding and intermolecular forces
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Most compounds have properties somewhere between those of pure ionic and covalent bonding.
	/
	/
	/
	/
	/

	The ability of an atom of an element to attract bonding electrons in a covalent bond is the electronegativity, measured on the Pauling scale.
	/
	/
	/
	/
	/

	Polar covalent bonds arise when the two atoms involved have differing electronegativities.
	/
	/
	/
	/
	/

	Polar bonds in a may lead to a polar molecule, except in cases where the polar bonds point in opposite directions, so the dipoles cancel each other out.

Students may or may not have been taught this with reference to symmetry.
	/
	/
	/
	/
	/

	Intermolecular forces are much weaker than bonds between atoms.
	/
	/
	/
	/
	/

	Temporary dipole-induced dipole (Van der Waal) forces are the weakest forces.

Students should be able to explain the effect of the size and shape of a molecule on the strength of intermolecular forces, and the consequent effect on boiling & melting points.
	/
	/
	/
	/
	/

	Polar molecules have permanent dipole-dipole forces, which are weak (but stronger than VdW forces).  Polar liquids can be attracted to an electrostatically charged rod.
	/
	/
	/
	/
	/

	Hydrogen-bonding arises when H is bonded to highly electronegative atoms like fluorine, nitrogen and oxygen, and is the strongest intermolecular force.

Students can show H-bonding in water/ammonia by drawing diagrams showing lone pairs, dipoles and dashed lines representing H-bonds.
	/
	/
	/
	/
	/

	Hydrogen bonding leads to higher m.pts and b.pts, and makes compounds soluble in water.  

Students should be able to explain why ice floats on water using ideas about H-bonds.
	/
	/
	/
	/
	/


AS level inorganic chemistry: the periodic table and periodicity

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	The modern periodic table evolved from work by, among others, Newlands, Mendeleev and Moseley. 
	X
	X
	X
	X
	/

	Periodicity means the trends in physical/chemical properties that occur across a period.

The term periodicity is often used very vaguely!
	/
	/
	/
	/
	/

	Atomic radii, ionic radii, electronegativity, and thermal/electrical conductivity change as you go across a period.

Students should be able to describe & explain trends in these properties across a period.
	/
	/
	/
	/
	/

	Melting and boiling points across a period depend on the type of bonding/structure present.

Students should be able to explain the trends in melting points of the elements across a period using ideas from the previous sections (Bonding and Structure).
	/
	/
	/
	/
	/


See AS level general chemistry: moles and equations for initial coverage of ionisation energies.

	Ionisation energy generally increases across a period, with some small decreases.
Students can explain the trend in IE across period 3 using ideas about nuclear charge, s/p subshells, spin pairing and electron repulsion (see also below).  
	/
	/
	/
	/
	/

	There is a drop in ionisation energy from group II to group III.

Students should be able to explain this in terms of the orbitals the electrons are found in and the shielding by other electrons.
	/
	/
	/
	/
	/

	There is a drop in ionisation energy from group V to group VI.

Students should be able to explain this in terms of the repulsion between electrons in the same orbital.
	/
	/
	/
	/
	/


AS level inorganic chemistry – redox processes
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Reduction and oxidation occur simultaneously in redox reactions.  Oxidising agents accept electrons, reducing agents donate electrons.

Students should be able to write half-equations to show redox reactions.
	/
	/
	/
	/
	/

	Oxidation no.s (or oxidation states) can be assigned using a set of simple rules.

Students should be able to work out the oxidation state of an element in a compound/ion.
	/
	/
	/
	/
	/

	Oxidation state goes up when electrons are lost (oxidation) and oxidation state goes down when electrons are gained (reduction).

Students should recognise that disproportionation can occur e.g. Cl2 + H2O ( HOCl + HCl
	/
	/
	/
	/
	/

	Displacement reactions of metals involve redox reactions.

Students should be able to use the reactivity series to identify reducing/oxidising agents of different strengths and to predict the outcome of displacement reactions.
	/
	/
	/
	/
	/

	Iron is extracted using the Blast Furnace.

Students should be able to give details of the chemical reactions which take place including redox processes and the role of limestone in removing impurities.
	/
	X
	X
	X
	/

	Aluminium is extracted by electrolysis of aluminium oxide, obtained from the ore bauxite.

Students should be able to write equations and evaluate economic / energy considerations.
	/
	/
	X
	X
	X

	Steel is made in the Basic Oxygen Converter.

Students can describe the oxidation reactions that remove the impurities and describe how other elements are added to alter the properties of steel.
	X
	X
	X
	X
	/


AQA require a discussion of the limitations of reduction with carbon e.g. metal carbides are formed when compounds of metals like Ti and W are reduced with carbon. Carbon reduction poses environmental problems, as does the roasting of sulphide ores. AQA students are also expected to describe the extraction of Ti from rutile and to explain the limited use of the metal based on the cost of the batch process used, and to then explain the importance of recycling metals (particularly Fe and Al).
AS level inorganic chemistry – s-block elements
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Key trends of S-block elements:

Students should be able to describe and explain the trends of the following properties down groups I and II: atomic and ionic radii, reactivity, electronegativity, m. pt/b. pt
	/
	/
	/
	/
	/

	Ions of s-block metals have distinctive flame colours (due to electronic transitions etc).

Students should recall that using a spectroscope gives a line emission spectrum.
	X
	/
	/
	X
	X

	Group I metals are the most reactive metals, which are easily oxidised to M+ ions.

Students should be able to explain the trend in reactivity down the group.
	/
	/
	/
	/
	/

	Group I metals react with water to produce hydroxides MOH, oxygen to produce oxides M2O and chlorine to produce chlorides MCl.

Students can write balanced symbol equations to show these reactions.
	(A2)
	/
	X
	(A2)
	(A2)

	Group II metals react with water to produce hydroxides M(OH)2, oxygen to produce oxides MO and chlorine to produce chlorides MCl2.

Students can write balanced symbol equations to show these reactions.
	/
	/
	/
	/
	/

	S-block metal oxides and hydroxides are bases, forming alkaline solutions. 

Students should be able to recall approximate pH values of these solutions.
	/
	/
	/
	/
	/

	Group II metal carbonates decompose forming the oxide and carbon dioxide.

Students should be able to outline the reactions of the limestone cycle (also GCSE).
	X
	/
	/
	/
	/


Students should be able to:

	describe and explain the trend in the stabilities of the group I carbonates & nitrates
	X
	/
	X
	X
	X

	describe and explain the trend in the stabilities of the group II carbonates
	X
	/
	/
	A2
	/

	describe and explain the trend in the stabilities of the group II nitrates
	X
	/
	/
	X
	X

	describe the trends in solubilities of group II hydroxides and sulphates
	/
	/
	X
	X
	/


AS level inorganic chemistry – halogens and halides
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	The halogens are reactive non-metals in group 7:

Students should be able to describe trends in electronegativity and b.pt down the group and explain the reactivities of the halogens/halides in displacement reactions in terms of oxidising strength.  They can link this to the size of the atoms/ions and their relative abilities to attract electrons.
	/
	/
	/
	/
	/

	The reducing power of halide ions increases down the group.

Students should be able to describe this trend using converse arguments to those used in the previous example.
	/
	/
	/
	/
	/

	Students should be able describe tests for iodine and chlorine.
	X
	/
	X
	X
	X

	Chlorine reacts with water and alkalis in disproportionation reactions to give useful products.

Students should be able to explain why these reactions are useful, write balanced equations and assign oxidation states appropriately.
	/
	/
	/
	/
	/

	Iodine is extracted from seaweed.
	X
	X
	/
	X
	X

	Bromine is extracted from seawater by oxidation using chlorine.
	X
	/
	/
	X
	/

	Salts of different halides react differently with sulphuric acid.

Students should be able to write equations for these reactions and assign oxidation states to identify oxidation and reduction.
	X
	/
	/
	X
	X

	Silver nitrate and ammonia can be used to identify halide ions present in salts.

Students should be able to describe the appearance of precipitates and the effect of adding dil/conc ammonia solution and write ionic and full equations can be written.
	/
	/
	/
	/
	/

	Hydrogen halides are colourless, acidic gases (GCSE)
	/
	/
	/
	/
	/


Edexcel requires a description of the extraction of chlorine by electrolysis of brine.

AS level organic chemistry – nomenclature and isomerism

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Students should be able to recognise and demonstrate the ability to name compounds in the following homologous series: alkanes, branched alkanes, cycloalkanes, halogenoalkanes, alkenes, alcohols
	/
	/
	/
	/
	/

	Students should be able to recognise and demonstrate the ability to name compounds in the following homologous series: aldehydes and ketones
	/
	A2
	/
	/
	A2

	Students should be able to recognise and demonstrate the ability to name compounds in the following homologous series: esters
	A2
	A2
	A2
	/
	A2

	Students should be able to recognise and demonstrate the ability to name compounds in the following homologous series: carboxylic acids
	/
	A2
	/
	/
	A2

	Students should be able to recognise and demonstrate the ability to name compounds in the following homologous series: ethers
	X
	X
	X
	X
	/


Individual specifications can be referred to for further clarification on the requirements for recognising/naming homologous series.  Generally, molecules with more than 6 C atoms will not be tested.  Students will have varying levels of confidence with nomenclature.

	Representing organic compounds:

Students should be able to represent organic compounds using the following:

Molecular formulae, structural formulae, displayed formulae and skeletal formulae (they should also be able to use general formulae and empirical formulae).
	/
	/
	/
	/
	/


Again, individual specifications can be referred to for further guidance.  Some students will be able to draw the different representations, but won’t accurately be able to use terms such as ‘displayed formula’.

	The theoretical yield of a reaction is the maximum amount that could be obtained in a reaction, while the % yield is the actual amount obtained.

Students should be able to calculate theoretical and percentage yields.
	X
	/
	/
	/
	 (A2)


AS level organic chemistry – nomenclature and isomerism continued

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Structural isomers have the same molecular formula, but their atoms are arranged in a different way (to include chain isomers e.g. butane vs methyl propane and positional isomers e.g. propan-1-ol vs propan-2-ol).

Students should be able to recognise, name and predict the existence of isomers within the homologous series encountered at this level. 
	/
	/
	/
	/
	/

	Geometric isomers are found in alkenes which have two different groups attached to each carbon of the C=C. (See later section on alkenes for more information)
	/
	/
	/
	/
	/


Geometric isomers are referred to as stereoisomers in the AQA spec at AS level, but only at A2 level by Edexcel, OCR and OCR Salters.  No reference to the term stereoisomerism is made in the Edexcel Nuffield specification, although optical isomerism is covered at A2.

AS level organic chemistry – hydrocarbons
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Alkanes are saturated hydrocarbons which are useful as fuels.

Students should be able to write a balanced symbol equation to represent the combustion of an alkane.
	/
	/
	/
	/
	/

	Crude oil can be separated into fractions containing hydrocarbons of different chain lengths by using fractional distillation.
	/
	X
	/
	/
	X


AQA have a requirement for more detail on fractional distillation that the other boards.  Only OCR has a requirement for an explanation of the varying boiling points of alkanes (branched and straight chain) in terms of VdW forces/packing.

	Crude oil can be separated into fractions containing hydrocarbons of different chain lengths by using fractional distillation.
	/
	X
	/
	/
	X

	Branched-chain alkanes and cycloalkanes can be added to petrol to improve the efficiency of combustion and eliminate knocking.
	X
	X
	/
	/
	/

	Straight-chain alkanes can be isomerised to create branched-chain isomers and reformed into cycloalkanes which can be used as fuel additives.
	X
	X
	X
	/
	/

	Long-chain hydrocarbons can be cracked to make smaller, more useful molecules.  Shorter chain alkanes (used in fuels) and alkenes (used in polymers) are produced.

Students should be able to describe the reaction using an equation and with reference to the use of a catalyst (+ economic considerations).
	/
	X
	/
	/
	/


AQA require the ability to discuss thermal cracking (high T + P, free radical mechanism ( more alkenes) vs catalytic cracking (high T, moderate pressure, zeolite, carbocation mechanism ( more useful alkanes).  No explicit mechanisms are required.  OCR Salters students may have had a similar treatment.

	Burning fuels has environmental consequences.

Students should be able to evaluate the benefits / consequences of burning different fuels.
	/
	/
	/
	/
	/


AS level organic chemistry – hydrocarbons continued
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Alkanes react with halogens to form halogenoalkanes.
	/
	/
	/
	/
	/

	Students should be able to write a mechanism for the free radical halogenation of alkanes with i) initiation, ii) propagation and iii) termination steps.
	/
	A2
	/
	/
	/

	Alkenes are unsaturated hydrocarbons which undergo electrophilic addition reactions.

Students should be able to give details (inc mechanisms, except for Edexcel at AS) for the reactions of alkenes with halogens and hydrogen halides and steam (AQA also specifies mechanism of reaction with H2SO4)
	/
	/
	/
	/
	/

	Addition of hydrogen to alkenes gives alkanes (used in margarine manufacture).  Alkenes also react with steam to give alcohols.

Students should be able to write equations and give conditions for these reactions.
	/
	/
	/
	/
	/

	Alkenes are oxidised by KMnO4 can be used to oxidise alkenes to diols.
	X
	/
	/
	X
	X

	Alkenes exhibit geometric (cis-trans) isomerism due to restricted rotation around the C=C bond.

Students should be able to explain restricted rotation in terms of the formation of a -bond when the two p-orbital overlap.  They should also recognise that the -bond with its readily available electron pair conveys the high reactivity upon alkenes.
	/
	/
	/
	/
	/


The Edexcel Nuffield specification refers to the isolation of the alkene limonene from citrus fruits by steam distillation.  Both the Edexcel and Edexcel Nuffield specifications require a good working knowledge of the process of distillation.

	Many alkene monomers can join together in addition polymerisation reactions to make polymers.
	/
	/
	/
	/
	/

	Students should be able to draw the polymer made from a specified monomer and vice versa.  They should also be able to discuss the uses of polymers.
	A2
	/
	A2
	/
	/

	Students should be able to evaluate environmental consequences of disposing of plastics.
	A2
	/
	A2
	/
	A2


AS level organic chemistry – halogenoalkanes
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Alkanes which contain halogen atoms are called halogenoalkanes (or haloalkanes).

Students should be able to name simple primary, secondary and tertiary halogenoalkanes and represent them using the different types of formulae discussed earlier.
	/
	/
	/
	/
	/

	Halogenoalkanes can be made from alcohols by reaction with HCl of NaBr/H2SO4.
	X
	/
	/
	/
	/

	Halogenoalkanes can be broken down by uv light to form radicals (e.g. CFCs).
	X
	/
	/
	/
	/

	Halogenoalkanes react with OH- and NH3 in nucleophilic substitution reactions (AQA + Edexcel also require CN-).

Students should be able to write mechanisms for these reactions (except Edexcel and Edexcel Nuffield where this is in the A2 specification)
	/
	/
	/
	/
	/

	The rate of hydrolysis of halogenoalkanes depends on the halogen present.

Students should be able to describe the use of silver nitrate in the experiment and explain the results in terms of C-X bond strength.
	/
	/
	/
	/
	/

	Halogenoalkanes undergo elimination reactions with ethanolic hydroxide to form alkenes.

Students should be able to write mechanisms for these reactions.
	/
	/
	/
	/
	/


AS level organic chemistry – alcohols and their reactions
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Alcohols are organic molecules which contain –OH groups.

Students should be able to explain the high b.pts and water solubility of alcohols in terms of H-bonding + name and represent a range of primary, secondary & tertiary alcohols.
	/
	/
	/
	/
	/

	Ethanol can be produced by fermentation.

Students should be able to discuss the conditions of the reaction and evaluate the economic considerations relating to fermentation and the hydration of ethane.
	/
	X
	X
	/
	X

	Alcohols undergo combustion reactions.
	/
	/
	/
	/
	/

	Alcohols can be dehydrated to form alkenes.

Students should be able to suggest conditions for this reaction.
	X
	/
	/
	/
	/

	Alcohols react with sodium to form alkoxides.
	X
	X
	/
	/
	X

	Alcohols react with carboxylic acids in the presence of an acid catalyst to make esters.
	A2
	A2
	A2
	/
	A2

	Primary alcohols can be oxidised form aldehydes and carboxylic acids using acidified dichromate.

Students should be able to describe and explain how the reaction conditions can be used to obtain the product of choice.
	/
	/
	/
	/
	/

	Secondary alcohols can be oxidised to form ketones using acidified sodium dichromate.
	/
	/
	/
	/
	/

	Tertiary alcohols do not undergo oxidation by dichromate. 

Students should be able to explain how the outcome of oxidation is diagnostic of primary, secondary and tertiary alcohols.
	/
	/
	/
	/
	/

	Infra-red spectra can be used to identify the presence of –OH (in an alcohol and a carboxylic acid) and C=O to distinguish alcohols, aldehydes/ketones and carboxylic acids.

Students should be able to interpret simple spectra.
	A2
	A2
	A2
	/
	A2


AS level physical chemistry - energetics

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Most chemical reactions have an enthalpy change associated with them.  Exothermic reactions give out heat energy; endothermic reactions take heat energy in.

Students should be able to draw enthalpy profile diagrams with labels to illustrate exo- and endothermic reactions, showing H and Ea. (understanding of the term enthalpy is often woolly)
	/
	/
	/
	/
	/

	Exothermic reactions are not necessarily spontaneous and some endothermic reactions are. (no treatment of entropy or Gibbs at AS level EXCEPT Salters – see later on this page)

Students should be able to give a qualitative description of the difference between thermodynamic and kinetic stability.
	X
	/
	X
	X
	X

	Enthalpy changes can be worked out using q=mcT.

Students should be able to describe/plan experimental techniques to work out enthalpy changes (this is covered more specifically by the Edexcel + Nuffield specifications).
	/
	/
	/
	/
	/

	Enthalpy changes can be worked out indirectly by applying Hess’s Law.

Students should be able to draw enthalpy cycles to illustrate how they use enthalpy values to calculate enthalpy changes.
	/
	/
	/
	/
	/

	Breaking bonds is an endothermic process while making bonds is exothermic.

Students may be aware of the link between bond length and bond strength.
	/
	/
	/
	/
	/

	Entropy is a measure of the disorder of a system.

Students should be able to give a qualitative description of the trend in entropy on going from solid ( liquid ( gas. (More coverage in A2 – not Edexcel or OCR)
	X
	X
	X
	X
	/


AS level physical chemistry - kinetics

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Particles must collide to react.

Students should be able to describe and explain the effect on rate of reaction of changing concentration, pressure and surface area. They should be able to explain what is meant by activation energy using an enthalpy profile diagram & making reference to bond breaking.
	/
	/
	/
	/
	/

	Molecules in a gas possess a range of different kinetic energies and increasing the temperature leads to an increase in average KE and the proportion of molecules with >= Ea.

Students should be able to sketch a Boltzmann distribution and use this to help explain the effect of increasing T on the reaction rate.
	/
	/
	/
	/
	/

	Catalysts increase the rate of reaction by providing an alternative reaction pathway with a lower activation energy while remaining unchanged at the end of the reaction.

Students should be able to use enthalpy profile diagrams and Boltzmann distributions to explain how catalysts speed up reactions.
	/
	/
	/
	/
	/

	Catalysts save money for industry by reducing the energy requirements of process.
	/
	/
	/
	/
	/

	Catalysts can be poisoned which prevents them from working.
	A2
	A2
	A2
	/
	/

	Homogeneous catalysts are in the same phase as reactants and work by forming intermediates.
	A2
	X
	A2
	/
	/

	Homogeneous catalysis is demonstrated by the breakdown of atmospheric ozone as catalysed by Cl formed during the breakdown of CFCs by uv light.

Students should be able to write equations to show the breakdown of ozone.
	X
	X
	X
	/
	/

	Heterogeneous catalysts are in a different phase from the reactants.  Bonds in reactants are weakened when they are adsorbed on the surface.

Students should be able to explain the application of a heterogeneous catalyst e.g. Fe in Haber process, Pt/Rh in catalytic converter.
	A2
	X
	A2
	/
	/


AS level physical chemistry - equilibria

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Reversible reactions can reach dynamic equilibrium.  The features are:

· Forward and backwards reactions occur at the same rate.

· It is a closed system.

· The macroscopic properties of the system remain constant.

Students should be able to use Le Chatelier’s principle to predict the effect on equilibrium position of changing concentration, pressure or temperature, as well as recalling that catalysts have no effect on equilibrium position.
	/
	/
	/
	/
	/

	The Haber process is used to manufacture ammonia from nitrogen and hydrogen.

Students should be able to recall the conditions used in the Haber process and explain in terms of Le Chatelier’s principle and in economic terms why this is a compromise.
	A2
	/
	X
	/
	A2

	The contact process is used to manufacture sulphuric acid.

Students should be able to recall the conditions used in the Contact process and explain in terms of Le Chatelier’s principle and in economic terms why we choose these conditions.
	A2
	/
	X
	A2

OPT
	X

	Acids are proton donors and bases are proton acceptors.

Students should be able to identify acid-base reactions from symbol equations and describe the reaction of acids with metals, carbonates and alkalis.
	A2
	A2
	/
	/
	/

	Strong acids/bases are fully dissociated in aqueous solutions while weak acids/bases are only partially dissociated.

Students should be able to explain the difference between strong acids from concentrated acids.
	A2
	A2
	/
	/
	A2

	Ammonia reacts with acids to make salts which can be used as fertilisers.
	X
	/
	X
	/
	A2


A2 level general chemistry – spectroscopy

All exam boards require a rudimentary treatment of mass spectrometry at AS-level.

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	The R.F.M. of a compound can be deduced from the molecular ion in its mass spectrum.
	AS
	AS
	AS
	AS
	AS

	Organic molecules undergo fragmentation inside the mass spectrometer.

Students should be able to interpret fragmentation patterns for simple molecules.
	/
	/
	/
	OPT
	/

	M+1 peaks can be used to work out the no. of C atoms in a molecule
	X
	X
	/
	OPT
	X

	M+2 peaks are diagnostic of the presence of Cl and Br atoms.
	X
	X
	/
	OPT
	X


	Infra-red spectra arise from the absorption of IR radiation by functional groups in molecules.

Students should be able to identify compounds form their IR spectra with reference to provided data on the absorption of IR by different functional groups.
	/
	/
	/
	/
	/


OCR Salters requires discussion of the detection of alcohol on a driver’s breath using IR spectroscopy and the interpretation of the spectrum of aspirin.  AQA require recognition of the presence of impurities from inspection of the fingerprint region.

	N.M.R. spectroscopy can be used to gain information about the structure of organic molecules.

Students should be able to interpret simple spectra to identify the no.s of protons in different environments with reference to given data on chemical shift values.
	/
	/
	/
	/
	/

	Peaks in N.M.R. spectra can be split by spin-spin coupling.

Students should be able to use the n+1 rule to deduce the no. of protons on an adjacent carbon atom from the splitting pattern in an N.M.R. spectrum.
	/
	X
	X
	/
	X


OCR requires explanation of the identification of labile protons using D2O. 

The level of N.M.R. theory that has been taught will vary from school to school.  Exam boards do not examine theory, so some teachers will have kept it simple. Students should be aware of the need for deuterated solvents.

A2 level general chemistry – spectroscopy continued

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	UV-vis spectroscopy helps to identify organic compounds.

Students should be able to explain that some molecules are able to absorb uv and visible light, leading to electronic transitions.  Students should also be able to predict the absorption of molecules containing different chromophores.
	X
	/
	/
	OPT
	/

	Visible spectroscopy is used to identify pigments in the restoration of paintings.
	X
	X
	/
	X
	/


OCR requires students to be able to predict the colour of a compound from its uv-vis spectrum.  

The OCR Analysis and Detection optional module requires description of the effect of increasing delocalisation on upper energy levels in conjugated systems. Atomic emission spectra are also covered in this module with reference to quantisation of energy, electronic transitions and Lyman, Balmer and Paschen series for hydrogen.  The calculation of ionisation energy using the convergence of lines in the Lyman series is also covered. (Limited coverage of emission spectra can be found at AS level for Edexcel Nuffield and OCR Salters specifications).

OCR Salters and OCR Analysis and Detection optional module require a description of the use of TLC and GLC in the separation of mixtures.  OCR Analysis and Detection optional module requires a discussion of the use of electrophoresis of amino acids and fragments of DNA.

A2 level inorganic chemistry – transition metals, complex ions and metal-aqua ions

This work requires knowledge of electron configuration and ion formation which was covered at AS-level.  

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Transition metals are found in the d-block and can form one or more stable ions with a partially filled d-subshell.

Students should be able to deduce electron configurations on atoms and ions and show them using standard notation and electrons (arrows) in boxes.
	/
	/
	/
	/
	/

	Transition metals have similar chemical properties, and a range of special chemical properties (complex ion formation, coloured ions, catalysis, and variable [O] state).
	/
	/
	/
	/
	/

	Transition metals and their compounds make good catalysts because they can change oxidation states by gaining and/or losing electrons.
	/
	/
	/
	/
	/

	Complex ions are metal ions surrounded by ligands.

Students should be able to use the term coordination number in relation to octahedral, tetrahedral and linear complexes.  They should also be able to draw complexes showing coordinate bonds with wedges/dashes.  They should also be able to work out the charge on the complex from the [O] state of the metal and the charge(s) on the ligand(s).
	/
	/
	/
	/
	/

	Ligands donate one or more lone pairs to form coordinate bonds.
	/
	/
	/
	/
	/

	Complex ions can show geometric (cis-trans) isomerism.
	/
	X
	X
	OPT
	X


The OCR Transition Elements option module also requires knowledge of the optical isomer ism displayed by Ni(en)3.

	Ligands substitution reactions can occur.

Students should be able to write equations for a range of ligand exchange reactions, noting colour changes, coordination no./shape changes and instances of partial exchange.

(Edexcel requires more recall than other boards – see spec for details)
	/
	/
	/
	/
	/


A2 level inorganic chemistry – transition metals, complex ions and metal-aqua ions continued
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Complex ions can have different stabilities.

Students should be able to explain/predict the stability of complex ions in terms of the entropy changes which would occur during ligand exchange reactions.
	/
	X
	/
	X
	X

	Stability constants can be used to ascertain the stability of a complex ion.
	X
	X
	/
	X
	/

	Complex ions are coloured because they absorb certain frequencies of light.

Students should be able to explain the ability to absorb light in terms of the splitting of the d-subshells into two energy levels.
	/
	/
	X
	OPT
	/

	Colorimetry can be used to determine the formulae of complexes.

Students should be able to describe the experiments and interpret results/
	/
	X
	X
	/
	/

	Water molecules can form coordinate bonds to metal ions by donating pairs of electrons.

Students should be able to represent aqua ions e.g. [Fe(H2O)6]2+ using 3D diagrams.
	/
	/
	X
	/
	/

	Metal-aqua ions react with hydroxide to form uncharged metal hydroxides which are coloured solids and precipitate out of solution.

Students should be able to describe observations and write balanced equations to explain the outcome of these reactions.
	/
	/
	X
	/
	/

	Addition of ammonia in small quantities and in excess can lead to further reactions.

Students should be able to describe observations and write balanced equations to explain the outcome of these reactions.
	/
	/
	X
	X
	/


AQA require description of water as a Lewis base and knowledge of the meaning of the term Lewis acid.  AQA also requires an explanation of why metal aqua ions are acidic, and what occurs when sodium carbonate is added to them.

A2 level inorganic chemistry - behaviour of different transition metals

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Vanadium has ions in four oxidation states.

Students should be able to recall the formula & colour of each ion.  They should be able to explain the effect of different reducing agents on vanadium (V) using electrode potentials.
	/
	/
	/
	OPT
	X

	Vanadium (V) oxide is a catalyst in the Contact process.

Students should be able to explain the role of vanadium using chemical equations.
	/
	X
	/
	OPT
	X

	Cobalt exists in two oxidation states i.e. cobalt (II) and (III).  Cobalt (II) can be oxidised by alkaline hydrogen peroxide or ammonia/air.
	/
	X
	X
	OPT
	X

	Chromium has ions in three oxidation states, including two in oxidation state (VI).

Students should be able to recall the formula and colour of each ion. 
	/
	/
	/
	OPT
	X

	Chromate (VI) and dichromate (VI) exist in equilibrium.

Students should be able to write equations to explain the effect of adding H+ / OH- with reference to colour change and equilibria.
	/
	X
	X
	OPT
	X


AQA also requires description of the reduction of dichromate by zinc and the oxidation of chromium (III) by peroxide.

	Copper has ions in two oxidation states.

Students should be able to explain the instability of aqueous Cu+ ions (see electrode potentials) and why copper (I) compounds are colourless.
	X
	/
	/
	OPT
	/


OCR requires knowledge of the reduction of Cu2+ to Cu+ by potassium iodide solution and its use in analysing the % of Cu in brass 

	Redox titrations can be performed using oxidants (MnO4-, Cr2O72-).

Students should be able to perform redox titrations and process the results by calculation.
	/
	/
	/
	/
	/


AQA require knowledge of the catalytic action of Fe2+ in the reaction of peroxodisulphate and iodide, and the role of the same ion in the transportation of oxygen by Haemoglobin.  AQA (and OCR Transition Elements optional module) require recall of the role of cis-platin in chemotherapy. OCR Salters requires knowledge of the composition and properties of a range of different steels.

A2 level inorganic chemistry – the elements of period 3
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	The reactivity of metals decreases across period 3.

Students should be able to describe observations and write equations for these reactions.
	/
	/
	/
	/
	/

	The elements of period 3 react with oxygen to form oxides.

Students should be able to recall the formulae and describe trends in oxidation state, bonding and structure of the period 3 oxides.
	/
	/
	/
	/
	/

	The properties of period 3 oxides are related to their bonding and structure.

Students should be able to describe trends in melting point and acidity/alkalinity of the oxides in solution (to include the amphoteric nature of aluminium oxide), explaining these trends using ideas about bonding and structure.
	/
	/
	/
	/
	/

	The elements of period 3 react with chlorine to form chlorides.

Students should be able to recall the formulae and describe trends in oxidation state, bonding and structure of the period 3 chlorides.
	/
	/
	/
	/
	/

	The properties of period 3 oxides are related to their bonding and structure.

Students should be able to describe trends in melting point and behaviour on adding the chlorides to water, explaining these trends using ideas about bonding and structure.
	/
	/
	/
	/
	/


Edexcel requires an explanation of the increasing metallic character, the significance of the inert pair effect and the increasing basicity of oxides as you go down group IV.

 A2 level organic chemistry –  isomerism and further mechanism

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Optical isomers are mirror images of each other.

Students should be able to describe the optical activity of enantiomers.
	/
	/
	/
	/
	/

	Most optical isomers are produced as racemic mixtures in the lab.

Students should be able to identify chiral centres in molecules.
	/
	/
	/
	/
	/


OCR requires understanding of the fact that drugs should only contain a single optical isomer.

Edexcel now catch up in terms of reaction mechanisms which weren’t covered at AS: Free radical halogenation, electrophilic addition and nucleophilic substitution.  Key point: only Edexcel and Edexcel Nuffield require discussion of SN1 and SN2 mechanisms.  The other exam boards simply refer to a generic Nucleophilic Substitution reaction.

	Carbonyl compounds undergo nucleophilic addition reactions with hydrogen cyanide.

Students should be able to write a mechanism for this reaction.
	/
	/
	/
	/
	/


Between AS and A2, all students should be able to use the terms homolytic and heterolytic fission; free radical, photochemical reaction; chain reaction; initiation; propagation termination; nucleophile and electrophile; addition, substitution, elimination and hydrolysis.

Other mechanisms are covered elsewhere in this section on A2 level organic chemistry.

A2 level organic chemistry – aldehydes, ketones, carboxylic acids, esters and acyl chlorides

This builds on material first encountered at AS-level.

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Aldehydes and ketones can be reduced to alcohols by NaBH4 in methanol or LiAlH4 in dry ether.

Students should be able to write an equation (using [H]).  AQA requires mechanism.
	/
	/
	/
	/
	/

	Brady’s reagent (2,4-DNPH) can be used to test for carbonyl compounds.

Students should be able to describe the observations, but mechanism is not needed.
	X
	/
	/
	/
	X

	Tollen’s reagent/Fehling’s solution/Benedict’s solution can be used to test for aldehydes.

There are some differences between specifications on these – check for details.
	/
	/
	/
	/
	/


Edexcel requires knowledge of the reaction of methyl carbonyl compounds with iodine.  Edexcel also requires knowledge of the preparation and reactions of Grignard reagents.

	Carboxylic acids are weak organic acids which contain the –COOH group.

Students should be able to draw and name simple carboxylic acids.
	/
	/
	/
	/
	/

	Carboxylic acids can be formed from alcohols and aldehydes.

Students should be able to give reagents and conditions.
	/
	/
	/
	AS
	AS

	Carboxylic acids react with alkalis to form salts.
	/
	/
	/
	/
	X

	Esters are prepared by reaction carboxylic acids with alcohols in the presence of acid.

Students should be able to draw and name a range of esters and outline their use in flavourings and solvents.
	/
	/
	/
	AS
	/

	Esters can be hydrolysed under acidic and basic conditions.

Students should be able to write equations for these reactions.
	/
	/
	/
	/
	X

	Fats and oils are esters of glycerol and fatty acids.

Students should be able to outline uses of fats and oils.
	/
	/
	OPT
	OPT
	/


A2 level organic chemistry – aldehydes, ketones, carboxylic acids, esters and acyl chlorides continued

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Acid chlorides have the functional group –COCl.
	/
	/
	/
	/
	/

	Acid chlorides can be made from carboxylic acids using PCl5.
	X
	/
	X
	/
	X


OCR also requires knowledge of the use of SOCl2.

	Acid chlorides react vigorously with water, alcohols, ammonia and amines.

Students should be able to write equations for each reaction.
	/
	/
	/
	/
	X


AQA require knowledge of the use of ethanoic anhydride in the manufacture of the aspirin and its advantages over ethanoyl chloride, as well as an understanding of the addition-elimination mechanism of the reactions of acid chlorides.

A2 level organic chemistry –  aromatic compounds (inc phenols)
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Aromatic compounds are derived from benzene.

Students should be aware of Kekule and delocalised representations of aromatic systems.
	/
	/
	/
	/
	/

	The –electrons in aromatic rings are delocalised over all 6 carbon atoms.

Students should be able to show the bonding in benzene using simple diagrams.
	/
	/
	/
	/
	/

	Delocalisation of electrons confers stability on aromatic systems.

Students should be able to use thermochemical data to describe the stability of benzene.
	/
	/
	/
	/
	/

	Aromatic compounds undergo electrophilic substitution reactions.

Students should be able to give conditions & mechanisms for nitration and F-C alkylation.
	/
	/
	/
	/
	/

	Arenes undergo sulphonation with conc. Sulphuric acid.

Students should be able to give details (reagents, conditions and mechanisms).
	X
	X
	/
	X
	/

	Arenes undergo Friedel-Crafts acylation.

Students should be able to give details (reagents, conditions and mechanisms).
	/
	/
	X
	X
	/

	Arenes undergo halogenation with halogens/halogen carriers.

Students should be able to give details (reagents, conditions and mechanisms).
	X
	/
	/
	/
	/


OCR students are expected to explain benzene’s resistance to bromination relative to alkenes.  Edexcel Nuffield students should be aware of the reactions of benzene with H2 and Cl2.  Edexcel students are expected to describe the oxidation of side-chains in arenes by KMnO4.

	Phenols have benzene rings with –OH groups attached.
	X
	/
	/
	/
	/

	Phenols react with bases and sodium to make salts.  Phenol reacts rapidly with bromine water.

Students should be able to explain the reactivity of phenol (acidity, activated ring).
	X
	/
	/
	/
	X

	Acid chlorides react with phenols to make esters.
	X
	/
	/
	X
	/


OCR Salters students are expected to describe the acidity of solutions of phenols, as well as the test for phenols using FeCl3.  OCR students are expected to describe the uses of phenols in antiseptics and disinfectants.

A2 level organic chemistry –  amines, amides, azo dyes and amino acids
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Amines are organic derivatives of ammonia.

Students should be able to name and draw representations of a range of simple primary, secondary and tertiary amines.
	/
	/
	/
	/
	/

	Primary aliphatic amines can be prepared by reaction of halogenoalkanes with ammonia, or by reducing nitriles.

Students should be able to give details of the reaction (reagents, conditions, mechanism).
	/
	/
	/
	/
	X

	Aromatic amines can be prepared by reducing nitro compounds.

Students should be able to give details of the reaction (reagents, conditions, mechanism).
	/
	/
	X
	/
	X

	Amines act as bases because they are proton acceptors, and they form salts with acids.

Students should be able to describe and explain the trends in basicity in the series: aromatic amine ( ammonia ( aliphatic amine in terms of availability of the lone pair (this may or may not have been taught in terms of inductive effects) – not so much detail on Edexcel or OCR Salters.
	/
	/
	X
	/
	/


Edexcel Nuffield requires recall of the miscibility of small amines with water and the formation of alkaline solutions and the formation of complex ions with Cu(II) ions.  

	Amines are nucleophiles because of the lone pair of electrons on the nitrogen atom.

Students should be able to give details of the reactions with halogenoalkanes (reagents, conditions, mechanism).
	/
	X
	/
	X
	X

	Amines react with acyl chlorides to form amides.

Students should be able to give details of the reaction (reagents, conditions). OCR covers the reaction in the reaction in the formation of nylon.
	/
	/
	/
	(/)
	/


A2 level organic chemistry –  amines, amides, azo dyes and amino acids continued
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Amides can be hydrolysed.

Students should be able to give conditions and products (OCR and AQA will encounter this in terms of peptide hydrolysis).
	/
	X
	X
	/
	/


AQA require recall of the use of quaternary ammonium salts as cationic surfactants.  Edexcel requires recall that nitriles can be made by reacting amides with phosphorus oxide and that the Hoffman degradation can be used to turn amides into amines, and knowledge of the hydrolysis of nitriles is also required.
	Azo dyes are made from phenylamine in two steps.

Students should be able to give details of the reactions (reagents, conditions, products), to include the generation of nitrous acid in situ.
	X
	/
	X
	/
	/


OCR Salters requires a more detailed discussion of the structure of dyes with reference to attachment to fibres and how changes in chromophore lead to changes in colour (see also OCR Analysis and Detection optional module).

	Amino acids have an –NH2 group and a –COOH group.

Students should be able to explain the chirality and amphoteric nature of amino acids by showing structures of amino acids at different pH values (to include zwitterions).
	/
	/
	/
	/
	/

	Amino acids can be identified by paper chromatography.
	X
	X
	/
	X
	/

	Proteins are condensation polymers of amino acids which can undergo hydrolysis.

Students should be able to give details of the reaction (reagents, conditions), including the identification of peptide bonds in structures.
	/
	X
	/
	/
	/

	Proteins have different levels of structure.

Students should be able to describe primary, secondary and tertiary structure in terms of the intermolecular forces involved (OCR Biochemistry option includes quaternary).
	/
	X
	X
	OPT
	/


OCR Salters (and the OCR Biochemistry optional module) require knowledge of the structure and properties of DNA (see specs for details).

A2 level organic chemistry –  polymers
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Addition polymers are formed when many alkene monomers join together.

Students should be able to draw the polymer made from a specified monomer and vice versa.  They should also be able to discuss the uses of polymers.
	/
	AS
	/
	AS
	AS

	Ethene polymerises by homolytic free radical addition.

Students should be able to give details of the reaction (reagents, conditions, mechanism).
	X
	/
	/
	X
	X

	Polymers with different properties have different uses.

Students should be able to relate the properties of polymers (e.g. LDPE, HDPE, PVC, PTFE, PS) to their uses.
	X
	/
	X
	X
	/

	Some alkenes form atactic, isotactic or syndiotactic polymers.
	X
	X
	X
	/
	/

	There are environmental consequences of the disposal of plastics.
	/
	/
	/
	/
	/


OCR Salters requires discussion of the modification of the properties of polymers by co-polymerisation and plasticising as well as a requirement for a recall of the serendipitous discovery of poly(ethene) and more detail in terms of the link between structure and bonding in polymers and the polymers properties (e.g. polymers which can hydrogen bond are soluble in water).  They should also be able to use ideas about cross-linking to explain the properties of thermoplastics and thermosetting polymers, and discuss conducting polymers.

	Condensation polymers are usually made from two different types of monomer.

Students should be able to describe the formation of polyamides (e.g. nylon) and polyesters (e.g. terylene) and give details of the reactions (reagents, conditions, mechanism).  They should also be able to represent the polymers by showing repeat units.
	/
	/
	/
	/
	/

	Intermolecular forces hold the chains together in condensation polymers.
	X
	/
	X
	/
	/

	Polyesters and polyamides are biodegradable because of the ease of hydrolysis of the links.
	/
	/
	/
	/
	/


A2 level physical chemistry - energy and thermodynamics

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Born-Haber cycles can be constructed to show the relationship between the following enthalpy changes: formation, atomisation, ionisation (1st, 2nd etc), electron affinity (1st, 2nd etc), and lattice enthalpy.

Students should be able to define each enthalpy change and write an appropriate equation, and should be able to draw Born-Haber cycles for compounds (e.g. to calculate lattice enthalpy using Hess’s Law).
	/
	/
	/
	/
	/

	Students should be able to explain why theoretical lattice enthalpies differ from experimental values using ideas about Fajan’s rules and polarised ions.
	X
	/
	/
	X
	X

	Students should be able to define enthalpy of solution and perform calculations.
	/
	X
	X
	X
	/

	Students should be able to define enthalpy of hydration and perform calculations.
	/
	/
	/
	X
	/

	Ionic charge and size affects the magnitude of lattice enthalpy.
	X
	/
	/
	/
	X

	Thermal decomposition of carbonates is affected by charge density. (OCR students might be expected to do this better as the other boards expect this at AS level)
	X
	AS
	AS
	/
	AS


AQA requires a discussion of why mean bond enthalpies may be unreliable in predicting H of reactions. Edexcel requires a rationalisation of the solubilities of hydroxides and sulphates of group II metals in terms of lattice and hydration enthalpies.  OCR Salters requires an explanation of the solubilities of ionic and covalent substances in solvents of differing polarity.

	Entropy is a measure of disorder.
	/
	X
	/
	X
	AS

	Spontaneous change occurs when the total entropy change is positive.

Students should be able to calculate entropy changes given appropriate data.
	/
	X
	/
	X
	/


AQA requires a discussion of the importance of a negative (or zero) free energy change in determining whether or not a reaction is feasible at a given temperature.

A2 level physical chemistry - kinetic theory
	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Reaction rates can be followed in various ways e.g. gas volume, mass loss, colour change, electrical conductivity. (other students will have some knowledge of these methods)
	X
	/
	/
	X
	/

	Students should be able define and use the following terms: rate of reaction, rate constant, order of reaction and half-life.

Although the AQA specification does not refer to half-life, it may have been covered.
	/
	/
	/
	/
	/

	Initial rates can be taken using tangents in graphs of concentration vs time.

Students should be able to deduce the rate equation rate = k[A]m[B]n using initial rate data (limited to m/n = 0,1 or 2) and calculate the rate constant from given data.
	/
	/
	/
	/
	/

	Students should be able to explain qualitatively the effect of changes in temperature on the rate constant.
	/
	/
	/
	/
	/


Edexcel requires familiarity with the Arrhenius equation and recall of the fact that a small rate constant corresponds to a large activation energy.  Edexcel Nuffield requires students to use the Arrhenius equation to calculate activation energy.

	The slowest step in a multi-step reaction is the rate-determining step.

Students should be able to predict the rate equation from rds & mechanism from rate eqn.
	X
	/
	/
	/
	X


Edexcel requires recall of the fact that many reactions proceed via a transition state.

	Catalysts can be poisoned which prevents them from working.
	/
	/
	/
	AS
	AS

	Homogeneous catalysts are in the same phase as the reactants.
	/
	X
	/
	AS
	AS

	Heterogeneous catalysts are in a different phase from the reactants.  Bonds in reactants are weakened when they are adsorbed on the surface.

Students should be able to explain the application of a heterogeneous catalyst e.g. Fe in Haber process, Pt/Rh in catalytic converter.
	/
	X
	/
	AS
	AS


A2 level physical chemistry - equilibria

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Kc is the equilibrium constant in terms of concentration.

Students should be able to write an expression for Kc from the balanced symbol equation and give the units and carry out calculations using given data.
	/
	/
	/
	/
	/

	The total pressure is equal to the sum of the partial pressures.
	/
	/
	/
	/
	/

	Partial pressures can be calculated from the total pressure and mole fractions.
	/
	X
	X
	/
	

	Kp is the equilibrium constant in terms of partial pressure.

Students should be able to write an expression for Kp from the balanced symbol equation and give the units and carry out calculations using given data.
	/
	/
	/
	/
	/

	Le Chatelier’s Principle helps predict the effect of changing the conditions of an equilibrium.

Students should be able to explain the shift in equilibrium position resulting from changes in macroscopic properties (from AS) and explain the effect of temperature changes on the value of Kc / Kp in relation to the sign of H.
	/
	/
	/
	/
	/

	Students should recall that although changes in concentration / pressure will affect the equilibrium position, they have no effect on the value of Kc / Kp.
	/
	X
	/
	/
	/


Edexcel requires the ability to deal with heterogeneous equilibria as well.

	The Haber process is used to manufacture ammonia from nitrogen and hydrogen.

Students should be able to recall the conditions used in the Haber process and explain in terms of Le Chatelier’s principle and in economic terms why this is a compromise.
	/
	AS
	X
	AS
	/


OCR Salters requires students to apply ideas about equilibria to the solubility of carbon dioxide in the oceans.  OCR Salters also requires students to carry out calculations using solubility products to predict precipitation etc, as well as calculating partition coefficients.

A2 level physical chemistry - acids & bases

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Acids are proton donors and bases are proton acceptors.

Students should be able to identify acid-base reactions from symbol equations and describe the reaction of acids with metals, carbonates and alkalis.
	/
	/
	AS
	AS
	AS

	Strong acids/bases are fully dissociated in aqueous solutions while weak acids/bases are only partially dissociated.

Students should be able to explain the difference between strong acids and concentrated acids.
	/
	/
	AS
	AS
	/

	Acids and bases form conjugate acid-base pairs.

Students should be able to identify conjugate acids and bases.
	X
	/
	/
	/
	X

	The pH scale can be used as a measure of [H+] concentration.

Students should be able to calculate the pH of a strong acid from its concentration.
	/
	/
	/
	/
	/

	Ka is the acid dissociation constant.

Students should be able to:

· write an expression for Ka.

· calculate Ka or [HA] from given data.

· Work out [H+] and consequently estimate pH of a weak acid (without using quadratic equations)
	/
	/
	/
	/
	/

	pKa is –log10Ka.

Students should be able to work out pKa values and explain their significance.
	/
	/
	X
	/
	/

	Kw is the ionic product of water and can be used to calculate [H+] and pH of alkaline solutions.
	/
	/
	/
	/
	/


Edexcel requires understanding of the link between the strengths of acids and bases and the enthalpy of neutralisation.

A2 level physical chemistry - acids & bases continued

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	pH curves show how pH changes in the course of a titration.

Students should be able to sketch approximate pH curves for a given acid-base titration and select an appropriate indicator with reference to the curve.
	/
	/
	/
	/
	X

	Students should be able to work out pKa from the half-equivalence point in a pH curve. 
	/
	X
	/
	/
	X


AQA requires this knowledge to be applied to diprotic/dibasic acids and bases.  Edexcel require understanding of pKind values in determining the indicator to use in a titration.

	Buffers are solutions which minimise changes in pH when small amounts of acid/alkali are added.

Students should be able to give examples of acidic and basic buffers and explain in terms of equilibria shifts how they minimise changes in pH.  Students should also be able to calculate the pH of a buffer solution.
	/
	/
	/
	/
	/

	Buffers play an important role in biological and non-biological systems.

Students should be able to explain the importance of buffers in shampoo and blood.
	X
	X
	X
	/
	/


A2 level physical chemistry - electrode potentials

This work requires knowledge of redox chemistry which was covered at AS-level.  Note that this is an optional topic for students doing the OCR course – just under half of students doing that course will have done this optional module.

	Topic
	AQA
	Edexcel
	Edexcel

Nuffield
	OCR
	OCR

Salters

	Electrochemical cells are made from two different metals dipped in salt solutions of their own ions.

Students should be able to draw labelled diagrams to show electrochemical cells and use E° values to indicate which metal is oxidised.
	/
	/
	/
	OPT
	/

	Students should be able to draw the IUPAC representation of electrochemical cells.
	/
	X
	/
	X
	/

	The standard hydrogen electrode can be used as a reference electrode to measure standard potentials of other half-cells.
	/
	/
	/
	OPT
	/

	The electrochemical series can be used to explain the reactivity of metals in terms of oxidising/reducing powers of elements/ions.

Students should be able to predict whether or not a reaction will occur on the basis of E° values and explain why there may be exceptions to these predictions.
	/
	/
	/
	OPT
	/

	Students should be able to predict the stability of oxidation states using E° values.
	X
	X
	X
	OPT
	/

	Cu(I) ions are unstable in water.

Students should be able to explain the disproportionation of Cu(I) ions in terms of the relevant E° values.
	X
	/
	X
	OPT
	X

	Standard electrode potentials make batteries viable.

Students should be able to write relevant equations.
	X
	/
	/
	X
	X

	Rusting is due to electrochemical processes involving iron, water and oxygen.

Students should be able to write relevant equations, as well as describing methods of preventing rust (giving appropriate electrochemical explanations).
	X
	/
	X
	X
	/


Appendix A - Miscellaneous material and omissions
OCR Salters requires discussion of the composition of the atmosphere and the significance of pollutants like methane, sulphur dioxide and nitrogen oxides.  They should be able to explain in terms of electronic transitions (with reference to quantised energy levels) how ozone can absorb uv light.  They should also be able to state that molecules move differently (e.g. translational, rotational and vibrational modes) when the absorb radiation.  They should be able to relate this to the type of radiation and amount of energy absorbed.

OCR Salters requires discussion of the chemical principles of the nitrogen cycle and the importance of pH in allowing crops to grow well.
OCR Salters (and OCR & Edexcel Nuffield Biochemistry optional modules)  require explanation of the activity of enzymes with reference to structure and shape of enzyme and substrate.
OCR Salters and Edexcel require discussion of the design of drug molecules in terms of shape and intermolecular forces to ensure efficacy.  OCR Salters requires understanding of the processes involved in drug design and development, with reference to screening, modification and testing.  The use of computer modelling is covered, and the time/cost involved is also discussed.
OCR Salters requires a good working knowledge of the chemical industry, incorporating the following areas: research, scale up, development costs, feedstocks, batch and continuous processes, yield optimisation, recycling of waste products and fixed/variable costs.
AQA requires knowledge of the preparation of epoxyethane from ethene, explanation of its high reactivity and an outline of its applications.
Students will have encountered a range of chemical tests for qualitative analysis, although the requirement for these to be recalled in answering exam questions varies from board to board.  Edexcel is perhaps the most demanding in terms of examinable recall, with Salters the least demanding.  Specifications should be referred to for details.

All students should be able to use their knowledge of organic reactions to propose synthetic routes to simple molecules, although it should be recognised that the variable demand encountered in different exam boards exam questions might impact upon the level of skill that students will have developed in this area.
OCR (‘Biochemistry’, ‘Transition Elements’, ‘Environmental Chemistry’, ‘Solids, Liquids and Gases’, ‘Methods of Analysis and Detection’) and Edexcel Nuffield (‘Biochemistry’, ‘Chemical Engineering’, ‘Food Science’, ‘Materials Science’, ‘Mineral Process Chemistry’) have a range of optional modules to choose from at A2 level, some of which have been discontinued.  Where these overlap with other specifications, they have been included in this review.  For full details, see the relevant specifications.
Appendix B - Exam boards
The three English exam boards are AQA, Edexcel and OCR.  AQA offers one A-level chemistry qualification (AS/A2), while Edexcel and OCR have two specifications, including Edexcel Nuffield and OCR Salters.  The five specifications above form the basis of this review.  It is acknowledged that this review will have several omissions as a result of the extensive detail given in some of the specifications.  This review is intended to give academics and overview of the material the students should have covered at A-level.  For comprehensive coverage, the specifications themselves should be referred to:
AQA

http://www.aqa.org.uk/qual/pdf/AQA-5421-6421-W-SP-08.PDF
Edexcel

http://www.edexcel.org.uk/VirtualContent/25049.pdf
Edexcel Nuffield

http://www.edexcel.org.uk/VirtualContent/25067.pdf
OCR

http://www.ocr.org.uk/Data/publications/specifications_syllabuses_and_tutors_handbooks/AS_A_Level21160.pdf
OCR Salters
http://www.ocr.org.uk/Data/publications/specifications_syllabuses_and_tutors_handbooks/cquartetOCRTempFilexLSw8U7NsP.pdf
Note on Nuffield

‘In the Nuffield inquiry approach, teachers encourage their students to speculate about likely patterns of behaviour both from their previous experience and from general chemical principles. Then the students investigate their ideas experimentally before discussing the outcomes of their practical work and working with their teacher to consolidate theoretical understanding.’ – From the Nuffield website

As indicated in the above passage, the Nuffield course aims to develop students understanding of chemistry by promoting scientific inquiry through practical work.  It is unfortunate that the perceived incompatibility of this course with the ‘I want to know it now!’ approach of many of today’s students has perhaps led to a decline in the number of schools offering the course, and there will not be a Nuffield specification for the new A-levels (2008-).
Note on Salters

‘The course has many characteristic features. The most notable is the fact that chemical principles

are developed in the context of the applications of chemistry. Other notable features are the introduction of important ideas gradually, rather than all in one go, the wide range of types of activities and the emphasis on the development of key skills. The ’drip-feed’ approach to teaching and learning chemical principles allows candidates to revisit a particular topic several times during the course, each time taking their knowledge and understanding a step further.’ – From the OCR Salters specification

The Salters course is quite popular, being employed by many schools who favour the context driven delivery of the material.  There is a widely held misconception that the ‘applied chemistry’ approach of the Salters course is at the expense of theory.  As this review shows, the Salters specification contains at least as much theoretical chemistry as the other courses, and perhaps more than one of them.  OCR will be offering a modified Salters course for the post-2008 A-levels, and one might argue that they are very well placed to meet the ‘How Science Works’ objectives, bearing in mind the nature of the current course.
Note on Welsh and Northern Irish A-level chemistry specifications

The specifications of the Welsh and Northern Irish exam boards respectively have not been covered in the main survey.  It is interesting to note that the content level in these specifications is higher than in some of the English boards’ specifications.  Links to the specifications are given below:

WJEC (Wales)

http://www.wjec.co.uk/uploads/publications/al-spec-chemistry-07-e.pdf
CCEA (NI)
http://www.rewardinglearning.com/development/qualifications/gce/docs/specs/13767%20GCE%20Chemistry%20Spec%2004.pdf
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