This module acts as an important bridge into AS and
A Level Chemistry from the study of chemistry within
This module provides learners with a knowledge and
understanding of the important chemical ideas that
underpin the study of A Level Chemistry:

The importance of these basic chemical concepts
is seen as a prerequisite for all further chemistry
modules, and it is recommended that this module
This module allows learners to develop important

atomic structure

apparatus.

amount of substance and the mole

skills during their study of amount of substance and

2

bonding and structure.

with basic atomic structure and isotopes.

The role of acids, bases and salts in chemistry is

amount of substance.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

isotopes as atoms of the same element with
masses

(b)

atomic structure in terms of the numbers of
protons, neutrons and electrons for atoms and
ions, given the atomic number, mass number and
any ionic charge

© OCR 2016
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HSW7 The changing accepted models of atomic

13

(c)

2

(d)

(mass compared with 1/12th mass of carbon-12)
and
(weighted mean mass
compared with 1/12th mass of carbon-12), based
on the mass of a 12C atom, the standard for
atomic masses
use of mass spectrometry in:

M0.2, M1.2, M3.1

(i)

Knowledge of the mass spectrometer not required.
isotope,

Limited to ions with single charges.

(ii)
isotopes
(e)

use of the terms

, Mr, and

For simple molecules, the term
mass will be used.
For compounds with giant structures, the term
will be used.
formula mass will not be required.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

(i)

of an element in the periodic table

(ii) recall of the names and formulae for the
–
–
2–
2–
3 , CO3 , SO4 , OH ,
+, Zn2+ and Ag+
4
(b)

14

–
3

ionic charges, including:

and SO42–.

Charges on ions other than in (i) and (ii) will be
provided.

M0.2

© OCR 2016
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Learners should be able to demonstrate and
apply their knowledge and understanding of:
The mole
M0.0, M0.1, M0.2, M0.4

(a)
(i)

amount of substance

(ii) mole (symbol ‘mol’), as the unit for amount
of substance
(iii) the Avogadro constant, NA (the number of
23 mol–1)
(iv) molar mass (mass per mole, units g mol–1),

Amount of substance will be used in exams using the
formula of the substance,
l; amount of O2.
The value for NA and the molar gas volume at RTP
are provided on the Data Sheet.

(v) molar gas volume (gas volume per mole,
units dm3 mol–1)

(b)

use of the terms:
(i)

not required.

empirical formula (the simplest whole
present in a compound)

(ii) molecular formula (the number and type of
atoms of each element in a molecule)
(c)

(d)

M0.2, M2.2, M2.3, M2.4
mass

elemental analysis data (see also 6.3.2 e).

the terms anhydrous, hydrated and water of

M0.2, M2.2, M2.3, M2.4

of a hydrated salt from given percentage

PAG1

experimental results

(e)

involving:
(i)

mass

(ii) gas volume

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4
in mol dm–3 and g dm–3.

(iii)
(f)

pV = nRT

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4
The value for R is provided on the Data Sheet.
SI units.
M0.2

© OCR 2016
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2

M0.2, M1.1, M2.2, M2.3, M2.4

(h)
(i)
(ii)

2

(i)

(j)

the techniques and procedures required during
experiments requiring the measurement of mass,

chemical processes with a high atom economy.

PAG1

HSW10 Use of processes with high atom economy in
chemical industry and other areas.

2.1.4 Acids
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

the formulae of the common acids (HCl, H2SO4,
3 and CH3COOH) and the common alkalis
release H+
release OH–

3

(b)
(c)
(i)

H+ and OH– to form H2O

(ii) acids with bases, including carbonates,
metal oxides and alkalis (water-soluble

(d)

the techniques and procedures used when

(e)

PAG2

M0.1, M0.2, M1.1, M1.2, M2.2, M2.3, M2.4
familiar and non-familiar acids and bases.

16
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2.1.5 Redox
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

number for atoms in elements, compounds and
ions

numbers of O in peroxides and H in metal hydrides.

use of a Roman numeral to indicate the

Examples should include, but not be limited to,
iron(II) and iron(III).
Learners will be expected to write formulae from
names such as chlorate(I) and chlorate(III) and vice
versa.

2

(b)
(c)

an element may have compounds/ions with

SO42–.

–

and

Should include examples of s-, p- and d-block
elements.

(d)
(i)

3

electron transfer

(ii)
(e)

(see also 2.1.4 c)

Metals should be from s-, p- and d-blocks
e.g. Mg, Al, Fe, Zn.
not required.
In (e)
nitric acid or concentrated sulfuric acid could be
assessed in the context of (f).

(f)

(e), and

M0.2

gain.

© OCR 2016
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and develops a deeper understanding of electron

looks at how bonding and structure contribute to

The central role of electrons in ionic and covalent
bonding is then studied. The important role of

2
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)
(b)

shells
atomic orbitals, including:
(i)

as a region around the nucleus that can hold
up to two electrons, with opposite spins

HSW1,7 Development of models to explain electron
structure.

(ii) the shapes of s- and p-orbitals
(iii) the number of orbitals making up s-, p- and
d-sub-shells, and the number of electrons
Learners are expected to be familiar with the

(c)
(i)

orbitals in order of increasing energy

(ii) for orbitals with the same energy,
(d)
(i)

atoms, given the atomic number, up to
Z = 36

structure.

oxygen: 1s22s22p4.

(ii) ions, given the atomic number and ionic
charge, limited to s- and p-blocks up to
Z = 36.

18
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

2

dot-and-cross
(b)
l
(c)

HSW1 Use of ideas about ionic bonding to explain

liquid and aqueous states

(d)
the nuclei of the bonded atoms
(e)

dot-and-cross’ diagrams of
molecules and ions to describe:
(i)

‘Dot-and-cross’ diagrams of up to six electron pairs
(including lone pairs) surrounding a central atom.

single covalent bonding

(ii)
(iii)
(f)

use of the term average bond enthalpy as a
measurement of covalent bond strength

Learners should appreciate that the larger the value
of the average bond enthalpy, the stronger the
covalent bond.
not required.
are covered in detail in 3.2.1 f.

(h)

the shapes of, and bond angles in, molecules and
ions with up to six electron pairs (including lone
pairs) surrounding the central atom as predicted

M4.1, M4.2

repulsive strengths of bonded pairs and lone
pairs of electrons

HSW1,2 Using electron pair repulsion theory to
predict molecular shapes.

electron pair repulsion to explain the following
shapes of molecules and ions: linear, non-linear,
trigonal planar, pyramidal, tetrahedral and
octahedral

Learners are expected to know that lone pairs repel
more than bonded pairs and the bond angles for
common examples of each shape including
CH4
3 (107°) and H2O (104.5°).

© OCR 2016
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Learners should be able to draw 3-D diagrams to
illustrate shapes of molecules and ions.

19

(i)

increases towards F in the periodic table.
predict chemical bond type.

2

(j)
(i)

a polar bond and permanent dipole within
molecules containing covalently-bonded

(ii) a polar molecule and overall dipole in terms
of permanent dipole(s) and molecular shape

intermolecular forces based on permanent

A polar molecule requires polar bonds with dipoles
2O
and CO2 both have polar bonds but only H2O has an
overall dipole.

Permanent dipole–dipole and induced dipole–dipole
both be referred to as van der
Waals’ forces.
referred to as London (dispersion) forces.
intermolecular bonding.

(l)

hydrogen bonding as intermolecular bonding

2O

(m)
(i)

Including the role of lone pairs.

HSW1 Use of ideas about hydrogen bonding to

the density of ice compared with water

(ii)
(n)
e.g. I2, ice
(o)

20

© OCR 2016
A Level in Chemistry A

The focus of this module is inorganic and physical
everyday life and industrial processes, and current
environmental concerns associated with sustainability.
The content within this module assumes knowledge
and understanding of the chemical concepts developed

work.

This module provides learners with a knowledge and
understanding of the important chemical ideas that
underpin the study of inorganic and physical chemistry:

assessment and the subject content links strongly with

2

chemistry.
Atoms, moles and stoichiometry

Bonding and structure
sustainability.
This module allows learners to develop important

Knowledge and understanding of Module 2 will be
link its content with this module and other areas of
chemistry.

3.1 The periodic table

halogens as typical metal and non-metal groups

© OCR 2016
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simple test-tube tests.

21

3.1.1 Periodicity
Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

the periodic table as the arrangement of
elements:
(i)

by increasing atomic (proton) number

(ii)
(periodicity)

HSW1,7,11 The development of the Periodic Law
HSW7,11 The extension of the periodic table
elements.

(iii)

(b)

(i)
(ii)

(c)

across Periods 2 and 3 (see also 2.2.1 d)
d-blocks

electrons from 1 mol of gaseous atoms) and
(i)

energies across Periods 2 and 3, and down a
and atomic radius

(ii)

energies of the number of electrons in
each shell of an atom and the group of an
element

M3.1

result of s- and p-sub-shell energies (e.g. between
and O).
Bohr model of the atom.

(d)
(i)
and delocalised electrons
(ii)
(e)

22

metals

carbon (diamond, graphite and graphene) and
silicon as networks of atoms bonded by strong
covalent bonds

HSW1,9 Use of ideas about bonding to explain the

© OCR 2016
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(f)

bonding

across Periods 2 and 3 in terms of structure and
bonding (see also 2.2.2 o).

involved, as appropriate.
HSW1 Use of ideas about bonding to explain
M3.1

2

Trend in structure from giant metallic to giant

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

the outer shell s2
2+ ions

(b)

producing a salt and hydrogen.

Mg
(i)

oxygen

(ii) water
(iii) dilute acids
(c)

M3.1
down the group (see also 3.1.1 c)

not
required, but learners should be able to write an

(d)
including the trend of increasing alkalinity
(e)
to):
(i)

Ca(OH)2 in agriculture to neutralise acid
soils

(ii) Mg(OH)2 and CaCO3

© OCR 2016
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

existence of halogens as diatomic molecules and
Cl 2, Br2 and I2, in terms of induced dipole–dipole

(b)

the outer shell s2p5
and the gaining of one electron in many redox
(see also 2.1.5 Redox).

(c)

(d)

and I2
ions

Including colour change in aqueous and organic

l 2, Br2

(c), from the decreasing ease of forming 1– ions,
shielding

(e)

as
illustrated by:
(i)
(ii)

(iii)
(f)

in water treatment
aqueous sodium hydroxide, as used to form
bleach
and (ii)

(i)

(killing bacteria) contrasted with associated
risks (e.g. hazards of toxic chlorine gas and
hydrocarbons)

l –, Br– and
–
I with aqueous silver ions, followed by aqueous

HSW9,10,12 Decisions on whether or not to

drinking water.

Complexes with ammonia are not required other
PAG4 (see also 3.1.4 a)

halide ions.

24
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Learners should be able to demonstrate and
apply their knowledge and understanding of:
Tests for ions
(a)

2

following ions in an unknown compound:
(i)

anions:
3

2–

CO2(g) (see 2.1.4 c)
l

2–
4
–, Br–, I–

(ii)

4

+,

+(aq)

forming
2+(aq)

Sequence of tests required is carbonate, sulfate then
halide. (BaCO3 and Ag2SO4 are both insoluble.)
PAG4

3.

3.2 Physical chemistry
general theme of energy.

the dynamic nature of chemical equilibrium and
equilibrium.

experimental results including enthalpy cycles.

Finally, the integrated roles of enthalpy changes,
rates, catalysts and equilibria are considered as a
way of increasing yield and reducing energy demand,
improving the sustainability of industrial processes.

Learners should be able to demonstrate and
apply their knowledge and understanding of:
H
(a)

accompanied by enthalpy changes that are
exothermic ( H
( H

(b)

M3.1
compared with products

© OCR 2016
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(c)

M3.1

energy
diagrams

(d)
(i)

and standard states

(ii)

2

(iii)

(enthalpy

and a stated temperature, 298 K.

rH)

of 1 mol of a compound from its elements,
fH)
(iv)
(complete
cH)
(v)
neutH)

(e)

appropriate experimental results, including use
q = mc T

M0.0, M0.2, M2.2, M2.3, M2.4
PAG3

Bond enthalpies
(f)

(i)

average bond
enthalpy (breaking of 1 mol of bonds in
gaseous molecules)

(ii)

M0.0, M0.2, M2.2, M2.3, M2.4
not required.
Learners are expected to understand that an actual

associated with the breaking and making of
chemical bonds
(iii) use of average bond enthalpies to calculate
(see also 2.2.2 f)
M0.0, M0.2, M1.1, M2.2, M2.3, M2.4, M3.1
(i)
(ii)

not required.
Unfamiliar enthalpy cycles will be provided.
energy to determine enthalpy changes.

(iii) enthalpy changes from unfamiliar enthalpy
cycles
(h)

26

the techniques and procedures used to
determine enthalpy changes directly and
indirectly.

M3.1, M3.2
To include the enthalpy changes covered in 5.2.1 c.
PAG3
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Learners should be able to demonstrate and
apply their knowledge and understanding of:
Simple collision theory
(a)

2

terms of frequency of collisions
(b)

M3.1, M3.2, M3.5

Catalysts
(c)

Details of processes are not required.
(i)
(ii)

(d)

(i)

heterogeneous catalysts

homogeneous and

(ii)
increased sustainability by lowering
temperatures and reducing energy demand
2

(e)

sustainability weighed against toxicity of some
catalysts.

emissions

the techniques and procedures used to

(f)

PAG9

M3.1
energy (see also 3.2.1 c)
M3.1

(i)

temperature changes

(ii)

© OCR 2016
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(see also 3.2.2 c).
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

in a closed system when the rate of the forward
products do not change

(b)

not required.
HSW1,2,5 Use of le Chatelier’s principle to explain

(c)

(d)

(e)

the techniques and procedures used to

industry of a compromise between chemical

Kc
(f)

expressions for the equilibrium constant, Kc

M0.2, M1.1, M2.3, M2.4

of the equilibrium constant, Kc

Learners will not need to determine the units for Kc.

the magnitude of Kc.

28

M0.3
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This module introduces organic chemistry and its

This module also provides learners with an opportunity

current environmental concerns associated with
sustainability.
The module assumes knowledge and understanding
of the chemical concepts developed in Module 2:
The module provides learners with a knowledge and
understanding of the important chemical ideas that
underpin the study of organic chemistry:

isomerism

alcohols and haloalkanes

In the context of this module, it is important that
learners should appreciate the need to consider
responsible use of organic chemicals in the
environment. Current trends in this context include
reducing demand for hydrocarbon fuels, processing

2

assessment and the subject content links strongly with
chemistry.
Atoms, moles and stoichiometry

evidence of structural features in molecules.

Bonding and structure
Knowledge and understanding of Module 2 will be
link its content with this module and other areas of
chemistry.

4.1 Basic concepts and hydrocarbons
chemistry.

and the important concepts of homologous series,

© OCR 2016
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using curly arrows.
of the hydrocarbons: alkanes and alkenes.

29

Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)
E.g. CH3CH2CH(CH3)CH2
2-methylbutan-1-ol.
Learners will be expected to know the names of the
and their corresponding alkyl groups.
ambiguity.
framework for chemical nomenclature.
M4.2

(b)
(i)

general formula (the simplest algebraic
formula of a member of a homologous
series) e.g. for an alkane: CnH2n+2

(ii) structural formula (the minimal detail
that shows the arrangement of atoms in a
molecule) e.g. for butane: CH3CH2CH2CH3 or
CH3(CH2)2CH3
(iii) displayed formula
of atoms and the bonds between them) e.g.
for ethanol:

H

H

H

C

C

H

H

O

See also 2.1.3 b for empirical formula and molecular
formula.
not required.
In structural formulae, the carboxyl group will be
represented as COOH and the ester group as COO.
The symbols below will be used for cyclohexane and
benzene:

H

(iv) skeletal formula
formula, shown by removing hydrogen
atoms from alkyl chains, leaving just a
groups) e.g. for butan-2-ol:
OH

30

for the context.
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(c)
(i)

homologous series (a series of organic
group but with each successive member
2)

(ii)

(a group of atoms

R may be used to represent alkyl groups, but also
other fragments of organic compounds not involved
The terms saturated and unsaturated will be used

2

of a compound)
(iii) alkyl group (of formula CnH2n+1)
(iv)

(a compound containing carbon
and hydrogen joined together in straight

cyclic compounds.

rings)
(v) alicyclic
chains)
(vi)

(a compound containing a
benzene ring)

(vii) saturated (single carbon–carbon bonds
only) and unsaturated (the presence of
C=C, C / C
(d)

use of the general formula of a homologous
series to predict the formula of any member of
the series

Isomerism
(e)

structural isomers
(compounds with the same molecular

M4.2

an organic molecule, given its molecular formula

(f)
(i)

(ii)

atom receiving one electron from the
bonded pair, forming two radicals)
atom receiving both electrons from the
bonded pair)

© OCR 2016
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(h)

the term radical (a species with an unpaired
electron) and use of ‘dots’ to represent species
that are radicals in mechanisms

Radical mechanisms will be represented by a

a ‘curly arrow’ described as the movement of an

‘Half curly arrows’ are not required, see 4.1.2 f.

2

a single unpaired electron (e.g. Cl
3
are not required for species that are diradicals
(e.g. O).

HSW1,8 Use of the ‘curly arrow’ model to
(i)

32

clearly the movement of an electron pair with
‘curly arrows’ and relevant dipoles.

Any relevant dipoles should be included.
Curly arrows should start from a bond, a lone pair of

© OCR 2016
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

alkanes as saturated hydrocarbons containing
of orbitals directly between the bonding atoms);

(b)

angle around each carbon atom in alkanes in
terms of electron pair repulsion

(c)

not required.

2

HSW1 Use of model of orbital overlap to explain
covalent bonding in organic compounds.
M4.1, M4.2
Learners should be able to draw 3-D diagrams.
M3.1

branching, in terms of induced dipole–dipole

(d)

in terms of the high bond enthalpy and very low
(see also 2.2.2 j)

HSW1 Use of ideas about enthalpy and polarity to

(e)

(f)

Learners are not required to use ‘half curly arrows’
in this mechanism.
electron.
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

alkenes as unsaturated hydrocarbons containing
overlap of adjacent p-orbitals above and below

not required.
HSW1 Use of model of orbital overlap to explain
covalent bonding in organic compounds.

orbitals directly between the bonding atoms)
(see also 4.1.2 a)
(b)

(c)

bond angle around each carbon in the C=C of
alkenes in terms of electron pair repulsion

M4.1, M4.2

M4.2, M4.3
M4.2, M4.3

(i)
(compounds with the
same structural formula but with a
/Z isomerism (an example of
stereoisomerism, in terms of restricted

C=C group)
–trans isomerism (a special case
of /Z isomerism in which two of the

H

H3C
C

H

H

C

C

H
CH3
E-but-2-ene
(trans)

C

CH3
H3C
Z-but-2-ene
(cis)

Use of as equivalent to trans and Z as equivalent
to cis is only consistently correct when there is an H
on each carbon atom of the C=C bond.

carbon atom of the C=C group are the
same)
(ii) use of Cahn–Ingold–Prelog (CIP) priority
and Z stereoisomers

within R groups is not required:
R

R"
C

C

R'
(d)

34

/Z or cis–trans
stereoisomers of an organic molecule, given its
structural formula

M4.2, M4.3

R'''

M4.2, M4.3
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(e)
(f)
(i)

hydrogen in the presence of a suitable

(ii) halogens to form dihaloalkanes, including
the use of bromine to detect the presence
of a double C=C bond as a test for

PAG7 (see also 6.3.1 c)

2

(iii) hydrogen halides to form haloalkanes
(iv) steam in the presence of an acid catalyst,
e.g. H3PO4, to form alcohols
electron pair acceptor)

electrophile (an

(h)

or a halonium ion intermediate is acceptable.

(i)
of H–X to unsymmetrical alkenes, e.g. H–Br to
not required.
HSW1,2,5 Use of stability to explain products of

(j)
(i)

deduced from a given monomer

(ii)
polymer
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A Level in Chemistry A

35

polymers by:
(i)
(ii) use as an organic feedstock for the

counteracted by problems for environment of
of resources.

chemicals

2

(iii) removal of toxic waste products, e.g.
removal of HCl formed during disposal by
(e.g. PVC)
(l)

of biodegradable and photodegradable polymers.

groups: alcohols and haloalkanes, and considers the
importance of polarity and bond enthalpy to organic

Finally, the important techniques of infrared
spectroscopy and mass spectrometry are used to
illustrate instrumental analysis as a valuable tool for

4.2.1 Alcohols
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

(i)

in terms of hydrogen bonding, of the water
alcohols compared with alkanes (see also
2.2.2 l and 4.1.2 c)

(ii)

(b)

36
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(c)

Cr2O72–/H+ (i.e. K2Cr2O7/H2SO4), including:

agent.

(i)

PAG7 (see also 6.3.1 c)

(ii)
(iii)
(d)

aldehydes and carboxylic acids; the control

2

ketones
alcohols

2O from alcohols in the presence
of an acid catalyst (e.g. H3PO4 or H2SO4) and heat
to form alkenes

(e)

2SO4) to form haloalkanes.

Mechanism not required.

Mechanism not required.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

PAG7 (see also 6.3.1 c)

(a)
(i)

by aqueous alkali

(ii)

3 and
ethanol to compare experimentally the

halogen bonds
(b)
(c)

(d)

electron pair donor)

nucleophile (an

hydrolysis of primary haloalkanes with aqueous
alkali
of primary haloalkanes in terms of the bond
enthalpies of carbon–halogen bonds (C–F, C–Cl,
C–Br and C–I)
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(e)

required, e.g.
CF2Cl 2
(i)

2

(ii) the catalysed breakdown of ozone by Cl

CF2Cl

l + O3

l O + O2

lO + O

l + O2

l

Learners could be expected to construct similar

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

the techniques and procedures for:

PAG5

(i)
(ii)

liquid including:
organic layer from an aqueous layer
MgSO4, CaCl 2)

(b)

for an organic molecule containing several

groups encountered in Module 4.

(i)
(ii)
(c)

38

compounds.

Learners will be expected to be able to devise two-
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Learners should be able to demonstrate and
apply their knowledge and understanding of:
Infrared spectroscopy
(a)
(b)

vibrate more and absorb energy
gases containing C=O, O–H and C–H bonds
(e.g. H2O, CO2 and CH4), the suspected link to
usage

(c)

use of an infrared spectrum of an organic
(i)
(ii)

O–H bond
peak of the C=O bond

(iii)

2
explaining global warming has prompted
governments towards policies to use renewable
energy supplies.
M3.1

provided on the Data Sheet.
Learners should be aware that most organic
compounds produce a peak at approximately
3000 cm–1

of the O–H bond
(d)

(e)

spectrum of familiar or unfamiliar substances
using supplied data

use of infrared spectroscopy to monitor gases
emissions) and in modern breathalysers to
measure ethanol in the breath

M3.1
(see also 6.3.2 e).

evidence for law courts, e.g. drink driving.

Mass spectrometry
(f)

use of a mass spectrum of an organic compound

M3.1

determine molecular mass

Limited to ions with single charges.
Learners will not be expected to interpret mass
spectra of organic halogen compounds.
Limited to organic compounds encountered in this
(see also 6.3.2 e).
Learners should be aware that mass spectra may
of carbon-13.
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M3.1
Learners should be able to suggest the structures of
fragment ions.

2

(h)

M3.1
including:
(i)

elemental analysis (see also 2.1.3c)

(ii) mass spectra
(iii) IR spectra.

40

Learners will not be expected to interpret mass
spectra of organic halogen compounds.
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The content within this module assumes knowledge
and understanding of the chemical concepts developed
Periodic table and energy.
rates and equilibria, and the periodic table.
The main areas of physical chemistry studied include:
determining step
equilibrium constants, Kc and Kp
acid–base equilibria including pH, Ka

assessment and the subject content links strongly with
chemistry and Module 3: Periodic table and energy.

2

Atoms, moles and stoichiometry

Bonding and structure

Enthalpy changes

Chemical equilibrium
entropy and free energy
electrochemical cells.
The main areas of inorganic chemistry studied include:

Knowledge and understanding of Module 2 and
will be set that link their content with this module and
other areas of chemistry.

redox chemistry

and equilibria encountered in Module 3 is developed

© OCR 2016
A Level in Chemistry A

41

Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

rate of
, order, overall order, rate constant, halflife, rate-determining step
M0.2

(b)
(i)
(ii)

orders from experimental data
rate = k

m

n,

where m and n are 0, 1 or 2

to determine orders with respect to reactants.
not required.
PAG10

(c)

k, and related

M0.1, M0.4, M1.1, M3.1, M3.2, M3.3, M3.4, M3.5

(d)
(i)
(ii)
(e)

(f)

M0.0, M0.1, M0.4, M1.1, M2.2, M2.3, M2.4

to a reactant from the shape of the graph
measurement of gradients (see also 3.2.2 b)
t1/2

rate constant, k, from the constant half-life, t1/2,
k = ln 2/t1/2

M3.1, M3.2
Learners should be aware of the constancy of halfM0.1, M0.4, M1.1, M2.3, M2.4, M2.5
Learners will not
0

–kt.

M0.1, M0.4, M1.1, M3.1, M3.2, M3.3, M3.4, M3.5
(i)

respect to a reactant from the shape of the
graph

(ii)
has not proceeded too far.
HSW5 Link between order and rate.

42
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(h)

the techniques and procedures used to
use of colorimetry (see also 3.2.2 e)

(i)

HSW1 Use of experimental evidence for the
(i)

2

rate-determining step

(ii)

(j)

M0.3
hence the rate constant
(i)

(ii)

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5, M3.1, M3.2,
M3.3, M3.4
rate constant, k and temperature, T given by
k = Ae– a/RT
a and A graphically
using: ln k = – a/RT + ln A derived from the

a

A
R = gas constant (provided on the Data Sheet)
A is not required.
Data Sheet.
HSW5 Link between k and T.
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)
(b)

use of the terms
pressure

and

.
M0.2

given appropriate data

(c)

the techniques and procedures used to

Not for Kp.

(d)

expressions for Kc and Kp for homogeneous and
heterogeneous equilibria (see also 3.2.3 f)

M0.2

expressions.
Kc and Kp

(e)

(f)

(i)

(see also 3.2.3 f)

constants of changing temperature for

Kc and Kp

M0.0, M0.1, M0.2, M0.4, M2.2, M2.3, M2.4
Learners will not
M0.3

(ii) the constancy of equilibrium constants with
presence of a catalyst
M0.3

(h)

44

far? for Kc, Kp to other equilibrium constants,
where appropriate (see also 5.1.3 c etc.).
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Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

(i)

a Brønsted–Lowry acid as a species that
donates a proton and a Brønsted–Lowry
base as a species that accepts a proton
(see also 2.1.4 Acids)

(ii) use of the term conjugate acid–base pairs

2
to explain acid–base behaviour.

(iii) monobasic, dibasic and tribasic acids
(b)

the role of H+
metals and bases (including carbonates, metal

(c)

(i)

, Ka, for the
(see also 2.1.4 b)

(ii)

M0.1, M0.2, M0.4, M2.3, M2.4, M2.5

Ka and pKa

pH and [H+(aq)]
(d)

use of the expression for pH as:
+
+

(e)

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5
HSW8 pH as convenient terminology for
+

–pH

use of the expression for the ionic product of
water, Kw

(f)

M0.1, M0.4, M2.2, M2.3, M2.4
M0.1, M0.4, M2.2, M2.3, M2.4, M2.5

(i)

strong monobasic acids

(ii) strong bases, using Kw
Ka

M0.1, M0.4, M2.1, M2.2, M2.3, M2.4, M2.5

equilibrium

~

undissociated

+
+

equilibrium

~

–

equilibrium
2O.

Learners will not
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(h)

Ka related

M0.3
Including reasons why
equilibrium

valid.

~

undissociated

may no longer be

HSW6 Understanding of the circumstances under
which Ka

2
(i)
or a base
(j)
(i)

a weak acid and a salt of the weak acid,
e.g. CH3COOH/CH3

(ii) excess of a weak acid and a strong alkali,
e.g. excess CH3

e.g. CH3COOH/CH3COO–, in the control of pH
(l)

the Ka value of a weak acid and the equilibrium

The H2CO3/HCO3–
maintaining a pH between 7.35 and 7.45.

(m)

(n)

M0.1, M0.4, M2.2, M2.3, M2.4, M2.5

and weak acids with strong and weak bases,
including:

M3.1

(i)
(ii)

indicators, given the pH range of the
indicator

The indicator should be considered as a weak acid,
HA.

(iii)
and A– forms of the indicator
(o)

46

the techniques and procedures used when
measuring pH with a pH meter.

PAG11
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to illustrate the energy changes associated with ionic
bonding.

Redox chemistry permeates chemistry and the
introductory work in Module 2 is developed further

Entropy and free energy are then introduced as
of chemical change.

2

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)
ions,

LEH)

(b)

and use as a measure of the strength

l, MgCl 2) and relevant energy terms for:
(i)
(ii)

M2.2, M2.3, M2.4, M3.1
Relevant energy terms: enthalpy change of
and
(see also 3.1.1 c)
(see also 3.2.1 d) only.
determine enthalpy changes.

(c)
(i)
(ii)

mol of solute,

solH)

not required.

(dissolving of 1

(dissolving of
1 mol of gaseous ions in water, hydH)

(d)
energy terms (

) for:

l, MgCl 2) and relevant
and

M2.2, M2.3, M2.4, M3.1
determine enthalpy changes.

(i)
(ii)
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(e)

charge and ionic radius on the exothermic value

5.2.2 Enthalpy and entropy

2

Learners should be able to demonstrate and
apply their knowledge and understanding of:
Entropy
(a)

(b)

dispersal of energy in a system which is greater,
the more disordered a system
entropy of a system:
(i)
(ii)

(c)

(d)

(e)

(f)

HSW1 The model of entropy to explain
thermodynamic stability.

of solids, liquids and gases
the number of gaseous molecules
M2.2, M2.3, M2.4

S
entropies of the reactants and products

HSW1,5,6 Use of entropy, enthalpy and temperature

depends upon the entropy change and
temperature in the system, T S, and the
enthalpy change of the system, H
energy change, G, as: G = H – T S

M0.0, M2.2, M2.3, M2.4
G
G about

HSW5 Link between G and feasibility.
M0.3
determining feasibility of processes.

48
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Learners should be able to demonstrate and
apply their knowledge and understanding of:
Redox
(a)

oxidising agent
and reducing agent (see also 2.1.5 Redox)

(b)
(c)

(d)

2

M0.2

involving electron transfer

the techniques and procedures used when
involving Fe2+/MnO4– and I2/S2O3
M0.1, M0.2, M0.4, M1.1, M1.2, M2.2, M2.3, M2.4

(e)

(i)

Fe2+/MnO4– and I2/S2O3

(ii) non-familiar redox systems

(f)

use of the term
, o including its measurement using a
hydrogen electrode

examined in the context of both acid–base and
.

o

the techniques and procedures used for the
(i)

metals or non-metals in contact with their

1 mol dm–3 or be equimolar.
PAG8

(ii)
electrode
(h)
(i)

M0.3

feasibility of processes.
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(j)

2

to modern storage cells

other data will be supplied.

not be
voltage and the changes that take place at each
electrode.

data will be supplied.

knowledge and understanding of the periodic table

ionic compounds.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

(b)

(c)

the d-block elements of Period 4 (Sc–Zn), given
the atomic number and charge (see also 2.2.1 d)
d-block elements that have an ion with an
incomplete d-sub-shell
elements, of:
(i)

(ii)
(iii)

50

1s22s22p63s23p63d64s2.

state for each element in its compounds

Cu2+
MnO2

2O2.

(see also

their compounds and their importance in
the manufacture of chemicals by industry
(see 3.2.2 d)
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(d)

ligand in terms
metal ion or metal, including bidentate ligands

Examples should include:
monodentate: H2O, Cl –
3
2CH2CH2
2 (‘en’).
In exams, other ligands could be introduced.

(e)

use of the terms complex ion and
number and examples of complexes with:
(i)
(ii)

shape
or tetrahedral shape

M4.1, M4.2

3)2Cl 2

(f)

types of stereoisomerism shown by complexes,
including those associated with bidentate and
(i)

3)2Cl 2

cis–trans

(ii)

2CH2CH2

2)3

2+

2

Examples:
Octahedral: many hexaaqua complexes, e.g.
2+
3+
2O)6
2O)6
Tetrahedral: many tetrachloro complexes, e.g.
CuCl 42– and CoCl 42–
.

M4.1, M4.2, M4.3
Learners should be able to draw 3-D diagrams to
illustrate stereoisomerism.
HSW8

(see also 6.2.2 c)

use of cis

Complexed formulae should be used in ligand

(h)
of:
3)4(H2O)2
2+
O)
2 6
3+
3)6

(i)
(ii)

(see also 5.3.1 j)

2+

l4
2O)6

2–

from

3+

(i)
involving O2 and CO
(j)

accompanying colour changes of aqueous Cu2+,
Fe2+, Fe3+, Mn2+ and Cr3+ with aqueous sodium
hydroxide and aqueous ammonia, including:
(i)
(ii)

sodium hydroxide and aqueous ammonia
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complexed formulae, are acceptable e.g. Cu2+(aq) or
2+
2O)6 ; Cu(OH)2(s) or Cu(OH)2(H2O)4.
3 reacts further
3–.
6
3, only Cr(OH)3 and Cu(OH)2 react
3+
2+
3)6
3)4(H2O)2
(see also 5.3.1 h).
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changes for:
(i)

interconversions between Fe2+ and Fe3+

(ii) interconversions between Cr3+ and Cr2O72–
2+

(iii)

2

to Cu+ and
+ to Cu2+ and Cu

Fe2+ can be oxidised with H+/MnO4– and Fe3+
reduced with I–, Cr3+ can be oxidised with H2O2/
OH– and Cr2O72– reduced with Zn/H+, Cu2+ can be
+ readily
reduced with I–
Learners will not
but may be required to construct and interpret
.

(l)

Learners should be able to demonstrate and
apply their knowledge and understanding of:
Tests for ions
PAG4

(a)
following ions in an unknown compound:
(i)
(ii)

52

anions: CO32–, Cl –, Br–, I–, SO42–
(see 3.1.4 a)
4

+;

Cu2+, Fe2+, Fe3+, Mn2+, Cr3+
.
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The content within this module assumes knowledge
and understanding of the chemical concepts developed
Core organic chemistry.
and emphasises the importance of organic synthesis.
forensic analysis.
The main areas of organic chemistry studied include:

carboxylic acids and esters
organic nitrogen compounds: amines and amino
acids

assessment and the subject content links strongly with
chemistry and Module 4: Core organic chemistry.

2

Atoms, moles and stoichiometry

Bonding and structure
Organic nomenclature and structures
Hydrocarbons
Alcohols and haloalkanes
Synthesis and analysis
Knowledge and understanding of Module 2 and
will be set that link their content with this module and
other areas of chemistry.

in organic analysis.

encountered in Module 4.

introduced, including their importance to organic
synthesis.
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The important carbonyl compounds, aldehydes and
ketones, are then studied.
groups, acyl chlorides and esters, are studied. The
importance of acyl chlorides in organic synthesis is
emphasised.

53

Learners should be able to demonstrate and
apply their knowledge and understanding of:

2

(a)

the comparison of the Kekulé model of benzene
with the subsequent delocalised models for
benzene in terms of p-orbital overlap forming a

Learners may represent the structure of benzene in

or
HSW1,7 Development of the model for benzene
(b)

the experimental evidence for a delocalised,
rather than Kekulé, model for benzene in
terms of bond lengths, enthalpy change of

HSW11 Acceptance of the delocalised benzene

(see also 6.1.1 f)
(c)

use of IUPAC rules of nomenclature for
compounds

(d)

compounds with:
(i)

Halogen carriers include iron, iron halides and
aluminium halides.

concentrated nitric acid in the presence of
concentrated sulfuric acid

(ii) a halogen in the presence of a halogen
carrier
(iii) a haloalkane or acyl chloride in the

(see also 6.2.4 d)
(e)
2

+.

Halogen carriers include iron, iron halides and
aluminium halides.
can be assumed to be X+.

54
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(f)

HSW2,5 Use of delocalised benzene model to
in terms of the delocalised electron density
alkenes

2
Phenols
(h)

the weak acidity of phenols shown by the

PAG7 (see also 6.3.1 c)

(see also 5.1.3 b)
(i)
(i)

with bromine to form 2,4,6-tribromophenol

(ii) with dilute nitric acid to form 2-nitrophenol
(j)

of phenol compared with benzene, in terms of
oxygen p-orbital in phenol (see also 4.1.3 a)

3 or the presence of a
concentrated H2SO4 catalyst.

acid.
intermediate.
HSW2,5 Use of delocalised benzene model to
Learners will not be expected to know further

2

2)

in

(l)
importance to organic synthesis (see also 6.2.5
.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

2O7

2–/H+

(i.e. K2Cr2O7/H2SO4) to form carboxylic acids

should be used.
PAG7 (see also 6.3.1 c)
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(b)

compounds with:
(i)
(ii)

4

to form alcohols
+

hydroxynitriles (see also 6.2.4 b)

(c)
4

2

4, the nucleophile can be considered
as being the hydride ion, H–, with subsequent

–

2O.

ions;

H2O or H+.

(d)

use of 2,4-dinitrophenylhydrazine to:
(i)

detect the presence of a carbonyl group in
an organic compound

(ii)
(e)

PAG7 (see also 6.3.1 c)

use of Tollens’ reagent (ammoniacal silver
nitrate) to:
(i)

not required.
not required.

detect the presence of an aldehyde group

(ii)

acceptable.
PAG7 (see also 6.3.1 c)

of silver ions to silver.

6.1.3 Carboxylic acids and esters
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)
(b)

56

acids in terms of hydrogen bonding
acids with metals and bases (including
carbonates, metal oxides and alkalis)

not required.
PAG7 (see 6.3.1 c)
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Esters
(c)
(i)

carboxylic acids with alcohols in the
presence of an acid catalyst (e.g.
concentrated H2SO4)

(ii) acid anhydrides with alcohols
(d)

2

hydrolysis of esters:
(i)

in hot aqueous acid to form carboxylic acids
and alcohols

(ii) in hot aqueous alkali to form carboxylate
salts and alcohols
Acyl chlorides
(e)
(f)

acids using SOCl 2
of esters, carboxylic acids and primary and
secondary amides.

including amines, amides and amino acids. Chirality

organic product.

in preparing and purifying organic solids, including
organic synthesis is stressed. Learners are also able

6.2.1 Amines
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

the basicity of amines in terms of proton
acceptance by the nitrogen lone pair and the
HCl (aq), to form salts
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required.
Restricted to inorganic acids.

not
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(b)
(i)

haloalkanes with excess ethanolic ammonia
and amines

amines.

(see 6.2.4 c).

(ii)
acid.

2
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)
2

amino acids:
(i)
also 6.1.3 c)

(see

(ii)
Amides
(b)

structures of primary and secondary amides

Chirality
(c)

stereoisomerism, in terms of nonsuperimposable mirror images about a chiral
centre)

M4.2, M4.3
Learners should be able to draw 3-D diagrams to
illustrate stereoisomerism.
HSW1,8

(d)

58

any organic compound.

M4.2, M4.3
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6.2.3 Polyesters and polyamides
Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)
(i)

polyesters

or amines/diamines.
Learners will not be expected to recall the structures

(ii) polyamides

monomers.
(b)

the acid and base hydrolysis of:
(i)

the ester groups in polyesters

(ii) the amide groups in polyamides
See also 4.1.3 j.

(c)
(i)
(ii)

the repeat unit from a given monomer(s)
of a polymer molecule

(iii)

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

increase the length of a carbon chain
C–C / N

(b)

–

(i)

and ethanol, including

(see also 4.2.2 c)
(ii)

(c)

(b):
(i)

amines

2

(ii) by acid hydrolysis to form carboxylic acids
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2

(d)
(using an acyl chloride) in the presence of a
(see also 6.1.1 d).

2

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

the techniques and procedures used for the

PAG6

involving use of a range of techniques
(see also 4.2.3 a) including:
(i)

(ii)

(b)

for an organic molecule containing several

groups encountered in Module 6 (see also 4.2.3 b).

(i)
(ii)
(c)

60

compounds.
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6.3 Analysis
spectroscopic areas of organic chemistry previously
encountered (see Module 4: Core organic chemistry;

introduced in Module 4 (infrared spectroscopy, mass
spectrometry and elemental analysis) may be used
evidence of structural features in molecules.

during the A level course provide learners with an
important base of knowledge, understanding and

2

simple test-tube tests.

Learners should be able to demonstrate and
apply their knowledge and understanding of:

(a)

terms of Rf values

M3.1
PAG6
compounds.
M3.1, M3.2

(b)
(i)
(ii)

components in a mixture.
compounds.

(c)

on a test-tube scale;

PAG7

compound:
(i)
(ii)
(iii)

(see also 4.1.3 f)
nitrate in ethanol (see also 4.2.2 a)
with CO32– (see also 6.1.1 h)

(iv)
(v)

(see also 6.1.2 d)
(see also 6.1.2 e)
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(vi) primary and secondary alcohols and
dichromate
(vii)

(see also 6.1.3 b).

3

2–

6.3.2 Spectroscopy

2

Learners should be able to demonstrate and
apply their knowledge and understanding of:
NMR Spectroscopy
M3.1

(a)
(i)

the number of carbon environments in the
molecule

(ii)

proton decoupled.
provided on the Data Sheet.

(iii) possible structures for the molecule
compounds.
(b)

spectrum of an organic molecule to make
(i)

the number of proton environments in the
molecule

M3.1

provided on the Data Sheet.

(ii)
(iii)

not be
required

(iv) the number of non-equivalent protons
adjacent to a given proton from the spin–
n + 1 rule

compounds.

(v) possible structures for the molecule
(c)
(d)

spectrum for a given molecule
(i)

M3.1

the use of tetramethylsilane, TMS, as the

(ii) the need for deuterated solvents,
e.g. CDCl 3
(iii)

62

by proton exchange using D2O
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M3.1

(e)
including:
(i)

elemental analysis (see also 2.1.3 c)

Spectral reference data will be provided on the Data
Sheet.

(ii) mass spectra
(iii) IR spectra
(iv)

2

Learners will not be expected to interpret mass
spectra of organic halogen compounds.
evidence to analyse organic compounds.
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