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At The John Roan Sixth Form,
students will be inspired by our
commitment to their destinations.
They will teel confident in their
abilities and prospects because of our
teaching and curriculum and they will
be ambitious because of the
opportunities we provide.
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Welcome to Chemistry

Curriculum Aims (KSb5)

The purpose of the Chemistry curriculum is to ensure that students develop their
knowledge understanding and skills with respect to the practical subject that is
Chemistry. The teaching takes a content led approach to the course. This is a flexible
approach where the specification is divided into topics, each covering different key
concepts of chemistry. As learners progress through the course, they'll build on their
knowledge of the laws of chemistry, applying their understanding to areas from sub-
atomic particles to the entire universe.

Here we explore the John Roan curriculum principles in the context of the Chemistry
curriculum:

Entitlement: all pupils need to develop essential knowledge and understanding of
different areas of the subject and how they relate to each other. Through their
learning, they will develop and demonstrate a deep appreciation of the skills,
knowledge and understanding of the scientific method. They will also develop
competence and confidence in a variety of practical, mathematical and problem-
solving skills.

Coherence: Our curriculum is carefully sequenced to maximise knowledge, skills
and understanding. The course has 6 modules and there is a clear rationale for the
order in which these are studied. The year 12 modules build on work from GCSE
and then the year 13 modules further develop and enhance these foundations.

Mastery: regular testing (Low and high tariff questions) is embedded within the
curriculum. This enables teachers to ensure that foundational knowledge, skills
and concepts are secure. To support mastery pupils revisit prior learning on a
lesson-by-lesson basis, while feedback is at the heart of the teaching process.

Adaptability: the core curriculum is in line with the demands of the OCR
specification and the focus is exam success for all. In addition, we are seeking to
develop their interest in further study and careers associated with the subject.
Teachers adapt lesson to meet the needs of their classes.

Representation: All pupils will be able to see themselves within the Chemistry
curriculum. Our curriculum aspires to take all students beyond their immediate
experience and to build an understanding of how society make decisions about
scientific issues and how the sciences contribute to the success of the economy
and society as exemplified in 'How Science Works'.

Education with character: Through the curriculum pupils are given regular
opportunities to discuss and reflect upon a wide variety of scientific issues. There
are opportunities to look into subjects that affect their daily lives, as well as go
into areas beyond the specification. Targets for improvement or comments should
be acted upon.
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Roadmap of the Chemistry Curricula

The roadmap diagram sets out the route that pupils take through our curriculum.
The approach is thematic and is underpinned by a sound rationale. In Year 12
students study modules 2, 3 and 4 building on GCSE work and extending further
into A level work. At the end of year 12, we start on module 5 with topics that

build on the earlier modules and continue into year 13 expanding the knowledge
at the frontiers of chemistry.
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How we organise our work and learn in
A-Level Chemistry

Each lesson, you will be expected to work on file paper. Make sure you
do the title and date for the work, and date each sheet you get. You will
be expected to have with you a folder with the current topics you are
working on in. The day-to-day folder will also have the chemistry
datasheet, spare file paper and graph paper. You will also be expected to
bring your PAG book and all practical work will be completed into the
PAG book. You will also keep the most recent half-term’s worth of
assessments in here.

You will also need a level arch file and dividers. This should be used to
store completed topics. There should be 1 topic per division, and all notes,
worksheets, homework (CHATS) and the end of topic test and evaluation
should be stored in here.

In addition, you will be given a set of blank revision cards at the start of
the year. You will work on these after each lesson to build up a set of
revision notes for yourself, adding in information from lessons,
homework and end of topic tests to support your learning.

The PAG book will be a record of your achievements with regards to the
practical endorsement. Each piece of practical work should be headed
with a title and date, both underlined. The front of the book should act as
a contents table, so write the name of the practical and the page number
here too. Each page will also need to be numbered. All practical sheets
should be stuck into the book. You should adhere to the guidance in the
practical skills section of this booklet for guidance on results table and
graphs.

You will also have access to an online textbook as well as Uplearn. Use
both of these to support your learning.

In lessons, the lesson will start with a Do Now, which is recall
knowledge. You should try to answer this without using your notes. After
this, your teacher will connect your learning objectives for the lesson
with the curriculum, teach and then get you to do a range of activities to
check, practice and consolidate your learning.
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Content Overview

Content is split into six teaching
modules:

Module 1 — Development of
practical skills in chemistry

Module 2 — Foundations in
chemistry

Module 3 — Periodic table and
energy

Module 4 — Core organic
chemistry

Module 5 — Physical chemistry
and transition elements

Module 6 — Organic chemistry
and analysis

Component 01 assesses content
from modules 1, 2, 3 and 5.

Component 02 assesses content
from modules 1, 2, 4 and 6.

Component 03 assesses content
from all modules (1 to &).

Assessment Overview

Periodic table, elements

and physical chemistry 37%
(01)
100 marks of total
2 hours 15 minutes A level
written paper
Synthesis and
analytical technigues 37%
(02)
100 marks of total
2 hours 15 minutes A level
written paper
Unified chemistry
(03) 26%
70 marks of total
1 hour 30 minutes A level
written paper
Practical REpGI’TEd
Endorsement in
chemistry sepa rate I‘!l"
(04) [see Section

(non exam assessment)

5)
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Topics Covered

Module 1 - Development of practical Module 5 - Physical chemistry and

skills in chemistry transition elements

* Practical skills assessed in a * Reaction rates and equilibrium
written examination (quantitative)

* Practical skills assessed in the * pH and buffers
practical endorsement * Enthalpy, entropy and free energy

* Redox and electrode potentials
* Transition elements

Module 2 - Foundations in chemistry

+ Atoms, compounds, molecules and Module 6 - Organic chemistry and
equations analysis

* Amount of substance

* Acid-base and redox reactions

* Electrons, bonding and structure

Aromatic compounds
» Carbonyl compounds
» Carboxylic acids and esters

Module 3 - Periodic table and energy * Nitrogen compounds

* Polymers
* The periodic table and periodicity + Organic synthesis
* Group 2 and the halogens * Chromatography and spectroscopy
* Qualitative analysis (NMR)

* Enthalpy changes
* Reaction rates and equilibrium
(qualitative)

M le 4 - Core organic chemistr

» Basic concepts

Hydrocarbons

Alcohols and haloalkanes
Organic synthesis

Analytical techniques (IR and MS)
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Specification

Module 1 Development of practical skills in chemistry

1.1.1 Planning

Learning outcomes
You will be required to show and apply knowledge and understanding of:

() experimental design, including to solve problems set in a practical context
Including selection of suitable apparatus, equipment and techniques for the proposed
experiment,

Learners should be able to apply scientific knowledge based on the content of the
specification to the practical context.

(b) identification of variables that must be controlled, where appropriate

(c) evaluation that an experimental method is appropriate fo meet the expected
outcomes

1.1.2 Implementing

Learning outcomes
You will be required to show and apply knowledge and understanding of:

()  how to use a wide range of practical apparatus and fechnigues correctly.

(b)  appropriate units for measurements.

(c)  presenting observations and data in an appropriate format

1.1.3 Analysis

()  processing, analysing and interpreting qualitative and quantitative experimental
results
Including reaching valid conclusions, where appropriate.

(b) use of appropriate mathematical skills for analysis of quantitative data

(c] plotting and interpreting suitable graphs from experimental results, including:
() selection and labelling of axes with appropriate scales, quantities and
units.
(i) Measurement of gradients and intercepts.

1.1.4 Evaluation

()  how fo evaluate results and draw conclusions

(b)  the identification of anomalies in experimental measurements

(c)  the limitations in experimental procedures

(d) precision and accuracy of measurements and data, including margins of error,
percentage errors and uncertainties in apparatus

(e) refining of experimental design by suggestion of improvements to the
procedures and apparatus

1.2.1 Practical skills

Independent thinking
(a)  apply investigative approaches and methods to practical work
Including how 1o solve problems in a practical context.

Use and application of scientific methods and practices

(b) safely and correctly use a range of practical equipment and materials
See Section b,

Including identification of potential hazards.

Learners should understand how to minimise the risks involved.

(c)  follow written instructions

(d) make and record observations/measurements

(e) keep appropriate records of experimental activities
See Section 5.

(f)  present information and data in a scientific way
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(@)  use appropriate software and tools to process data, carry out research and
report findings

Research and referencing
(h)  use online and offline research skills including websites, textbooks and other
printed scientific sources of information

(i correctly cite sources of information.
The Practical Skills Handbook provides quidance on appropriate methods for citing
information

Instruments and equipment

(i) useawide range of experimental and practical instruments, equipment and
techniques appropriate to the knowledge and understanding including in the
specification.

1.2.2 Use of apparatus and technigues

()  use of appropriate apparatus to record a range of measurements (To include
mass, Time, volume of liquids and gases, temperature)

(b)  use of a water bath or electric heater or sand bath for heating

(c)  measurement of pH using pH charts, or pH meter, or pH probe on a data logger

(d) use of laboratory apparatus for a variety of experimental techniques including:
(i) titration, using burette and pipette
(if) distillation and heating under reflux, including setting up glassware
using retort stand and clamps
(iiiy  qualitative tests for ions and organic functional groups
(iv)  filtration, including use of fluted filter paper, or filtration under
reduced pressure.

(e)  useof avolumetric flask, including accurate technique for making up a
standard solution

(f)  use of acid-base indicators in titrations of weak/strong acids with
weak/strong alkalis

(g)  purification of:
()] a solid product by recrystallisation
{i1) a liquid product, including use of a separating funnel.

(h)  use of melting point apparatus

(i use of thin layer or paper chromatography

(i)  setting up of electrochemical cells and measuring voltages

(k) safely and carefully handling solids and liquids, including corrosive, irritant,
Tlammable and toxic substances

() measurement of rates of reaction by at least fwo dif ferent methods, for

example:
(i an initial rate method such as a clock reaction
(i) o continuous monitoring method.
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Module 2 Foundations in chemistry

2.1.1 Atomic structure and isotopes

Learning outcomes
You will be required to show and apply knowledge and understanding of:

Atomic structure and isotopes
{(a) isotopes as atoms of the same element with different numbers of neutrons and
different masses

(b) atomic structure in ferms of the numbers of protons, neutrons and electrons
for atoms and ions, given the atomic number, mass number and ary ionic charge
Different models for atomic structure can be used to explain different
phenomena, e.q. the Bohr model explains periodic properties.
The changing accepted models of atomic structure over time. The use of
evidence to accept or reject particular models,

Relative mass
(c) explanation of the terms relative isotopic mass (mass compared with 1/12th
mass of carbon-12) and relative atomic mass (weighted mean mass compared with
1/12th mass of carbon-12), based on the mass of a 12C atom, the standard for
atomic masses
Definitions required.

(d)  use of mass spectrometry in:
(i)  the determination of relative isotopic masses and relative abundances of
the isotope
knowledge of the mass spectrometer not required.
(i) calculation of the relative atomic mass of an element from the relative
abundances of its isotopes.
Limited to ions with single charges.

() useof the terms relative molecular mass, M., and relative formula mass and
their calculation from relative atomic masses
For simple molecules, the term relative molecular mass will be used.
For compounds with giant structures, the term relative formula mass will be
used,
Definitions of relative molecular mass and relative formula mass will not be
required.

2.1.2 Compounds, formulae and equations

Formulae and equations
(a)  the writing of formulae of ionic compounds from ionic charges, including:
(i)  prediction of ionic charge from the position of an element in the periodic
table
(it)  recall of recall of The names and formulae for the following ions: NO;,
CO5*, 50,%, OH, NH,'", Zn*" and Ag’
Mote that 'nitrate’ and ‘sulfate’ should be assumed to be NO; and 50,7,
Charges on ions other than in (i) and (ii) will be provided.

(b)  construction of balanced chemical equations (including ionic equations),
including state symbols, for reactions studied and for unfamiliar reactions given
appropriate information

Inspired Confident Ambitious
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2.1.3 Amount of substance

The mole
(a)  Explanation and use of the terms:
(Il  amount of substance
(i)  mole (symbol ‘'mol?, as the unit for amount of substance.
(i) the Avogadro constant, N, (the number of particles per mole, 6.02 * 10°°
mol ™)
(iv) molar mass (mass per mole, units g mol™)
(v) molar gas volume (gas volume per mole, units dm’ mol™).
Amount of substance will be used in exams using the formula of the
substance,
e.g. amount of an NaCl; amount of O..
In recognition of IUPAC's review, we will accept both the classical (carbon-12 based)
and revised (Avogadro constant based) definitions of the mole in examinations (see
https://iupac.org/new-definition-mole-arrived/)
The value for N, and the molar gas volume at RTP are provided on the Data Sheet.

Determination of formulae
(b}  use of the terms:
(i)  empirical formula (the simplest whole number ratio of atoms of each
element present in a compound)
(if)  molecular formuia (the number and type of atoms of each element in a
molecule).
Definitions net required.

() calculations of empirical and molecular formulae, from composition by mass or
percentage compositions by mass and relative molecular mass
To include calculating empirical formulae from elemental analysis data
(see also 6.3.2 e).

(d)  the terms anhydrous, hydrated and water of crystallisation and calculation of
the formula of a hydrated salt from given percentage composition, mass composition
or based on experimental results

Caleulation of reacting masses, gas volumes and mole concentrations
() calculations, using amount of substance in mol, involving:
(i) mass
(i) gos volume
(iii}  solution volume and concentraftion.
Learners will be expected to express concentration in mol dm™ and g dm™ .

(f)  the ideal gas equation:
pV=nRT
The value for R is provided on the Data Sheet.
Learners will be expected to express guontities in 5l unifs.

{g)  use of stoichiometric relationships in calculations

Percentage yields and atom economy

(h)  calculations to determine:
(i) the percentage yield of a reaction or related quantities
{ii) the atom economy of a reaction

(i)  the techniques and procedures required during experiments requiring the
measurement of mass, volumes of solutions and gas volumes

Inspired Confident Ambitious
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(j). the benefits for sustainability of developing chemical processes with a high
atom economy
Use of processes with high atom economy in chemical industry and other areas.

2.1.4 Acids

Acids, bases, alkalis and neutralisation

(o)  the formulge of the common acids HO, H:50,, HNO; and CH;C00H) and the
common alkalis (MaOH, KOH and MNH;) and explanation that acids release H' ions in
aqueous solution and alkalis release OH ions in aqueous solution

(b)  qualitative explanation of strong and weak acids in terms of relative
dissociations

(c) neutralisation as the reaction of:
()  H and OH to form H;O
(if) acids with bases, including carbonates, metal oxides and alkalis (water-
soluble bases), o form salts, including full equotions.

Acid-base titrations
{d) the techniques and procedures used when preparing a standard solution of
required concentration and carrying out acid-base titrations
Many opportunities to carry out experimental and investigative work.

(e) structured and non-structured titration calculations based on experimental
results of familiar and non-familiar acids and bases

Inspired Confident Ambitious
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2.1.5 Redox

Oxidation number
()  rules for assigning and calculating oxidation number for atoms in elements,
compounds and ions

Learners will be expected to know oxidation numbers of O in peroxides
and H in metal hydrides.

(b)  writing formulae using oxidation numbers
Appropriate use of oxidation numbers in written communication.

(c)  useof a Roman numeral To indicate the magnitude of The oxidation number
when an element may have compounds/ions with different oxidation numbers
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 (T) and
chlorate (I1I) and vice versa.
Mote that ‘nitrate’ and ‘sulfate’ with no shown oxidation number, are assumed to be
ND:.,- and 5042-
Systematic and unambiguous nomenclature.

Redox reactions
(d)  oxidation and reduction in terms of:
(I electron transfer
(i} changes in oxidation number
5Should include examples of s-, p- and d-block elements.

(e) redox reactions of metals with acids to form salts, including full equations (see
also 2.1.4 ¢)

Metals should be from s-, p- and d-blocks e.g. Mg, AL, Fe, Zn.

Tonic equations not required.

In (&), reactions with acids will be limited to those producing a salt and
hydrogen. Reactions involving nitric acid or concentrated sulfuric acid could be
assessed in the context of (f).

(f)  inferpretation of redox equations in (¢), and unfamiliar redox reactions, to
make predictions in terms of oxidation numbers and electron loss/gain

2.2.1 Electron structure

Energy levels, shells, sub-shells, atomic orbitals, electron configuration
(0)  the number of electrons that can fill the first four shells

(b)  atomic orbitals, including:

(i) asaregion around the nucleus that can hold up to two electrons, with
opposite spins.

(i) the shapes of 5- and p-orbitals

(iii) the number of orbitals making up s-, p- and d-sub-shells

{(c)  Tilling of orbitals:

(i) for the first three shells and the 4s and 4p orbitals in order of
increasing energy

(ii) for orbitals with the same energy, occupation singly before pairing.
Learners are expected to be familiar with the 'electrons in box’ representations.
Development of refined models for electron structure.

(d)  deduction of the electron configurations of;
(i atoms, given the atomic number, up to Z= 36.
(i) ions, given the atomic number and ionic charge, limited to s- and p-blocks
up fo £ = 36,

Learners should use sub-shell notation, i.e. for oxygen: 1s°25°2p".




Specification

2.2.2 Bonding and structure

Ionic bonding
(@)  ionic bonding as electrostatic attraction between positive and negative ions,
and the construction of 'dot-and-cross’ diagrams

(b)  explanation of the solid structures of giant ionic lattices, resulting from
oppasitely charged ions strongly attracted in all directions e.q. Nall

() explanation of the effect of structure and bonding  on The physical
properties of ionic compounds, including melting and boiling points, solubility and
electrical conductivity in solid, liquid and agueous states

Use of ideas about ionic bonding To explain macroscopic properties.

Covalent bonding
(d)  covalent bond as the strong electrostatic attraction between a shared pair of
electrons and the nuclei of the bonded atoms

(e) construction of ‘dot-and-cross’ diagrams of molecules and ions to describe:

(i) single covalent bonding

(ii)  multiple covalent bonding

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

(f)  use of the ferm 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.

Definition and calculations not required.

Average bond enthalpies and related calculations are covered in detail in 3.2.1 f.

The shapes of simple meolecules and ions

(g) 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 by electron pair
repulsion, including the relative repulsive strengths of bonded pairs and lone pairs of
electrons

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

Using electron pair repulsion theory to predict molecular shapes.

(h)  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 CH, (102.57), NH; (107%)
and H,O (104.5%).

(i) explanation of:

(i) apolar bond and permanent dipole within molecules containing covalently
bonded atoms with different electronegativities

(i) o polar molecule and overall dipole in terms of permanent dipole(s) and
molecular shape.
A polar molecule reguires polar bonds with dipoles that do not cancel due to their
direction. E.g. H:0 and C0; both have polar bonds but only H;O has an overall dipole.
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Intermolecular forces
(k)  intermolecular forces based on permanent dipole-dipole interactions and
induced dipole-dipole interactions

Permanent dipole-dipole and induced dipole-dipole interactions can both
be referred to as van der Waals' forces.

Induced dipole-dipole inferactions can also be referred to as London
(dispersion) forces.

Dipole interactions as a model to explain intermolecular bonding.

() hydrogen bonding as infermolecular bonding between molecules containing N, O
or F and the H atom of -MNH, -OH or HF
Including the role of lone pairs.

(m) explanation of anomalous properties of H;O resulting from hydrogen bonding,

e.q.
(i)  the density of ice compared with water
(if) its relatively high melting and boiling points.
UUse of ideas about hydrogen bonding to explain macroscopic properties.

(n)  explanation of the solid structures of simple molecular lattices, as covalently
bonded molecules attracted by infermolecular forces, e.q. I;, ice

(o) explanation of the effect of structure and bonding on the physical properties
of covalent compounds with simple molecular lattice structures including melting and
boiling points, solubility and electrical conductivity
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Module 3 Periodic table and energy

3.1.1 Periodicity

Learning outcomes
You will be required to show and apply knowledge and understanding of:

The structure of the periodic table
(a) the periodic table as the arrangement of elements:

(i) by increasing atomic (proton) number

(if)  in periods showing repeating trends in physical and chemical properties
(periodicity)

(it} in groups having similar chemical properties.
The development of the Periodic Law and acceptance by the scientific community.
The extension of the periodic table through discovery and confirmation of new
elements.

Periodic trend in electron configuration and ionisation energy
(b) (i) the periodic trend in electron configurations across Periods 2 and 3 (see
also 2.2.1 d)

(i) classification of elements into s-, p- and d-blocks,

(c)  first ionisation energy (removal of 1 mol of electrons from 1 mol of gaseous
atoms) and successive ionisation energy, and:
(i) explanation of the trend in first ionisation energies across Periods 2 and
3, and down a group, in terms of attraction, nuclear charge and atomic radius
(if) prediction from successive ionisation energies of the number of
electrons in each shell of an atom and the group of an element.
Definition required for first ionisation energy only.
(e.g. between Be and B) and p-orbital repulsion (e.g. between N and O).
Trends in ionisation energy support the Bohr model of the atom.

Periodic trend in structure and melting point
(d) explanation of:
(i)  metallic bonding as strong electrostatic attraction between cations
(positive ions) and delocalised electrons
(if) agiant metallic lattice structure, e.qg. all metals.
Mo details of cubic or hexagonal packing reguired.

(e) explanation of the solid giant covalent lattices of carbon (diamond, graphite
and graphene) and silicon as networks of atoms bonded by strong covalent bonds

Use of ideas about bonding to explain the strength and conductive
properties of graphene, and its potential applications and benefits.

(f)  explanation of physical properties of giant metallic and giant covalent lattices,
including melting and boiling points, selubility and electrical conductivity in
terms of structure and bonding

Explanations should be in terms of the types of particle present in a lattice, the

relative strength of forces and bonds, and the mobility of the particles involved, as

appropriate. HSW1 Use of ideas about bonding to explain macroscopic properties.

(g) explanation of the variations in melting points across Periods 2 and 3 in terms
of structure and bonding (see also 2.2.2 o).
Trend in structure from giant metallic to giant covalent to simple molecular lottice.
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3.1.2 Group 2

Redox reactions and reactivity of Group 2 metals
(@) the outer shells 5° electron configuration and the loss of these electrons in
redox reactions To form 2+ ions

(b)  the relative reactivities of the Group 2 elements Mg — Ba shown by Their
redox reactions with:

(i) oxygen

(i) water

i} dilute acids.
Reactions with acids will be limited to those producing a salt and hydrogen.

(c)  the trend in reactivity in ferms of the first and second ionisation energies of
Group € elements down the group (see also 3.1.1 ¢)

Definition of second ionisation energy is not required, but learners should be able to
write an equation for the change involved.

Reactions of Group 2 compounds
(d)  the action of water on Group 2 oxides and the approximate pH of any
resulting solutions, including the trend of increasing alkalinity

(e) usesof some Group £ compounds as bases, including equations, for example
(but not limited to):

(i) Ca(OH): in agriculture to neutralise acid soils

(i) Mg{OH). and CaCO; as 'antacids’ in Treating indigestion.
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3.1.3 The halogens

Characteristic physical properties
(a) existence of halogens as diatomic molecules and explanation of the trend in

the boiling points of Cl;, Br; and I, in ferms of induced dipole-dipole interactions
(London forces) (see also 2.2.2 k)

Redox reactions and reactivity of halogens and their compounds

(b) the outer shell s°p” electron configuration and the gaining of one electron in
many redox reactions to form 1- ions

Throughout this section, explanations of redox reactions should emphasise electron

transfer and oxidation number changes and include full and ionic equations (see also
2.1.5 Redox).

(c)  the trend in reactivity of the halogens CI;, Br: and I;, illustrated by reaction
with other halide ions
Including colour change in agueous and organic solutions,

(d) explanation of the trend in reactivity shown in (c), from the decreasing ease of
forming 1- ions, in ferms of attraction, atomic radius and electron shielding

(e) explanation of the term disproportionation as oxidation and reduction of the
same element, illustrated by:

(i) the reaction of chlorine with water as used in water treatment

(i)  the reaction of chlorine with cold, dilute aqueous sodium hydroxide, as
used to form bleach

(iii) reactions analogous to those specified in (i) and (ii).

(f)  the benefits of chlorine use in water treatment (killing bacteria) contrasted
with associated risks (e.q. hazards of toxic chlorine gas and possible risks from
formation of chlorinated hydrocarbons)

risks, and ethical considerations of people’s right to choose. Consideration of other
methods of purifying drinking water.

Characteristic reactions of halide ions

(g) the precipitation reactions, including ionic equations, of the aqueous anions CT™,
Br and I, with aqueous silver ions, followed by aqueous ammonia, and their use as a
test for different halide ions

Complexes with ammonia are not required other than observations (see alse 3.1.4
a).

3.1.4 Qualitative analysis

Tests for ions
()  qualitative analysis of ions on a test-tube scale; processes and techniques
needed to identify the following ions in an unknown compound:
(i anions:
€O, by reaction with H'(aq) forming CO,(g) (see 2.1.4 ¢)
»  50,%, by precipitation with Ba™(aq)
CT,Br , I ,(see 3.1.3 q)
(i) cations: NH,", by reaction with warm NaOH(aq) forming NH,.
Sequence of tests required is carbonate, sulfate then halide. (BaCO; and Ag.50; are
both insoluble).
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3.2.1 Enthalpy changes

Enthalpy changes: AH of reaction, formation, combustion and neutralisation
(a)  explanation that some chemical reactions are accompanied by enthalpy changes
that are exothermic (AH, negative) or endothermic (AH, positive)

(b)  construction of enthalpy profile diagrams to show the difference in the
enthalpy of reactants compored with products

() qualitative explanation of the term activation energy, including use of enthalpy
profile diagrams

Activation energy in terms of the minimum energy required for a reaction fo take
place.

(d) explanotion and use of the terms:

(i) standard conditions and standard states (physical states under standard
conditions)

(i)  enthalpy change of reaction (enthalpy change associated with a stated
equation, AH)

(iii) enthalpy change of formation (formation of 1 mol of a compound from its
elements, H:H)

(iv) enthalpy change of combustion (complete combustion of 1 mol of a
substance, A H)

(v) enthalpy change of neutralisation (formation of 1 mol of water from
neutralisation, A..H).
Definitions required for enthalpy changes of formation, combustion and
neutralisation only. Standard conditions con be considered as 100 kPa and a stated
temperature, 298 K.

(e) determination of enthalpy changes directly from appropriate experimental
results, including use of the relationship: g = mcAT

(f) (i) explanation of the term average bond enthalpy (as the breaking of 1 mol
of bonds in gaseous molecules)

(i) explanation of exothermic and endothermic reactions in terms of
enthalpy changes associated with the breaking and making of chemical bonds.

(i) use of average bond enthalpies to calculate enthalpy changes and related
guantities (see also 2.2.2 f).
Formal definition of average bond enthalpy not required.
Learners are expected to understand that an actual bond enthalpy may differ from
the average value.

Hess' law and enthalpy cycles
(g) Hess law for constructions of enthalpy cycles and calculations to determine
indirectly:

(i) anenthalpy change of reaction from enthalpy changes of combustion

(i) an enthalpy change of reaction from enthalpy changes of formation

(i) enthalpy changes from unfamiliar enthalpy cycles.
Definition of Hess' low pot reguired. Unfamiliar enthalpy cycles will be provided.
Application of the principle of conservation of energy to determine enthalpy changes.

(h)  the techniques and procedures used to determine enthalpy changes directly

and indirectly
To include the enthalpy changes covered in 5.2.1 ¢
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3.2.2 Reaction rates

Simple collision theory
(a)  the effect of concentration, including the pressure of gases, on the rate of a
reaction, in terms of frequency of collisions

(b)  calculation of reaction rate from the gradients of graphs measuring how a
physical gquantity changes with time

Catalysts

(c) explanation of the role of a catalyst:
(i) inincreasing reaction rate without being used up by the overall reaction
(if})  in allowing a reaction to proceed via a different route with lower
activation enerqgy, as shown by enthalpy profile diograms.
Dietails of processes are not reguired.

(d)y (1) explanation of the terms homogeneous and heterogeneous catalysts
(i) explanation that catalysts have great economic importance and benefits
for increased sustainability by lowering temperatures and reducing energy
demand from combustion of fossil fuels with resulting reduction in CO;
emissions

Benefits to the environment of improved sustainability weighed against toxicity of

some catalysts.

(e} the techniques and procedures used to investigate reaction rates including the
measurement of mass, gas volumes and time

The Boltzmann distribution
(f) qualitative explanation of the Boltzmann distribution and its relationship with
activation energy (see also 3.2.1 ¢)

(g) explanation, using Boltzmann distributions, of The qualitative effect on the
proportion of molecules exceeding the activation energy and hence the reaction rate,
for:

(i) temperature changes

(if)  catalytic behaviour (see also 3.2.2 ¢)
Use of Boltzmann distribution model to explain effect on reaction rates.
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3.2.3 Chemical equilibrium

(@)  explanation that a dynamic equilibrium exists in a closed system when the rate
of the forward reaction is equal o the rate of the reverse reaction and the
concentrations of reactants and products do not change

(b)  le Chatelier's principle and its application for homogeneous equilibria to deduce
qualitatively the effect of a change in femperature, pressure or concentration on the
position of equilibrium

Definition for le Chatelier's principle not required.

Use of le Chatelier's principle to explain effect of factors on the position of
equilibrium.

(c)  explanation that a catalyst increases the rate of both forward and reverse
reactions in an equilibrium by the same amount resulting in an unchanged position of
equilibrium

(d)  the techniques and procedures used to investigate changes fo the position of
equilibrium for changes in concentration and temperature
Qualitative effects only.

(e) explanation of the importance to the chemical industry of a compromise
between chemical equilibrium and reaction rate in deciding the operational conditions
Balancing the effects of equilibrium, rate, safety and economics to determine the
conditions used in industrial reactions e.g. Haber process.

The equilibrium constant K,

(f)  expressions for the equilibrium constant, Kc , for homogeneous reactions and
calculations of the equilibrium constant, K., from provided equilibrium concentrations
Learners will not need to determine the units for K.

(g)  estimation of the position of equilibrium from the magnitude of K,
A gualitative estimation only is required.
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Meodule 4 Core organic chemistry

4.1.1 Basic concepts of organic chemistry

Learning outcomes
You will be required to show and apply knowledge and understanding of:

Naming and representing the formulae of organic compounds

(o)  application of TUPAC rules of nomenclature for systematically naming organic
compounds

Momenclature will be limited to the functional groups within this specification.

E.g. CH;CHCH{CHZ)CH-OH has the systematic name: 2-methylbutan-1-ol.

Learners will be expected to know the names of the first fen members of the alkanes
homologous series and their corresponding alkyl groups.

IUse of systematic nomenclature to avoid ambiguity.

The role of TUPAC in developing a systematic framework for chemical nomenclature.

(b)  interpretation and use of the terms:

(i)  general formula (the simplest algebraic formula of a member of a
homologous series) e.q. Tor an alkane: C H;,.z

(i)  structural formula (the minimal detail that shows the arrangement of
atoms in a molecule) e.qg. for butane: CH;CHCHZCH; or CH3(CH;)CH;

(i) displayed formula (the relative positioning of atoms and the bonds
between them) e.g. for ethanol:

(v) skeletal formula (the simplified organic formula, shown by removing
hydrogen atoms from alkyl chains, leaving just a carbon skeleton and associated
functional groups) e.g. for butan-2-ol:

See also 2.1.3 b for empirical formula and molecular formula.

Definitions net required.

In structural formulae, the carboxyl group will be represented as COOH and the
ester group as CO0,

The symbols below will be used for cyclohexane and benzene:

Communication using organic chemical structures; selecting the appropriate type of
formula.
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Functional groups
(c) interpretation and use of the Terms:
(i)  homologous series (a series of organic compounds having the same
functional group but with each successive member differing by CH;)
(it  functional group (a group of atoms responsible for the characteristic
reactions of a compound)
(iii) alky! group (of formula C H;....)
(iv) aliphatic (a compound containing carbon and hydrogen joined together in
straight chains, branched chains or non-aromatic rings)
(v) alicyclic (on aliphatic compound arranged in non-aromatic rings with or
without side chains)
(vi} aromatic (a compound containing o benzene ring)
(vii) saturated (single carbon-carbon bonds only) and unsaturated (the
presence of multiple carbon-carbon bonds, including C=C, CC/ and aromatic
rings).
Cefinition required for homologous series only.
R may be used to represent alkyl groups, but also other fragments of organic
compounds not involved in reactions.
The terms saturated and unsaturated will be used to indicate the presence of
multiple carbon-carbon bonds as distinct from the wider term "deqgree of
saturation’ used also for any multiple bonds and cyclic compounds.

(d)  use of the general formula of a homologous series fo predict the formula of
any member of the series

Isomerism

(e) explanation of the term structural isomers (compounds with the same molecular
formula but different structural formuloe) and determination of possible
structural formulae of an organic molecule, given its molecular formula

Reaction mechanisms
(f)  the different types of covalent bond fission:
(i)  homolytic fission (in terms of each bonding atom receiving one electron
from the bonded pair, forming two radicals)
(i)  heterolytic fission (in terms of one bonding atom receiving both
electrons from the bonded pair).

(g)  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 sequence of equations.

Dots, =, are required in all instances where there is a single unpaired electron (e.g. CI*
and CH;*). Dots are not required for species that are diradicals (e.q. O).

(h)  a’curly arrow’ described as the movement of an electron pair, showing either
heterolytic fission or formation of a covalent bond

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

Use of the 'curly arrow’ model o demonstrate electron flow in organic reactions.

(i)  reaction mechanisms, using diagrams, to show clearly the movement of an
electron pair with 'curly grrows’ and relevant dipoles
Any relevant dipoles should be included.
Curly arrows should start from a bond, a lone pair of electrons or a
neqative charge.
IUse of reaction mechanisms to explain organic reactions.

Inspired Confident Ambitious




Specification

4.1.2 Alkanes

Properties of alkanes
(a)  alkanes as saturated hydrocarbons containing single C-C and C-H bonds as o-
bonds (overlap of orbitals directly between the bonding atoms); free rotation of the
g-bond

Hybridisation not required.
lUse of model of orbital overlap to explain covalent bonding in organic compounds.

(b)  explanation of the tetrahedral shape and bond angle around each carbon atom
in alkanes in ferms of electron pair repulsion. (see also 2.2.2 g-h)
Learners should be able to draw 3-D diagrams.

(c)  explanation of the variations in boiling points of alkanes with different carbon-
chain length and branching, in terms of induced dipole-dipole interactions (London
forces) (see also 2.2.2 k)

Reactions of alkanes
(d) the low reactivity of alkanes with many reagents in terms of the high bond
enthalpy and very low polarity of the o-bonds present (see also 2.2.2 j)

Use of ideas about enthalpy & polarity to explain macroscopic properties of alkanes.

(e) complete combustion of alkanes, as used in fuels, and the incomplete
combustion of alkane fuels in a limited supply of oxygen with the resulting
potential dangers from CO

(f)  the reaction of alkanes with chlorine and bromine by radical substitution using
ultraviolet radiation, including a mechanism involving homolytic fission and radical
reactions in terms of initiation, propagation and termination (see also 4.1.1 f-g)
Learners are not required o use ‘half curly arrows’ in this mechanism. Equations
should show which species are radicals using a single 'dot’, *, To represent the
unpaired electron.

(g)  the limitations of radical substitution in synthesis by the formation of a
mixture of organic products, in Terms of further substitution and reactions at
different positions in a carbon chain
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4.1.3 Alkenes

Properties of alkenes

{(a)  alkenes as unsaturated hydrocarbons containing a C=C bond comprising a -
bond (sideways overlap of adjacent p-orbitals above and below the bonding C atoms)
and a o-bond (overlap of orbitals directly between the bonding atoms) (see alse
4.1.2 a); restricted rotation of the m-bond

Hybridisation is net required.

Use of the model of orbital overlap to explain covalent bonding in organic compounds.

(b)  explanation of the trigonal planar shape and bond angle around each carbon in
the C=C of alkenes in terms of electron pair repulsion (see also 2.2.2 g-h, 4.1.2 b)

Stereocisomerism in alkenes
(c) (i) explanation of the terms:

stereoisomers (compounds with the same structural formula but with a
different arrangement in space)

E/Z isomerism (an example of stereoisomerism, in terms of restricted rotation
about a double bond and the requirement for two different groups to be attached to
each carbon atom of the C=C group)

cis-trans isomerism (a special case of E/Z isomerism in which two of the
substituent groups attached to each carbon atom of the C=C group are the same).

H,C H H H
“'-\ .-"f 1\_ __-"'
C=—C C=C
."'f \". /£ AY
H CH; H,C CH,

E-but-2-ene Z-but-2-ene

(trans) (cis)

IUse of E 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.

() (i) useof Cahn-Ingold-Prelog (CIP) priority rules to identify the Eand £
stereoisomers
Assigning CIP priorities fo double or friple bonds within R groups is not required:

(d) determination of possible E/Z or cis-trans stereoisomers of an organic
molecule, given its structural formula

Addition reactions of alkenes
(e) the reactivity of alkenes in terms of the relatively low bond enthalpy of the m-
bond

(f)  addition reactions of alkenes with:
(i) hydrogen in the presence of a suitable catalyst, e.q. Ni, to form alkanes.
(if)  halogens to form dihaloalkanes, including the use of bromine to detect
the presence of a double C=C bond as a test for unsaturation in a carbon chain
(i) hydrogen halides to form haloalkanes
(iv) steam in the presence of an acid catalyst, e.g. H;PO,, To form alcohols.
(see also 6.3.1 ¢)

{g)  definition and use of the term electrophile (an electron pair of acceptor)
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(h)  the mechanism of electrophilic addition in alkenes by heterolytic fission (see
also 4.1.1 h-i)

For the reaction with halogens, either a carbocation or a halonium ion intermediate is
acceptable.

lUse of reaction mechanisms to explain organic reactions.

(i)  use of Markownikoff's rule to predict formation of a major organic product in
addition reactions of H-X o unsymmetrical alkenes, e.q. H-Br to propene, in terms of
the relative stabilities of carbocation intermediates in the mechanism

Limited to stabilities of primary, secondary and tertiary carbocations.

Explanation for relative stabilities of carbocations net required.

Use of stability to explain products of organic reactions.

Polymers from alkenes
(i)  oddition polymerisation of alkenes and substituted alkenes, including:
(i)  the repeat unit of an additional polymer deduced from a given monomer.
(i)  Identification of the monomer that would produce a given section of an
addition polymer.

Waste polymers and alternatives
(k}  the benefits for sustainability of processing waste polymers by
(i)  combustion for energy production
(i)  use as an organic feedstock for the production of plastics and other
organic chemicals
(i) removal of toxic waste products, e.q. removal of HCI formed during
disposal by combustion of halogenated plastics (e.g. PVC).
Benefits of cheap oil-derived plastics counteracted by problems for the environment
of landfill; the move to re-using waste, improving the use of resources.

(I the benefits to the environment of development of biodegradable and
photodegradoble polymers

Benefits of reduced dependency on finite resources and alleviating problems from

disposal of persistent plastic waste.

4.2.1 Alcohols

Properties of alcohols
(@) (1) the polarity of alcohols and an explanation, in terms of hydrogen bonding,
of the water solubility and the relatively low volatility of alcohols compared with
alkanes (see also 2.2.2 | and 4.1.2 c)

(i) classification of alcohols info primary, secondary and tertiary alcohols.

(b)  combustion of alcohols

(c) oxidation of alcohols by an oxidising agent, e.g. Cr:0;" /H' (i.e.
K:Cr:0:/H>50,), including:

(i)  the oxidation of primary alcohols o form aldehydes and carboxylic acids;
the control of the oxidation product using different reaction conditions

(i) the oxidation of secondary alcohols to form ketones

(iii) the resistance to oxidation of tertiary alcohols Equations should use [O]
to represent the oxidising agent (see also 6.3.1 ¢).

(d)  elimination of H;O from alcohols in the presence of an acid catalyst (e.g. H;PO,
or H;50,) and heat to form alkenes. (Mechanism not reguired.)

(e) substitution with halide ions in the presence of acid (e.g. NaBr/H:50,) to form
haloalkanes. {Mlachunism not required.)
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4.2.2 Haloalkanes

Substitution reactions of haloalkanes
(o)  hydrolysis of haloalkones in a substitution reaction:
(i) by agueous alkali
(iiy by water in the in the presence of AgNO3 and ethanol to compare
experimentally the rates of hydrolysis of different carbon-halogen
bonds. (see also 6.3.1 ¢).

(b)  definition and use of the term nucleophile (an electron pair donor)

(c)  the mechanism of nucleophilic substitution in the hydrobysis of primary
haloalkanes with agueous alkali (see also 4.1.1 h=i)
Use of reaction mechanisms to explain organic reactions.

(d) explanation of the trend in rates of hydrolysis of primary haloalkanes in terms
of the bond enthalpies of carbon-halogen bonds (C-F, C-Ci, C-Br and C-T)

Environmental concerns from use of organchalogen compounds
(e) production of halogen radicals by the action of ultraviolet (UV) radiation on
CFCs in the upper atmosphere and the resulting catalysed breakdown of the Earth's
protective ozone layer, including equations to represent:
(i)  the production of halogen radicals
(i) the catalysed breakdown of ozone by Cl* and other radicals e.g. *NO.
Simple equations of the breakdown process are required, e.q.
CF; Cl; = CF, Cl*++ (I
'C£+D3—>='CIG+DE
*ClI0+0 — ~C+0;
Learners could be expected to construct similar equations for other stated radicals.
Benefits of (FCs; acceptance of scientific evidence explaining ozone depletion
leading to government legislation against CFC use.

4.2.3 Organic synthesis

Practical skills
(a)  the technigues and procedures for:
(i)  use of Quickfit apparatus including for distillations and heating under
reflux
(if) preparation and purification of an organic liquid including:
* use of a separating funnel to remove an organic layer from an aqueous
layer
« drying with an anhydrous salt (e.g. Mg50,, Call;)
» redistillation.

Synthetic routes
(b}  for an organic molecule containing several functional groups:
(i) identification of individual functional groups
(ii) prediction of properties and reactions.
Learners will be expected to identify the functional groups encountered in Module 4.
Development of synthetic routes.

(c) two-stage synthetic routes for preparing organic compounds

Learners will be expected o be able to devise two-stage synthetic routes by applying
fransformations between all functional groups encountered up o this point of the
specification. Extra information may be provided on exam papers to extend the
learner's toolkit of organic reactions.

Development of synthetic routes.

Inspired Confident Ambitious




4. The John Roan School
o228 Sixth Form
" The best in everyone™

Part of United Learning

Specification

4.2.4 Analytical technigues

Infrared spectroscopy
(a)  infrared (IR) radiation causes covalent bonds to vibrate more and absorb
enerqy

(b)  absorption of infrared radiation by atmospheric gases containing =0, O-H and
C-H bonds (e.q. CO;, H:0 and CH,), the suspected link to global warming and resulting
changes to energy usage

Acceptance of scientific evidence explaining global warming has prompted
governments towards policies to use renewable energy supplies.

()  useof aninfrared spectrum of an organic compound to identify:

(i) analcohol from an absorption peak of the O-H bond

(if)  an aldehyde or ketone from an absorption peak of the (=0 bond

(iiif) o carboxylic acid from an absorption peak of the C=0 bond and a broad

absorption peak of the O-H bond.

In examinations, infrared absorption dota will be provided on the Data Sheet.
Learners should be aware that most organic compounds produce a peak at
approximately 3000 cm™ due to absorption by C-H bonds.

(d) interpretations and predictions of an infrared spectrum of familiar or
unfamiliar substances using supplied data

Restricted to functional groups studied in this specification (see alse 6.3.2 e).
Analysis and interpretation of spectra.

(e) useof infrared spectroscopy To monitor gases causing air pollution (e.g. CO and
MO from car emissions) and in modern breathalysers to measure ethanol in the
breath

Use of analytical technigues to provide evidence for law courts, e.g. drink driving.

Mass spectrometry

(f)  use of a mass spectrum of an organic compound to identify the molecular ion
peak and hence to 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 specification (see also 6.3.2 e).
Learners should be aware that mass spectra may contain a small M+1 peak from the
small proportion of carbon-13.

Analysis and interpretation of spectra.

(g) onalysis of fragmentation peaks in a mass spectrum to identify parts of
structures

Learners should be able to suggest the structures of fragment ions.

Analysis and interpretation of spectra.

Combined techniques
(h)  deduction of the structures of organic compounds from different analytical
data including:

(il elemental analysis (see also 2.1.3 ¢)

(i) mass spectra

(i IR spectra.
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Module 5 Physical chemistry and transition elements

5.1.1 How fast?

Learning outcomes
You will be required to show and apply knowledge and understanding of:

Orders, rate equations and rate constants
(a)  explanation and use of the terms: rate of reaction, order, overall order, rate
constant, half-life, rate-determining step

(b} deduction of:

(i) orders from experimental data

(i) arate equation from orders of the form:

rate = K[A]"[B]", where mand nare O, 1 or 2.

Learners are expected fo interpret initial rates data to determine orders with
respect To reactants.
Integrated forms of rate equations are not required.
Use of rate equations.

Orders, rate equations and rate constants
(c) calculation of the rate constant, k, and related quantities, from a rate equation
including determination of units

Rate graphs and orders
(d) from a concentration-time graph:

(i) deduction of the order (0 or 1) with respect to a reactant from the
shape of the graph

(i) calculation of reaction rates from the measurement of gradients

(see also 3.2.2 b)

Concentration-time graphs can be plotted from confinuous measurements taken
during the course of a reaction {continuous monitoring).

(e) from a concentration-time graph of a first order reaction, measurement of
constant half-life t,..
Learns should be aware of the constancy of half-life for a first order reaction.

(f)  fora first order reaction, determination of the rate constant, k, from the
constant half-life, ty,;, using the relationship: k = In 21,2

Learners will not be required To derive this equation from the exponential
relationship between concentration and time, [A]= [A ]e™

(g) from a rate-concentration graph:

(i) deduction of the order (0 or 1) with respect to a reactant from the
shape of the graph

(i) determination of rate constant for a first order reaction from the
gradient
Rate-concentration data can be obtained from initial rates investigations of separate
experiments using dif ferent concentrations of one of the reactants. Clock reactions
reaction has not proceeded too far.
Link between order and rate.

(h)  the techniques and procedures used to investigate reaction rates by the initial

rates method and by continuous monitoring, including use of colorimetry (see also
3.2.2 ¢e)
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Rate-determining step
(i foramulti-step reaction, prediction of,
(i) arate equation that is consistent with the rate-determining step
(i) possible steps in a reaction mechanism from the rate equation and The
balanced equation for the overall reaction.
Use of experimental evidence for the proposal of reaction mechanisms.

Document was |

Effect of temperature on rate constants
(j)  aqualitative explanation of the effect of temperature change on the rate of a
reaction and hence the rate constant (see 3.2.2 f-q)

(k)  the Arrhenius equation:
(i)  the exponential relationship between the rate constant, kand
temperature, T given by the Arrhenius equation, k= Ae™""
(ii) determination of £ and A graphically using In k= -E,/RT + In A derived
from the Arrhenius equation.
E, = activation energy,
A = pre-exponential factor,
R = gas constant (provided on the Data Sheet)
Explanation of A is not required.
Equations provided on the Data Sheet.
Link between kand T.

5.1.2 How far?

Equilibrium
(@)  wuse of the ferms mole fraction and partial pressure
See also 3.2.3 Chemical Equilibrium

(b)  calculation of quantities present at equilibrium, given appropriate data

(c)  the techniques and procedures used to determine quantities present at
equilibrium. (Net for Kp.)

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

MNote: liguid and solid concentrations are constant and are omitted in heterogeneous
K. and K, expressions.

(e) calculations of K. and K, or related quantities, including determination of units
(see alse 3.2.3 f)
Learners will not be required to solve quadratic equations.

(fy (i) the qualitative effect on equilibrium constants of changing temperature
for exothermic and endothermic reactions

(if) the constancy of equilibrium constants with changes in concentration,
pressure or in the presence of a catalyst.

(g)  explanation of how an equilibrium constant controls the position of equilibrium
on changing concentration, pressure and Temperature

(h)  application of the above principles in 5.1.2 How far? for K, K, fo other
equilibrium constants, where appropriate (see alse 5.1.3 ¢ ete.)

Inspired Confident Ambitious




4. The John Roan School
o228 Sixth Form
" The best in everyone™

Part of United Learning

Specification

5.1.3 Acids, bases and buffers

Brensted-Lowry acids and bases
(@) () aEBroensted-Lowry acid as a species that donates a protonand a
Bronsted-Lowry base as a species that accepts a proton (see also 2.1.4 Acids)
(ii) use of the term conjugate acid-base pairs
(iii) monobasic, dibasic and tribasic acids.
Learners should be able to identify acid-base pairs in equations for acid-base
equilibria.
Development of different models over time to explain acid-base behaviour,

(b)  therole of H the reactions of acids with metals and bases (including
carbonates, metal oxides & alkalis), using ionic equations (see also 2.1.4¢, 2.1.5e)

(c) (1) the acid dissociation constant K, for the extent of acid dissociation (see

also 2.1.4 b)

(ii) the relationship between K, and pK..
pH and [H+(aq)]
(d)  use of the expression for pH as:

pH = -log [H']

[H']= 107

()  use of the expression for the ionic product of water, K,

(f)  calculations of pH, or related quantities, for:
(i) strong monobasic acids
(i) strong bases, using K,.

(g) calculations of pH, Ko or related gquantities, for a weak monobasic acid using
approximations
Approximations for weak acid calculations:
[HA]zwilu':num n~ [HA].Irldlssf.\:iﬂ‘l‘E:'
e [HA] = [H]
[H‘] quh"briLﬂ'lN [A-] equilibrium
L.e. negligible dissociation of H;O.
Learners will not be required o solve quadratic equations

(h)  limitations of using approximations to K, related calculations for 'stronger’
weak acids
Including reasons why:
[HA Lowirivm ~ [HALinsizsocias= May no longer be valid.
Understanding of the circumstances under which K, approximations break down.

Buffers: actions, uses and calculations
(i)  abuffer solution as a system that minimises pH changes on addition of small
amounts of an acid or a base

(j). formationof abuffer solution from:
(i o weak acid and a salt of the weak acid, e.g. CH:COOH/CH:COONa
(i) excess of a weak acid and a strong alkali, e.q. excess CHyCOOH/MNaOH

(k) explanation of the role of The conjugate acid-base pair in an acid buffer
solution, e.q. CH3;COOH/CH:C0O | in the control of pH

(N calculation of the pH of a buffer solution, from the K, value of a weak acid and
the equilibrium concentrations of the conjugate acid-base pair; calculations of
related quantities

(m) explanation of the control of blood pH by the carbonic acid-
hydrogencarbonate buffer system. The HCO:/HCO; buffer is present in blood
plasma, maintaining a pH between 7.35 and 7.45.,
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(n)  pH titration curves for combinations of strong and weak acids with strong and
weak bases, including:
(i) sketch and interpretation of their shapes
(i) explanation of the choice of suitable indicators, given the pH range of
the indicator
(i) explanation of indicator colour changes in terms of equilibrium shift
between the HA and A forms of the indicator.
Mo indicator is suitable for a weak acid/weak base titration.
The indicator should be considered as a weak acid, HA.

(o)  the technigues and procedures used when measuring pH with a pH meter

5.2 Energy

5.2.1 Lattice enthalpy

(@)  explanation of the term lattice enthalpy (formation of 1 mol of ionic lattice
from gaseous ions, A =) and use as a measure of the strength of ionic bonding ina
giant ionic lattice (see alse 2.2.2 b=¢)

Definition required.

Born-Haber and related enthalpy cycles
(b)  use of the lattice enthalpy of a simple ionic solid (e.g. MaCl, MgCi;) and
relevant energy terms for:

(i) the construction of Born-Haber cycles

(i} related calculations,
Relevant energy terms: enthalpy change of formation, ionisation energy, enthalpy
change of atomisation and electron affinity.
Definition required for first ionisation energy (see also 3.1.1 ¢) and enthalpy
change of formation (see also 3.2.1 d) only.
Application of conservation of energy to determine enthalpy changes.

(c)  explanation and use of the ferms:
(i) enthalpy change of solution (dissolving of 1 mol of solute, A H)
(i) enthalpy change of hydration (dissolving of 1 mol of gaseous ions in

water, & H)

Definitions required. Details of infinite dilution net required.

(d)  wuse of the enthalpy change of solution of a simple ionic solid (e.q. NaCl, MgClz)
and relevant energy terms (enthalpy change of hydration and lattice enthalpy) for:
(i)  the construction of enthalpy cycles
(i} related calculations,
Application of conservation of energy to determine enthalpy changes.

(e) qualitative explanation of the effect of ionic charge and ionic radius on the
exothermic value of a lattice enthalpy and enthalpy change of hydration

Inspired Confident Ambitious
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5.2.2 Enthalpy and entropy

Entropy

(o) explanation that entropy is a measure of the dispersal of energy in a system
which is greater, the more disordered a system
The model of entropy To explain thermodynamic stability.

(b)  explanation of the difference in magnitude of the entropy of a system:
(i) of solids, liquids and gases
(i) for areaction in which there is a change in the number of gaseous
molecules.

()  calculation of the enfropy change of a system, A5, and related quantities for a
reaction given the entropies of the reactants and product

Free energy
(d) explanation that the feasibility of a process depends upon the entropy change

and temperature in the system, TAS, and the enthalpy change of the system, AH
Use of entropy, enthalpy and femperature for predicting feasibility.

(e) explanation, and related calculations, of the free energy change, Az, as: A&z
=AM - TAS (the Gibbs' equation) and that a process is feasible when A& has a
negative value

Link between A& and feasibility.

(f)  the limitations of predictions made by A& about feasibility, in terms of
kinetics
The relative effects of entropy and rate in determining feasibility of processes.

Inspired Confident Ambitious
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5.2.3 Redox and electrode potentials

Redox
(o)  explanation and use of the terms oxidising agent and reducing agent (see also
2.1.5 Redox)

(b)  construction of redox equations using half-equations and oxidation numbers

(c)  interpretation and prediction of reactions involving electron transfer

Redox titrations
(d) the techniques and procedures used when carrying out redox titrations
including those involving Fe® /MnO, and I;/5.0:>  (see also 2.1.5 e-f)

(e) structured and non-structured titration calculations, based on experimental
results of redox titrations invalving:

(i)  Fe”/MnO, and T,/5,0:*

(i) non-familiar redox systems.
Mon-structured titration calculations could be examined in the context of both acid-
base and redox titrations (see also 2.1.4 d-e).

Electrode potentials
(f)  use of the of the term standard electrode (redox) potential, E¥, including its
measurement using a hydrogen electrode

E” data will be provided on examination papers.

(g) the techniques and procedures used for the measurement of cell potentials of:
(i) metals or non-metals in contact with their ions in aqueous solution
(ii} ions of the same element in dif ferent oxidation states in contact with a
Pt electrode.
For measurement of standard cell potentials, ions of The same element can have
concentrations of 1 mol dm™ or be equimolar.

(h)  calculation of a standard cell potential by combining Two standard electrode
potentials

(i)  prediction of the feasibility of a reaction using standard cell potentials and
the limitations of such predictions in terms of kinetics and concentration

The relative effects of standard electrode potential, rate and concentration in
determining feasibility of processes.

Storage and fuel cells

(i)  application of principles of electrode potentials to modern storage cells
Details of storage cells and required equations will be provided. Relevant electrode
potentials and other data will be supplied.

Benefits of electrochemical cells counteracted by risks from toxicity and fire from
Li-based cells.

(k)  explanation that a fuel cell uses the energy from the reaction of a fuel with
oxygen to create a voltoge and the changes that take place at each electrode
Recall of fuel cells and equations will not be required. Relevant electrode potentials
and other data will be supplied.

Inspired Confident Ambitious
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5.3 Transition elements

5.3.1 Transition elements

Properties

(@)  the electron configuration of atoms and ions of The d-block elements of Period
4 (5¢-Zn), given the atomic number and charge (see also 2.2.1 d)

Learners should use sub-shell notation e.g. for Fe: 1s°25°2p°35°3p°3d%4s",

(b}  the elements Ti-Cu as transition elements
i.e. d-block elements that have an ion with an incomplete d-sub-shell

{c) illustration, using at least two transition elements, of:
(i) the existence of more than one oxidation state for each element in its
compounds (see also 3.3.1 k)
(i) the formation of coloured ions (see also 5.3.1 h, j-k).
(iii) the catalytic behaviour of the elements and their compounds and their
importance in the manufacture of chemicals by industry (see 3.2.2 d).
Mo detail of how colour arises required.
Practical examples of catalytic behaviour include:
Cu® for reaction of Zn with acids:
MnQ; for decomposition of H;O;.
Mo detail of catalytic processes required.

(d) explanation and use of the term ligand in ferms of coordinate (dative covalent)
bonding o a metal ion or metal, including bidentate ligands.
Examples should include:
monodentate: H:0, O and NH;
bidentate:NH,CH;CH:NH; (Cen’)
In exams, other ligonds could be introduced.

(e) use of the ferms complex ion and coordination number and examples of
complexes with:

(i) six-fold coordination with an octahedral shape

(i) four-fold coordination with either a planar or fetrahedral shape (see
also 2.2.2 g~h)
Examples: Octahedral: many hexaaqua complexes, e.g. [Cu(H>0) I, [Fe(H:0):]*"
Tetrahedral: many tetrachloro complexes, e.q. Cu Cl,° and Co C1,*
Square planar: complexes of Pt, e.g. platin: PY{NH:); Cl; (see also 5.3.1 g).

(f)  types of sterecisomerism shown by complexes, including those associated with
bidentate and multidentote ligonds:

(i) cis-trans isomerism e.g. P1(MNH:); Ci; (see also 4.1.3 e-d)

(i) optical isomerism e.q. [NI(NHCH.CH:NH;): " (see alse 6.2.2 &)
Learners should be able to draw 3-D diagrams to illustrate sterepisomerism.

(g)  use of cis-platin as an anti-cancer drug and its action by binding to DNA
preventing cell division
Benefits of chemotherapy; risks from unpleasant side effects.

Ligand substitution
(h)  ligand substitution reactions and the accompanying colour changes in the
formation of:
() CulNH:3)s(H:0).1*" and [Cu CL T from [Cu(H.0) 1"
(i) [CriNH:)]" from [Cr{H.0)s]" (see alse 5.3.1 j).
Complexed formulae should be used in ligand substitution equations.

(i)  explanation of the biochemical importance of iron in haemoglobin, including
ligand substitution involving O; and CO
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Precipitation reactions
(j)  reactions, including ionic equations, and The accompanying colour changes of
aquecus  Cu®, Fe®, Fe™, Mn®" and Cr** with aqueous sodium hydroxide and aqueous
ammania, including:

(i) precipitation reactions

(ii) complex formation with excess aqueous sodium hydroxide and agqueous
ammaonia.
For precipitation, non-complexed formuloe or complexed formulae, are acceptable
e.g. Cu*(aq) or [Cu(H,0)s]"; Cu(OH)x(5) or Cu(OH)x(Hz0)..
With excess NaOH, only Cr(OH); reacts further forming [Cr(OH).T".
With excess NH;, only Cr{OH); and Cu(COH); react forming [Cr(NH;)s]** and
[Cu(NH;)4(H:0). T respectively (see also 5.3.1 h).

Redox reactions
(i)  redox reactions and accompanying colour changes for:

(i) interconversions befween Fe™ and Fe®

(i) interconversions between Cr** and Cr, 05"

(iii) reduction of Cu* to Cu’ and disproportionation of Cu’ to Cu® and Cu.
Fe™ can be oxidised with H+/MnO,” and Fe*' reduced with T", Cr®* can be oxidised
with H.0,/0H and €r.0;% reduced with Zn/H', Cu® can be reduced with T, In
aqueous conditions, Cu' readily disproportionates.
Learners will not be required to recall equations but may be required to construct
and interpret redox equations using relevant half-equations and oxidation numbers
(see 5.2.3 b-¢).

(1 interpretation and prediction of unfamiliar reactions including ligand
substitution, precipitation, redox.

5.3.2 Qualitative analysis

Tests for ions
(@)  qualitative analysis of ions on a test-tube scale: processes and techniques
needed to identify the following ions in an unknown compound:

(i) anions: CO;*, CI', Br, T, 50, (see 3.1.4 a)

(i) cations: NH,"; Cu™, Fe*', Fe™", Mn®", Cr*" (see 3.1.4 a, 5.3.1 j).
Qualitative analysis.
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Module 6§ Organic chemistry and analysis

6.1.1 Aromatic compounds

Learning outcomes
You will be required to show and apply knowledge and understanding of:

Benzene and aromatic compounds

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

Learners may represent the structure of benzene in equations and mechanisms as:

., 1 H'I Development of the model for benzene over time.

gy
or

(b) the exper*imén‘ral evidence for a delocalised, rather than Kekulé, model for
benzene in terms of bond lengths, enthalpy change of hydrogenation and resistance
to reaction (see alse 6.1.1 f)

supparting experimental evidence.

()  useof TUPAC rules of nomenclature for systematically naming substituted
aromatic compounds

lUse of locant number to identify positions of substitution e.g. 2,4-
dinifromethylebenzene.

Introduction of systematic nomenclature.

Electrophilic substitution
(d) the electrophilic substitution of aromatic compounds with:
(i) concentrated nitric acid in the presence of concentrated sulfuric acid
(ii) ahalogen in the presence of a halogen carrier
(i) a haloalkane or acyl chloride in the presence of a halogen carrier
(Friedel-Crafts reaction) and its importance to synthesis by formation of a C-C bond
to an aromatic ring (see alse 6.2.4 d).
Halogen carriers include iron, iron halides and aluminium halides.

(e) the mechanism of electrophilic substitution in arenes for nitration and
halogenation (see also 4.1.1 h-i)

For nitration mechanism, learners should include equations for formation of NO;".
Halogen carriers include iron, iron halides and aluminium halides.

For the halogenation mechanism, the electrophile can be assumed to be X',

Use of reaction mechanisms to explain organic reactions.

(f)  the explanation of the relative resistance to bromination of benzene,

compared with alkenes, in terms of the delocalised electron density of the m-system

in benzene compared with the localised electron density of the m-bond in alkenes
(see also 4.1.3 a, 6.1.1 a)

UUse of delocalised benzene model to explain reactivity.

(g) the interpretation of unfamilior electrophilic substitution reactions of
aromatic compounds, including prediction of mechanisms
Extra information may be provided on exam papers.

Phenols
(h)  the weak acidity of phenols shown by the neutralisation reaction with NaOH
but absence of reaction with carbonotes (see alse 5.1.3 b and 6.3.1 ¢&).

Inspired Confident Ambitious
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(Y the electrophilic substitution reactions of phenol:

(i) with bromine to form 2.4 6-tribromophenol

(i)  with dilute nitric acid to form a mixture of 2-nitrophenol and 4-
nitrophenol.
Mote that nitration with phenol does not require concentrated HMO; or the presence
of a concentrated H: 50, catalyst.

(i)  the relative ease of electrophilic substitution of phenol compared with
benzene, in terms of electron pair donation to the m-system from an oxygen p-orbital
in phenol  (see alse 4.1.3 a)

Tlustrated by reactions with bromine and with nitric acid.

Explanation is only in terms of susceptibility of ring to 'attack’ and net in terms of
stability of intermediate.

Use of delocalised benzene model to explain reactivity.

(k)  the 2- and 4-directing effect of electron-donating groups (OH, NH;) and the
3-directing effect of electron-withdrawing groups (MO:) in electrophilic substitution
of aromatic compounds

Learners will not be expected o know further electron-donating or electron-
withdrawing groups; relevant additional data will be supplied in examinations.
Correlation between substituted group and position of reaction.

(I  the prediction of substitution products of aromatic compounds by directing
effects & the importance to organic synthesis (see alse 6.2.5)

6.1.2 Carbonyl compounds

Reactions of carbonyl compounds

(a) oxidation of aldehydes using Cro0;5 /H (i.e. K:Cr.0:/H;50,) to form
carboxylic acids

In equations for organic redox reactions, [O] & [H] should be used (see also 6.3.1¢).

(b)  nucleophilic addition reactions of carbonyl compounds with:
(i) MaBH, to form alcohols
(i) HCN [i.e. NaCN{ag)/H'(ag}], to form hydroxynitriles (see also 6.2.4 b).

()  the mechanism for nucleophilic addition reactions of aldehydes and ketones
with NaBH, and HCN

For MNaBH., the nucleophile can be considered as being the hydride ion, H', with
subsequent protonation of the organic intermediate from H,O.

For HCN, initial nucleophilic attack is from CN ions; subsequent protonation stage
can be shown using HO or H',

Use of reaction mechanisms to explain organic reactions.

Characteristic tests for carbonyl compounds
(d)  use of 2 4-dinitrophenylhydrozine to:
(i) detect the presence of a carbonyl group in an organic compound
(i) identify a carbonyl compound from the melting point of the derivative.
The equation for this reaction is net required.
Structure of derivative not required (see also 6.3.1 ¢).

(e) useof Tollens reagent (ammoniacal silver nitrate) to:

(i) detect the presence of an aldehyde group

(i) distinguish between aldehydes and ketones, explained in terms of the
oxidation of aldehydes to carboxylic acids with reduction of silver ions to silver,
In equations invalving Tollens' reagent, [O] is acceptable. (see also 6.3.1 ¢).
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6.1.3 Carboxylic acids and esters

Properties of carboxylic acids
{(a)  explanation of the water solubility of carboxylic acids in terms of hydrogen
bonding

(b)  reactions in aqueous conditions of carboxylic acids with metals and bases
(including carbonates, metal oxides and alkalis)
Comparison of acidity of different carboxylic acids not reguired. (see 6.3.1 ¢).

Esters
(c) esterification of:

(i)  carboxylic acids with alcohols in the presence of an acid catalyst (e.g.
concentrated H,50,)

(ii) acid anhydrides with alcohols,

rolysis o esters:

d)  hydrolysis of
(i) inhot agueous acid to form carboxylic acids and alcohols
(i) in hot agueous alkali To form carboxylate salts and alcohols.

Acyl chlorides
(e) the formation of acyl chlorides from carboxylic acids using 50 Cl;

(f)  use of acyl chlorides in synthesis in formation of esters, carboxylic acids and
primary and secondary amides
Including esterification of phenol, which is not readily esterified by carboxylic acids.

&.2.1 Amines

Basicity and preparation of amines

(@)  the basicity of amines in terms of proton acceptance by the nitrogen lone pair
and the reactions of amines with dilute acids, e.q. HCI{aq), to form salts.

Comparison of basicity of different amines not required.

Restricted fo inorganic acids.

(b)  the preparation of:

(i)  aliphatic amines by substitution of haloalkanes with excess ethanolic
ammania and amines

(i) aromatic amines by reduction of nitroarenes using tin and concentrated
hydrochloric acid.
Including formation of primary amines from ammonia and secondary/tertiary amines
from amines. See also reduction of nitriles (see 6.2.4 ).

6.2.2 Amino acids, amides and chirality

Reactions of amino acids
(@)  the general formula for an a-amino acid as RCHNHZCOOH and the following
reactions of amino acids:
() reaction of the carboxylic acid group with alkalis and in the formation
of esters (see also 6.1.3 &)
(i1) reaction of the amine group with acids.

Amides
(6}  structures of primary and secondary amides (see also 6.1.3 f, 6.2.3 a-b)

Chirality

(c)  optical isomerism (an example of sterenisomerism, in terms of non-
superimposable mirror images about a chiral centre (see also 4.1.3 ¢-d)
Learners should be able o draw 3-D diograms to illustrote sterepisomerism.

(d) identification of chiral centres in a molecule of any organic compound
Learners should be able to draw 3-D diagrams fo illustrate stereoisomerism.
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6.2.3 Polyesters and polyamides

Condensation polymers
(a) condensation polymerisation to form:

() polyesters

(i) polyamides.
Formation from carboxylic acids/dicarboxylic acids (or respective acyl chlorides) and
from alcohols/diols or amines/diamines.
Learners will not be expected to recall the structures of synthetic polyesters and
polyamides or their monomers.

(b)  the acid and base hydrolysis of:
(i) the ester groups in polyesters
{ii) the amide groups in polyamides.

(c)  prediction from addition and condensation polymerisation of:
(i) the repeat unit from a given monomer(s)
(i) the monomer(s) required for a given section of a polymer molecule
{iii) the type of polymerisation. See also 4.1.3 j.

6.2.4 Carbon-carbon bond formation

Extending carbon chain length
(a) the use of C-C bond formation in synthesis to increase the length of a carbon
chain (see also 6.1.1 d, 6.1.2 b)

(b) formation of C-C=N by reaction of:
(i) haloalkanes with CN and ethanol, including nucleophilic substitution
mechanism (see also 4.2.2 ¢)
(i)  carbonyl compounds with HCM, including nucleophilic addition mechanism
(see alse 6.1.2 b-¢).

(c)  reaction of nitriles from (b):
() by reduction (e.q. with Hz/Ni) to form amines
(i) by acid hydrolysis to form carboxylic acids.

(d) formation of a substituted aromatic C-C by alkylation (using a haloalkane) and
acylation {using an acyl chloride) in the presence of a halogen carrier (Friedel-Crafts
reaction) (see also 6.1.1 d).
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6.2.5 Organic synthesis

Practical skills
(@)  the techniques and procedures used for the preparation and purification of
organic solids involving use of a range of techniques (see also 4.2.3 a) including:

()] organic preparation

* use of Quickfit apparatus

* distillation and heating under reflux
(i) purification of an organic solid

* filtration under reduced pressure
* recrystallisation
* measurement of melting points.

Synthetic routes
(b}  for an organic molecule containing several functional groups:
(i) identification of individual functional groups
(ii) prediction of properties and reactions,
Learners will be expected to identify functional groups encountered in Module & (see
also 4.2.3 b).
Development of synthetic routes.

()  multi-stage synthetic routes for preparing organic compounds

Learners will be expected to be able to devise multi-stage synthetic routes by
applying Transtormations between all functional groups studied throughout the
specification.

Extra information may be provided on exam papers o extend the learner’s toolkit of
organic reactions.
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6.3.1 Chromatography and qualitative analysis

Types of chromategraphy

(a) interpretation of one-way TLC chromatograms in terms of Ry values

Interpretation of TLC to analyse organic compounds.

(b)  interpretation of gas chromatograms in terms of:
(i) retention fimes
(i) the amounts and proportions of the components in a mixture.
To include creation and use of external calibration curves fo confirm concentrations
of components. Peak integration values will be supplied.
Interpretation of & to anakyse organic compounds.

Types of chromategraphy
(c) qualitative analysis of organic functional groups on a test-tube scale;
processzes and technigues needed fo identity the Tollowing functional groups
in an unknown compound:
(i) alkenes by reaction with bromine (see also 4.1.3 1)
(i) haloalkanes by reaction with aqueous silver nitrate in ethanol
(see also 4.2.2 a)
(iii) phenols by weak acidity but no reaction with CO;* (see alse 6.1.1 h)
(i) carbonyl compounds by reaction with 2,4-DNF (see also 6.1.2 d)
v) aldehydes by reaction with Tollens’ reagent (see also 6.1.2 e)
(vi)  primary and secondary alcohols and aldehydes by reaction with
acidified dichromate (see alse 4.2.1 ¢, 6.1.2a)
(vii)  carboxylic acids by reaction with CO;* (see also 6.1.3 b)

NMR. Spectroscopy

(a) analysis of a carbon-13 NMR spectrum of an organic molecule to make
predictions about:
(i) the number of carbon environments in the molecule

(i) the different types of carbon environment present, from chemical
shift values

(iii) possible structures for the malecule.
All carbon-13 NMR spectra that are assessed will be proton decoupled.
In examinations, NMR chemical shift values will be provided on the Data Sheet.
Restricted to functional groups studied in the A level specification.
Interpretation of spectra o analyse organic compounds.,

(b)  analysis of a high resolution proton NMR spectrum of an organic molecule to
make predictions about:

(i) the number of proton environments in the molecule

(i) the different types of proton environment present, from chemical
shift values

(i)  the relative numbers of each type of proton present from relative
peak areas, using integration traces or ratio numbers, when required

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

v) possible structures for the malecule.
In examinations, NMR chemical shift values will be provided on the Data Sheet.
Restricted to functional groups studied in the A level specification,
Learners will be expected to identify aromatic protons from chemical shift values
but will not be expected to analyse Their splitting patterns.
InTerpr'eTﬂTiunAuf spectra to analyse organic compounds,
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(c)  prediction of a carbon-13 or proton NMR spectrum for a given molecule

(d)y (i) the use of tetramethylsilane, TMS, as the standard for chemical shift
medsurements

(i) the need for deuterated solvents, e.q. CDCI;, when running an NMR
spectrum

(i) the identification of O-H and N-H protons by proton exchange using
0, 0.

Combined techniques
(e) deduction of the structures of organic compounds from different analytical
data including:
(i) elemental analysis (see also 2.1.3 ¢)
(ii) mass spectra (see also 4.2.4 f-g)
(i) IR spectra (see also 4.2.4 d-e)
(iv) MNMR spectra.
Spectral reference data will be provided on the Data Sheet.
Restricted to functional groups studied in the A level specification.
Learners will not be expected fo inferpret mass spectra of organic halogen
compounds.
Interpretation of a variety of different evidence to analyse organic compounds.
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Table 1 Practical activity requirements for the OCR Chemistry Practical Endorsement

Practical activity Techniques/skills covered (minimum)

group (PAG)

1 Moles determination * use of appropriate apparatus o record measurements of mass and volume
ofagas 1.22(a)

2 Acid-base titration » measurement of volume of a liguid. 1.2 2{a)

« use of volumetric flask, mcluding accurate technigue for making up 8
standard solution. 1.2 2(e)

e use of laboratory apparatus for tiration, using burette and pipette. 1.2 2(d)i)

e use of acid-base ndcators In titrations of weak/strong acids with
woak/strong alkals, 1.2.2(1)

3 Enthalpy determination o use of appropriate apparatus 1o record measurements of lemperature.

1.22(a)
4 Qualative analysis of e use of aboratory apparatus for quailtative tests for ions. 1.2 2(di)
lons * make and record qualtative cbservations, 1.2 1(d)
5 Synthesis of an organic | « use of laboratory apparatus for heating under reflux. 1.2 2(d)(i)’"
bquid e purification of a iquid product. including use of a separating funned,
1.2 2{g)i¥)

* use of [aboratory apparatus for distiliation. 1.2 2{(d)(k)
* identification of potential hazards (risk assessment) CPAC3

6 Synthesis of an organic | « use of laboratory apparatus for heating under reflux. 1.2.2(d)(#)’

sokd * use of laboratory apparatus for filtration. including use of fluted filler paper
or filration under reduced pressure, 1.2 2{d)v)

« purification of a solid product by recrystafisation, 1.2 2(gXi)
* use of melting point apparatus. 1.2 2(h)

* use of thin layer or paper chromatography. 1.2 (i)

« identification of potential hazards (risk assessment) CPAC3

7 Quaktative analysss of * use of iaboratory apparatus for qualitative tests for organic functional groups
organic functional groups 1.2 2(dK M)
e use of a waler bath or electnc heater or sand bath for heating. 1.2 2(b)

* make and record qualitative cbservations, 1.2 1(d)

8 Electrochemical cells * sefting up of electrochemical cells and measuring voltages, 1.2 2(j)

9 Rates of reaction — * measurement of rate of reaction by a continuous moniioring method,

coninuous moniloring 122(1(%)

method * use of appropriate apparatus 10 record measurements of time, 1.2 2(a)
o use approgriate software 1o process data, 1.2 1(g)°

10 Rates of reacton — * measurement of rate of reaction by an initial rate method such as a clock

intial rates method reaction, 1.2.2(1X1)

* identify and control variables. CPAC2
¢ use appropriate software 1o process data. 1.2 1(g)’

11 pH measurement o measurement of pH using pH charts, or pH meter, or pH probe on a data
logger. 1.2 2ic)
12 Research siills * apply investigative approaches and methods to practical work. 1.2 1(a)

* use oniine and offine research skills_ including websiles textbooks and
other prinded scientific souwrces of information, 1.2 1(h)

e correclly cite sources of nformation, 1.2 1(j)

"= These techniques/skilis may be covered in ather of the groups ndicated
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Practical Skills guidance

Tables

The following guidelines should be followed when presenting results in tables.

« All raw data in a single table with ruled lines and border.

* Independent variable (IV) in the first column; dependent variable (DV) in
columns to the right (for quantitative observations) OR descriptive
comments in columns to the right (for qualitative observations).

* Processed data (e.g. means, rates, s.d.) in columns to the far right.

* No calculations in the table, only calculated values.

« Each column headed with informative description (for qualitative data) or
physical quantity and correct units (for quantitative data); units separated
from physical quantity using either brackets or a solidus (slash).

* No units in the body of the table, only in the column headings.

« Raw datarecorded to a number of decimal places appropriate to the
resolution of the measuring equipment.

* All raw data of the same type recorded to the same number of decimal
places.

* Processed data recorded to up to one significant figure more than the raw
data.

Graphs

The following guidelines should be followed when presenting data in graphs.

* There should be an informative title.

* Range bars may be used to show the highest and lowest readings for each
set of data.

» Scales should be chosen so that the plotted points occupy at least half the
graph grid in both the x and y directions and that are easy to work with.

* Plotted points must be accurate to half a small square - so use a sharp
pencil to plot them.

* A line of best fit should have a reasonable balance of points about the line.
Using a clear ruler will help with this.

* For calculating gradients, the length of the hypotenuse of the triangle should
be greater than half the length of the line which has been drawn.

* The values of Ax and Ay must be given to an accuracy of at least one small
square and remember to give appropriate units for the gradient.

* The y-intercept must be read from the axis where x=0, otherwise calculate
from y=mx+c.
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General Information

Molar gas volume = 24.0dm3mol-! at room temperature and pressure, RTP

Avogadro constant, N, = 6.02 x 10®mol-"

Specific heat capacity of water, c = 4.18Jg7'K™!

lonic product of water, K, = 1.00 x 107" mol?dm at 298K

1 tonne = 10%g

Arrhenius equation: k= Ae™5/fT or Ink=-E/RT+In A

Gas constant, A= 8.314Jmol- K-

Characteristic infrared absorptions in organic molecules

Bond Location Wavenumber/cm™!
c-C Alkanes, alkyl chains 750-1100

C-Xx Haloalkanes (X = C, Br, [) 500-800

C-F Fluoroalkanes 1000-1350

c-0 Alcohols, esters, carboxylic acids 1000-1300

C=C Alkenes 16201680

C=0 | umics, acyl chlondes and acic anfyciides 16301620

T s e ke e

C=N Mitriles 2220-2260

C-H Alkyl groups, alkenes, arenes 2850-3100

O-H Carboxylic acids 2500-3300 (broad)
M-H Amines, amides 3300-3500

O-H Alcohols, phenals 3200-3600
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Methods of formal assessment in Chemistry are as follows:

End of Unit Assessments
Mock Examinations

1. End of Unit Assessments

You will complete an end of unit assessment at the end of each unit of work as
laid out in the table below. You will be given a minimum of 1 weeks’ notice to
prepare for each assessment and may be allocated revision tasks as homework
or may have to complete this in your own time.

Module 2

Module 4

Atoms, Compounds, Molecules and
Equations

Basic Concepts of Organic Chemistry

Amount of Substance

Hydrocarbons

Acid-Base and Redox Reactions

Alcohols and Haloalkanes

Electrons, Bonding and Structure

Organic Synthesis

Module 3

Analytical Techniques (IR+MS)

The Periodic Table and Periodicity

Module 6

Group 2 and the Halogens

Aromatic Compounds

Qualitative Analysis

Carbonyl Compounds

Enthalpy Changes

Carboxylic Acids and Esters

Reaction Rates and Equilibrium
(Qualitative)

Nitrogen Compounds

Module 5

Polymers

Reaction Rates and Equilibrium
(Quantitative)

Organic Synthesis

pH and Buffers

Chromatography and Spectroscopy
(NMR)

Enthalpy, Entropy and Free Energy

Redox and Electrode Potentials

Transition Elements
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Assessment

Methods of formal assessment in Chemistry are as follows:
1.End of Unit Assessments
2.Mock Examinations
2. Mock Examinations
Throughout Year 12 and 13 you will be entitled to rigorous mock examinations to simulate
the real thing. By the time you sit your real exam in the Summer of year 13 you will have
extensive experience completing each exam paper under simulated conditions. You will
be sitting the following examinations for Chemistry:

Mock Examination Papers

Mock Exam - Winter Term of Year 12 * Paper based on Modules 2 and 3

* Paper 1: Breadth of Chemistry
UCAS Exams - Summer of Year 12 * Paper 2: Depth of Chemistry
* Based on Modules 1, 2, 3 and 4.

* Paper 1: Periodic table, elements and
Physical chemistry.

* Based on Modules 1,2, 3 and 5.

Mock Exam - Winter Term of Year 13

* Paper 2: Synthesis and Analytical
techniques

* Based on Modules 1, 2, 4 and 6.

* Paper 1: Periodic table, elements and
Physical chemistry.

*« Based on Modules 1,2, 3and 5.

Final Mock Exam - Spring Term of * Paper 2: Synthesis and Analytical

Year 13 techniques

« Based on Modules 1, 2, 4 and 6.

* Paper 3: Unified Concepts

« Based on All 6 modules.

The dates for these exams will be given to you at the beginning of the academic year. You
will be given plenty of notice and time to revise, as well as a personalised exam table for
each set of exams.

Access Arrangements
If at any time you feel you would benefit from additional access arrangements in an exam,
such as the use of a laptop, please speak with your subject teacher as soon as possible.
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Exam Components and Weightings

Component Marks Duration Weighting | Notes

Paper 1: Periodic Assesses

table, elements 100 2 hour 37 content from

and physical 15 minutes ’ modules 1, 2, 3

chemistry (01) and 5

Synthesis 2 hour ?::teesnstefiom

and analytical 100 . 37%

techniques (02) 15 minutes modules 1, 2, 4
and 6
Assesses

Unified chemistry 70 1 hour 26% content from

(03) 30 minutes ’ all modules (1
to 6)

Practical

. Non-exam
endorsement in - - - assessment
chemistry (04)
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Homework & Independent Work

Objectives of a Sixth Form Homework Policy
Objectives of a John Roan Sixth Form Homework policy are as follows:

o To enable our students to achieve the best grades that they are capable of
at Post-16 through:
o The consolidation and revision of learned material
o The application of learned material
o Preparation for lessons to enable access to challenging subject
content
o To reinforce high expectations of our students as independent learners
o To equip our students with the study skills required for University and other
destinations

Expectation of subject homework

At The John Roan Sixth Form we aim to teach students to become independent
learners who use their private study time effectively. Students will be given
guidance and support with creating revision schedules, effective note taking,
essay writing and academic literacy, but will also be expected to practise and
demonstrate these in their home learning.

As a benchmark, students should expect to receive an amount of homework per
subject that is equivalent to twice the number of contact hours that they receive
in school: six hours per subject which amounts to 18 hours per week.

Deadlines

Failure to meet deadlines for homework will result in a one hour detention after
school the following day, while repeated failures to meet homework deadline will
escalate to an academic support plan or school based exclusion. Students who
are placed into detention will still be expected to complete missed homework.
Students are encouraged to communicate with teachers about other deadlines in
place so that they can be supportive of work set in other subjects.

Homework setting

All homework will be set for students using Show My Homework which is
available as an app which can be accessed via a mobile phone, or as a website
that can be accessed via a computer. In some instances, homework will be set on
software including Microsoft Teams. However, instructions for any homework set
on these platforms will be repeated on Show My Homework to ensure
consistency.

Inspired Confident Ambitious
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Homework & Independent Work

Examples of homework set at KS5 in A-Level Chemistry will typically include:

Revision

Revision homework tasks will
enable you to consolidate your
learning and eliminate gaps in
subject knowledge, helping
you to prepare for your exams.

Application

Application homework tasks
test for understanding of
recently-acquired subject

knowledge and develop your

technique for exams.

Flipped-Learning

Flipped learning homework
tasks ensure that you are able
to access challenging subject

material and allow you to
progress quickly through your
course.

v Standing Homework of
producing revision notes
from the lesson.

v You can use your
revision cards to do this.

v Creating mind maps
and flashcards

4 Creating / revising from

check lists

Creating glossaries

of terms

Creating flow charts

Creating a topic quiz

Revising for a topic quiz

Completing past papers

\

AN N NN

v Standing homework of

completing end of topic
questions

4 Completing PAG write

up

v Completion of a

practical follow up
sheet.

4 Completing a calculation

sheet.

v Completing past papers

questions

4 Preparing a

presentation for a
lesson

v Completing coursework

or another assignment
for a deadline

v Standing homework of

pre-reading the next
lesson'’s topic.

v Preparation of notes in

advance of a next lesson

v Answering

comprehension
questions ahead of a
new topic

v Preparing a

presentation for a
lesson

v Independent research in

preparation for am
experiment

v Independent or guided

research ahead of a

v Independent or guided lesson
research on a lesson
topic
v Completing a topic quiz
Inspired Confident Ambitious
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How to get an A* at Chemistry A-Level

* To getan A* grade in Chemistry you will need to demonstrate in your
exams that you have a detailed and comprehensive knowledge and
understanding of scientific ideas, processes, techniques and procedures
from the range covered in the specification, applying them to familiar and
new contexts.

*  You will need to select information carefully to ensure that it is relevant
to the question, giving explanations that are lucid and well-structured
and you will communicate this clearly and concisely using appropriate
scientific terminology.

*  You will be able to manipulate algebraic equations fluently and
accurately, using significant figures, powers of ten and Sl units, and carry
out complex calculations yielding results that are error free and
expressed with appropriate precision.

*  You will demonstrate a firm grasp of the scientific reasons for using the
whole range of practical procedures mentioned in the specification.

*  You will use your knowledge and understanding to demonstrate wide-
ranging insights into the development and refinement of most areas of
practical designs and procedures.

*  You will be able to suggest and make observations and measurements
with appropriate precision, and use a range of qualitative and quantitative
data to form a judgement or reach a conclusion.

*  You will be able of select and link information and ideas from different
parts of the specification in order to give explanations that are usually
complete and accurate.

*  You will analyse with fluency and accuracy, information and evidence that
is provided in a wide variety of unfamiliar contexts selecting a full range
of appropriate techniques involving theoretical and practical areas of the
specification.

*  You will get about 85% of the marks!
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Essential Resources & Wider Reading

E [} Podcasts

This Week In Science
The Infinite Monkey Cage

The Life Scientific

http://podcasts.ox.ac.uk/ - Oxford

Podcasts

Chemistry for your Life
Chemistry in its Element

The Periodic Bagel

Dr Karl - Shirtloads of science

The science show

Videos
g
http://www.bbc.co.uk/sn/tvradio/pro

rammes/horizon/ - Horizon TV Show

L® ] Websites

http://www.chemguide.co.uk/

www.docbrown.info

http://www.physicsandmathstutor.com
/Chemistry-revision/

https://chemrevise.org/revision-
guides/

www.s-cool.co.uk/a-level/Chemistry
https://www.youtube.com/user/MrERi

ntoul

https://www.youtube.com/allerychemi
stry
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Essential Resources & Wider Reading

OCR

A Level

Chemlstry

for OCR

Author:

Rob 9780198351979
Publisher:

Oxford University Press
Date:

July 2015

OCR A level Chemistry
Student Book 1 + 2

Mike Smith, John Older

CHEMISTRY

Includes AS Level

OCR endorsed
This title has been endorsed by OCR

John Older
Mike Smith

D AAAAA MiC OCR “/‘ HODDER
- —— (EARN MORE
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Essential Resources & Wider Reading

YR Books

“The Elements of Physical Chemistry”,
“Physical Chemistry”, “Molecules” and
others by P.W. Atkins

“Organic Chemistry” by J. Chlayden, N.
Greeves, S. Warren and P. Others “
“Chemistry of the Elements” by NN
Greenwood and A Earnshaw “Main
Group Chemistry” by E Henderson
“The 100 Most Important Chemical
Compounds: A Reference Guide” by RL
Myers “Chemistry in the Market Place”
by B Selinger

“Napoleon’s Buttons: How 17
Molecules Changed History” by P Le
Couteur and J Burreson “Chemistry
Connections: The Chemical Basis of
Everyday Phenomena” by K Karukstis
and GR Van Hecke

“The Consumer’s Good Chemical
Guide”, “Molecules at an Exhibition”,
“The Shocking History of Phosphorus”,
“Vanity, Vitality and Virility”, and others
by J Emsley

“The Genie in the Bottle”, “Radar, Hula
Hoops, and Playful Pigs”, “That’s the
Way the Cookie Crumbles”, “The Fly in
the Ointment: 70 Fascinating
Commentaries on the Science of
Everyday Life” and others by J
Schwarcz

“Chemical Communication”, “Thieves,
Decievers and Killers” and
“Bombardier Beetles and Fever Trees”
by WC Agosta

“Earthly Goods” by C Joyce

“Medicine Quest” by MJ Plotkin

“The Chemistry of Mind-Altering
Drugs” by DM Perrine

Sifie Books

“The Science of Cooking” by P Barham
“On Food and Cooking”, “The Curious
Cook”, “Keys to Good Cooking” by H
McGee “Molecular Gastronomy”,
“Kitchen Mysteries” and “Building a
Meal” by H This “Kitchen Chemistry” by
T Lister and H Blumenthal

“The Poison Paradox: Chemicals as
Friends and Foes” by J Timbrell

“A Higher Form of Killing” by R. Harris
and J. Paxman “Chemical and
Biological Warfare” by E Croddy

“The Big Bang” by Gl Brown

“The Periodic Table” by P Levi
“Mendeleyev's Kingdom” by P
Strathern

“Psychopharmacology: Drugs, the
Brain and Behaviour” by JS Meyer and
LF Quenzer “Molecules and Mental
Illness” by SH Barodes

“Drugs and the Brain” by SH Snyder
“Intoxication” by R Siegel

“Murder, Magic and Medicine”, “The
Elusive Magic Bullet” and “Turn On and
Tune In” by J Mann “The Pursuit of
Oblivion” by R Davenport-Hines

“The Undergrowth of Science” by W.
Gratzer

“Voodoo Science: The Road from
Foolishness to Fraud” by RL Park
“Perfect Symmetry: Accidental
Discovery of Buckminsterfullerene” by
JE Baggott

“The Most Beautiful Molecule: An
Adventure in Chemistry” by H.
Aldersey-Williams

“Pills, Potions, Poisons” by J Stone and
G Darlington
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[QE Transferrable skills
Critical thinking
Analysis
Problem Solving
Public speaking
Presentation skills

=
Do
Do
Do

Teamworking
Numeracy
Communication
Time Management &
Organisation

IT skills
Research & Data
Analysis
Reasoning

=3

University Courses
Chemistry,
Natural Sciences, Medicine,
Pharmacy, Pharmacology,

Veterinary Medicine, Nursing

Dentistry, Opthalmics and Optometry

Chemical Engineering, Energy Engineering, Analytical Chemistry,
Materials Chemistry, Materials Engineering, Environmental Engineering,

Life Sciences, Biochemistry, Biosciences,

Food Science, Agricultural Engineering

Career Paths

=]

Jobs commonly associated with Chemistry A-level include doctor, dentist,
research scientist, pharmacologist, academic researcher, lecturer/ teacher,
analytical chemist, biotechnologist, crime scene investigator, forensic
scientist, toxicologist and science writer. It will also be useful for entry into
professions such as the civil service, law and journalism. Employers in
industries such as petrochemical, food, health and pharmaceuticals make
use of chemists. Most jobs do not require a particular course to have been

taken, they just look for these skills.

Inspired Confident

Ambitious




