






































































































































































































































Intrapersonal skills

« Adaptability - ability and willingness to cope with the uncertain, handling work
stress, adapting to different personalities, communication styles and cultures,
and physical adaptability to various indoor and outdoor work environments.

« Self-management and self-development - ability to work remotely in virtual
teams, work autonomously, be self-motivating and self-monitoring, willing and
able to acquire new information and skills related to work.

Transferable skills enable young people to face the demands of further and higher
education, as well as the demands of the workplace, and are important in the
teaching and learning of this qualification. We will provide teaching and learning
materials, developed with stakeholders, to support our qualifications.
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Appendix 2: Level 3 Extended Project
qualification

What is the Extended Project?

The Extended Project is a stand-alone qualification that can be taken alongside
GCEs. It supports the development of 21st-century independent learning skills and
helps to prepare students for their next step — whether that be university study or
employment. The qualification:

e is recognised by universities for the skills it develops
e is worth half of an Advanced GCE qualification at grades to A*-E
e carries UCAS points for university entry.

The Extended Project encourages students to develop skills in the following areas:
research, critical thinking, extended writing and project management. Students
identify and agree a topic area of their choice (which may or may not be related to
a GCE subject they are already studying), guided by their teacher.

Students can choose from one of four approaches to produce:

e a dissertation (for example an investigation based on predominately secondary
research)

e an investigation/field study (for example a practical experiment)
e a performance (for example in music, drama or sport)

e an artefact (for example creating a sculpture in response to a client brief or
solving an engineering problem).

The qualification is coursework based and students are assessed on the skills of
managing, planning and evaluating their project. Students will research their topic,
develop skills to review and evaluate the information, and then present the final
outcome of their project.

Students: what they need to do
The Extended Project qualification requires students to:

e select a topic of interest for an in-depth study and negotiate the scope of the
project with their teacher

e identify and draft an objective for their project (for example in the form of a
question, hypothesis, challenge, outline of proposed performance, issue to be
investigated or commission for a client) and provide a rationale for their choice

e produce a plan for how they will deliver their intended objective
e conduct research as required by the project brief, using appropriate techniques
e carry out the project using tools and techniques safely

¢ share the outcome of the project using appropriate communication methods,
including a presentation.
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Teachers: key information
e The Extended Project has 120 guided learning hours (GLH) consisting of:

o a 40-GLH taught element that includes teaching the technical skills (for
example research skills)

o an 80-GLH guided element that includes mentoring students through the
project work.

e Group work is acceptable, however it is important that each student provides
evidence of their own contribution and produces their own report.

e 100% externally moderated.

e Four Assessment Objectives: manage, use resources, develop and realise,
review.

e Can be runover 1, 1% or 2 years.
e Can be submitted in January or June.

What is the Extended Project for chemistry?

How to link the Extended Project with chemistry

The Extended Project creates the opportunity for students to develop transferable
skills for progression to higher education and to the workplace through the
exploration of either an area of personal interest or a topic of interest from the
chemistry qualification content.

For example, chemistry students could choose to carry out an investigation that
would give them an opportunity to develop their skills in data collection, in the
development and testing of hypotheses and in the application of mathematical
models in data analysis.

Skills developed

Through the Extended Project students will develop skills in the following areas:

e independent research skills, including skills in primary research and the
selection of appropriate methods for data collection

e extended reading and academic writing, including reading scientific literature
and writing about trends or patterns in data sets

e planning/project management, including the refining of hypotheses to be tested
in investigations

e data handling and evaluation, including the comparison of data from primary
research with published data and exploration of the significance of results

e evaluation of arguments and processes, including arguments in favour of
alternative interpretations of data and evaluation of experimental methodology

e critical thinking.

In the context of the Extended Project, critical thinking refers to the ability to

identify and develop arguments for a point of view or hypothesis and to consider

and respond to alternative arguments.

The Extended Project is an ideal vehicle to develop the skills identified in

Appendix 1.
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Using the Extended Project to support breadth and depth

There is no specified material that students are expected to study and, in the
Extended Project, students are assessed on the quality of the work they produce
and the skills they develop and demonstrate through completing this work.
Students can use the Extended Project to demonstrate extension in one or more
dimensions:

e deepening understanding: where a student explores a topic in greater depth
than in the specification content

o broadening skills: the student learns a new skill. In a chemistry-based
project, this might involve learning to assemble and manipulate an unfamiliar
piece of apparatus or learning advanced data-handling techniques

e widening perspectives: the student’s project spans different subjects. This
might involve discussing historical, philosophical or ethical aspects of a
chemistry-based topic or making links with other subject areas such as
economics.

Choosing topics and narrowing down to a question

A dissertation, typically around 6000 words in length, involves addressing a
research question through a literature review and argumentative discussion while
an investigation/field study involves data collection and analysis, leading to a
written report of around 5000 words.

For example, consider a student with an interest in alternatives to conventional
fuels who decided to carry out an investigation to compare the strengths and
weaknesses of two different types of biodiesel. The investigation involved
secondary research to establish the theoretical background to the project, to
explore the uses and properties of different biodiesels and to consider what
techniques can be used to gather data. The student collected data using
appropriately designed experiments. The student’s own data were compared with
published data, and the trends and patterns in data analysed, with consideration of
the significance of the results obtained, and an attempt to interpret them in the
light of the mathematical models that the student had learned about through
research.

The student drew conclusions about the relative merits of the two biodiesels, basing
these conclusions on their own research together with analysis of published data.
Finally, the student’s project ended with a review of the effectiveness of the
investigation and an oral presentation of the main findings and arguments
considered.

Chemistry-based dissertation projects can cover a wide variety of topics, as these
examples illustrate:

e Should legislation be used to enforce the principles of green chemistry?
e Could nanochemistry revolutionise medicine?
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Examples of chemistry-based investigations include:
e Are calorific values in diet foods accurate?

e Can changing the method of synthesis significantly alter the material properties
of a polymer?

e Is there a correlation between the chemical composition of a chilli pepper and
its taste?

o Is the use of oil-dispersants an effective way of tackling oil spills?

There is also scope for chemistry-based artefact Extended Projects. For example, a
student might set out to design, make and test an item of apparatus such as a
spectrometer. Extended Projects involving a performance can also be chemistry
based. For example, a social issue relating to chemistry could be explored through
drama.
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Appendix 3: Codes

Type of code

Discount codes

‘ Use of code

Every qualification eligible for performance
tables is assigned a discount code
indicating the subject area to which it
belongs.

Discount codes are published by DfE.

‘ Code number

Please see the GOV.UK
website*

Regulated
Qualifications
Framework (RQF)
codes

Each qualification title is allocated an
Ofqual Regulated Qualifications
Framework (RQF) code.

The RQF code is known as a Qualification
Number (QN). This is the code that
features in the DfE Section 96 and on the
LARA as being eligible for 16-18 and 19+
funding, and is to be used for all
qualification funding purposes. The QN will
appear on the student’s final certification
documentation.

The QN for the
qualification in this
publication is:
601/5646/6

Subject codes

The subject code is used by centres to
enter students for a qualification. Centres
will need to use the entry codes only when
claiming students’ qualifications.

Advanced GCE - 9CHO

Paper code

These codes are provided for reference
purposes. Students do not need to be
entered for individual papers.

Paper 1: 9CHO/01
Paper 2: 9CH0/02
Paper 3: 9CHO/03

Science Practical
Endorsement: 9CHO/04

*www.gov.uk/government/publications/key-stage-4-qualifications-discount-codes-

and-point-scores
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Appendix 4: Practical competency
authentication sheet

For students to gain the Science Practical Endorsement, centres will need to:
e ensure that there is evidence that students have completed the necessary
practical activities, meeting the requirements of Appendix 5c

e ensure that there is evidence that students have met the requirements of each
of the CPAC statements, in accordance with the guidelines provided for
achieving the 'pass' standard

e complete an authentication sheet for their students.

Centres will also need to have had a satisfactory monitoring visit, according to the
guidelines for monitoring visits, as set down by the JCQ.

Evidence for meeting practical attendance and CPAC competency may be provided
in a variety of formats using student lab books or practical portfolios; and registers
or tracking spreadsheets.

A final version of the authentication statement will be made available to schools in
time for the first submission of entries in 2017.
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Appendix 5: Working scientifically

Appendices 5, 5a, 5b and 5c are taken from the document GCE AS and A level
regulatory requirements for biology, chemistry, physics and psychology published
by the DfE in April 2014. Working scientifically is achieved through practical
activities.

Specifications in biology, chemistry and physics must encourage the development
of the skills, knowledge and understanding in science through teaching and learning
opportunities for regular hands-on practical work.

In order to develop the necessary skills, knowledge and understanding, students
studying biology, chemistry and physics will be required to have carried out a
minimum of 12 practical activities, which will contribute towards the Practical
Endorsement. These skills, knowledge and understanding will also be assessed in
written examinations in the context of these, and other, practical activities.

The skills can be split into those which can be assessed through written
examinations (Appendix 5a); and those that will be assessed by teachers through
appropriate practical activities (Appendix 5b).

The practical activities highlighted as the minimum requirement within
specifications must cover the use of apparatus and practical techniques identified
for each science (Appendix 5c).
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Appendix 5a: Practical skills identified for
indirect assessment and developed
through teaching and learning

Question papers will assess the following abilities:

a) Independent thinking
e solve problems set in practical contexts
e apply scientific knowledge to practical contexts

b) Use and application of scientific methods and practices
¢ comment on experimental design and evaluate scientific methods
e present data in appropriate ways

e evaluate results and draw conclusions with reference to measurement
uncertainties and errors

e identify variables including those that must be controlled

c) Numeracy and the application of mathematical concepts in a practical
context

e plot and interpret graphs

e process and analyse data using appropriate mathematical skills as
exemplified in the mathematical appendix for each science

e consider margins of error, accuracy and precision of data

d) Instruments and equipment

e know and understand how to use a wide range of experimental and practical
instruments, equipment and techniques appropriate to the knowledge and
understanding included in the specification
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Appendix 5b: Practical skills identified for
direct assessment and developed through
teaching and learning

Practical work carried out throughout the course will enable students to develop the
following skills.

a) Independent thinking

apply investigative approaches and methods to practical work

b) Use and apply scientific methods and practices

safely and correctly use a range of practical equipment and materials
follow written instructions

make and record observations

keep appropriate records of experimental activities

present information and data in a scientific way

use appropriate software and tools to process data, carry out research and
report findings

c) Research and referencing

use online and offline research skills including websites, textbooks and other
printed scientific sources of information

correctly cite sources of information

d) Instruments and equipment

use a wide range of experimental and practical instruments, equipment and
techniques appropriate to the knowledge and understanding included in the
specification
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Appendix 5c: Use of apparatus and
techniques

Use of apparatus and techniques — chemistry

Specifications for chemistry must give students opportunities to use relevant
apparatus to develop and demonstrate these techniques.

All of the techniques listed below will be assessed through a minimum of
12 identified practical activities within each specification. These ‘core’ practicals
must allow students to demonstrate all of the practical skills given in 5b.

Practical techniques to be gained by candidates

1. use appropriate apparatus to record a range of measurements (to include
mass, time, volume of liquids and gases, temperature)

2. use water bath or electric heater or sand bath for heating

3. measure pH using pH charts, or pH meter, or pH probe on a data logger

4. use laboratory apparatus for a variety of experimental techniques, including:
o titration, using burette and pipette
o distillation and heating under reflux, including setting up glassware using

retort stand and clamps
e qualitative tests for ions and organic functional groups
e filtration, including use of fluted filter paper, or filtration under reduced
pressure

5. use volumetric flask, including accurate technique for making up a standard
solution

6. use acid-base indicators in titrations of weak/strong acids with weak/strong
alkalis

7. purify:
e a solid product by recrystallization
e a liquid product, including use of separating funnel

8. use melting point apparatus

9. use thin-layer or paper chromatography

10. set up electrochemical cells and measuring voltages

11. safely and carefully handle solids and liquids, including corrosive, irritant,
flammable and toxic substances

12. measure rates of reaction by at least two different methods, for example:
e an initial rate method such as a clock reaction
e a continuous monitoring method
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Appendix 5d: Mapping between Appendix 5c
and core practicals (chemistry)

This qualification gives students opportunities to use relevant apparatus to develop
practical skills and demonstrate competency in a range of practical techniques.

All of the techniques listed in Appendix 5c will be assessed through a series of core
practical activities within this specification.

To achieve the Science Practical Endorsement, students need to show competence in
the 12 practical techniques listed in Appendix 5c: Use of apparatus and techniques.

The following table shows how each core practical activity, listed in the content, maps
to the required practical techniques in Appendix 5c: Use of apparatus and techniques.
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Chemistry Core Practical

Practical technique in Appendix 5c

i1 2 3|4 5(6 7 |8 9 10|11

12

1: Measuring the molar
volume of a gas

v v v

2: Preparation of a standard
solution from a solid acid

3: Finding the concentration
of a solution of hydrochloric
acid

4: Investigation of the rates
of hydrolysis of
halogenoalkanes

5: The oxidation of ethanol

6: Chlorination of
2-methylpropan-2-ol with
concentrated hydrochloric
acid

7: Analysis of some inorganic
and organic unknowns

8: To determine the enthalpy
change of a reaction using
Hess's Law

9. Finding the K_value for
a weak acid

10. Investigating some
electrochemical cells

11. Redox titration

12. The preparation of a
transition metal complex

13a and 13b: Following
the rate of the iodine-
propanone reaction by a
titrimetric method and
investigating a ‘clock
reaction’ (Harcourt-Esson,
iodine clock)

14. Finding the activation
energy of a reaction

15. Analysis of some
inorganic and organic
unknowns

16. The preparation of
aspirin
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Appendix 6: Mathematical skills and
exemplifications

The information in this appendix has been taken directly from the document
GCE AS and A level regulatory requirements for biology, chemistry, physics and
psychology published by the Department for Education in April 2014.

In order to be able to develop their skills, knowledge and understanding in science,
students need to have been taught, and to have acquired competence in, the
appropriate areas of mathematics relevant to the subject as indicated in the table
of coverage below.

The assessment of quantitative skills will include at least 10% level 2 or above
mathematical skills for biology and psychology, 20% for chemistry and 40% for
physics. These skills will be applied in the context of the relevant science A Level.

All mathematical content must be assessed within the lifetime of the specification.

The following tables illustrate where these mathematical skills may be developed
and could be assessed in each of the sciences. Those shown in bold type would only
be tested in the full A Level course.

This list of examples is not exhaustive. These skills could be developed in other
areas of specification content.
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Mathematical skills Exemplification of mathematical skill in the

context of A Level chemistry (assessment is
not limited to the examples given below)

(i) B.0 - arithmetic and numerical computation

B.0.0 | Recognise and make use of Candidates may be tested on their ability to:

appropriate units in calculation o convert between units, e.g. cm3 to dm3 as
part of volumetric calculations

e give units for an equilibrium constant or
a rate constant

e understand that different units are used in
similar topic areas, so that conversions may
be necessary, e.g. entropy in J mol* Kt and
enthalpy changes in kJ mol*

B.0.1 | Recognise and use expressions in | Candidates may be tested on their ability to:

decimal and ordinary form e use an appropriate number of decimal places
in calculations, e.g. for pH

e carry out calculations using humbers in
standard and ordinary form, e.g. use of
Avogadro’s number

e understand standard form when applied to
areas such as (but not limited to) Kw

e convert between numbers in standard and
ordinary form

e understand that significant figures need
retaining when making conversions between
standard and ordinary form, e.g. 0.0050 mol
dm3 is equivalent to 5.0 x 10~ mol dm-3

B.0.2 | Use ratios, fractions and Candidates may be tested on their ability to:
percentages e calculate percentage yields
e calculate the atom economy of a reaction

e construct and/or balance equations using
ratios
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Mathematical skills Exemplification of mathematical skill in the

context of A Level chemistry (assessment is
not limited to the examples given below)

B.0.3 | Make estimates of the results of Candidates may be tested on their ability to:

calculations (without using a o evaluate the effect of changing
calculator). experimental parameters on measurable
values, e.g. how the value of K would
change with temperature given different
specified conditions

B.0.4 | Use calculators to find and use Candidates may be tested on their ability to:
power, exponential and e carry out calculations using the Avogadro
logarithmic functions constant

e carry out pH and pKa calculations

¢ make appropriate mathematical
approximations in buffer calculations

(ii) B.1 - handling data
B.1.1 | Use an appropriate number of
significant figures

Candidates may be tested on their ability to:

e report calculations to an appropriate number
of significant figures given raw data quoted
to varying numbers of significant figures

e understand that calculated results can only
be reported to the limits of the least accurate
measurement

B.1.2 | Find arithmetic means Candidates may be tested on their ability to:

e calculate weighted means, e.g. calculation of
an atomic mass based on supplied isotopic
abundances

e select appropriate titration data (i.e.
identification of outliers) in order to calculate

mean titres
B.1.3 | Identify uncertainties in Candidates may be tested on their ability to:
measurements and use simple o determine uncertainty when two burette
techniques to determine readings are used to calculate a titre value
uncertainty when data are
combined
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Mathematical skills

Exemplification of mathematical skill in the

context of A Level chemistry (assessment is
not limited to the examples given below)

(iii) B.2 - algebra

B.2.1 | Understand and use the symbols:
=I <I <<I >>I >I OCI ~

4

equilibrium sign

No exemplification required.

B.2.2 | Change the subject of an
equation

Candidates may be tested on their ability to:

e carry out structured and unstructured mole
calculations, e.g. calculate a rate constant
k from a rate equation

B.2.3 | Substitute numerical values into
algebraic equations using
appropriate units for physical
quantities

Candidates may be tested on their ability to:

e carry out structured and unstructured mole
calculations

e carry out rate calculations

¢ calculate the value of an equilibrium
constant Kc

B.2.4 | Solve algebraic equations

Candidates may be tested on their ability to:
e carry out Hess’s law calculations

¢ calculate a rate constant k from a rate
equation

B.2.5 | Use logarithms in relation to
quantities that range over
several orders of magnitude

Students may be tested on their ability to:
e carry out pH and pKa calculations

(iv) B.3 - graphs

B.3.1 | Translate information between
graphical, numerical and algebraic
forms

Candidates may be tested on their ability to:
e interpret and analyse spectra

e determine the order of a reaction from a
graph
e derive rate expression from a graph

B.3.2 | Plot two variables from
experimental or other data

Candidates may be tested on their ability to:

e plot concentration-time graphs from
collected or supplied data and draw an
appropriate best-fit curve
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Mathematical skills Exemplification of mathematical skill in the

context of A Level chemistry (assessment is
not limited to the examples given below)

B.3.3 | Determine the slope and Candidates may be tested on their ability to:

intercept of a linear graph e calculate the rate constant of a zero-
order reaction by determination of the
gradient of a concentration-time graph

B.3.4 | Calculate rate of change from | Candidates may be tested on their ability to:

a graph showing a linear o calculate the rate constant of a zero-
relationship order reaction by determination of the
gradient of a concentration-time graph
B.3.5 | Draw and use the slope of a Candidates may be tested on their ability to:
tangent to a curve as a o determine the order of a reaction using
measure of rate of change the initial rates method

(v) B.4 - geometry and trigonometry

B.4.1 | Appreciate angles and shapes in Candidates may be tested on their ability to:
regular 2D and 3D structures. e predict/identify shapes of and bond angles in

molecules with and without a lone pair(s), for
example NHs, CH4, H20 etc

B.4.2 | Visualise and represent 2D and Candidates may be tested on their ability to:
3D forms including two- e draw different forms of isomers

dmensmnal representations of 3D ¢ identify chiral centres from a 2D or 3D
objects .
representation

B.4.3 | Understand the symmetry of 2D Candidates may be tested on their ability to:

and 3D shapes e describe the types of stereoisomerism shown
by molecules/complexes

¢ identify chiral centres from a 2D or 3D
representation
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Appendix 7: Command words used in
examination papers

The following table lists the command words used in the external assessments.

Command word

Definition

Add/Label

Requires the addition or labelling to a stimulus material given
in the question, for example labelling a diagram or adding
units to a table.

Assess

Give careful consideration to all the factors or events that
apply and identify which are the most important or relevant.
Make a judgement on the importance of something, and
come to a conclusion where needed.

Calculate

Obtain a numerical answer, showing relevant working. If the
answer has a unit, this must be included.

Comment on

Requires the synthesis of a number of variables from
data/information to form a judgement.

Compare and
contrast

Looking for the similarities and differences of two (or more)
things. Should not require the drawing of a conclusion.
Answer must relate to both (or all) things mentioned in the
question.

The answer must include at least one similarity and one
difference.

Complete

Requires the completion of a table/diagram.

Criticise

Inspect a set of data, an experimental plan or a scientific
statement and consider the elements. Look at the merits and
faults of the information presented and back judgements
made by giving evidence.

Deduce

Draw/reach conclusion(s) from the information provided.

Describe

To give an account of something. Statements in the response
need to be developed as they are often linked but do not
need to include a justification or reason.

Determine

The answer must have an element which is quantitative from
the stimulus provided, or must show how the answer can be
reached quantitatively. To gain maximum marks there must
be a quantitative element to the answer.

Devise

Plan or invent a procedure from existing principles/ideas

Discuss

e Identify the issue/situation/problem/argument that is
being assessed within the question.

e Explore all aspects of an
issue/situation/problem/argument.

¢ Investigate the issue/situation etc by reasoning or
argument.

Pearson Edexcel Level 3 Advanced GCE in Chemistry 91
Specification - Issue 2 - November 2018 © Pearson Education Limited 2018




Command word

Definition

Draw

Produce a diagram either using a ruler or using freehand.

Evaluate

Review information then bring it together to form a
conclusion, drawing on evidence including strengths,
weaknesses, alternative actions, relevant data or information.
Come to a supported judgement of a subject’s qualities and
relation to its context.

Explain

An explanation requires a justification/exemplification of a
point. The answer must contain some element of
reasoning/justification, this can include mathematical
explanations.

Give/State/Name

All of these command words are really synonyms. They
generally all require recall of one or more pieces of
information.

Give a When a statement has been made and the requirement is

reason/reasons only to give the reasons why.

Identify Usually requires some key information to be selected from a
given stimulus/resource.

Justify Give evidence to prove (either the statement given in the
question or an earlier answer)

Plot Produce a graph by marking points accurately on a grid from
data that is provided and then drawing a line of best fit
through these points. A suitable scale and appropriately
labelled axes must be included if these are not provided in
the question.

Predict Give an expected result.

Show that Verify the statement given in the question.

Sketch Produce a freehand drawing. For a graph this would need a

line and labelled axis with important features indicated, the
axis are not scaled.

State what is

When the meaning of a term is expected but there are

mea