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1. Introduction

The syllabus places emphasis on the unifying coscaept central principles which render coherent fets of
chemistry. It requires students to master a nepessaly of information and basic knowledge abowtrlstry. It also
aims to present chemistry and the work of chenaistsaving a profound impact on society and itsucaltand physical
environment.

It is envisaged that the examination papers wéll kmowledge and understanding of chemical faatispimciples and
the ability to apply these to solve theoretical arattical chemical problems both qualitatively apdntitatively.

Chemistry is an experimental science and the impe# of including practical work in the teachinggnamme cannot
be overemphasised. While a practical paper will betset, it is nevertheless expected that studmikiag the
examination have had direct experience of the oy and have carried out a reasonable numberpdrinental
investigations.

2. Aims
A course in SEC Chemistry aims to:

2.1 stimulate students and create and sustainititterest in, and enjoyment of, the study of chémpis
2.2 enable students to acquire a knowledge of bas&nical concepts and an understanding of chemical
principles and patterns.
2.3 lay a sound foundation for those who intendpucsue their studies in chemistry or related sbjéurther,
and also cater for those students who intend ioitate their study of chemistry at this level.
2.4 encourage students to appreciate that chengsargeveloping body of knowledge and that itegigles and
theories may change.
2.5 make students aware of the importance of agippiie scientific method of investigation.
2.6 develop relevant practical skills whilst havihge regard to correct and safe laboratory practice
2.7 develop students' experimental and investigatompetence.
2.8 develop students' abilities to:
form hypotheses and design experiments to tesethypotheses;
organize, interpret and evaluate chemical inféionan order to draw conclusions, make decisiams /a
or solve problems;
communicate their chemical knowledge and findinggppropriate ways.
2.9 encourage students to apply their chemicalwleage and understanding to familiar and unfamiliar
situations.
2.10 develop students' appreciation of the enviemtal and technological applications of chemising af the
economic, ethical and social implications of these.

3. Assessment Objectives.

The following objectives will be assessed in thengixation.
These objectives apply to the whole of the syllathspughout the ability range, though different didates'
performances should indicate the extent to whiehothjectives have been met.

3.1  Knowledge by simple recall.

Candidates should be able to recall:
3.1.1 chemical symbolism, nomenclature, terminolagg units;
3.1.2 chemical facts, principles, definitions, laesncepts, theories and patterns;
3.1.3 social, economic, environmental and technotd@pplications of chemistry;
3.1.4 experimental techniques, procedures andaadeatory practices.

3.2 Knowledge and Understanding.
Candidates should be able to:

3.2.1 explain their knowledge in terms of relevaiiciples, concepts, theories and patterns;

3.2.2 perform numerical calculations related toifi@mproblems in which guidance on the methodatison
may or may not be provided;

3.2.3 give reasons for specific experimental stegechniques and safe laboratory practices.

3.24 express and present their knowledge and ats@as chemistry in a logical, concise and cleamfo

3.25 organize and present chemical informatiowviitten, diagrammatic, symbolic, numerical or graph
form;
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3.3 Application of Knowledge, Analysis aBdaluation.
Candidates should be able to:

3.3.1 utilise chemical facts to illustrate a givdemical principle, concept, theory, model or patte

3.3.2 apply chemical principles and patterns toergdéneralisations and predictions;

3.3.3 organize, manipulate and interpret data & fdrm of symbols, tables, diagrams, graphs ortevrit
statements and translate information from one farianother;

3.34 select suitable apparatus, tests and teaesiigu carrying out experiments accurately andigafe

3.35 evaluate the social, economic, environmetad technological applications and implications of
chemistry.

3.4 Competence in problem solving.
The coursework should not be retddo an acquisition of information but shouldesssstudents' ability to:
34.1 select procedures, plan and organize expetahi@avestigations to test a
hypothesis, validate conclusions or solve a chdrpitdblem;
3.4.2 organize data and perform calculations irctvigiuidance on the method of solution is not predid
3.4.3 recognize patterns, report trends and presaabned explanations or draw conclusions;
3.4.4 interpret and evaluate the results of anrxgat and appreciate the possibility of experiméatror;

3.5 Experimental and Investigative work.
It is important that emphasis isllan experimental work, mostly carried out by thalents themselves.
As a result, the students shouldHtie to:

3.5.1 follow instructions for practical work andesg appropriate apparatus;

3.5.2 handle and manipulate chemical apparatusnaterials safely;

3.5.3 make accurate observations and measurententsd the results of experiments clearly and vaith
acceptable degree of accuracy, and communicateshiéts in various forms;

354 interpret and use experimental observatiadma and results to draw conclusions and make
generalisations from experiments;

355 evaluate methods or results, and suggesibjmgaprovements.

4. Scheme of Assessment
The examination will consist of two written papezach of two hours’ duration, and an asessmentasftisal work in
chemistry. Questions will be set in English and nfigsanswered in English.

The examination will be structured as follows:
Paper | consists of a written paper and a practioaiponent and is to be taken by all candidatestergd for the
examination; the practical component is assesggtaely by a continuous method during the coufsestruction.

There will be two versions of Paper II: Paper lIAdaPaper IIB. Questions in Paper IIA will be moréidult than
those in Paper I. Questions in Paper 1IB will bsier than those in Paper I. In the Septemberlsogmtary session
only Paper | and Paper 1B will be offered.

Candidates will be required to indicate on the stgtion form which option in paper 1l (A or B) thavish to sit for.
No change in the choice of option will be allowdtkathe registration period. The written part @for | carries a total
of 40% of the global mark. Paper Il, (either opjicarries a total of 45% of the global mark. Thecpecal assessment
carries a total of 15% of the global mark.

Each written paper will consist of two sectionsntl 2, as follows:

Section | will contain two types of question: orypéd will require very short answers; the other tyyik consist of
structured questions. All the questions in thistisacwill be compulsory and the answers to the tjaes will be
recorded on the question paper itself. There weilabout ten questions in this section.

Section 2 of Paper | will consist of two compulsgnestions.
Section 2 of Paper Il (both options A and B) wibinsist of four questions and candidates will beeesgd to answer
two questions.

Besides demonstrating their knowledge and compmatierof chemical facts and principles, in answeriugstions
from section 2, candidates may also be expectedg@nise their answer in a logical, critical andgimative manner.
In this section candidates may be asked to giveriidize accounts of processes and experiments.

In either section of Papers | and Il, questions rbayset which test the familiarity of candidateghwpractical
chemistry.
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Practical work will be assessed by the schoolshenbiasis of a set of laboratory reports of expanmearried out
during the candidates’ course of study.
The mark for the practical work will be based ondlerage mark of the best fifteen (15) experiments.

Laboratory Report Books are to be available at #melidates’ school for moderation by the Marker'sé?a
The school assessments should reach the MATSEC Examm&8oard by the date indicated by the Board.

Private Candidates

(a) Private candidates who left school before 1@8Unot be expected to present their laboratonyort books. Their
mark will be obtained by pro-rating of the writtpapers.

(b) Candidates who studied the subject at schodlaaa re-sitting the subject may carry forward pinactical report
mark from a previous session.

(c) Candidates who have never studied the subject@ol but have covered the coursework privatéiybe expected
to present their laboratory report books to the METSBoard by the date indicated by the Board. Canekdaill
be asked to attend for an oral examination abait fvactical work.

Weighting of Assessment Objectives
The examination will test candidates’ abilities adbog to the following scheme:

Skill Area Paper | Paper IIA / 1IB Practical skills
Knowledge / Recall 35% 30% -
Knowledge and Understanding 30% 30% -
Application of knowledge, analysis and
evaluation (including problem solving) 35% 40% -
% of Global Mark 40% 45% 15%

In the written papers, question items will tardet following aspects of the syllabus in decreasirgr of priority:

e Chemical theories, reactions and properties ofenatt
< Experimental techniques and design of experiments;
¢ Quantitative techniques.

The minimum mathematical requirements of the cheynsstllabus are as follows:

1. the ability to perform simple arithmetical processeich as addition, subtraction, multiplication aidsion of
guantities expressed in decimal form, as fraction&, index notation;

2. the ability to calculate volumes; simple percentegleulations; calculations involving ratios andgortion;

3. the ability to use and interpret simple graphsgycaut extrapolations and interpolations and meaguadients.

Questions will be set in Sl units.
The Periodic Table, complete with atomic numbers r@tative atomic masses, will be provided in eacangration
paper.

The following ‘Useful Data’ will also be providedhé¢ Avogadro constant; the Faraday constant; theifgpdeat
capacity of water; the molar volume for gases; thiedfollowing formulae
Q =It, AH = ma\6;
stp conditions are to be taken 4€@nd latm (760 mm Hg); the molar volume for gagestp is 22.4 dr
Electronic calculators may be used in any part efekamination.

Results

Candidates sitting for Paper | and Paper mhay qualify for grades 1, 2, 3, 4 or 5. The hssof candidates who do
not obtain at least a grade 5 shall remain Undlads{U).

Candidates sitting for Paper | and PaperniBy qualify for grades 4, 5, 6 or 7. The resufteandidates who do not
obtain at least a grade 7 shall remain Unclass(fisd
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The subject matter is organised under four headiRgsts of Chemistry; Principles of Chemistry; Clgtny, Society and the Natural Environment; and i@ical Laboratory

Experience.

This organisation of the syllabus material is maemnded to serve as a model of presentation ofub@ct matter. Nevertheless, pupils should be naadhe of the distinction
between the observational facts of any sciencegiwtend to be permanent, and the possibly trantlieatries which attempt to rationalise the factsrébver, the concept of the
impact of chemistry on society and on the natunalrenment should be allowed to permeate the efabdac of the course material.

Throughout the course, students are expected toexygierience of the chemical laboratory and to mfesand perform practical tasks related to theentljatter of the syllabus.
Towards this end, a number of student laboratopggments are indicated in the syllabus.

5.1 Facts of Chemistry

Topic

Description

Additional notes

(a) States of matter

Gas, liquid and solid interconversions. Pure suttgts and mixtures.

Solvent, solute, solution. Separation of mixturgdiliration, evaporation
to dryness and crystallization (partial evaporatigm to the point of
crystallization), simple distillation, paper chrowwgraphy, sublimatior
and fractional distillation. The use of the sepgagafunnel.

Boiling point and melting point of substances ateda of purity.

fractional distillation (simple treatment only -eswrplified by alcohol and
water).

Knowledge of experimental details to determine imglpoint and boiling
point are not required but pupils should be ablaterpret a simple
heating / cooling curve.

(b) Action of heat on
materials.

Action of electricity
on materials

Decomposition of hydrates, carbonates, hydrogencates, nitrates an
hydroxides by heat. Effect of heat on sugar. Sudtiiom of iodine.
Thermally stable compounds

Reversible reactions, including the hydration/dehtidn of silica gel and
of hydrated coppet) sulfate.

The effect of electricity on various solids, ligsifincluding molten
substances), and aqueous solutions. Conductonsamdonductors;
electrolytes and non-electrolytes.

dit is suggested that examples are chosen fromaubet mentioned in
Section 5.4(b).
(e.g. sodium chloride, sodium carbonate and oxides)
In addition see also section 5.1(c) for the actibheat on copper, carbon
and sulfur.

Examples suggested to illustrate this sectiondihete sulfuric acid, dilute
ethanoic acid, coppén sulfate solution using carbon electrodes and sy
solution.

(c) Gasesin air.
Oxygen.

The atmosphere - composition of: to include presesicwater vapour|
noble gases and carbon dioxide. An experimentatrohdhation of the
percentage composition by volume of nitrogen angyer in air.

Air pollution - see Section 5.3(e).

Handling techniques for preparation and collectbgases, including th
use of the gas syringe.

Isolation of ‘atmospheric nitrogen’ — details oétapparatus is not
required.

P Students should be familiar with different typegeaé generators and
methods/apparatus for drying and collecting gases.

Principle of the extraction of oxygen by fractiowigtillation of liquid air

Technical details are not required.

gar
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Topic

Description

Additional notes

5.1 (c) contd

Preparation of oxygen by the -catalydecomposition of hydrogenh
peroxide; test for oxygen.
Reaction of metals (e.g. magnesium, copper) anenmetals (e.g. carbon,
sulfur) with oxygen in air.

Rusting of iron and its prevention.
Oxides of the common elements and their reactiah water.

Ozone as an unstable, naturally occurring, all@rajpoxygen.

The catalytic decomposition of potassium chlorata anethod of
preparing oxygen is not required.

A treatment of respiration and photosynthesis tsequired.

See Section 5.3(e) for effect of pollutants, (eldorofluorocarbons).

(d) Water and
solutions

Simple treatment of soluble and insoluble subsart water.

Physical properties; test for purity. Water as @tde of hydrogen
chemical tests for the presence of water.

Water of crystallisation, deliquescence and effoemce; hygroscopic
substances.
The presence of air dissolved in water. Studentsildhbe aware that a|r
dissolved in water has a different composition fromginary air due to the
difference in solubility of nitrogen and oxygen.
Ground water and sea water as important examplagusfous solutions qf
specific solutes. Methods of purifying water, irdihg a simple qualitative
treatment of the technique of reverse osmosis dioifying brackish watef
and seawater.

Polar nature of water is not required. The expemtaledetermination of
solubility is not required but students should bkedo interpret a
solubility curve.

A description of the experimental determinationtaf percentage of
dissolved gases is not required.

(e) Acids, bases and
salts

Aqueous solutions of acidic and alkaline substarares their action o
indicators. The pH scale treated as an arbitraglesof acidity and
alkalinity. Strong and weak acids.
Reaction of dilute non-oxidising acids with metalssoluble bases and
alkalis, carbonates and hydrogencarbonates. Baseallalis.
Normal salts and acid salts; preparation of salts.

Comparison of solutions of hydrogen chloride in evatand in
methylbenzene.

Standard solutions, acid-alkali titrations and tedlacalculations in termpg
of moles and molar concentrations.

Simple treatment in terms of ionisation / non-iamds.

Calculations involving back titrations will not Iset.

() Hydrogen

Preparation of hydrogen from action ofutéil non-oxidising acids oh
certain metals, exemplified by dilute hydrochlosaicid or dilute sulfuric
acid on magnesium, zinc or iron. Test for hydrog&@ombustion of]
hydrogen - its advantages and disadvantages ad.aRfeducing action of
hydrogen with metal oxides. Uses of hydrogen.
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Topic

Description

Additional notes

5.1 (g) Carbon

Diamond and graphite as allotropes of carbon. Reacif carbon with
metal oxides. Laboratory preparation of carbon idiextest for carbor
dioxide. Solubility in water and in alkali. Uses afirbon dioxide
Carbonates - some general properties limited tdubdity, reaction with
dilute acids, action of heat, preparing insolutdebonates by precipitation.

Formation of carbon dioxide and carbon monoxideanfrprocesses of
complete / incomplete combustion of carbon and dgalbons.
Properties of carbon monoxide - neutral gas, togture, combustion tp
form carbon dioxide;reducing action. Separatiocarbon monoxide from
a carbon monoxide / carbon dioxide mixture by ajison in alkali.

The laboratory preparation of carbon monoxide israquired.

(h) Nitrogen

Nitrogen as an unreactive gas. Principle of theustdal extraction of
nitrogen from liquid air. Manufacture of ammonia bgversible direct
union of its constituent elements. Laboratory prafien of ammonia fromn
ammonium salts; test for ammonia gas. Propertiegrohonia gas. Use (¢
ammonia as a reducing agent for certain metallidesx Preparation an
properties of aqueous ammonia - e.g. alkalinitytradisation of acids
precipitation of insoluble metallic hydroxides. Armamum salts -
preparation by neutralisation; reaction with alkalise as fertilisers.
Sublimation / thermal dissociation of ammonium cide.

o =

Manufacture of nitric acid by the Ostwald procestdlytic oxidation off
ammonia, and its uses. Nitric acid as a dilute acakemplified by its
reaction with metallic oxides, e.g. magnesium oxided with metallic
carbonates, e.g. magnesium carbonate. Nitric aci@haoxidising agent |-
exemplified by its reaction with copper.

Nitrates - general properties, e.g. solubility, i@ct of heat, generdl
methods of preparation.

Nitrogen monoxide - conversion to nitrogen dioxateexposure to air.

Nitrogen dioxide - laboratory preparation by therthal decomposition of
lead (Il) nitrate; identification due to colour.dperties of nitrogen dioxid
- e.g. solubility in water and acidity (linked toid rain).

Thermal dissociation / dynamic equilibrium of dingen tetraoxide
nitrogen dioxide.

11

Technical details of the fractional distillationl@fuid air are not required,

The laboratory preparation of nitric acid is najuied.
Detailed formal equations representing the congarsf nitric acid to the

various oxides of nitrogen are not required.

Experimental details of the laboratory preparatbnitrogen monoxide
are not required.
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Topic

Description

Additional notes

5.1 (i) Sulfur

Allotropes of sulfur - rhombic / monoclinic. Usektbe element.

Hydrogen sulfide — its formation by the action dlute acids on meta|
sulfides; toxic nature of the gas.

Laboratory preparation of sulfur dioxide by thei@ctof a dilute acid on a
sulfite or by the oxidizing action of concentratdfuric acid on copper;
test for the gas. Reactions of sulfur dioxide whetemplify its acidic
nature and its reducing action, e.g. colour changéth acidified
potassium dichromate solution or acidified potassimanganatevii)
solution.

Sulfites and their reaction with dilute acids.

Sulfur trioxide — acidic nature.
Manufacture of sulfuric acid and its uses. Praperbf dilute sulfuric

acid. Properties of concentrated sulfuric acid eluding its action or
metallic chlorides; dehydrating action, e.g. on augnd on ethanol;

oxidizing action e.g. on copper; and hygroscopiturea/ use as a drying

agent.

Sulfates and hydrogensulfates from dilute sulfadi.

Details of the laboratory preparation of the atbptes are not required.
The extraction of sulfur (Frasch process) is nquined.

A description of the laboratory preparation of logkn sulfide is not
required. No experiments involving hydrogen sulfade to be carried out

Equations for the reactions of sulfur dioxide wililese reagents are not
required.

The laboratory preparation of sulfur trioxide ig nequired.

() Halogens

Chlorine, bromine and iodine — similarities andntte in properties of
elements in Group 7. Displacement reactions of lalegen by another.
Laboratory preparation of chlorine by oxidation afoncentrateg
hydrochloric acid using manganegse oxide. Test for chlorine.
Bleaching action of chlorine water.

Chlorine as a by-product in the manufacture of wmdhydroxide; uses gf
chlorine.

Laboratory preparation and test for hydrogen cttari Laboratory
preparation of hydrochloric acid. Properties dfitdi hydrochloric acid.
Preparation of chlorides from dilute hydrochlorada

i.e. electrolysis of brine using a membrane cell
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Topic

Description

Additional notes

5.1 (k) Electrolysis

Reactivity Serie$

b

Extending the discussion introdiige 5.1(b) to consider a more detail
description of electrolytic decomposition and thetérs affecting produd

e&pecific examples of electrolysis can include dtdilsulfuric acid, dilute
t hydrochloric acid, concentrated aqueous sodiunricid@and coppef)

formation at the electrodes. Factors will includine position of the ion in sulfate solution (all using inert electrodes);

the reactivity series, concentration of ion andrtatire of the electrodes.

Reactivity series: itelude potassium, sodium, calcium, magnesi
aluminium, zinc, iron, lead, hydrogen, copper aifldes Reactivity of
these metals with air (oxygen), water and diluidsc
Displacement reactions involving these metals dwar tcompounds tg
include: a metal displacing a less reactive metahfan aqueous metall
salt; a metal reducing an oxide of a less reactietal.

The simple cell — as a means of transforming chaimémergy into
electrical energy (e.g. Zn/Cu electrodes in diada).

copper(l sulfate solution using copper electrodes.

um,

() Group 1 and
Group 2 metals

Alkali metals

Alkaline earth metald

Alkali metals and alkaline earths as representatiok two groups o
families of elements in the Periodic Table.

Sodium and potassium. Characteristics of the matadssimilarities in thg
group: typical physical properties; chemical projgsr — reaction with
oxygen (to form simple oxide only), with water aniih chlorine.

Trend in reactivity going down the group.

Magnesium and calcium. Similarities in the grougpi¢al physical
properties; chemical properties — reaction with gety, water and dilut
acids. Limestone — conversion of limestone (C@Q® quicklime (CaO)
and subsequently to slaked lime [Ca(GH)

Hardness in water caused by dissolved calcium aagnesium salts.

Hardness in ground water associated with limestenains. Temporar)
and permanent hardness of water; softening of water

Details of the extraction of these metals are aqtired.

1%

The advantages of synthetic detergents over soam wised with hard The structures of soap and synthetic detergentaulas are not required.

water — simple treatment only. Scale formationastdaes and stalagmites.
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Topic

Description

Additional notes

5.1 (m) Less reactive
metals: iron and
copper

Iron

Copper

These metals are to be presented as typical otrémsition elements
illustrating the properties of variable valencye tformation of coloured
compounds and acting as catalysts.

Action of steam, hydrogen chloride and chloringron.
Hydroxides of ironily and ironqi : formation by precipitation, colour.
Oxidation of iron(l) hydroxide to irorly hydroxide by exposure to air.

Simple compounds of copper: Copp#r oxide as a typical basic oxid
and its use in preparing coppg@y salts by reaction with dilute acid
Reduction of coppeql) oxide by hydrogen. Thermal decomposition
copper () carbonate and coppgy nitrate to give coppegn) oxide.

of

(n)

Qualitative analysis

Identification of sodium and potassium ions by ftatests.

Simple test tube reactions for the identificatidntle following ions in
solution:

Cations - ammonium, calcium, magnesium, aluminilea ), copper,

iron (I and iron (lIny;

A flame test can be used to distinguish betweetiwzaland magnesium.

Amphoteric character of aluminium and leg@dto be exploited in testin
for these ions. Potassium iodide solution can bedut® distinguish
between aluminium and leagl ions.

Anions - carbonate, sulfite, sulfate, chloridegrbide, iodide, and nitrate.
Nitrates can be tested by reduction with aluminiamd alkali to give
ammonia.

By reaction with sodium hydroxide solution.

j Formulae and equations for the formation of hydrogtallates are not
required.

The formal redox equation for this test is not iieepll
N.B. The ‘brown ring test’ is not required.

10
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Topic

Description

Additional notes

(o) Organic chemistry

Alkanes

Alkenes and alkyne

Polymerisation

Petroleum

Definition of an organic compound. The unique &pilof carbon to
catenate leading to a large number of organic comge.
Concept of a homologous series.

Alkanes as the first example of a homologous seugsd to illustrate th
terms empirical formula, molecular formula, struatuformula and
general formula for a homologous series.

Nomenclature limited to the first five straight aihalkanes.

Chain isomerism of §H,0 and GHy, only.

Alkyl groups limited to methyl and ethyl only.

Gradation in physical properties of straight chalikanes linked to lengt
of hydrocarbon chain.

Complete and incomplete combustion of hydrocarb@ssilting in the
formation of carbon dioxide, carbon monoxide andoa.

Uses of alkanes as fuels.

Saturated nature of the alkanes resulting in dwitisth reactions with
halogens, limited to monosubstitution.

Alkenes and alkynes asaypnsaturated hydrocarbons.
General formula; structural formulae.
Combustion of alkenes / alkynes — sootiness ofdla® an indication g
unsaturation (or high percentage by mass of carbon)
Addition reactions of alkenes with hydrogen andobahs; and of ethen
with hydrogen halide. Hydration of ethene.
Test for unsaturation — distinction between alkaaed alkenes/alkyne
using bromine water.

Principle of addition polymettion limited to polyethene, PTFE a
PVC.

Petroleum (crude oil) as a mixturényarocarbons including natural g
which can be separated by fractional distillatitmdtionation); limited to
names of fractions and the fact that boiling pammige of fraction is
related to carbon number. Uses of fractions.

Cracking of long chain alkanes to form one shodeain alkane an
ethene. The cracking of diesel to obtain petrol etietne as an industri
application of this process.

e The laboratory preparation of alkanes is not reglir

The systematic naming of branched isomers is npfired.

=]

No knowledge of preparation and reactions of ctiloovocarbons are
required.

Naming of positional isomers is not required.
f
eDetailed chemistry of the alkynes is not required/éver students will be

expected to predict properties of straight chakyrats by comparison to
salkenes.

ndPreparation conditions are not required.
Knowledge of condensation polymerisation is notnesyl.
as

Only a schematic diagram is required; details efgtiucture and running
of the fractionating tower is not required.

Al

11
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Topic Description Additional notes
5.1 (o) contd.
Alcohols OH as the functional group. General formula, stradt formulae;| Naming of positional isomers is not required.
nomenclature. Naming of alkoxides is not required.

Reactions of alcohols with sodium, with phosphagwishloride to liberatg Naming of the products of the reactions with phasph(v) chloride is not
misty fumes as a test for the OH group and withceatrated sulfuric acidl required.
to form alkenes. Experimental details are not required.

Ethanol; manufacture from glucose (fermentation)l &#mm petroleum
derived ethene (hydration). Oxidation of ethanoletbanoic acid using Formal redox equations are not required.
acidified potassium dichromate, limited to testeubaction. Naming of the ether is not required.

Functional group isomerism limited toh;O.

Carboxylic acids COOH as the functional grodpming of straight chain carboxylic acigs
up to pentanoic acid. Weak acidic nature.
Formation of salts by the usual methods.
Reaction of an organic acid and an alcohol to ptedan ester and water jn
a reversible process. Role of concentrated sulfacid in esterification| The hydrolysis of esters is not required.

Recognition of the esters as another homologoussseharacterised by Chemistry of the esters is not required and narofresters is limited to
their fruity smell. ethylethanoate.

5.2 Principles of Chemistry
The facts of chemistry are explained on the bdsikeounifying concepts of structure, bonding andrgy change. It is expected that the principldsrmd in this section would be
introduced at suitable points and constantly reg€d during the teaching of the topics listed ictis@s 5.1 and 5.3.

Topic Description Additional notes

(a) Atoms, molecules,| Atomic nature of matter. Elements and compoundsa laf size of atomg. Numerical values for the size of atoms is not regfiiThe oil drop
Relative atomic masg, Avogadro’s constant and moles of atoms. Relativemat mass with experiment is not required.
Relative molecular | respect td°C.
and formula mass.
Molecules and relative molecular masses, expressgiammes, as the
mass of a mole of molecules. Mole of ions. Formulasses of ionig
compounds. Mole/mass interconversions.
Molar volume of gases and Avogadro’'s law. Mole/magdsme
interconversions for gases. Calculations to finel Wiolume of a gas that
reacts, or is produced, in chemical reactions.
Use of PV/T = constant for converting gas voluneand from standarg stp conditions will be stated in exam papers.
conditions.

Gas to gas calculations based on Gay Lussac’sflaanobining volumes.

12
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Topic Description Additional notes
5.2 (b) Experimental determination of chemical formulaebafary compounds),
Chemical formulae | from the reacting masses of the elements. (Oxiflesetals offer suitable
and equations examples). Deriving the value of y8 in a hydrated compound by heatin&uitable examples could be Mg$sxH,0 or ZnSQ.xH,O

to constant mass. Percentage composition and dedateulations.

o

Balanced chemical equations to represent the velatimber of particle
involved in chemical reactions. States of substanfiesing symbols (s),
(1, (g) and (aqg) for solid, liquid, gas and aque@elution respectively],
should be specified where appropriate.

Experimental determinations intended to establighdombining ratios of Suitable experimental example: precipitation ofilbarsulfate from
reactants and products to include gravimetry anlinwetric work, in| barium chloride.

addition to measurements involving gas volumes.

All calculations involving chemical changes arebt performed in term
of moles of substance.

12

[«

(c) Atomic structure Nuclear model of the atom; protons, neutrons aedtelns. Isotopes an
and the Periodic Table| relation of isotopy to relative atomic masses (@dito two isotopes).

Electrons in shells. Electronic configuration oé tlirst eighteen elements
(hydrogen through to argon). Relation of electroemnfiguration to
electrovalency and covalency, and to the periodap@rty of valency
position of element in the Periodic Table.

(d) Structure and lonic bonding - formation of simple ions by loss gain of electrons ap

bonding governed by the octet rule. Physical propertie®oic compounds - high
melting points, solubility in water, conductivitilectrostatic attractions
and three dimensional lattice of ions, limited adisim chloride.

Covalent bonding - formation of simple molecules.g( H, Cl,, O,, Ny,
HCI, H,O, NH;, CH,, CG; ) by sharing of electrons as governed by [tizative covalency not to be discussed.
octet rule. Single, double and triple bonds. Shapes of molecules are not required.

Giant molecular structures, limited to diamond agdhphite. High
sublimation temperatures of these materials expthin terms of strong
covalent bonds holding the lattice structure togeth Electrical
conductivity in graphite explained in terms of fedectrons.
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Topic

Description

Additional notes

5.2 (d) Contd.

crystals composed of simple molecules. The lattebé considered &
discreet molecules held together by weak intermudéedorces.
Dry ice and iodine are suitable examples.

Metallic crystals in terms of ions in a sea of nelglectrons. Thermal an
electrical conductivity, and malleability, explathia terms of this bondin
model.

Distinction between physical projsrtof giant covalent structures ahd

S
A discussion of hydrogen bonding and polarity aseta be included.

o

J

(e) Kinetic molecular
theory and states @
matter

Diffusion and Brownian motion in terms of simplenétic theory.
f Interconversions between the three states of matmplication of kinetic
theory to explain energy requirements for changestate; different
energy requirements for simple molecular versustgiaolecular latticeg
in relation to the nature of bonding (simple treattnonly).

(H) lonic theory;
oxidation and
reduction

lonic half equations to represent synthesis reastimvolving binary,
compounds, displacement reactions and reactionslettrodes fof
electrolytes given in section 5.1 (b). lonic eqoa$é omitting spectatg
ions for — neutralization, acid on a carbonated aci a sulfite, alkali on a
ammonium salt and precipitation reactions.

Oxidation and reduction; redox reactions in termis loss and gain o
oxygen/hydrogen; in terms of loss and gain of eters.

The concept of oxidation number limited to simpiedoy compounds. It
application in simple redox reactions.

Electrolysis explained in terms of electron transfetween ions an
electrodes. Tendency to lose or accept electrdaseceto the reactivity
series. Quantitative aspects of electrolytic ceélie: Faraday as a mole
electrons.

-

(g) Energetics

The concept that energy changes accgnipth physical and chemic
changes. Exothermic and endothermic reactions; mibenemical
equations and thé\H notation. The Joule or kiloJoule as a unit
measuring heat energy. Definitions and calculatifimsenergy change
accompanying combustion, solution, neutralisatiomd aprecipitation
reactions. Simple experimental calorimetry limitedheat of combustio
of a flammable liquid.

Heats of reaction as the result of energy chandenvbonds are broke
and formed. Principle of conservation of energy.

Al

of

n

NCalculations involving bond energies will not bé se

Simple energy level diagrams.

Activation energy not to be included.
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Topic Description Additional notes
5.2 (h) Rates of Concept of reaction rate as the increase of prodoctcentration o
reactions decrease of reactant concentration with time. Dépece of rate of

heterogeneous reactions on the state of subdividiensolid explained i
terms of particle collisions involved in chemicabnge.

A simple kinetic picture to be used to account tbe effect of
concentration on the rate of homogeneous reactieffect of temperature.
Definition of a catalyst. The effect of a catalgstreaction rate.

Effect of light on certain reactions, e.g. photaretibn of silver halides
reaction of hydrogen with chlorine.

(i) Reversible reactions| The concept of reversible change as exemplifieddsious processes, e.g.
and chemical changes of state; hydration of copp@r sulfate; chromate/dichromage
equilibrium interconversions; esterification. Kinetic picturé dynamic equilibrium

and use of the appropriate symbol to denote rehlergdactions.

Le Chatelier's principle and its application to tgyss in dynamig
equilibrium — qualitative treatment only.

Shifting the equilibrium position of a system byadlging the temperature, This may include the addition of a reagent whichandes thg
the total pressure or the concentration of a specie concentration of one of the species in the system.

The effect of a catalyst on the rate of attainnaérequilibrium and not o
the equilibrium position.

5.3 Chemistry, Society and the Natural Environment

A deliberate and sustained effort should be madminveying this aspect of chemistry to studentemiktry should be seen as an essential human esuteaith relevance to the

quality of everyday life. Chemical industry is cdimhed by societal requirements and the activitiEthis industry can, in turn, have an impact lo@ énvironment in which society
lives or for which it is responsible. Industriabpesses should be considered from the point of efetive raw materials available, the chemical pples underlying the processes,
the demand for the products of these processeslaasihe effects which the industry, its wastas itgs products could have on the natural envirartme

Topic Description Additional notes
(a) Raw materials and| Reference to the raw materials available for chehpeocessing as relatgd\No details of processes other than those spedifiether sections of this
energy to terrestrial abundance and ease of extractian ffee source. Sources piyllabus are required.
requirements materials: air, sea water, rock salt, limestonen iore, nitrates, sulfur,

gypsum. Awareness that petroleum is a source ohymseful organiq
products such as plastics, textiles, pharmaceastidgks, explosives, etc.

Coal and petroleum as non-renewable energy sources.

15
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Topic Description Additional notes
5.3 (b) Extraction of Extraction of iron from haematite and aluminiumnfrurified bauxite| Candidates should be familiar with a simple outlii@gram for each o
metals Method of extraction related to position of metalthe activity series, these processes. Details of the industrial planhat required.

Electrolytic purification of copper.
Uses of these metals as related to their properties

(c) The heavy
chemicals industry

Electrolytic manufacture of sodium hydroxide, hygiea and chlorine
using the membrane cell. The Haber process for aranthe Ostwalg
process for nitric acid and the Contact processtitfuric acid.

Main uses of the above mentioned materials.

The mercury cathode cell is not required.
Details of the industrial plants are not required.

(NaOH, H, Cl,, NH3, HNO; and HSO;.)

(d) Commonplace
products of the
chemical industry

Reference should be made to products of chemichlsiny which are
typically found in the home and other familiar eoviments.

The use of the following materials and associatezpgrties should b
discussed: action of soaps and detergents on hatat;wdomestic bleachg
- their alkalinity and oxidising action exemplifiday the liberation of
iodine from potassium iodide solution; domestic LE& (mainly butane
and its flammability; the use of organic liquidssadvents, exemplified b
alcohols, liquid alkanes and ethyl ethanoate. Bakimwder (sodiuni
hydrogencarbonate) and its leavening action; vin¢gianoic acid) an
its acidity; quicklime (calcium oxide) and slakeahé (calcium hydroxide
and their alkalinity; washing soda (}&0:;.10H0); Epsom saltg
(MgSQ,.7H,0); Milk of Magnesia (magnesium hydroxide); Plastdr
Paris (CaSQY2H,0).

Polythene and polyvinylchloride (PVC) should be tr@red as importan
examples of synthetic polymers with various uses.

1%

sThe structures of soap and detergent moleculesan@quired.

Both the common name and the chemical name or farmfl these
i substances will be provided in the examination pape

f

Knowledge of the methods for converting pig irorsteel are not required.

(e) Chemical
pollutants

An appreciation of the problems posed to the nhteraironment by
activities which involve the use of materials ankeit chemical
interconversions.

Carbon dioxide formation as a result of combuspoocesses of carbon-

containing fossil fuels; the greenhouse effect aidbal warming.
Recognition of the fact that most activities rethte energy generatio
ultimately result in carbon dioxide emissions frpower plants.

An awareness that incomplete combustion of fossilsf will result in the
formation of toxic carbon monoxide.

Sulfur dioxide as a pollutant gas; its source anes@nce in acid rain;

harmful effects of acid rain.

NO, gases: nitrogen oxides formed in the internal agstibn engine
contribution of nitrogen oxides to acid rain andinog formation in urba
polluted air. A simple treatment of the catalytomuerter.

Importance of the ozone layer in the upper atmaspaed its depletion b

n

h

¥ No knowledge of preparation and reactions of cHlloovocarbons arg

h

CFC's. Awareness of harmful effect of ozone nearEharth’s surface.

required.
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5.4 Chemical Laboratory Experience

The following list contains experiments that are émgnt in facilitating the understanding of cherhigénciples,
developing scientific processes and acquiring @egractical skills at SEC level.
A practical experience is considered to be oneehtdils approximately the duration of a doublsdes

The fifteen experiments presented must includeasttme experiment froneach of the sections (a) to (jpiving a
total of ten experiments] and five other experirseMot more thamhree experiments can be presented from the
same_sectianFurthermoretwo of the fifteen experiments must be thwestigative (problem solving) type.
Experiments marked with an asterisk can be adagted investigative practical. See Appendix 1.

(a) Separation techniques

0] Extraction of a soluble salt from a mixture lilfrétion and crystallisation.* (Section 5.1a)
(i) Separation of coloured compounds by paper mlatography* (Section 5.1a)
(i)  Simple distillation (Section 5.1a)

(b) Action of heat and electricity on materials

0] Effect of heat on materials such as: magnesiam¢ oxide; sodium nitrate; leagl) nitrate; sodium
hydrogencarbonate; sodium carbonate; copperarbonate; sucrose; hydrated copg@esulfate. [Section
5.1(b)]

(i) Electrolysis of aqueous solutions of a strotectrolyte and of a weak electrolyte. [Section B)1L(

(c) Preparation and properties of gases
Such preparations are intended to be caoigdn a test-tube scale and accompanied by simpéstigations
of the properties of the gas.

0] Preparation of oxygen using catalytic decompasiof hydrogen peroxide. [Section 5.1(c)]

(i) Preparation of hydrogen. [Section 5.1(f)]

(i)  Preparation of carbon dioxide. [Section 5]1(g

(iv)  Preparation of ammonia from an ammonium daltestigations should include the reactions of agse
ammonia. [Section 5.1(h)]

(v) Preparation of sulfur dioxide; simple investigas can include the reactions of the gas as @heam as a
reducing agent (e.g. with potassium mangaajeor potassium dichromatel). [Section 5.1(i)]

(d) Preparation of pure, dry simple salts

0] Preparing an insoluble salt by precipitatioBe€tion 5.1(e); 5.1(h) (i) ()]

(i) Preparing a soluble salt by one of the follogyimethods — metal + acid; insoluble base + acid;
insoluble carbonate + acid. [Section 5.1(e); 5.1(h())]

(e) The Reactivity Series

0] Investigating the reaction of metals (e.g. megjam, zinc, iron, copper) with dilute hydrochloaicid
and dilute sulfuric acid.* [Section 5.1(k); 5.2(f)]

(i) Investigating the reaction of metals (e.g. megjium, zinc, iron, copper) with solutions of theaits
in order to determine a displacement series.* j8ed&.1(k); 5.2(f)]

() Halogens

() Reaction of halide ions (CIBr, I") with (i) chlorine water (acidified bleaching stbn) and
(i) with lead nitrate solution [Section 5.1(j);2%f)]

(g) Energetics
0] A simple experiment on calorimetry ( determinatof heat of combustion) [Section 5.2(g)]
(h) Rates of reactions

0] Experiments to illustrate the dependance of o& reaction on concentration*, temperature*alyat*
or state of subdivision* (in the case of heteragars reaction) [Section 5.2(h)]
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(i) Volumetric analysis

0] Experiments in acidvase titrimetry using volumetric glassware (pipsttburettes, volumetric flasks
[Sections 5.1(e); 5.2(b)]

() Qualitative analysis

0] An investigation involving the analysis of batie cation and anion in three ‘unknown substarntes’
The unknowns may be either supplied as solids solution [Section 5.1(n)]

Notes on moderation of practical work

1. All practical work will be assessed by the schatising the candidates’ course of study. Laboratoepdgt
Books should be available in schools for moderdbipthe Markers’ Panel.

2. When monitoring the candidates’ Laboratory Reparoks, the Markers’ Panel will look for evidenitet the
candidates have actually carried out practical veortt were capable of:

(a) following verbal and written instructions;

(b) planning and organising practical work;

(c) handling laboratory apparatus;

(d) carrying out and recording observations and measemes;

(e) processing experimental data and drawing conclgdiam it.

6. Grade Descriptions

Grade descriptions are provided to give a genaditation of the standards of achievement likelyh&we been
shown by candidates awarded particular grades. dBseriptions must be interpreted in relation to toatent
specified by the syllabus; they are not designedefme that content.

The grade awarded will depend in practice upon ttent to which the candidate has met the assessrhggttives
overall.

Weakness in some aspects of the examination mémalbaced by above-average performance in othefici€nt
material will be included in the examination tcoallresponses over the necessary range of attainevehs.

Grade 1
Grade 1 candidates are likely to:

» recall a wide range of knowledge from all areathefsyllabus;

« relate facts to principles and theories and viasae

« select and collate information from more than ang&rse and communicate knowledge in a clear lodarah;
« use chemical knowledge and understanding to idepéfterns or trends and draw conclusions;

e use detailed chemical knowledge and understandingupport statements or explain phenomena e.g. use

understanding of bonding to explain the propentfes material;

e use a wide range of scientific and technical votaiyuthroughout their work and use routinely safémt
chemical or mathematical conventions;

« perform numerical calculations on which guidancet@method of solution is not provided;

* select and use a range of apparatus with preceignskill; decide the range of measurements anel lefv
precision required; make appropriately precise m@asents; make systematic observations and dedigdshw
observations are relevant to the task in hande stdily particular techniques are preferred for atirstlge
process;

« be able to formulate a hypothesis; plan an invattg to test a hypothesis, or to solve a problemcivmay
involve several variables; identify the key facttosbe considered and make predictions where apptep
select a method of presenting findings; identifyoraalous observations or measurements; use saentifi
knowledge to draw conclusions from evidence; idgnshortcomings in an investigation and suggest
improvements;

« show an insight of the applications and implicasiasf chemistry to social, economic, environmentad a
technological problems.
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Grade 5

Grade 5 candidates are likely to:

recall a range of chemical information from mostear of the syllabus, for example, they recall singblemical
symbols and formulae;

link facts to situations specified in the syllabus;

select a range of information from a given soure @resent it in a clear logical form;

use chemical knowledge and understanding to mdkeeimces and identify trends in given information;
apply knowledge and understanding in some genemafegts, for example, use simple balanced chemical
formula equations to support a description of anubal reaction;

use appropriate scientific and chemical vocabulayexample, write simple formulae;

be able to perform numerical calculations on wigaldance on the method of solution is provided;

be able to select apparatus and perform a simgetpn; make careful and reasonably accurate measmts
and systematic observations; recognise wherenggessary to repeat measurements and observatestsibe
the correct procedure for an operation involvingesel steps;

make simple hypotheses and test them by plannidgarforming suitable experiments; solve a probleith
more than one step, but with a limited range ofaldes; identify which key factors to control andheve
appropriate make predictions; present data systeaigitand appropriately; draw conclusions consistgith
evidence;

show an awareness of the contributions and apglitabf chemistry to social, economic, environmeata
technological problems.

Grade 7

Grade 7 candidates are likely to:

recall a limited range of information and factuhkemistry, (for example they state a use of a comgamor a
naturally occurring material);

show some understanding of the main ideas of chigmis

select and present a single piece of information;

make simple generalisations from given informationjdentify a trend where only a minor manipulatiof

data is needed;

link cause and effect in simple or specific corgefbr example they suggest a way of increasingadte of a
chemical reaction;

make some use of scientific and technical vocapufar example, write ‘word’ equations or draw alatbel

simple diagrams;

perform a simple numerical calculation if structlireslp is given;

use simple apparatus to make measurements; fdllewdrrect procedure for a single operation;

recognise which of two given hypotheses explaisstaf facts or data; make simple predictions adse fair
tests which involve only a few factors; record aladons in tables and plot graphs in which thesaaee
labelled; offer simple explanations consistent tfith evidence obtained;

show some appreciation of the social, economicirenmental and technological problems.

Suggested Texts

1. B.Earl & L.D.Wilford - GCSE Chemistry (John May)

2. E.Ramsden - Key Science Chemistry (Stanley Thyrnes

3. M. J. Denial, L. Davies, A. W. Locke & M. E. Reaynvestigating Chemistry

(Heinemann Educational)
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Appendix 1: SEC Chemistry

Candidates of SEC Chemistry are required to fill in this form and attach it to the first page of their practical

report book. If additional practical books are presented the form should be attached to the first book.

Candidate’s Name School

Name of 10 experiments presented from syllabus sections (a) to (j)

Marks

Page No

Name of the remaining 5 experiments presented

Marks

Page No

Total number of marks:

Total number of experiments presented:

Average mark for the 15 experiments:

Average mark to the nearest whole number:

On the above list mark with a * the TWO experiments presented as investigative (problem solving)

experiments.
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