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Chemistry is not only a subject of academic studiyciw has engaged scholars for centuries worldwideitb products
and processes have indeed enabled the very exéstngocieties and allowed their developments l icentralscience
which informs several other disciplines includinglbgy, medicine, materials science, agricultusaience andthers.
Chemical warfare and pollution of the environmerst well as drug abuse, adulteration of food andla examples of
misuse or improper use or disposal of chemicalenoftast shadows on this scientific enterprise geteratemistrust
of chemicals by the generalblic.

The main purpose of this syllabus is to imparpraper understanding of the core principles andifying ideas of
chemical science, supported and illustrated abgignificant body of essential factual wiedge that shoulchelp

students acquire a meaningful experience of céteynito serve them adequately in their futuredits. Thesyllabus
also provides an opportunity for learners to becgraperly acquainted with this important scienceoider for thento

be able to better appraise both the opportunitied the challenges which chemistry and its prodpetsent tasociey

atlarge.

The syllabus for Chemistry at this level assumed lamilds on knowledge of the subject at a levet thaquivalentto
that covered by the Secondary Education Certifisgtiabus.

The syllabus is presented in two columns, desagifBubject Content and Learning Outcomes. This desdgntended
to assist teachers and students determine the déptbatment for each subject matteentioned.

Teachers may of course go beyond the learmingomes in class but the examination wekt the outcomess
described in thisyllabus.

The course is intended to build both a theoreticawledge base in chemistry that prepares studentiurther higher
studies in the subject as well as to develop bpsictical skills. With respect to practical chetry, studentshould
learn how to perform laboratory work in a manmehich respects both their health and thgirenment; teachers
should evaluate the risks associated with mactwork with a view to safeguard student safand environmental

integrity.

The Examination
The examination consists of two written papers anulactical paper. Each of the papers is of thmesduration.

Paper | consists of six to ten compulsory structured daest and carries 40% of the total score. Studevills write
their answers on the examination paper in the spa®/ided.

Paper |1 consists of two sections each containing four edeéenresponse questions. Five questions are tmbeered
from this paper, two questions from each sectiod any one other. Each question carries equakand his paper
carries 40% of the totaloore.

Paper Il is a practical examination. This is an open beskmination and candidates may use any printederial
which assists them in their work. This paper esr20% of the totacore.

Candidates may use an electronic calculator ipatis of theexaminaton.

Familiarity with Periodic Table

Candidates are expected to be familiar with thecstire of the Periodic Table and the group affdiatof eachelement
with atomic number from 1 to 30. However,capy of the Periodic Table will be providdor Paper Il ofthe
examination although not for Paper I. Relativematomasses will always be given wherecessay.

Mathematical skills
In order to understand certain concepts requirethbysyllabus, candidates will need to be dble

0] Recognise and use expressions in decimal amtlath form; use ratios, fractions and percentagsed find
arithmetic means; make estimates of results; amsappropriate number of significant figures; oatculators

to find and use?, Vx, 1K, logo X.
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(i) Change the subject of an equation; substitute nioedevalues into algebraic equations using unitspioysical
quantities; use logarithms in relation to quarditighich range over several ordersnehgnitude.

(iii) Appreciate angles and shapes in regular amd three dimensional structures and dpresentthree
dimensional forms in two dimensions; understahd symmetry of two dimensional and thrdenensional
shapes.

(@iv) Plot two variables from given data; understand thatmx + c represents a linear relationship and be able
determine the slope and intercept of a line; drae ase the slope of a tangent to a curve as a meatvate
of change.

Language skills

Candidates are reminded of the importance ofuthe of good English in answering questions & élkamination. In
essay-type answers and also where calculationgnaokved, orderly and detailed presentation willregvarded.
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Syllabus
Content L earning outcomes and comments
1 Atomic structure
1.1 The fundamental particles: protongctebnsand | Students should be akhte:
neutrons, their charges and relatimasses.
describe the structure of an atom in termguofdamental
particles using the Bohmodel;
1.2 The nuclear structure of the atorRroton (or| Students should be akie:
atomic) number and nucleon (or massimber.
Isotopes and relative atomic masses. Gadon- | deduce the relative atomic mass of an elenfrh the
12 scale. isotopic masses and relatiabdundances;
describe the use of isotopes as tracersmachanistig
studies using the example of dfo labelling in
esterification;
13 Radioactivity: alpha and betsarticles and| Students should be alle:
gamma rays. Half-life. Nucleaquations.
apply the concept of half life in determining thge ofa
carbon-containingartefact;
determine the half-life of a radioactive isaopisingan
exponential decagurve;
describe C-14ating.
Positron emission will not biested.
Calculations requiring use of the equation rfadioactive
decay will not beset.
14 Introductory treatment of quantisedrggdevels | Students should be abie:
in atoms: evidence from atomic spectra; sl
d orbitals. draw the electronic configuration of isolated atorob
elements H to Kr using 1s, 2s, 2p etcatimh and
electrons- in-boxes notation and applying theilding—
up’ (aufbau)principle.
Questions on interpretation of atomic spectid mot be
set although students are expected xplam how
transitions between energy levels can giwe tioflame
colours.
15 Classification of elements interipds, group
and ‘blocks’, including the first rowl-block
elements.
1.6 Shapes of s and p orbitals. Hybridieedtals. Students should know the shape of hybrid orbisplssp?
and sp and relate it to molecularegmety.
1.7 lonisation energies and electraffinity and | Students should be akie:

relation to electroniconfiguration.

explain how ionisation energies vary across thecond
and third period, both the general trends amelgularities
and down a group in the Periodiable;

be able to explain why second and subsequaattion
affinities areendothermic.
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The mass spectrometer. An elementagtment
of mass spectrometry including the use thoé
mass spectrometer to determine thedative
atomic mass and as a tool for determination
molecular structure (see also section 2.10).

Students should be ahie:

draw and label a diagram showing thengple of
afferation of a magnetic sector magectrometer;

recognize and interpret a simple mass spectaf an
atomic and a molecular sample, explaining the pgezight
ratios for the mass spectra of,Gind Bp, andrestricting
discussion to singly-chargegeaks;

use the mass spectrum of an element to obtaimellaéive
atomic mass.
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2 Electronic theory and chemical bonding

2.1 The ionic (electrovalent), caral and co- | The concept of electron sharing and electtmansfer
ordinate (or dative) bond. Electronegativiy. | between atoms as complete or partial proceswgending
Intermediate bonding: ion polarisation and boruh the electronegativity of the atomic spect@mncerneg
polarisation. with reference to Pauling’s electronegativity scdbative

bonding exemplified by molecular compoundschsias
CO, HNG;, Al,Cls, NH3BF; and ions HO" andNH,".

22 Polar covalent bonds and electridgboles in | Vector representation of dipole moments to &xplvhy
molecules (qualitative treatment only)Pdlar| polar covalent bonds in molecules can leadntwecules
covalent bonds which may, or may not, givee| having a permanent dipole or a zero dipoipialitative
to molecules with a permanedipole. treatment only. Use of symbo+ and - to represen

partial charges in bonds.

2.3 Nature of forces in bonding. Comparison| Students should be able describe:
between ionic and covalent bondingvultiple
bonding. Lewis structures drawn showing electrons ass @nd

Crosses;
covalent bonding in terms of overlap of orbitalscluding
hybridised orbitals to produce andrmbonds.

2.4 Delocalisation @flectrons. Evidence for delocalisation from bon@ndths and
thermochemical data. Delocalisedt bonds in, fo
example, benzene, buta-1,3-diene, ozone eadbonate
nitrate and alkanoate ions. Students showdfamiliar
with resonance structures (canonical forms) egbnancg
hybrids (delocalisedstructures).

25 Metallichondirg Electron sea model; use of model tocoant for
malleability, ductility and thermal andelectrical
conductivity of metals. Students should be ableelate
the strength of metallic bonding to attractidetween
positive ions and delocalised valence elestr@and to
explain the variation of metallic bonding down augp.

2.6 Lattice structures of NaCl and CsCtygscal Students should be able to relate the rafiocationic

ionic solids. Coordinatiomumbers. radius to anionic radius to type of crystattite andto
understand the concept of the unit cell. Studehtulsl be
able to state the approximate (not exact) bomgles in
molecules and ions having both lone and bonduairs
surrounding the central atom with up to six electpairs

2.7 Shapes of molecules and ions tredvalence
shell electron pair repulsion (VSEPR)eory.

2.8 Molecular crystals and macromolecular Students should be able to
structures.

account for physical properties (melting poiboiling
point, electrical conductivity) in terms of theistture for,
such substances as iodine, carbon dioxid=rbon
(diamond), carbon (graphite) and silicon(lgxide.

29 Intermolecular forces: hydrogen diog, and | Students should be abie:

van der Waals forces
permanent dipole and
dipole forces).

(permanendipole-
inducedipole-induced

explain the effects of these forces on specificpprbes of|
molecular compounds: e.g. boiling point simple
hydrides in Groups 4, 5, 6 and 7; variation of Hwiling
points along a homologous series of orgacgenpounds
formation of carboxylic acid dimers; the open stue of
ice leading to its density being lower than toétliquid
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water;

distinguish between intermolecular andtramolecula
hydrogen bonding as in 4-nitrophenol aBéhitrophenol
isomers.

2.10 Mass spectrometer as a methodletérmining| Use of the mass spectrum of a simple molecsldrstance
molecular structure: interpretation of simpleass to obtain information about the molecular struetwfthe
spectra involving only singly charged ion#)e| substance. Knowledge of simple fragmentatiorly ¢no
molecular (parent) ion and fragmeons. knowledge of peak formation via rearrangements

expected).
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3 States of Matter
3.1 The ideal gdaw. Use of ideal gas law in the determinatiaf relative
molecular mass for gases and volatile liquidse ofgas
syringe.
3.2 Dalton’s Law of Partial Pressurestfudion and | Graham’s Law of diffusion will not bexamined.
effusion.
3.3 Kinetic theory of gases; distributiofimolecular| Qualitative treatmenonly.
speeds.
Students should be able to draw distributidimgramsg
showing speed of gas molecules for differéamperatureg
and to relate this to the concept of activatiemergy of
chemical reactions. See Section 10. ThR@rtmann
experiment will not beéested.
3.4 Real gases and deviation from lideehaviour.| Basic assumptions of the ideal gas model. Mdenerical
Van der Waalsquation. questions will be set to test knowledge of van d&als
equation.
35 Vapour pressure and saturation vapoassure;| Students should know about the relationshigtween

vaporisation and fusion in terms of thinetic
molecularmodel.

vapour pressure artemperature.
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4 Quantity of matter

4.1 Moles of substance. Molar concentrationteérms| Students should be able to define the mole angetéorm
of moles drit or mol L; mass concentratiorin | chemical calculations in terms of molar quantitistatter
terms of g drif or g L*. Volume measuredn | described in terms of atoms, moleculims.
dn? or L and cm or mL.

4.2 Avogadro constant. Empirical amdolecular
formulae.

4.3 Chemical equations, both full andiéoand the | Students should be akte:
use of these equations in calculations reactng
substances in terms of amountsand| use in calculations the concept of limitingagent;
concentrations measured in moles and dhol®
respectivey. calculate percentage yield and state why reastidonot

always produce 100%ield;
calculate the percentage purity of a substamoe fgven
data.

4.4 Titrimetric  analysis: acid-baseprecipitaton | Students should be able to explain the experimathtsils
(silver  nitrate - chloride) redo and | of titrimetry and be able to carry out a titrimet@nalysis
complexometric (EDTAYeactions. (for more details see Section 14).

4.5 BackKitrations Students should be able to explain how to catryback

titration involving acid/base and redsystems.
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5 Energetics

5.1 Changes of energy accompanying pbhseges|
and chemical changes. Energy le{ehthalpy)
diagrams. Joule (J) as the unitesfegy.

52 Standard enthalpy change of reactfonnation, | Students should be abie:
atomisation, ionization, combustion, solutiorr |(0
dissolution), neutralisation and solvaton | define the enthalpy changes listed in thégtion;
including hydration. Electron affinity. Bond
enthalpy terms and bond dissociatiemthalpies| distinguish between first and second electréfimity for
lattice enthalpies; enthalpies of solutieand| dinegativeions;
relation to lattice enthalpy and enthalpies | of
hydration. explain the difference between bond enthalpynseand

bond dissociatiorenthalpies;

use bond enthalpies to estimate the enthalpygehafia
reaction and explain why values obtained irs thianner
areapproximate.

5.3 Hess's law and its use in simglculations.| Students should be abie:

Born-Habercycle.
state Hess's Law and use it to calculate enthalpgngeg
indirectly by construction of simple enthalmycles o
energy level diagrams from given thermochemidata;
construct Born-Haber cycles and carry oagsociated
calculations.

5.4 Comparison between thecal and | Silver halides provide good examples éviation
experimental values of enthalpy changed | between theoretical and experimental latteethalpies
interpretation in terms of structure abhdnding. and interpretation of difference in terms afdegree of

covalency in this formally ionistructure.

The difference between expected and experimentdlies
of enthalpies of formation or combustion of bemz and
similar simple hydrocarbons provide evidencef
delocalisedstructures.

55 Calorimetry: determination of eiffy change| Students should be akie:
of neutralization, solution and reactiorCalorific
value of fuels and food. Simplthermometriq interpret  temperature-time curves  todeterming
acid-basetitrations. temperature change and to use suclla da the

relationshipAH = - mcAT;
interconvert Joule and calorie as units of enthapsnge.
5.6 Concept of system and its surroundirigystropy, | Students should be akte:

Gibbs free energy and spontaneity adfemical
change. Familiarity and use of thelationshp
between free energy, enthalpy amahtropy,
namely, AG = AH - TAS. Kinetic ‘ersug
thermodynamicstability.

state thatAH alone is not able to fully predigpontaneous
change;

consider entropy as a measure of disorder of &isyand
predict whetherAS is positive, negative or nearly zedro
simple changes such as state chang®mbustion
dissolution, dimerization;

calculateAS from absolute entropyalues;

explain that processes are spontaneous \therfree
energy change is negative and to calculatetéhgperaturg
at which processes start or cease to be spontartgouse
of the equatiom®AG =AH - TAS.

10
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6 Phase Equilibria

6.1 Phase changes for one-component systefy®,| Students should be able to use phase diagranespiain
CO,. Pressure-temperature phase diagramd| sublimation and know about the use of superctititaids
boiling, melting and triple points.  Critical| @ ‘green’ solvents which can replagexict omganic
temperature and supercriticllids. solvents, e.g. in the fodddustly.

6.2 Two-component  systems: mixduref two | Students should be abie:
miscible liquids and Raoult’s LawPressure
composition and temperature-compositigngive examples of binary  mixtures hieh are
diagrams. Deviations from Raoultkaw. | approximately ideal and which show both positisad
Azeotropic mixtures.  Fractional distillatioof | negative deviations from Raoultlsaw;
ideal and non-ideamixtures.

use Raoult's law to calculate the vapour pressurea
component above an ideal binanyxture;

employ Dalton’s law to determine the compositiofthe
vapour above an ideal binanyixture.

6.3 Immiscible liquids and steatfistillation. explain why a mixture of two immiscible liquidoibat a
temperature below the boiling point of bdifuids;
describe the advantage of steam distillatiorer simple
distillation.
deduce an equation which relates the mass ratithef
substances in the vapour phase to the vapouryressof
the liquids and their relative molecularasses.

6.4 Osmosis and osmotic pressure: efsesmotic| Osmosis as an example of a colligativeopprty of

pressure, M, for the determination ofrelative
molecular mass from relatiolnV = nRT where n
is the amount, in moles, of particles sblute.
Reverseosmosis.

solutions. Questions on the determination of padiegreeg
of dissociation/association will not lset.

Students should be able to relate reverse osntodical
desalination of sea water and compare it to othethodsg
of purification of water in terms of energpnsiderations.

11
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7 Chemical Equilibrium

7.1 Concept of dynamic equilibriur@haracteristicq Students should be ahie:
of an equilibrium mixture. Equilibriumconstant
in terms of concentrations and of pressurés:| identify the main characteristic of the equilibriustateas
and K including units as appropriatel constancy ofconcentrations/pressuressulting fromthe
Homogeneous and heterogeneous equililama| equality of the rates of the forward and reversactions;
their associated equilibriurnonstants.
deduce the extent of reaction from the magnitafléhe
equilibrium constant;
write  equilibrium  constant  expressionsinvolving
condensed (liquid or solid) phases imeterogeneous
equilibria;

7.2 Degree dfissociaton write an expression for the degree dfsafiation of
molecular covalent substances converting istmaller
molecules;
relate the degree of dissociation te End K. Problems
requiring solving quadratic equations using formula
will not be set.

7.3 Experimental methods of investigaticigemical | Students should be able to describe how fofiewing

equilibrium. equilibrium reactions can be investigated pcatly: (a)
esterification reaction of a carboxylic acid andaeohol;
(b) dissociation of hydrogen iodide into taeements

7.4 Le Chatelier's Principle. The effect off Students should be akie:

concentration, temperature, and (whestevant)

pressure on: (a) wholly gaseous equilibria, |(bse the Haber Process for the manufacture of amanton

solid-gas equilibria, (c) equilibria in thBquid | illustrate this principle and to explain how amhy

phase (e.g. esterification) or in solutiorEffects| compromise conditions are required. (Details

of presence of catalysts equilibrium. manufacturing plant will not btested);
describe and predict the qualitative effectcbinges of
temperature or concentration or pressure tre
equilibrium position and on the value of tequilibrium
constant;
describe the effect of the introduction of anrtingas on
an equilibrium mixture at constamblume.

7.5 Distribution of a non-volatile solutettveentwo | Students should be able to solve numerical qurestion

immiscible solvents: partition constargplvent
extraction.

partition constant Krelated to solvenéxtraction.

Discussion of association and dissociatieffects on
partition equilibrium are notequired.

12
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8 lonic Equilibria
8.1 Acids and bases: ArrheniuBronsted-Lowy | Students should be ahie:
and Lewis definitions; conjugate pairngroticity
or ‘basicity’ of acids and ‘acidity’ of basgg.g.| use pH to determine the {&" and [OH] of solutions
sulfuric acid as a ‘diprotic’ or ‘dibasic’ acidnd| andvice versa,
carbonate as a ‘diacid’ base); strong ameisk
acids and bases;, amphotericcompounds; distinguish between strong and weak acids arsgdia
dissociation constants Kand K, and their units | terms of the values of the constantmcerned;
lonic product of water, I the pK convention
pH of aqueous solutions; hydrolysis salts. relate K, to KaandKy;
calculate concentrations of species usiligsociation
constants for weak acids anddes;
recognize that dibasic acids dissociate airstepwise
manner with an associated, ¥alue for eactstep;
Indicators, typified by phenolphthaleiand| describe use of pH meter and indicators to meashie
methyl orange. decide on use of appropriate indicators for tittres and
recall the pH range of phenolphthaleand methyl
orange;
use K, values of indicators to justify their useaecid-base
titrations.
pH curves . .
Note: pH curves are restricted to monobasicd —
monoacid baseeactions.
Buffer solutions
Students are expected to be atoe
explain a buffer system and how it works to keep ghi
fairly stable;
explain applications of buffers (e.g. in blood,seawater;
in industry);
perform calculations involving pH of buffeolutions.
8.2 Role of solvent in equilibria involvirgnisation | Students should be abte:
of molecular solutes. Degree iohisation.
Qualititative  explanation of conductivityof | calculate the degree of ionization of wealectrolyteg
solutions of strong and weatectrolytes. which are acidic obasic;
recognize the connection between condugtivof a
solution and the presence of dissolveds;
explain the special case represented byctireductivity
of the proton and the hydroxide ion in aquesystems;
explain how to carry out and interpret thesults ofa
conductimetric titration (not involving weakcids with
weak bases).
8.3 Heterogeneous  ionic  equilibriasolubility | Students should be ahie:

product K its units and relation tenolar
solubility.

write solubility product expressions for sparingigluble
salts;

solve mathematical equations involvings, kKand molar
solubility of ionic sparingly soluble solutesf the type
1:1 (e.g. AgCl oBaSQ);

13
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describe the effect on the solubility prodwejuilibrium
Factors influencing the solubilityproduct by addition (common ion effect) or removal af ion

equilibrium. involved in the equilibrium by acid-base or cdexpion
formation.

14
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9 Redox Equilibria
9.1 Redox reactions: balancing of egnat using | Students should be ahie:

half equations. Disproportionatiomeacton.

Oxidation numbel(state). distinguish between oxidation number (state)d the
actual charges oatoms;
explain the connection between oxidation numizerd
bonding, e.g. for carbon in CO, g@nd hydocarbons
oxygen in HO and HO, sulfur in SO " and S O* ions;

3 4 6
state common oxidising and reducing agents asused
in the laboratory and in the chemidadustry.
9.2 Electrodes, galvanic cells and stashddectrode| Students are expected to be able to describénytbHeogen
potentials. Standard hydrogen electrode adselectrode as a typical standagtbctrode.

reference electrode.

9.3 Celldiagrams Students should be abie:
draw a cell diagram for a galvanic couple, érample
for the copper-zinc cell, asliows:
Cu(s)|Cv*(aq) | zr**(ag) |zn(s) and determine fqg
such a cell the polarity and tkeenf;

The equationAG = ZzE°F describe the connection between the free enelgnge
of a reaction its & value and also employelectrodg
potentials to determine whether redox reactioase
energetically pssible.

9.4 Application of electrode potentialsthe predict | Students should be abie:

redox change. Electrochemicséries.

Fuel cells

Corrosion as an electrochemicaprocess:
sacrificial piotection.

use the Nernst Equation to predict redoxngkaunder
non-standard conditions (although the equation Wwél
provided where its use igequired);

recognize that a pH meter makes use of Nenst
equation to measure the hydrogen ion concentraiia
solution (the theory behind the glass electrodd mat be
tested);

describe theory of fuel cells using the hydrogeair-and
methanol — air cells as examples (operationadhildeand
construction of fuel cells will not beested).

15
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10 Reaction Kinetics

10.1 The experimental investigation ofctem rate | Students should be able to describe suitabkthods
for simplereactions. (including their relative merits and demerits) ftie
determination of reaction rates and be able itderpret
the dateobtained.
The methods that shall be testme:
gas volume changes by gagringe;
colorimetty;
conductancemeasurements;
changes of pH for (slow) reactiongvolving
consumption or formation of hydroxoniumns;
titrimetry.
10.2 Order and rate coefficientsand their | Students should be akie:
measurements, including the initial rateethod;
rateequation. define order of reaction and ratenstant;
state the units of rateonstants;
derive the rate equation for a reaction from datavigled;
present and interpret kinetic data fromgraphical
representations or extract information framaphical
representations of kinetdata.
Integrated rate equations and fractional and pseuders
will not betestel.
Half-life for first orderreactions. Students should be ahie:
state that the half life of a first order reactisrconstant;
determine half life of a first order reactidrom given
data and draw the decay curve from the hfgf
10.3 Effects of pressure, concentrationifage area,| Students should recognize the connectiorwdmst the
temperature and catalysts on reactigate.| reaction rate, temperature and/or activatienergy as
Activation energy of reactions. Maxwell- | represented by the Arrhenigguation.
Boltzmann distribution  of energies anthe
collision theory of eactions. The equation will be provided when rieed and
numerical calculations will not bget.
10.4 Concept of rate-determining step imaltistep | Students should be alie:
reaction and its relevance to the mechanism of
the reaction. The molecularity ofraaction. distinguish between order and molecularity otaation;
describe examples of mechanisms with @w sbtep
followed by a number of fastteps.
Third order reactions and notion ofhe | Mechanisms with a fast reversible first step fokabya
improbability of three-particlecollisions. slow step will not beexamined.
10.5 Photochemical reactions andee f radical | Students should be able to describe initiatipropagation

mechanisms.

and termination steps of free radical mechanisypsfied
by the chlorination of methane, the polyiseion of
ethene and the formation of ozone in the strataspfan
important reaction in view of the role of ozonefiltering
ultraviolet madiation).

16
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10.6

Homogeneous and heterogeneougsataysis;
examples of the use of catalysts iimdustrial
processes; catalytic converteesjtocatajsis.

Students should be ahle:

distinguish between homogeneous aheterogeneous
catalsts;

describe the role of catalysts in speeding up etia by
providing an alternative pathway with a lowectivation
enery;

describe and explain their lack of influence dne
equilibrium composition of a reversibleaction;

draw enthalpy level diagrams (energy imsf for
reactions with and withoutatalysts;

describe the role of the catalytic convertarchanging
unburnt hydrocarbons, CO and nitrogen oxidescar
exhaust into less harmful products (detaifs ddferent
type of converters will not beested);

describe the phenomenon of catalysisoning.

17
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11 Chemical Periodicity

Periodic classification in terms of electrorstructure.
Periodic relationships amongst the elements LArto

Students should be ahte:

describe how properties of elements exhilpieriodic
behaviour as illustrated by their trends ieltmg and
boiling points, electrical conductivity anébnisation
energy; and by their reaction with oxygen, cimerand
water;

write formulae of the oxides and describe th#insical
state and relate it to their structure and bondingd state
the acid-base character of oxides/hydroxidefs metals|
and oxides of non-metals for the following J@a MgO,
Al,0;, NaOH, Mg(OH), AI(OH);, SiQ, P04 SO,
SG;, ClL0;

write formulae of chlorides (Li to N anNa to P),
describe their physical state and relate it tortkaiucture
and bonding and state the reactions of hderwith
water;

write formulae of the simple hydrides (Li to F aN to
Cl but excluding boron and aluminiunhydrides),
describe their physical state and relate it tortkaiucture
andbondirg.

18



AM Syllabus (2017): Chemistry

12 Inorganic chemistry

Comparative study of the s-block elemefits lithium,
sodium and potassiumi(ii) beryllium, magnesium,
calcium, strontium andarium.

r

121 Fixed oxidation states ancklectronic
configuration in terms oforbitals.
Physical properties of elements; flantests;
reaction with water and with oggn.

Diagonal relationships: Li and Mg; Be awd | Students should be able to explain teasons fo
(see also section 12.2 é). diagonal relations and give examples to fithte the
relation.

Oxides, peroxides, superoxides, hgxides,

nitrides, carbonates,yldrogencarbonates, Students should be abie:

chlorides, nitrates(V), nitrates(lllsulfates(VI)

andsulfates(IV). draw structures of these ions, includingy aovalent
bonds and any delocalizatideatures;
draw the crystal lattices of NaCl and CsCl andtateshe
coordination number of the metal ion in thesdorides;
describe a method of preparation of tHellowing
compounds: oxides of Li and group Il metaferoxides
of Na and Ba; K@ Mg(OH), by precipitationreactions;

Trends in thermal stability of nitrates(\gnd

carbonates and solubility of hydroxidesd describe the effect of heat omitrates(V),

sulfates(VI). hydrogencarbonates awrdrbonates;
explain trends in solubility on the basis of hydmatand
lattice enthalpies.

12.2 Aspects of the chemistry of aluminiunydiated | Students should be able égplain:

aluminium ion, oxide and hydroxidehlorides,

alums,nitrates. the amphoteric nature of the metal and its oxatel
hydroxide;
passivation of thenetal;
structure and acidity of the hydratazh;
a method of preparation of anhydrous Al@by direct
union of the elements) and hydrated aluminiahtoride;
the structure of the dimeric form of gaseousCAl and
know that it exists in equilibrium with th@onomerig
form;
alums as double salts of generalformula
M'M"(S0y),.12H,0 where M' could be an ionother
than aluminium (preparation of alums is mequired).

12.3 Chemistry of carbon, silicon, tin dedd. Students should be ahie:

Allotropy of theelements

Main oxidation states and inert paiffect

describe the structure of the allotropes carbon
(graphite, diamond and fullerenes typified byp)Gandthe
properties of diamond and graphite aralation to
structure andonding;

explain the variation in ionizatioenergies;
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Principal oxides

Hydrides

Halides: preparation and hydrolytisehaviour;
formation of complexons.

Toxicity of lead

predict the relative stability of the two maixidation
states on descending the group

explain the redox character of simple coomus of
Sn(ll) andPb(1V);

predict the nature of the bonding in a givexide and
describe the acid/base character of oxidesudiny the
amphotericity of tin(ll) andead(ll);

state how CHK can be produced in the lab (py
decarboxylation reaction or by hydrolysis of,@d) and
how SiH, can be made from M8i and acid.Predict
relative stability towardfieat;

describe a method of preparation tfe halides
(excluding fluorides) of the elements (both ir #Y and
Il states);

know how tetra- and dichlorides (restricted to % Bb)
react with water and recognize why £Qoes not
hydrolyse;

describe the formation of Ph€l SnCE:

explain the use of lead tetraethyl in peteoiginesand
why it has been phasealt.

12.4

Chemistry of fluorine, chlorindgromine and
iodine.

Laboratory preparation of chlorine, bromiaad
iodine and simple tests for theskements.

Trends in physical and chemical properties
the series Xand HX (X = F, CI, Br and I).

Trends in the ionisation energies aedecton
affinities of thehalogens.

Reactions between ionic halides X (X = @k,
) and silver ions, phosphoric(V) and
sulfuric(VI) acids.

Acidity of HX (X = F, ClI, Br, 1) andanomalous
behaviour of HF.

Oxidation states of the halogens ClI, Br anith
their compounds and the relativexidising
strength of halogens ,X(X = ClI, Br, 1) . Oxo
anions as oxidisinggents.

Students should be ahte:

describe one method of preparation luiting the
practical details; recall the bleaching propertychforine
and bromine, the colour of solutions of bienand
iodine in organic solvents; the starch testifafine;

fdescribe and explain the trends in boilingints and
bond dissociatiorenthalpies;

explain why the solubility of AgX (X = CI, Br, l)s
influenced in the presence of ammonia &hibsulfate
and recognize the formation of the correspondsiger(l)
complexes;

explain the reaction of the halide ions witbncentrated
sulfuric(VI) acid in relation to the reducing pmeaties of
X andHX;

explain the trend in acid strength for HX and disscand
explain the hydrogen bonding in HF and in the i, ;

Iwrite ionic equations describing thdisproportionatio
reactions of chlorine and chlorate(pCl);

describe the structures of chlorate(V) adorate(VII)
ions;

describe the effect of heat &CIOs3;
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lodine in titrimetry; triiodideion.

describe the oxidation of iodide lohlorate(V);

describe the reaction of iodine with thioswdfaion and
the use of this reaction in redditrimetry.

1°2

125 The chemistry of the transitiefements. Students should be ahbie:

Difference between transition and-blodk | identify as a ‘transition element’ that which forrasleast

elements. one species in which the d-orbital is incompletélied;

A general overview of the transitiometals| give the electronic configurations of thmetals Ti

emphasising features they havecommon. through to Cu (given their atomic mber);
account for their metallic character, varialdgidation
states explained on the basis of the electonfiguration
of these elements, catalytic roles, formatiorcafoured
compounds and formation of complex ionexplanaton
of colour in terms of electronic transitioretween d-
orbitals of different energy will not bexamined

Complexions describe bonding in complex ions inmer of the
electrostatic model or else in terms of datb@valeny
between ligand and central metah;

Shapes of di-, tetra-, andhexa-oordinated| describe and illustrate structural and stereo&tgm in

systems; isomerism in compléans. octahedralcomplexes;

Stability of complex ions and liganekchange. | write equilibrium reactions related to stepwisgniation
constants and predict ligand exchange from valug
formation constants;

Stability of chelatingigands. know the bidentate ligands ethylenediamirethanedioat
and glycinate ion and the hexadentate ligand EDBAd
describe how these ligands easily displanenodentatg
ligands to form more stable chelatemplexes;

Nomenclature of complebons. name complex ions (using as a guide f{mablication
Chemical Nomenclature for Use in Matriculation
Examinations).

12.6 More detailed chemistry of theldieing d-

block elements: chromium, manganese, iaom
copper.

Chromium:
Reaction of metal with acids,including
passivation with HN@ with alkalis to fom

chromatefll).

Chromium(ll) state and
character.

its strongeducing

Chromium(lll) compounds

Students should be able:to

write relevant chemical equations to dbsc these

changes and explaijpassivation;

describe, using a balanced chemicaluaggn, the
formation of Cr(Il) from Cr(VI) by reduction witln/H";
describe how to prepare from readily availaplecursors
(e.g. simple salts) the oxide and hydroxide of IQr(and
chromates(lll);

describe the conversion of Cr(lll) thromate(VI);

write the possible isomers from the hydrat#sCrCl;
(method of preparation of isomers will not fested);

recognize that Cr(Ill) can forralums;
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Chromium(VI) compounds

describe and illustrate the structures of ¢heomate(VI)
and dichromate(Vl)ions;

describe the chromate(VI)-dichromate(VBquilibrium
and the effect of pH change on tleiguilibrium;

describe the use of chromate(VI) in qualitativealgsis as
a precipitant and dichromate(VI) in titrimetrynch asan
oxidant in organicchemisty;

know how ammonium dichromate(VI) decomposes
heating;

know how CrQ can be made and how it can ¢&enverted
into chromic(VI) acid;

know about the toxicity of Cr(VIzompounds.

Manganese:

Reactivity of metal exhibited by its reactiovith
dilute acids to form M# andhydrogen.

Manganese(ll)compounds

Manganese(lV) and manganese(dépmpounds

Manganese(VIl)compounds

Students should be ahte:

describe the oxide and hydroxide of Mn(ll) aexplain
how Mn(OH), oxidises easily to Mn(lll) andn(IV);

describe  how manganese(ll) can be oxidised
manganese(VIl) using bismuthate and persuliate

recall that Mn@ is a dark brown solid that cane
prepared from Mn(ll) in the lab and that st & strong
oxidising agent capable of oxidising HCI thlorine,
ethanedioate to carbon dioxide and alkylbenzetethe
correspondingaldehyde;

describe how Mn@can be converted intmanganate(V)
and how this specieslisproportonate;

recall the tetrahedral structure dhO,";

explain the use of KMnQas a strong oxidising agei
titrimetry and in organichemisty.

Iron:

Reaction of metal
oxidising acids.

with oxidising and nRg

Reaction of iron with steam to producedhggen
and FgO, (iron(ll) diiron(lll) oxide)

Reaction of iron with non-metals including t€
form steels; rusting afon

Iron(ll) compounds; oxidation toiron(lll)
compounds.
Iron(lll) compounds; reduction toiron(ll)
compounds.

Students should be ahte:

describe F¢0,, (which occurs naturally as magnefion
ore) as an example of a mixed oxide containiran(ll)
and iron(lll) ions;

describe the rusting of iron as an electrochemaicess
explain how rusting can be prevented includitige use
of sacrificial anodizing;

describe methods of formation of the oxi(e \ery
unstable, easily oxidisable substance), hydroxid&(ll)
sulfate-7-water and the double salt ammoniuon(ll)
sulfate-6-water;

describe methods of oxidizing iron(ifompounds;
describe methods of formation of the oxided of
anhydrousFeCk;

describe the reaction of iron(lll) with alkaincluding
aqueousammonia;
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Complex ions ofron

describe methods of reducing iron(ltpmpounds;

give reasons for the non-existence of iron(lliYide and
iron(lll) carbonate;

explain the acidity of hexaaquairon(lll) ion andmpare
with that of the corresponding iron(I§pecies;

describe the formation of [Fe(Cé}\f) by reaction o
iron(ll) and cg/anide and explain how it can @enverted
into [Fe(CN)}]*" by oxidation withchlorine;

explain the use of hexacyanoferrates dnalitative
inorganic analsis;

state how [Fe(SCN)(kO)5]2+ is involved in qualitative
analysis fore(lll);

describe the ion [Fe(NO)QED)s]2+ as an Fe(ll)-NO
complex and explain how it forms during the broving
test fornitrate(V).

Copper:

Reaction with oxidisingacids

Copper(l) compounds

Copper(ll) compounds

Complex ions of copper(l) antbppe(ll)

Students should be ahie:

reactions 6fu with
andvith

write chemical equations for
nitric(V) acid of various concentrations
concentrated sulfuric(Vlgcid;

describe how GO is formed in Fehling's test fi
aldehydes and how this oxide can be converted QuGlI
andCul;

describe the instability of C(ag) with respectto
disproportionation and to explain how ligands otttean
water stabilize thison;

describe methods of preparation of the oxide,rbyde,
sulfate(VI), nitrate(V) and basic carbonatesCaf(l1);

explain the formation of complex ions of Cu(l) a@d(ll)
with ammonia and chloride ions, the formation tbe
glycinate complex o€u(ll);

describe the shape of Cu(ll) complexes as eithegquare
planar or distorted octahedral species; tetrahe@reC ;>

1

explain the interconversion of blue aquapper(l)
species into yellowchlorocuprate(ll).

12.7

A more detailed study of the inorganhemisty
of the following non-metals.

Hydrogen

Manufacture ohydrogen

Laboratorypreparation

Properties as reducinggent

Students should be ahtle:

describe the manufacture of the element from ahiyas
by steam reformation and by electrolysiswafter;

explain methods of preparation of hydrogen osnell
scale using reactions involving metal + aad Al +
alkali;

describe reactions of hydrogen acting as a reduagent

with non-metals (oxygen, nitrogen and sulphur) aretal
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lonic, covalent and interstitial kyides

Complex hydrides: LiAlj andNaBH,

Water and its physical properties; solvaation

Deuterium oxide and deuteroderivativegg:
DCI, ND3, G,Dy).

oxides as well as with organic molecules, ewgsaturated
hydrocarbons;

know about the old concept of ‘nascent hydrogerd ias
modern explanation in terms of reduction blectrons
released in the metal-acigaction;

describe the bonding in salt-like hydrides (e@ning H
ion) and covalent hydrides and explain tbennecton
between interstitial hydrides  and catalysisin
hydrogenationreactions;

explain the structure and bonding in LiAIH (lithium
tetrahydridoaluminate) and how it can be madethn
laboratoy;

use of LiAlH, as a reducing agent in organibiemistry|
for the >C=0 and the -COOH groups but which dnes
reduce the C=C doubleond;

account for the physical properties of waterténms of]
hydrogen bonding and for its solvent propertiesterms
of its polarstructure

describe  how simple deuteroderivatives came
synthesised using ;0 as a source of deuteriuifthe
method of formation of deuterium oxide witlot be
tested).

Nitrogen

Structure and bonding ™,

Ammonia and its reactions as base, ligamd
reducing agent; ammoniusalts

Oxides of nitrogen BD, NO, NQ N0, N,Os

Nitric(Ill) (nitrous) acid andsalts

Nitric(V) (nitric) acid andsalts

Students should be ahtle:

explain the lack of reactivity of nitrogen asensequencge
of the strength of the triple bond

describe the properties of ammonia as a weakvry-
Brgnsted base, a good monodentate ligandh (®ir*,
Zn*, Ni?* in qualitative analysis) and a reduciagent;

explain the thermal instability of ammoniumtrate(lll)
and ammonium nitrate(V) as resulting from thedox
reaction between the reducing cation and dixédising
anion;

describe a laboratory preparation of thesaedes of
nitrogen;

draw electronic structures to show the bondinghese
oxides and to recognise the presence of etittion
systems;

draw molecular shapes of thesgides;

describe the disproportionation of B@hen dissolvedn
water oralkali;

describe the laboratory preparation of nitric(Iagid and
nitrates(Ill) of s-blockelements;

describe the laboratory preparation of nitric(scid by
reaction of an involatile acid amtrates(V);

describe reactions of nitric(V) acid acting as acid, an
oxidising agent and a nitrating ageimt aganic
chemisty;
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describe the reduction of nitrate(lll) and nitrafe(to
ammonia using ‘nascent hydrogen’' type systents the
brown ring test fonitrate(V).

Oxygen

Allotropes of oxygen: ©@and Q (trioxygen or
ozone)

Laboratory preparation aixygen

Reaction of oxygen with metals andn-metals

Hydrogen peroxide angeroxides

Superoxideion

Students should be alie:
state that oxygen is a main component ofdatraosphere;
test for oxygen in thé&ab;

explain how trioxygen forms in the stratosphereni
photochemical reactions and its action as a scref
ultraviolet radiation;

state that trioxygen forms in the lower atmosphasan
air pollutant (chemistry of formation will not hested);

describe the preparation of oxygen gas from esiahd
peroxides;

describe the formation of compounds of oxygendbect
union between oxygen and various elemeatsl to
classify oxides as acidic, basic, amphoteriaeutral;

distinguish between normal and mixed oxidegified
by FeO, and PRO,) in terms of the species present
thesecompounds;

describe a laboratory preparation of hydrogmroxide
from bariumperoxide;

describe the main properties of hydrogeeroxide

namely, as oxidising agent, as a reducingngagvith

oxidants stronger than itself (MpOand CgO 2‘), andas
7

a thermally unstabléquid;

recognize the relatively weak nature of the pereximbnd
and the ease of its homolysis to form fradicals;

describe the structure and bonding of the peroxitein
sodium and barium peroxide (as typical compouraisjl
its reaction with water, acid and with carbdioxide;

describe the structure and bonding of the sweoion
in KO, and its reaction withvater.

Sulfur

Allotropes  of  sulfur rhombic and

monoclinic sulfur

@

Hydrogensulfide

Sulfur dioxide and sulfuric(lV) (sulfurousjcid,
sulfates(IV) éulfites)

Students should be ahte:

recognize the effect of temperature on the stgbdf the
two allotropes;

recognize the odour and toxicity of hydrogeunlfide;

describe how kS5 can be prepared from sulfidesd
explain its properties as a weak dibasic acideducing|
agent and as a precipitant for insolubldphides;

describe how sulfur dioxide, sulfuric(lV) arsllfates(IV)
can be made and interconverted in the &boy and
explain their reducingharacter;
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Sulfur trioxide and sulfuric(VI) (sulfuricacid

Thiosulfate

Structure of oxoanions afulfur

Sulfur oxides as environmentgalollutants

describe how sulfur trioxide, sulfuric(VI) arailfates(M)
can be made and interconverted in lddgoratory;

describe reactions of concentrated sulfuric(VEjdaasan
involatile proton donor capable of digpey more
volatile acids from their salts, oxidising agent,strong
dehydrating agent and sulfonating agent ingamic
chemisty;

describe the formation of thiosulfate ion fraulfate(1V)
and its reaction with acids, iodine adldlorine;

draw the electronic structures and shapesthefions:
sulfite, sulfate and thiosulfate and recognize pinesence
of electronic delocalization in thesgructures;

recognize the fact that the two sulfur atomsghiosulfate
are present in different structural environmserdnd the
implication of this on the oxidatiostate;

explain why sulfur oxides are often gmet in the
atmosphere as contaminants, their origin issifofuels
and their role in the formation of acid rain arnts
environmental impact.
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131 Organic chemistry: general principles

13.1 Functional groups and homola@gowseries.
molecular, empirical and structurdbrmulae

including graphicakepresentations

Nomenclature of organicompounds

Students should be ahtle:

distinguish between molecular and empiriéafmulae
and write possible structural formulae framolecular
formulae;

identify functional groups in the followg classes
alkenes, alkynes, arenes, , alcohols, eth@isenols,
halogenoalkanes and halogenoarenesaldehydes
ketones, carboxylic acids and derivatives, ami@esl
diazoniumcompounds;

recognize as structural formulae systems suah
CH:CH,CH; or CHCHO as well as graphical
(displayed) formulae where individual bond® ahown
explicitly;

use wedge and dashed/hatched line ctiomento
represent three dimensionsiructure;

give systematic names of organic compounds ftheir
structure and vice versa (refer to publicati@nemical
Nomenclature for Use in Matriculation Examinations).

13.2 Purification o€ompounds

Preparation of derivatives and their ufe

characterisation anplurification

Determination of melting points as a teet
purity

Mixed melting pointtechnique

Students should be ahle:

describe the following techniques used in pheification
of organic compounds: solvent extracton,
recrystallisation, drying (for gases, liquidsid solids),
simple, fractional and steam distillationsublimation;
column, and thin layer chromatography (one
dimensional);

describe the process of derivatisation dbaracterizatin

purification purposes
compounds foaldehydes);

(hydrogensulfite addition
f recognize that presence of impurities causenedting
point to deviate from the standavdlue;

describe the mixed melting point technique amethod
of identification ofcompounds.

13.3 The determination of empirical, neoolar and
structural formulae from analyticahformation.

Experimental techniques are not required $widents
should be able to use percentage compositiate to
deduce the empirical formula and, througtelative
molecular mass, obtain the molecularnfixia.

13.4 Structure deduced from chemical gpigysical
properties and from information derivedfrom
instrumental techniques, namely, mass spectromatrg
infra redspectroscopy.

Students should be ahie:

deduce the presence of specific functionalugsofrom
results of reactions witheagents;

interpret infra red information (including spedtrfor the
identification of simple functional groups ing given
tables of frequencies/wave numbers (details
instrumentation are noequired).

27

purposes (in aldehydes, ketones and alcohols) amd f

of



AM Syllabus (2017): Chemistry

135 Catenation in carbon compoundsd apatial
distribution of the bonds in simple carboompounds.

Students should be ahie:

explain why the element carbon is uniqueekhibiting
catenation;

explain the shape of the bonds and bond angledkemesg
(tetrahedral), alkenes and carbonyl groups (plarsar)
alkynes (linear) in terms of hybridized ®sgd and sp
orbitals.

13.6 Isomerism in organicompounds

Students should be alie:

describe structural and stereoisomerism namabytrans
(geometrical)  restricted to C=C and C=dystems
optical isomerism (restricted to enantiomerisngnd
conformational isomerism (restricted dgclohexane);

describe the property of optical activity in ternos
dextrorotatory (+) and laevorotatory (—) compaosirehd
connect it to chiral molecules being those whanot
possess a plane of symmetry (including systevhsch
possess two chiral carbons but still having a plafi¢
symmetry), use of the descriptors D and L andni &
are notrequired;

explain the term racemate/racemic mixture agtical
isomers and distinguish between internal amdernal
compensation (resolution of racemic mixture witit be
tested);

describe the phenomenon of keto-enol tautomerssm
be able to predict its occurrence in structurest thaybe
novel tothem;

explain how size, shape and polarity rablecular|
isomers can influence physical propertigacluding
comparison of volatility of linear and branchebmers;

describe  the effect of intramolecular versus
intermolecular hydrogen bonding on boilingim as
typified by thenitrophenols;

13.7 Delocalisation of electrons in orgamiolecules

Students should be alie:

describe the benzene ring in terms of sigmgand pi 1)
bonds and to recognize the significancedefocalizaton
in this and similamolecules;

predict the presence of delocalisation danjugated
systems and know that delocalization lowers ehegy
of the system and is thus a favourable structi@ature;

use canonical formulae, including Kekule stouets for|
aromatic molecules, for the description d&flocalization
in organicmolecules.
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14

Chemistry of Aliphatic and Aromatic Compounds

141

Petroleum: hydrocarbons frgmtroleum

Use of hydrocarbons dsels

Environmentalconsiderations

Students should bable:

to recall that alkanes, alkenes and aromhbtidrocarbong
can be obtained from petroleunry fractional
distillation;

to describe the principle of the processes of énacknd
reforming (no technical details of the processese
expected);

to explain how the combustion reactions of alkanasd
other hydrocarbons lead to their use as fuelmdustry,
in the home and itransport;

to explain how the combustion of hydrocarbonsdsei@
the formation of carbon dioxide, an importagreenhous
gas;

to explain the formation of carbon monoxide, des of
nitrogen and unburnt hydrocarbons arisifgm the
internal combustion engine and the use of catalyst]
minimise their effect opollution.

12

14.2

Alkanes, alkenes aatkynes

Laboratory preparation @flkanes

Alkanes and cycloalkanes: reactiviand
reactions

Concept of ringstrain

Alkenes: alkenes as examples ofaturated
hydrocarbons

Preparation ofilkenes

Addition reactions o&lkenes

Markovnikov's rule

Studentsshould:

know that alkanes can be obtained from abar of
organic compounds as indicated elsewhéne this
syllabus;

be aware of the general unreactivity of alkariasjuding
towards polar eagents;

be able to describe by appropriate chemiequations
free radical substitution by chlorine abdomine;

be able to describe how ring strain in moleculesch as
cyclopropane, leads to enhanced reactivity relatiog
corresponding non-cyclialkanes.

Students should be able tecognise:

alkenes as unsaturated hydrocarbons containidguale
bond made up of @ andn bond

the double bond as an electron rich centre suddepto
electrophilic attack.

Students should be able to describe the apaéipn of]
alkenes from alcohols and haloalkanethrough
elimination reactions.

Students should be ahie:
describe the reaction of alkenes with halogkeydrogen
halogen halides, and water in presencesufuric(VI)

acid;

identify the major product in the reactiorf lalogen
halides with an unsymmetrical alkene and explém

formation in terms of relative carbocatiabability;
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Ozonolysis as the addition reaction of ozonea

double bond followed by hydrolysis
presence of zinc/ethanogcid

Oxidation of the double bond

Addition polymerisation

Hydrocarbon poly(alkene)s as wast@gucts

Alkynes

Preparation oélkynes

Addition reactions oalkynes

Combustion

Acidity of terminal alkynes

ithe

odraw the structure of the unstatldeonide;

describe the reaction as producing carbooyimpounds
as products of hydrolysis of theanide;

describe the use of the reaction for the locatibmlauble
bond;

describe the reaction with cold, dilutealkaline
manganate(VIl) ions to form thaiol;

describe the following characteristics o#&ddition
polymerisation such as that involved in formatior
poly(ethene) and PVC: deduce the repenit wf a
polymer obtained from a givemonomer;

identify the monomer present in a given isectof a
polymer molecule;

recognise the use of poly(alkene)s waste in réoydnd
as a fuel and also the nonbiodegradability these
products;

recognise alkynes as unsaturated hydrocartomgaining
a triple bond made up of@and twor bonds;

describe  the preparation of  alkynes by
dehydrohalogenatioreactions;

describe the preparation of ethyne fr@aG;

state the reactions with hydrogen, &nd HX to fom
partial or fully saturated products and with waterform
carbonyl compounds via tautomerisation of tkeol
(students  should recognize the importancef
chloroethene as a feedstock for P¥f@nufacture);

describe the exothermic reaction of ethyne wvaitygen
and its use in oxy-acetylerfeame;

describe the reaction of ethyne and propyméth
ammoniacal silver nitrate and copper¢hloride.

14.3

Arenes: benzene aalitylbenzenes

Electrophilic substituton

Addition reactions

Studentsshould:

be able to describe the structure and bondinbeinzene
and similar aromatisystems;

be able to describe how to introduce the niswlfonate
alkyl, alkanoyl and the halogen group on Hrematic|
ring;

be familiar with the concept of activatingand
deactivating groups and their directingfluence orn
further substitution of the aromatic ring. Suclougs are
to be exemplified: -Ck -OH, -NH,, -X, -CHO, -COOH;

be able to describe the addition of hydrogen emidrine
to benzene under appropriatenditions;
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Side chain reactions ofiethylbenzene:

0) halogenation

(i) oxidation

describe the free radical substitution of thethgl side
chain with chlorine or mmine;

be able to convert the —GHside chain to -CHQand
—COOH using chromium(VI) dichloride dioxidand
manganate(Vll)respectivey;

recognise the fact that any alkyl group is csedi to —
COOH upon oxidation wittmanganate(VII).

14.4

Alcohols, etherphenols

Classification ofalcohols

Physical properties aflcohols

Preparation o&lcohols

Reactions ofilcohols

Aromatic alcohols

Polyhydric alcohols

Industrial preparation athanol

Ethers

Phenols

Laboratorypreparation:

Acidity of phenols:

Reactions of phenol, includingubstitution

reactions

Students should be ahie:

identify a given alcohol as primary, secondarytertiary
and distinguish between classes in terms of oxidadind
triiodomethanereaction;

know about the Lucas test and recognize that itezesily
distinguish tertiary alcohols from the othevotclasses
(the test has dubious validity in distinguishisgconday
from primary alcohols and for this reason it wilbt be
employed in the practical examination for thisrpose);

explain the relatively high boiling point amdiscibility
with water of lower members in terms bfdrogen
bonding in comparison tethers;

describe how to prepare alcohols frédvalogenoalkanes,
alkenes, by reduction of aldehydes, ketonasd
carboxylic acids, from Grignarceagents;

describe the formation of alkoxide$ialogenoalkanes,
esters, alkenes and ethers fratnohols;

distinguish aromatic alcohols, tyeudf by
phenylmethanol, fronphenols;

recall ethane-1,2-diol angropane-1,2,3-triolas typical
polyhydric alcohols;

describe the formation of ethanol by the fermioma of
sugars and by steam hydrationetfiane;

recall the preparation of ethers from alkoxidesd
halogenoalkanes;

describe the effect of HI osthers;

recognise the use of ethoxyethane as a solventimand
extraction procedures despite its inflammahbbture;

describe the preparation of phenol from sutfoacids
and diazoniunsalts;

recognise the weak acid nature of phenol by itsriato
liberate CQ with sodium carbonate andsodium
hydrogencarbonate (contrast with carboxyicids);

describe the formation of esters and ethers fpoi@nols;

describe substitution reactions in the ring iteclude
tribromination, nitration;
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describe the reduction to benzene and dbupling
reactions with diazonium ions to form azoedy

recall that phenol and related compounds giad
characteristic violet colouration with neutraton(lll)
chloride which serves as a diagnostic testptoenols.

14.5 Halogenoalkanes ahdlogenoarenes Students should be abie:

Preparation describe the preparation of
halogenoalkanes from alcohols aailenes;

Reactions describe the conversion of halogeraradls into
alcohols, ethers, amines, nitriles, esters, alkaakk®nes
alkynes, Grignard reagents aalitylarenes;

Effect of structure on chemical qgerties explain the reactivity of halogenoalkanes in temhsheir
structure (primary, secondary, tertiahalogenodtanes)
and the halogen atom (CI, Bj;

Halogenoarenes

Preparation describe the preparation by direct halogenatigvhere
appropriate) and via diazoniugompounds;

Effect of structure on chemical qgerties explain the unreactivity of the substituent Iyeio atom
with respect to replacement reactions in terms
delocalization otlectrons;

(Chloromettyl)benzene explain why (chloromethyl)benzene is mosesceptibld
to replacement reactions than nuclbatogenoarenes;

Reaction withmagnesium recall the formation of Grignardeagents;

Uses of organohalogen compounds other than recall the use as solvents; explain the impacthenatone

synthetic organichemistry layer caused by the use of CFCs and othatoger
compounds.

14.6 Aldehydes ankktones Students should be abie:

Preparation

Addition reactions of the carbonyl group

Condensatiorreactions

describe the preparation of aldehydes and kstdiom
correspondingalcohols;

describe the preparation of aromatic elaydles by
oxidation of methylarenes using chromium(M)chloride
dioxide and the preparation of aromatictokes by
Friedel-Craftsreaction;

describe the addition reactions with™ Has in the
hydridometallates); ROH; HCN; and NaH$Qncluding
the use of this reagent in the purificationatdehydes);

describe the reactions with hydroxylamindéydrazine)
phenylhydrazine and,4-dinitropheglhydrazine;

explain the use of 2,4-dinitrophenyl-hydrazones
characterisation and identificatiggurposes;

describe the formation of condensation polymersmf
methanol;

recall the reactions with halogen and witlClsP the

haloform reaction; the aldol reaction; tkannizzao
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Otherreactions

reaction; the reduction using zinc and aeidd with
hydrogen;

distinguish aldehydes and ketones on thasis o
oxidation employing weak oxidant systems typifie¢r
Fehling reagent and Tollenigagent.

14.7

Carboxyliacid

Formation of carboxylicacids:

Weak acidity

Effect on acidity ofo-substitution byhalogen
atoms or alkyl groups

Salt formation and alkalinity otarboxylate
anion

Soaps

Decarboxylationreacton

Reduction to primarylcohols

Exceptional behaviour of methancécid

Formation of the following derivatives
carboxylic acids: esters, acid chlorides awid
anhydrides (restricted to simple anhydridesgid
amides and nitriles (but excludirigonitriles)

Students should be ahie:

describe the formation of carboxylic acids fraitohols
and aldehydes by oxidation and from carboxybcid
derivatives by hymblysis;

formation from alkylbenzenes by oxidation dfetside
chain;

explain the weak protic acidity of carboxyliacids in
terms of their structure and relative stability tie
carboxylateanion;

account for the increase or decrease agidity oOf
halogen, or alkyl substituted carboxylic acidsténms of]
inductive effect;

compare the acidity of ethanoic acid with thatettianol
and phenol and account for differences témms of
structure;

describe methods of formation of carboxylatdtssand
explain the alkalinity through hydrolysigactions;

recall that sodium or potassium carboxylates rglong
alkyl chains can act a®aps;

be familiar with the use of soda lime to brirabout
decarboxylation of carboxylic acid salts andrépresen
the equation involved in terms of reaction withaOH”;

describe the conversion of —-COOH to -,OH using
LiAlH 4;

recall the anomalous behaviour of methanoic aoidlits
salts as typified by reaction with soda lingehydration,
reaction with PGland oxidisingagents;

recall that esters can be made using the reacticecids
bfwith alcohols; acid chlorides or anhydrides wétltohols
or phenols;

reaction

recall the formation of esters from

halogenoalkane with silverarboxlate;

recall the formation of acid chlorides from reanti®f
carboxylic acids with phosphorus chlorides aS8®C)
(sulfur oxide dichloride) and acid anhydridé®m the
acid chloride;

describe the formation of carboxylic idacamides,
—CONH,, by thermal decomposition ofammonium
carboxylates and reaction of esters, acid chloridesl
anhydrides withammonia;

describe the reactions of acid chlorides amthydrides|
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Reactions ofierivatives

Halogenoacids

Polyesters angolyamides

Dicarboxylic acids:

with  primary and secondary amine® fom
corresponding N-substituteamides;

explain the formation of nitriles by dehydration ahides|
using phosphorus(Vpxide;

recall that nitriles can also be made from reactiof
halogenoalkanes and KCN in ethanol smhutand
recognise this reaction as a step-up techniquerganic
synthesis;

recall that aromatic nitrles can b®rmed fom
diazoniumsalts;

recall the acid and alkaline hydrolysis of tharious
derivatives;

explain the relative ease of hydrolysis of acklorides|
and halogenoalkanes

compare ammonolysis  reactions  witydrolysis
reactbns;

explain the reactions of acid chlorides amthydrides
with alcohols;

explain the Hofmann degradation of amide apgreciatg
its importance in step dowsynthesis;

recall the reduction of acid amides and nitrilesatoines;

recall the reduction of esters to alcoholsedgction of
acid chlorides and anhydrides will not tested);

recall the reaction of amides with nitric(l1§cid;

explain the formation of halogenoacids by reactidrihe
acid andhalogen;

explain how amino acids can be preparedonf
halogenoacids (practical details of the igsofa of the
amino acid will not beested);

explain the formation of polyesters and polyaesicind
state their major commercialse;

explain the environmental advantage of the easég
hydrolysis of both the ester and peptide link awoehtrast
this with the properties ofgly(alkene)s;

recall the use of ethanedioic acid and its saltstasdard
reducing agents ititrimetry;

explain the formation of the acid anhydride orfr
dicarboxylic acids that allow it on the basis
stereochemisir

h

14.8

Amines and diazoniuoompounds

Structure

Students should be abie:
identify a given amine as primary, secondantestiary;

identify quaternary ammoniurmompounds;
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Formation ofamines

Basicity ofamines

Reactions ofimines

Diazoniumsalts

Formation of diazoniuntompounds

Reactions of diazoniunsompounds:
(i) substitution reactions in which thdiazo
group islost

(i) reaction in which the diazo group iistained

prepare amines by Hofmann degradation, reoluctf
simple and N-substituted amides, reduction ofleérand
hydrolysis of N-substitutedmides;

prepare aromatic amines by reduction of nignas by
tin and concentrated hydrochloraxid;

explain the relative basic strength of ammorpamary
and secondary aliphatic amines and phenylamingrims
of their structure;

explain the difference in basic strength betweenineg
and acidamides;

give the formation of alkylammonium  salts fing
correspondingamines;

explain the alkylation reaction (Hofmann reactioafd
acylation of amines using acid chlorides amtydrides;

recognise phenylamine as an activated ring aselits
reaction with aqueous bromine as an examplethi$
reactity;

explain the reaction of nitric(lll) acidvith primary
aliphatic amines to produce nitrogen as a produtc
decomposition of unstable aliphatic diazonium
compounds and recognize that this reaction isubsefa
test for primary aliphati@amines.

Students should be ahie:

draw structures of diazonium salts and rezmgriheir
ionic character;

describe the preparation of aryl diazoniusalts by
reaction with dilute hydrochloric  acid andodium
nitrate(lll) in ice cold conditions, account fdretrelative
stability of the the diazonium ion on the basis
delocalization otharge;

convert the diazonium salt to phenolsalogenoarene
arenes anditriles;

give coupling reactions with phenols to form azesly

14.9

Aminoacids

Properties of aminacids

Students should be ahie:

recognize amino acids as typical ofdifunctional
molecules which are important in biologicalstems;

predict the reactions of amino acids as those ipantato
the carboxyl and amino groups includirgterificaton,
acylation, etc.;

know about the formation of dipolar ions (zwitts) in
amino acids and the influence on physipabpertieg
such as solubility in water and organic sabs and
melting points;

of
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explain the existence of optical activity of amiacids;
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describe the effect of varying pH on the compasitof
an aqueous solution of an amino acid: isoelegtiint;
(technique of electrophoresis shall noteds@amined);

explain the reaction of amino acid salts kadentate
ligands as typified by the copper(ifpmplexes;

describe a practical method of separation of auméx of
amino acids usinghromatography;

relate amino acids to peptides gombteins;

Preparation of aminacids describe the synthesis of amino acids froarboxylic
acids or aldehydes vigyanohydrins.

14.10 Mechanistiaspects Students should be abie:

use reaction mechanisms to rationalise flacts o
organicchemistry;

lonic mechanisms recall the following mechanistic conceptsaucleophile,
electrophile, free radical; inductive danmesomerig
effects;

distinguish  between bimolecular andunimolecular
nucleophilic substitution reactions balogenodtanes;

describe electrophilic substitution of arenes (edito
nitration, alkylation, acylation anchlorination);

describe nucleophilic addition  to bmamyl group
typified by the reactions with aldehydes andokes of
HCN, hydroxylamine and the dyazines;

describe electrophilic addition to carbon-carbdouble
bond as typified by reaction with alkenes of hategyand
hydrogenhalides;

Markovnikov's Rule
explain the basis of Markovnikov's Rule in term&toe
stability of carbocations;

Homolytic mechanisms
describe the homolytic reactions involved ithe
halogenation of alkanes and methylbenzene andhén
polymerisation ofalkenes.

14.11  Organic laboratomreparations Students are expected to be familiaith wdetailed
laboratory preparation and isolation of purengkes of
the following organicsubstances:

(a) a bromoalkane from the correspondigohol;

(b) nitrobenzene frorbenzene;

(c) ethanal fronethanol;

(d) an ester from the reaction of a carboxylic el an
alcohol;

(e) phenylamine frommitrobenzene.
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15 Practical Examination
15.1 The examination will primarily attpmto test The practical examination will seek to télse
practicalskills. ability of candidatego:

@ manipulate chemicals andsimple
apparatus in quantitative arglialitative
exercises;

(b) observe and record results
experimentalwork;

(©) interpret these observations adéduce
correct inferences and conclusiobssed
both on qualitative and quantitativdata.

15.2 Quantitative exercises ncluding the

measurement of mass, volume, temperatme

time may beset.

The following may beset:

volumetric analysis involving acids amdkalis, Indicator colour changes will be specifiestcept
for colour changes involvingphenolphthalein
and methylorange.

redox titrations, Redox titrations may involve iodimetry

(experiments involving the formation afdine

from the reaction of iodide with aoxidizing

agent followed by titration with thiosulfatedr
titration involving permanganate andreducihg
agent.

complexometric titration involvingeDTA. In such titrations, the colour change tbe
indicator will bespecified.

Titrations with silver nitrate will not beet.

15.3 Qualitative exercises involving obsgions of A knowledge of classical systematmalysis

reactions and requiring deductions dhe
chemical nature of the substances will also
set. These will involve both organiand
inorganic materials.

It will be assumed that candidates &aeniliar
with the following species from which unkno
compounds will be set for qualitativanalysis:

(i) ammonium, potassium, sodiumsilver,
calcium, calcium, magnesium, strontium,
barium, aluminium, lead(ll), zinc,
chromium(lll), manganese(ll), manganese(IV
iron(ll), iron(l11), cobalt(ll), nickel(ll),
copper(l),copper(ll);

(i) oxide, hydroxide, carbonate
hydrogencarbonate, nitrate(V), nitrate(lll),

carboxylate, sulfate(lV), sulfate(VI)thiosulfate
chloride, bromide, iodide, chromate(Vl),
dichromate(VI), phosphatenanganate(VIl);

(iii) the more common metals (e.g. Zn, Aly,
Fe)

will not be required and will not bested.

Binary mixtures involving salts, oxideand
metals may be set for qualitatiamalysis.

Students should be able to test for aadognize
by physical or chemical means thelldwing
gases: ammonia, carbon dioxidegarton
monoxide, hydrogen, oxygen, sulfudioxide,
hydrogen halides (HX, X = CI, Br, Ithe
halogens (Cl, Br, 1), nitrogen dioxidesulfur
dioxide,
elimination).

Students should be aware of the toxicity af
number of thesspecies.
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Organic substances containing thfalowing
functional groups may be set as unkng
compounds in qualitativanalysis:

Double and triple bonds (alkenesalkynes),
hydroxyl (alcohols and phenols),carbonyl
(aldehydes and ketones) carboxytarboxyl
derivatives (carboxylate salts, esteramides,
nitriles) andamino.

wn

Both aliphatic and aromatic compounds nimeey
set.

A combination of functional groups may bet,
e.g. amino acids, hydroxyacidsc.

154

Candidates are instructed to use kEbcandto
wear eye protection (safety goggles) durthe
practical examination and to avoidearirg
clothes or articles that increase thsk rof
accident in theéaboratoy.

Candidates will not be allowed intthe
examination room unless equipped wgloper
safetygear.

Recommended Texts

Any of the following are suitable textbooks for thglabus; the list is natomprehensie.

1. Lister, T and Renshaw, J, Understagndcthemistry for Advanced Level"£dition, NelsonThornes
Ltd., 1999.

2. Ramsden, EN, A-Level Chemistri?, Edition, Nelson Thornes Ltd., 2000.

3. Jones, L and Atkins, P, Chemistryplenules, matter and changé'] Bdition, W H Freeman, 1999.

4. Hill, G and Holman, J, Chemistry iontext, 8" Edition, Nelson Thornes Ltd., 2011.
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