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14 An introduction to organic chemistry

Organic chemistry involves the study of a large class of chemical compounds containing carbon. This
topic introduces naming conventions, organic reaction terminology and structures of organic moleculeg.

Learning outcomes 6\

Candidates should be able to:

14.1 Formulae, al Interpret and use the general, structural, displayed and_gkeletalformulae
functional groups of the following classes of compound:
and the naming [i) alkanes, alkenes and arenes
of arganic (il halogencalkanes and halogenoarenes
compounds , , ,
{iil) alcohols {including primary, seconda% ) and phenols
liv) aldehydes and ketones

(vl carboxylic acids, esters and a orides

{vi) amines (primary only), niltil€s, amides and amino acids
(Candidates are expected to rec@ghi shape of the benzene ring when
it Is present in organic ca owledge of benzene or Its compounds
is not required for AS Level.
b) understand and use'§ystematic nomenclature of simple aliphatic organic

molecules wit al groups detailed in 14.1(a), up to six carbon
atoms (six tars and amides, straight chains only)

cduce the molecular formula of a compound, given its structural,
displayed or skeletal formula

organi organic reactions:

(il functional group

9 (i) homolytic and heteralytic fission
(iil) free radical, initiation, propagation, termination
{iv) nucleophile, electrophile

{v) addition, substitution, elimination, hydrolysis, condensation
O {vi) oxidation and reduction

14.2 Charac@ al interpret and use the following terminology associated with types of I
eactions

{in equations for organic redox reactions, the symbols (O] and [H] are
acceptable for oxidising and reducing agents)
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14.3 Shapes of organic
molecules; & and &
bonds

14.4 Isomerism:
structural and
stereoisomerism

al

al

bl

c)

d

el

(i) describe and explain the shape of, and bond angles in, the ethane,
ethene and benzene molecules in terms of o and © bonds

(i) predict the shapes of, and bond angles in, other related molecules

describe structural isomerism and its division into chaln, positional and
functional group Isomerism

describe sterecisomerism and its division into geometrical (cis-trans) and
optical isomerism

(use of E, Z nomenclature |s acceptable but is not required)

describe geometrical (cis-trans) isomerism In alkenes, and explain its
arigin in terms of restricted rotation due to the presence of « bonds
explain what is meant by a chiral centre and that such a centre normally
gives rise to optical isomerism

(Candidates should appreciate that compounds can contain more than
ane chiral centre, but knowledge of meso compounds, or nomenclature
such as diastereoisomers is not required.)

identify chiral centres and geometrical (cis-trans) isomerism in a
molecule of given structural formula
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15 Hydrocarbons

Compounds containing only carbon and hydrogen are called hydrocarbons. This class of compound can
be subdivided into alkanes, alkenes and arenes.

Learning outcomes
Candidates should be able to:

16.1 Alkanes a) understand the general unreactivity of alkanes, including towards polar
reagents

b) describe the chemistry of alkanes as exemplified by the following
reactions of ethane:
(i) combustion
{ii) substitution by chlorine and by bromine

o) describe the mechanism of free-radical substitution at methyl groups
with particular reference to the initiation, propagation and termination
reactions

d) explain the use of crude oil as a source of both aliphatic and aromatic
hydrocarbons

e) suggest how cracking can be used to obtain more useful alkanes and
alkenes of lower M, from larger hydrocarbon molecules

15.2 Alkenes a) describe the chemistry of alkenes as exemplified, where relevant, by the
following reactions of ethene and propene (including the Markovnikov
addition of asymmetric electrophiles to alkenes using propene as an
example):

(i} addition of hydrogen, steam, hydrogen halides and halogens
(i) oxidation by cold, dilute, acidified manganate(VI1) ions to form the
dial
{ill) oxidation by hot, concentrated, acidifled manganate(VIl) ions
leading to the rupture of the carbon—carbon double bond in order to
determine the position of alkene linkages in larger molecules
{iv) polymerisation (see also Section 21)
b) describe the mechanism of electrophilic addition in alkenes, including
using bromine/ethene and hydrogen bromide /propene as examples
c) describe and explain the inductive effects of alkyl groups on the stability
of cations formed during electrophilic addition
d) describe the characteristics of addition polymerisation as exemplified by
polylethene) and PVC
e) deduce the repeat unit of an addition polymer obtained from a given
monomer
f) identify the monomer(s) present in a given section of an addition
polymer molecule

gl recognise the difficulty of the disposal of polylalkenels, i.e. non-
biodegradability and harmful combustion products
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15.3 Hydrocarbons as a) describe and explain how the combustion reactions of alkanes make
fuels them suitable to be used as fuels in industry, in the home and in
transport

b) recognise the environmental consequences of:

(i} carbon monoxide, oxides of nitrogen and unburnt hydrocarbons
arising from the internal combustion engine and of their catalytic
removal

(i} gases that contribute to the enhanced greenhouse effect

c) outline the use of infra-red spectroscopy in monitaring air pollution (see
also Section 22.2)
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16 Halogen derivatives

The inclusion of a halogen atom within an arganic molecule affects its reactivity. The reactions of
halogenoalkanes are very important in organic chemistry.

Learning outcomes
Candidates should be able to:

16.1 Halogenoalkanes a)

b

c)

16.2 Relative strength of a)
the C-Hal bond

b

c)

recall the chemistry of halogenoalkanes as exemplified by:

(i} the following nucleophilic substitution reactions of bromoethane:
hydrolysis, formation of nitriles, formation of primary amines by
reaction with ammonia

(i) the elimination of hydrogen bromide from 2-bromopropane

describe the S,1 and §,2 mechanisms of nucleophilic substitution in

halogenocalkanes including the inductive effects of alkyl groups (see

Section 16.2(c))

recall that primary halogenoalkanes tend to react via the §,2 mechanism);

tertiary halogenoalkanes via the 5,1 mechanism; and secondary

halogenocalkanes by a mixture of the two, depending on structure

interpret the different reactivities of halogenoalkanes (with particular
reference to hydrolysis and to the relative strengths of the C-Hal bonds)

explain the uses of fluoroalkanes and fluorohalogenoalkanes in terms of
their relative chemical inertness

recognise the concern about the effect of chlorofluoroalkanes on the
ozone layer
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17 Hydroxy compounds

This topic introduces the chemistry of a versatile class of organic compounds, hydroxy compounds,
which contain an R-OH group.

Learning outcomes
Candidates should be able to:

17.1 Alcohols a} recall the chemistry of alcohols, exemplified by ethanol, in the following
reactions:

(il  combustion

(i) substitution to halogenoalkanes

(i) reaction with sadium

(iv) oxidation to carbonyl compounds and carboxylic acids

(v} dehydration to alkenes

(vi} formation of esters by esterification with carboxylic acids

(vii) formation of esters by acylation with acyl chlorides using
ethyl ethanoate and phenyl benzoate as examples

by (i) classify hydroxy compounds into primary, secondary and tertlary
alcohols

(il suggest characteristic distinguishing reactions, e.g. mild oxidation

c) deduce the presence of a CH,CH(OH}- group in an alcohol from its
reaction with alkaline aqueous lodine to form tri-iodomethane

17 2 Dhanal al caaall tha ahamintc: af mbhanal e avaoe s Hfiad b dha fallaisdio.
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18 Carbonyl compounds

This topic introduces the chemistry of the carbonyl compounds, aldehydes and ketones.

18.1 Aldehydes and
ketones

Learning outcomes
Candidates should be able to:

a) describe:
{i} the formation of aldehydes and ketones from primary and secondary
alcohols respectively using Cr,0,"/H"
{ii) the reduction of aldehydes and ketones, e.g. using NaBH, or LIAIH,
{iii) the reaction of aldehydes and ketones with HCN and NaCN or KCN
b) describe the mechanism of the nucleophilic addition reactions of
hydrogen cyanide with aldehydes and ketones
¢} describe the use of 2 4-dinitrophenylhydrazine (2,4-DNPH) to detect the
presence of carbonyl compounds

dl deduce the nature (aldehyde or ketone) of an unknown carbonyl
compound from the results of simple tests (Fehling's and Tollens'
reagents, ease of oxidation)

el describe the reaction of CH,CO- compounds with alkaline aqueous
lodine to give tri-iocdomethane

Scanned by CamScanner



19 Carboxylic acids and derivatives

This topic introduces the chemistry of carboxylic acids and their derivatives.

Learning outcomes
Candidates should be able to:

19.1 Carboxylic acids a) describe the formation of carboxylic acids from alcohols, aldehydes and
nitriles

b) describe the reactions of carboxylic acids in the formation of:
(i) salts, by the use of reactive metals, alkalis or carbonates
(i) alkyl esters
(iii) alcohols, by the use of LIAIH,
(iv} acyl chlorides
¢) recognise that some carboxylic acids can be further oxidised:
(i) the oxidation of methanoic acid, HCO_H, with Fehling's and
Tollens’ reagents
(ii) the oxidation of ethanedioic acid, HO,CCO,H, with warm,
acidified manganate(VII)
d) explain the relative acidities of carboxylic acids, phenols and
alcohols
e) use the concept of electronegativity to explain the acidities of
chlorine-substituted ethanoic acids

19.2 Acyl chlorides a) describe the hydrolysis of acyl chlorides
b) describe the reactions of acyl chlorides with alcohols, phenols,
ammonia and primary amines

c) explain the relative ease of hydrolysis of acyl chlorides,
alkyl chlorides and aryl chlorides including the condensation
(addition-elimination) mechanism for the hydrolysis of acyl
chlorides

19.3 Esters a) describe the acid and base hydrolysis of esters

b) state the major commercial uses of esters, e.g. solvents, perfumes,
flavourings
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