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10.2.1 Alkanes - Combustion

Unreactive Alkanes
Strength of C-Hbonds

= Alkanes consist of carbonand hydrogenatoms which are bonded togetherbysingle bonds
= Unlessalotofheatis supplied,itis difficultto break these strong C-C and C-H covalentbonds
= Thisdecreases thereactivityofalkanesinchemicalreactions

Lackof polarity

= The electronegativities of the carbon and hydrogen atoms inalkanes are almost the same
= This means thatboth atoms share the electronsinthe covalent bond almostequally

The Pauling Scale shows that the difference in electronegativity between carbon and hydrogenis only
0.4

= Asaresultofthis,alkanes are nonpolar molecules and have no partial positive ornegative
charges (§*and 6 respectively)
= Alkanes therefore do notreact with polarreagents
= Theyhave no electron-deficient areas to attract nucleophiles
= Andalsolackelectron-richareas to attract electrophiles
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Ethane is an example of an alkane that lacks polarity due to almost similar electronegativities of the
carbon and hydrogen atoms

= Dueto the unreactivity of alkanes, theyonlyreactincombustionreactions and undergo
substitutionbyhalogens

O ExamTip

Remember:nucleophiles are negativelycharged and are attracted to electron-deficient
regions.Electrophiles are positivelycharged and attracted to electron-richregions.
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Combustionof Alkanes

= Alkanes are combusted (burnt) onalarge scale fortheiruse as fuels
= Theyalsoreactinfree-radical substitutionreactions to formmore reactive halogenoalkanes

Complete combustion

= Whenalkanes are burntinexcess (plenty of) oxygen,complete combustionwill take place and
allcarbonand hydrogenwillbe oxidised to carbondioxide and waterrespectively
= Forexample,the complete combustionof octane to carbondioxide and water

The complete combustion of alkanes

Incomplete combustion

= Whenalkanes are burntinonlyalimited supply of oxygen,incomplete combustionwill take
place and not allthe carbonis fullyoxidised
= Some carbonis onlypartially oxidised to formcarbonmonoxide
= Forexample,theincomplete combustionofoctane to formcarbonmonoxide

The incomplete combustion of alkanes

= Carbonmonoxideis atoxic gas as it willbind to haemoglobininblood whichcanthenno longer
bind oxygen
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= Asno oxygencanbe transported around the body, victims will feel dizzy,lose consciousness
and if notremoved fromthe carbonmonoxide, theycandie

= Carbonmonoxideis extremelydangerous as itis odourless (itdoesn’t smell) and willnot be
noticed

= |Incomplete combustionoftentakes placeinside acarengine due to alimited amount of oxygen
present

= Withareduced supplyofoxygen,carbonwillbe producedinthe formofsoot:

The incomplete combustion of alkanes (2)

O ExamTip

Incomplete combustion of alkanes neverproduces hydrogen as it is always preferentially
oxidised inanyavailable oxygen, ratherthan carbon
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10.2.2 Alkanes - Halogenation

Halogenation of Alkanes
Free-radical substitution of alkanes

= Alkanes canundergo free-radical substitutionin whichahydrogenatomgets substituted bya
halogen(chlorine/bromine)
= Since alkanes are veryunreactive, ultraviolet light (sunlight)is needed forthis substitution
reactionto occur
= The free-radical substitutionreactionconsists of three steps:
= |ntheinitiationstep,the halogenbond (CI-ClorBr-Br)is broken by UV energyto formtwo
radicals
= Theseradicals create furtherradicalsinachaintype reactioncalled the propagationstep
= Thereactionis terminated whentwo radicals collide witheach otherin aterminationstep
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The fact that the bromine colour has disappeared only when mixed with an alkane and placed in sunlight
suggests that the ultraviolet light is essential for the free radical substitution reaction to take place

Initiation step

= |ntheinitiationstep the CI-ClorBr-Bris brokenbyenergyfromthe UV light
= This produces two radicals inahomolytic fissionreaction
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The first step of the free-radical substitution reactionis the initiation step in which two free radicals are

formed by sunlight

Propagation step

= The propagationstep refers to the progression(growing) of the substitutionreactioninachain
typereaction

Freeradicals are veryreactive and will attack the unreactive alkanes

AC-Hbond breaks homolytically (eachatom gets anelectronfromthe covalentbond)
Analkylfreeradicalis produced

This canattack anotherchlorine/bromine molecule to form the halogenoalkane and
regenerate the chlorine/bromine free radical

This free radicalcanthenrepeat the cycle
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The second step of the free-radical substitution reaction is the propagation step in which the reaction
grows ina chain type reaction

= Thisreactionis notverysuitable forpreparing specific halogenoalkanes as a mixture of
substitution products are formed

= |fthereis enoughchlorine/bromine present, all the hydrogens in the alkane will eventually get
substituted (eg.ethane willbecome C,Cl¢/C,Bry)
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The free-radical substitution reaction gives a variety of products and not a pure halogenoalkane

Termination step

= The terminationstep is whenthe chainreactionterminates (stops)due to two free radicals
reactingtogetherand forming a single unreactive molecule
= Multiple products are possible
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The final step in the substitution reaction to form a single unreactive molecule

Q Exam Tip

Make sure you practice and are able to write out these equations, especially the propagation
steps which students frequentlyget wrong.ltis quite commonforstudents to incorrectlyshow a
hydrogenradical produced inpropagation,whichdoes not happen:

CH3CH3+C|-—> CH3CH2 Cl + H-

Do notfallinto this trap!
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10.2.3 Alkenes - Reactivity

Reactivity of Alkenes

= Alkenes are hydrocarbons containingacarbon-carbondouble bond
= The atoms around the carbon-carbondouble bond adopt aplanar arrangement and the bond
angleis 120°

The bonding arrangement around a carbon~-carbon double bond

= Thepresence of the C=C bond gives alkenes anumberof chemical properties thatare notseenin
alkanes

= Since the alkene contains m-bonds, itis possible to break the weakerm-bond and form stronger
c-bonds withotherspecies without forcinganyatoms onthe molecule to break off

= As aresult alkenes (unlike alkanes) are capable of undergoing additionreactions

Addition reactions in alkenes

= Molecules whichcontaint-bonds and which canhence undergo additionare said to be
unsaturated

= Molecules whichdo notcontaint-bonds and whichhence cannotundergo additionare said to
be saturated.

= Alkenes are unsaturated and canhence undergo addition

= Additionis the combinationoftwo ormore molecules to formasingle molecule

= Additionreactions are generallyfasterthansubstitutionreactions since onlyweak m-bonds
are broken, ratherthanstronger c-bonds

= The abilityof alkenes to undergo additionmeans that theyare muchmore reactive than alkanes
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10.2.4 Alkenes - Hydrogenation

Hydrogenation of Alkenes

= Alkenes are veryusefulcompounds as they canundergo manytypes of reactions

= Theycantherefore be used as starting molecules when makingnew compounds

= Thereactionbetweenanalkene and hydrogenis known as hydrogenationorreduction

= Aswellas anickelcatalyst, this requires atemperature of 200 °C and a pressure of 1000 kPa

Catalytic hydrogenation converts alkenes into useful alkanes

= Oneimportant applicationof thisreactionisinthe production of margarine fromvegetable oils

= \egetable oils are unsaturated and maybe hydrogenated to make margarine, which has a higher
meltingpointdue to strongerLondonDispersionForces

= Bycontrollingthe conditionsitis possible to restrict how manyof the C=C bonds are brokenand
produce partially hydrogenated vegetable oils which have which have the desired properties
and textures formargarine manufacture
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10.2.5 Alkenes - Halogenation

Halogenation of Alkenes

= Thereactionbetweenalkenes and halogens is known as halogenation

= |tisanexample of anelectrophilic additionwhere anelectrophile ('electronseeker')joins onto
to adouble bond

= The C=C double bondis broken,and anew single bond is formed fromeach of the two carbon
atoms

= Theresult of thisreactionis a dihalogenoalkane

= Thereactionoccursreadilyatroomtemperature and is the basis forthe test forunsaturationin
molecules

Halogenation in alkenes

= Halogens canbeusedto testifamoleculeisunsaturated (i.e.containadouble bond)

= Brpisanorange oryellow solution, called bromine water

= The unknowncompound is shakenwith the bromine water

= |f the compound is unsaturated,anadditionreactionwilltake place and the coloured solution
willdecolourise
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The bromine water test is the standard test forunsaturation in alkenes

Q Exam Tip

The mechanism of thisreactionis part of HigherLevel Chemistryand is covered in Section 20
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10.2.6 Alkenes - Hydrohalogenation

Hydrohalogenation of Alkenes

= Alkenes willreactreadilywithhydrogenhalides suchas HCland HBr to produce
halogenoalkanes

= Thisreactionis knownas hydrohalogenation
= |tisalso anelectrophilic additionreactionthatoccurs quicklyatroomtemperature

Hydrohalogenation reactions in alkenes

= Allthe hydrogenhalides reactinthis way, but the fastest reactionoccursinthe orderHl> HBr >

HCldue to theincreasingbond strength of the hydrogen-halogenbond, so the weakestbond
reacts mosteasily

= The mechanismof thisreactionis partof HigherLevel Chemistryand is covered inSection 20
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10.2.7 Alkenes - Hydration

Hydration of Alkenes

= Whenalkenes are treated withsteamat 300°C, apressure of 60 atmospheres and sulfuric acid
(H2SO4)orphosphoric acid (HzPO4)catalyst, the wateris added across the double bond ina
reactionknown as hydration

= Analkeneis convertedinto analcohol

= Thereactionprocessesviaanintermediate inwhichH*and HSO4  ions are added across the
doublebond

= Theintermediate is quicklyhydrolysed bywater, reforming the sulfuric acid

Hydrationin Alkenes

= Thisisaveryimportantindustrialreactionforproducinglarge quantities of ethanol,awidelyused
solventand fuel

= The processis muchfasterand higheryieldingthat producing ethanolbyfermentation
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10.2.8 Addition Polymers

Polymers
Addition polymerisation

= Additionpolymerisationis one of the mostimportant additionreactions of alkenes whichform
the basis of the plastic industry
= Additionpolymerisationis the reactionin which manymonomers containingatleastone C=C
double bond formlongchains of polymers as the only product
= Justlikeinotheradditionreactions of alkenes, the n-bond ineach C=C bond breaks and then
the monomers link togetherto formnew C-C single bonds

= Apolymeris along-chainmolecule thatis made up of manyrepeatingunits
= The small,reactive molecules thatreacttogetherto formthe polymerare called monomers
= Apolymerisationreactioncanberepresented byageneralformulaorbyusingdisplayed
formulae
= E.g.poly(ethene)and poly(chloroethene) (also known as PVC) are polymers made up of the
ethene and chloroethene monomers respectivelyand are commonlyused inmaking plastics
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The general formulae of the addition polymerisation of ethene (1) and chloroethene (2)

The addition polymerisation of ethene (1) and chloroethene (2)
= Justlike anyotheradditionreactionof alkenes,additionpolymerisation gives onlyone product

Deducingrepeat units

= Arepeatunitis the smallest group of atoms that whenconnected one afterthe othermake up
the polymerchain
= |tisrepresented bysquare bracketsinthe displayed and general formula

= |npoly(alkenes)(suchas poly(ethene)) and substituted poly(alkenes)(suchas PVC) made of
one type of monomer the repeatingunitis the same as the monomerexcept that the C=C
double bondis changed to aC-C single bond
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The repeating units of poly(ethene) and poly(chloroethene) are similar to theirmonomer except that the
C=Cbond has changedinto a C-Cbond
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10.2.9 Alcohols - Combustion

Combustionof Alcohols

= Alcoholsreactwithoxygeninthe airwhenignited and undergo complete combustionto form
carbondioxide and water

Alcohol + oxygen—carbondioxide + water

Complete combustion of alcohols to produce carbon dioxide and water

= |oweralcohols burnwithanalmostinvisible flame and make good fuels

= Ethanolcanbe produced sustainablyas afuel bythe fermentationof sugars

= However, the energy density (the amount of energyinkJ perkgof fuel)is lowerthangasoline so
cars thatrunonethanolmust eitherhave alargerfueltank orfillup more often

= Blendingethanolwith gasoline ordieselincreases the energy density and makes it saferincase
of fires asitis easierto see the flames compared to pure ethanol burning

= However, the are socio-economic concerns aboutusinglarge quantities of farmland to
produce crops forfermentation, which could be betterused forfood production

O ExamTip

Be carefulwhenbalancing equations forthe combustionof alcohols as students oftenforgetto
count the oxygeninthe alcohol
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10.2.10 Alcohols - Oxidation

Oxidation of Primary Alcohols

= The products of oxidationofalcohols depends onthe class of alcohols
= Hereisareminderofthe three classes ofalcohols:

The three classes of alcohols

Primaryalcohols

= Primary alcohols canbe oxidised to formaldehydes which canundergo furtheroxidationto

formcarboxylic acids
= The oxidisingagents of alcohols include acidified K,Cr,07 oracidified KMnOg4

= Acidified potassiumdichromate(VI),K,Cr,O7,is anorange oxidising agent
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= Acidified means that that the potassiumdichromate(Vl)isinasolutionofdilute acid (such as
dilute sulfuric acid)
= Forpotassiumdichromate(Vl)to actas anoxidisingagent,ititself needs to bereduced
= Whenalcohols are oxidised the orange dichromate ions (Cr,O72-) are reduced to green
Cr3*ions

= Acidified potassiummanganate(VIl), KMnOy,is a purple oxidising agent
= Aswithacidified KMnO4the potassiummanganate(VIl)isinanacidic mediumto allow
reductionof potassiummanganate(VIl) to take place
= Whenalcohols are oxidised, the purple manganate ions (MnO4") are reduced to
colourless MnZ*ions

Further Oxidation

= |fthe aldehydeis notdistilled off, furtheroxidationwith excess oxidisingagent will oxidise itto a
carboxylic acid
= Thereactiontakes some time to complete and requires sustained heating

Test foralcohols

= The oxidationusing acidified dichromate provides the basis forthe testforalcohols as the
reactiongives astrongcolourchange fromorange to green

Page 22 of 30
For more help visit our website www.exampaperspractice.co.uk



=

Exam Papers Practice

= Unfortunately,itdoesnotwork fortertiaryalcohols,whichcannot be oxidised

The test forprimary and secondary alcohols

Oxidation of Secondary Alcohols

= Secondary alcohols canbe oxidised to formketones only
= To getagoodyield of the ketone the reactionrequires some sustained heating

Oxidation of Secondary Alcohols

= Tertiary alcohols do notundergo oxidation
= Thisis because there mustbe ahydrogenonthe functional group carbon, which breaks off to
formwater
= There are onlyC-Cbonds onthe functional group carboninatertiary alcohol
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Distillation & Re flux

The difference betweenusingdistillation and heatingunder reflux

To produce analdehyde froma primaryalcohol the reaction mixture must be heated
The aldehyde producthas alowerboiling point than the alcohol (sinceithas lost the H-bonding)
soitcanbe distilled off as soonasitforms

Distillationcan be carried out using asimple side arm arrangement which acts as anaircondenser
orthe vapours canbe made to pass throughacondenser

Oxidation of ethano! by acidified K;Cr,O to form an aldehyde by distillation
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Heatingunderreflux

= Forreactions thatrequire sustained heating the apparatus has to be modified
= To preventloss of volatile reactants the apparatus includes acondenserinthe vertical position

whichreturns components backinto the reactionflask
= Thisis known as heatingunder reflux (refluxmeans re-boiling)

Heating under Reflux Apparatus
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10.2.11 Alcohols - Esterification

Esterification

= Estersare compounds withan-COOR functional group and are characterised by theirsweet and

fruity smells
= Theyare prepared fromthe condensationreactionbetweenacarboxylic acid and alcohol with

concentrated H,SO4 as catalyst
= Thisis also called esterification

= The first part of the ester’'s name comes fromthe alcoholand the second part of the name

comes fromthe carboxylic acid
= E.g.Propanoland ethanoic acid will give the esterpropyl ethanoate

Esters are formed from the condensation reaction between carboxylic acids and alcohols

O Exam Tip

Thereactionis also classified as anucleophilic substitutionreaction
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10.2.12 Halogenoalkanes

Reactions of Halogenoalkanes

= Halogenoalkanes are much more reactive than alkanes due to the presence of the
electronegative halogens
= The halogen-carbonbondis polarcausingthe carbonto carrya partial positive and the
halogen a partial negative charge

= Anucleophilic substitutionreactionis oneinwhichanucleophile attacks acarbonatomwhich
carries apartialpositive charge
= Anatomthathas apartialnegative charge is replaced by the nucleophile

Due to large differences in electronegativity between the carbon and halogen atom, the C-X bond is
polar

Reaction with NaOH

= Thereactionofahalogenoalkane withaqueous alkaliresults inthe formationof analcohol
= Thehalogenisreplaced bythe OH"
= The aqueous hydroxide (OH-ion)behaves as anucleophile by donating a pairof electrons to the
carbonatombonded to the halogen
= Hence,thisreactionis anucleophilic substitution
= Forexample, bromoethane reacts withaqueous alkaliwhenheated to formethanol

CH,CH,Br + OHT ——> CH,CH,OH + Br-
BROMOETHANE ETHANOL

The halogen is replaced by a nucleophile, OH-

= Thereactionis slowatroomtemperature so to ensure a highyield itis heated under refiux
= Since haloalkanes are notusuallysoluble inwater,apolarsolventsuchas ethanolis oftenused as
it willdissolve haloalkanes as well as sodium hydroxide
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10.2.13Reactions of Benzene

Reactions of Benzene

= Arenes are verystable compounds due to the delocalisationof telectrons inthering
= Thisis because the electrondensityis spread out overthe moleculeinstead of being
confined to asmall area

= Duringchemicalreactions such as substitutionreactions, this delocalised ringis maintained
= Additionreactions however, disrupt the aromatic stabilisationso theyare not favoured

Substitution

= Halogenationreactions are examples of electrophilic substitutionreactions
= Arenesundergo substitutionreactions with chlorine (Cl,) and bromine (Br,) inthe presence of
anhydrous AlCIsorAlBrzcatalyst respectivelyto formhalogenoarenes (aryl halides)
= The chlorine orbromine act as anelectrophile and replaces ahydrogenatomonthe benzene
ring
= The catalystisrequired forthe reactionto take place,due to the stability of the benzene
structure

Arenesundergo substitution reactions with halogens to form aryl halides

= Alkylarenes such as methylbenzene undergo halogenationonthe 2or4 positions
= Thisis due to the electron-donating alkyl groups which activate these positions
= The halogenationof alkylarenes thereforeresultinthe formationoftwo products
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Alkylarenes are substituted on the 2 or4 position

= Multiple substitutions occurwhenexcess halogenis used

In the presence of excess halogen, multiple substitutions occur
Nitration

= Anotherexample of asubstitutionreactionis the nitrationof arenes

= |nthesereactions,anitro (-NOj) groupreplaces ahydrogenatomonthe arene

= The benzeneisreacted with amixture of concentrated nitric acid (HNO3z) and concentrated
sulfuric acid (H,SO4) at atemperature between 25 and 60 °C
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Nitration of benzene

= Again,due to the electron-donating alkyl groups in alkylarenes, nitration of methylbenzene will
occuronthe 2and 4 position

Nitration of alkylarenes
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