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10.2.1 Alkanes - Combustion

Unreactive Alkanes

St rengt h of  C-H bonds

Alkanes co nsist o f carbo n and hydro gen ato ms which are bo nded to gether by single bo nds

Unless a lo t o f heat is supplied, it is difficult to  break these stro ng C-C and C-H co valent bo nds

This decreases the reactivity o f alkanes in chemical reactio ns

Lack of  polarit y

The electro negativities  o f the carbo n and hydro gen ato ms in alkanes are almo st the same

This means that bo th ato ms share the electro ns in the co valent bo nd almo st equally

The Pauling Scale shows that the difference in electronegativity between carbon and hydrogen is only

0.4

As a result o f this, alkanes are no npo lar mo lecules and have no  partial po sitive o r negative

charges (δ  and δ respectively)

Alkanes therefo re do  no t react with po lar reagents

They have no  electro n-deficient areas to  attract nucleo philes

And also  lack electro n-rich areas to  attract electro philes

+ - 
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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

Due to  the unreactivity o f alkanes, they o nly react in co mbustio n reactio ns and undergo

substitutio n by halo gens

Exam T ip

Remember: nucleo philes are negatively charged and are attracted to  electro n-deficient

regio ns.Electro philes are po sitively charged and attracted to  electro n-rich regio ns.
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Combustion of Alkanes

Alkanes are co mbusted (burnt) o n a large scale fo r their use as fuels

They also  react in f ree-radical substitutio n reactio ns to  fo rm mo re reactive halo geno alkanes

Complet e combust ion

When alkanes are burnt in excess (plenty o f ) o xygen, co mplete co mbustio n will take place and

all carbo n and hydro gen will be o xidised to  carbo n dio xide and water respectively

Fo r example, the co mplete co mbustio n o f o ctane to  carbo n dio xide and water

The complete combustion of alkanes

Incomplet e combust ion

When alkanes are burnt in o nly a limited supply o f o xygen, inco mplete co mbustio n will take

place and no t all the carbo n is fully o xidised

So me carbo n is o nly partially o xidised to  fo rm carbo n mo no xide

Fo r example, the inco mplete co mbustio n o f o ctane to  fo rm carbo n mo no xide

The incomplete combustion of alkanes

Carbo n mo no xide is a to xic gas as it will bind to  haemo glo bin in blo o d which can then no  lo nger

bind o xygen
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As no  o xygen can be transpo rted aro und the bo dy, victims will feel diz z y, lo se co nscio usness

and if no t remo ved fro m the carbo n mo no xide, they can die

Carbo n mo no xide is extremely dangero us as it is o do urless (it do esn’t smell) and will no t be

no ticed

Inco mplete co mbustio n o ften takes place inside a car engine due to  a limited amo unt o f o xygen

present

With a reduced supply o f o xygen, carbo n will be pro duced in the fo rm o f so o t:

The incomplete combustion of alkanes (2)

Exam T ip

Inco mplete co mbustio n o f alkanes never pro duces hydro gen as it is always preferentially

o xidised in any available o xygen, rather than carbo n
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10.2.2 Alkanes - Halogenation

Halogenation of Alkanes

Free-radical subst it ut ion of  alkanes

Alkanes can undergo  f ree-radical substitutio n in which a hydro gen ato m gets substituted by a

halo gen (chlo rine/bro mine)

Since alkanes are very unreactive, ultravio let light (sunlight) is needed fo r this substitutio n

reactio n to  o ccur

The free-radical substitutio n reactio n co nsists o f three steps:

In the initiatio n step, the halo gen bo nd (Cl-Cl o r Br-Br) is bro ken by UV energy to  fo rm two

radicals

These radicals create further radicals in a chain type reactio n called the pro pagatio n step

The reactio n is terminated when two  radicals co llide with each o ther in a terminatio n step
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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

Init iat ion st ep

In the initiatio n step  the Cl-Cl o r Br-Br is bro ken by energy fro m the UV light

This pro duces two  radicals in a ho mo lytic fissio n reactio n
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The first step of the free-radical substitution reaction is the initiation step in which two free radicals are

formed by sunlight

Propagat ion st ep

The pro pagatio n step  refers to  the pro gressio n (gro wing) o f the substitutio n reactio n in a chain

type reactio n

Free radicals are very reactive and will attack the unreactive alkanes

A C-H bo nd breaks ho mo lytically (each ato m gets an electro n fro m the co valent bo nd)

An alkyl free radical is pro duced

This can attack ano ther chlo rine/bro mine mo lecule to  fo rm the halo geno alkane  and

regenerate  the chlo rine/bro mine free radical

This free radical can then repeat the cycle
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The second step of the free-radical substitution reaction is the propagation step in which the reaction

grows in a chain type reaction

This reactio n is no t very suitable fo r preparing specific halo geno alkanes as a mixture o f

substitutio n pro ducts are fo rmed

If there is eno ugh chlo rine/bro mine present, all the hydro gens in the alkane will eventually get

substituted (eg. ethane will beco me C Cl /C Br )2 6 2 6
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The free-radical substitution reaction gives a variety of products and not a pure halogenoalkane

Terminat ion st ep

The terminatio n step is when the chain reactio n terminates (sto ps) due to  two  free radicals

reacting to gether and fo rming a single unreactive mo lecule

Multiple pro ducts are po ssible
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The final step in the substitution reaction to form a single unreactive molecule

Exam T ip

Make sure yo u practice and are able to  write o ut these equatio ns, especially the pro pagatio n

steps which students frequently get wro ng.It is quite co mmo n fo r students to  inco rrectly sho w a

hydro gen radical pro duced in pro pagatio n, which do es no t happen:

CH CH + Cl· →   CH CH Cl    +   H·

Do  no t fall into  this trap!

3 3 3 2 
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10.2.3 Alkenes - Reactivity

Reactivity of Alkenes

Alkenes  are hydro carbo ns  co ntaining a carbo n-carbo n do uble bo nd

The ato ms aro und the carbo n-carbo n do uble bo nd ado pt a planar arrangement  and the bo nd

angle is 120

The bonding arrangement around a carbon-carbon double bond

The presence o f the C=C  bo nd gives alkenes  a number o f chemical pro perties that are no t seen in

alkanes

Since the alkene  co ntains π-bo nds, it is po ssible to  break the weaker π-bo nd  and fo rm stro nger 

σ-bo nds  with o ther species witho ut fo rcing any ato ms o n the mo lecule to  break o ff

As a result alkenes  (unlike alkanes) are capable o f undergo ing additio n reactio ns

Addition reactions in alkenes

Mo lecules which co ntain π-bo nds  and which can hence undergo  additio n are said to  be

unsaturated

Mo lecules which do  no t co ntain π-bo nds  and which hence canno t undergo  additio n are said to

be saturated.

Alkenes  are unsaturated  and can hence undergo  additio n

Additio n is the co mbinatio n o f two  o r mo re mo lecules to  fo rm a single mo lecule

Additio n reactio ns  are generally faster than substitutio n reactio ns  since o nly weak π-bo nds

are bro ken, rather than stro nger σ-bo nds

The ability o f alkenes  to  undergo  additio n means that they are much mo re reactive  than alkanes

o
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10.2.4 Alkenes - Hydrogenation

Hydrogenation of Alkenes

Alkenes  are very useful co mpo unds as they can undergo  many types o f reactio ns

They can therefo re be used as starting mo lecules when making new co mpo unds

The reactio n between an alkene  and hydro gen is kno wn as hydro genatio n o r reductio n

As well as a nickel catalyst , this requires a temperature o f 200 °C and a pressure o f 1000 kPa

Catalytic hydrogenation converts alkenes into useful alkanes

One impo rtant applicatio n o f this reactio n is in the pro ductio n o f margarine fro m vegetable o ils

Vegetable o ils are unsaturated  and may be hydro genated  to  make margarine, which has a higher

melting po int due to  stro nger Lo ndo n Dispersio n Fo rces

By co ntro lling the co nditio ns it is po ssible to  restrict ho w many o f the C=C bo nds are bro ken and

pro duce partially hydro genated vegetable o ils  which have which have the desired pro perties

and textures fo r margarine manufacture
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10.2.5 Alkenes - Halogenation

Halogenation of Alkenes

The reactio n between alkenes  and halo gens is kno wn as halo genatio n

It is an example o f an electro philic additio n where an electro phile ('electro n seeker') jo ins o nto

to  a do uble bo nd

The C=C do uble bo nd is bro ken, and a new single bo nd is fo rmed fro m each o f the two  carbo n

ato ms

The result o f this reactio n is a dihalo geno alkane

The reactio n o ccurs readily at ro o m temperature and is the basis fo r the test fo r unsaturatio n in

mo lecules

Halogenation in alkenes

Halo gens can be used to  test if a mo lecule is unsaturated (i.e. co ntain a do uble bo nd)

Br  is an o range o r yello w so lutio n, called bro mine water

The unkno wn co mpo und is shaken with the bro mine water

If the co mpo und is unsaturated, an additio n reactio n will take place and the co lo ured so lutio n

will deco lo urise

2
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The bromine water test is the standard test for unsaturation in alkenes

Exam T ip

The mechanism o f this reactio n is part o f Higher Level Chemistry and is co vered in Sectio n 20
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10.2.6 Alkenes - Hydrohalogenation

Hydrohalogenation of Alkenes

Alkenes  will react readily with hydro gen halides  such as HCl and HBr to  pro duce

halo geno alkanes

This reactio n is kno wn as  hydro halo genatio n 

It is also  an electro philic additio n reactio n that o ccurs quickly at ro o m temperature

Hydrohalogenation reactions in alkenes

All the hydro gen halides  react in this way, but the f astest reactio n o ccurs in the o rder HI > HBr >

HCl due to  the increasing bo nd strength o f the hydro gen-halo gen bo nd, so  the weakest bo nd

reacts mo st easily

The mechanism o f this reactio n is part o f Higher Level Chemistry and is co vered in Sectio n 20
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10.2.7 Alkenes - Hydration

Hydration of Alkenes

When alkenes are treated with steam at 300 C, a pressure o f 60 atmo spheres  and sulf uric acid

(H SO ) o r pho spho ric acid (H PO ) catalyst, the water is added acro ss the do uble bo nd in a

reactio n kno wn as hydratio n

An alkene  is co nverted into  an alco ho l

The reactio n pro cesses via an intermediate in which H and HSO  io ns are added acro ss the

do uble bo nd

The intermediate is quickly hydro lysed by water, refo rming the sulfuric acid

Hydration in Alkenes

This is a very impo rtant industrial reactio n fo r pro ducing large quantities o f ethano l, a widely used

so lvent and fuel

The pro cess is much faster and higher yielding that pro ducing ethano l by f ermentatio n

o

2 4 3 4

+ 
4

- 
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10.2.8 Addition Polymers

Polymers

Addit ion polymerisat ion

Additio n po lymerisatio n is o ne o f the mo st impo rtant additio n reactio ns o f alkenes which fo rm

the basis o f the plastic industry

Additio n po lymerisatio n is the reactio n in which many mo no mers  co ntaining at least o ne C=C

do uble bo nd fo rm lo ng chains o f po lymers  as the o nly pro duct

Just like in o ther additio n reactio ns o f alkenes, the π-bo nd in each C=C bo nd breaks and then

the mo no mers link to gether to  fo rm new C-C single bo nds

A po lymer is a lo ng-chain mo lecule that is made up o f many repeating units

The small, reactive mo lecules that react to gether to  fo rm the po lymer are called mo no mers

A po lymerisatio n reactio n can be represented by a general f o rmula o r by using displayed

f o rmulae

E.g. po ly(ethene) and po ly(chlo ro ethene) (also  kno wn as PVC) are po lymers made up o f the

ethene and chlo ro ethene mo no mers respectively and are co mmo nly used in making 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)

Just like any o ther additio n reactio n o f alkenes, additio n po lymerisatio n gives o nly o ne pro duct

Deducing repeat  unit s

A repeat unit  is the smallest gro up o f ato ms that when co nnected o ne after the o ther make up

the po lymer chain

It is represented by square brackets in the displayed and general fo rmula

In po ly(alkenes) (such as po ly(ethene)) and substituted po ly(alkenes) (such as PVC) made o f

o ne type o f  mo no mer the repeating unit is the same as the mo no mer except that the C=C

do uble bo nd is changed to  a C-C single bo nd

Page 18 of 30
For more help visit our website www.exampaperspractice.co.uk



The repeating units of poly(ethene) and poly(chloroethene) are similar to their monomer except that the

C=C bond has changed into a C-C bond
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10.2.9 Alcohols - Combustion

Combustion of Alcohols

Alco ho ls react with o xygen in the air when ignited and undergo  co mplete co mbustio n to  fo rm

carbo n dio xide and water

Alco ho l + o xygen → carbo n dio xide + water

Complete combustion of alcohols to produce carbon dioxide and water

Lo wer alco ho ls burn with an almo st invisible flame and make go o d fuels

Ethano l can be pro duced sustainably as a fuel by the f ermentatio n o f sugars

Ho wever, the energy density  (the amo unt o f energy in kJ per kg o f fuel) is lo wer than gaso line so

cars that run o n ethano l must either have a larger fuel tank o r fill up mo re o ften

Blending ethano l with gaso line o r diesel increases the energy density  and makes it safer in case

o f fires as it is easier to  see the flames co mpared to  pure ethano l burning

Ho wever, the are so cio -eco no mic co ncerns abo ut using large quantities o f farm land to

pro duce cro ps fo r fermentatio n, which co uld be better used fo r fo o d pro ductio n

Exam T ip

Be careful when balancing equatio ns fo r the co mbustio n o f alco ho ls as students o ften fo rget to

co unt the o xygen in the alco ho l
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10.2.10 Alcohols - Oxidation

Oxidation of Primary Alcohols

The pro ducts o f o xidatio n o f alco ho ls  depends o n the class o f alco ho ls

Here is a reminder o f the three classes o f alco ho ls:

The three classes of alcohols

Primary alcohols

Primary alco ho ls  can be o xidised to  fo rm aldehydes  which can undergo  further o xidatio n to

fo rm carbo xylic acids

The o xidising agents o f alco ho ls include acidified K Cr O o r acidified KMnO

Acidified po tassium dichro mate(VI), K Cr O , is an o range o xidising agent 

2 2 7 4

2 2 7
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Acidified means that that the po tassium dichro mate(VI) is in a so lutio n o f dilute acid  (such as

dilute sulfuric acid) 

Fo r po tassium dichro mate(VI) to  act as an o xidising agent, it itself needs to  be reduced

When alco ho ls are o xidised the o range dichro mate io ns (Cr O ) are reduced to  green

Cr io ns

Acidified po tassium manganate(VII), KMnO , is a purple o xidising agent 

As with acidified KMnO  the po tassium manganate(VII) is in an acidic medium to  allo w

reductio n o f po tassium manganate(VII) to  take place

When alco ho ls are o xidised, the purple manganate io ns (MnO ) are reduced to

co lo urless Mn  io ns

Furt her Oxidat ion

If the aldehyde  is no t distilled o ff, further o xidatio n with excess  o xidising agent will o xidise it to  a

carbo xylic acid

The reactio n takes so me time to  co mplete and requires sustained heating

Test  f or alcohols

The o xidatio n using acidified dichro mate  pro vides the basis fo r the test fo r alco ho ls  as the

reactio n gives a stro ng co lo ur change fro m o range to  green

2 72-

3+

4

4

4
-

2+
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Unfo rtunately, it do es no t wo rk fo r tertiary alco ho ls, which canno t be o xidised

The test for primary and secondary alcohols

Oxidation of Secondary Alcohols

Seco ndary alco ho ls  can be o xidised to  fo rm keto nes o nly

To  get a go o d yield o f the keto ne  the reactio n requires so me sustained heating

Oxidation of Secondary Alcohols

Tertiary alco ho ls  do  no t undergo  o xidatio n

This is because there must be a hydro gen o n the functio nal gro up carbo n, which breaks o ff to

fo rm water

There are o nly C-C  bo nds o n the functio nal gro up carbo n in a tertiary alco ho l
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Distillation & Reflux

T he difference between using distillatio n and heating under reflux

To   pro duce an aldehyde fro m a primary alco ho l the reactio n mixture must be heated

The aldehyde  pro duct has a lo wer bo iling po int than the alco ho l ( since it has lo st the H-bo nding)

so  it can be distilled o ff as so o n as it fo rms 

Distillatio n can be carried o ut using a simple side arm arrangement which acts as an air co ndenser

o r the vapo urs can be made to  pass thro ugh a co ndenser

Oxidation of ethanol by acidified K Cr O  to form an aldehyde by distillation2 2 7
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Heat ing under reflux

Fo r reactio ns that require sustained heating the apparatus has to  be mo dified

To  prevent lo ss o f vo latile reactants the apparatus includes a co ndenser in the vertical po sitio n

which returns co mpo nents back into  the reactio n flask

This is kno wn as  heating under reflux (reflux means re-bo iling)

Heating under Reflux Apparatus
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10.2.11 Alcohols - Esterification

Esterification

Esters are co mpo unds with an -COOR functio nal gro up and are characterised by their sweet  and

f ruity  smells

They are prepared fro m the co ndensatio n reactio n between a carbo xylic acid and alco ho l with

co ncentrated H SO as catalyst

This is also  called esterificatio n

The first part o f the ester’s name co mes fro m the alco ho l and the seco nd part o f the name

co mes fro m the carbo xylic acid

E.g. Pro pano l and ethano ic acid will give the ester pro pyl ethano ate

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

Exam T ip

The reactio n is also  classified as a nucleo philic substitutio n reactio n

2 4
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10.2.12 Halogenoalkanes

Reactions of Halogenoalkanes

Halo geno alkanes are much mo re reactive than alkanes due to  the presence o f the

electro negative halo gens

The halo gen-carbo n bo nd is po lar causing the carbo n to  carry a partial po sitive and the

halo gen a partial negative charge

A nucleo philic substitutio n reactio n is o ne in which a nucleo phile attacks a carbo n ato m which

carries a partial po sitive charge

An ato m that has a partial negative charge  is replaced by the nucleo phile

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

polar

React ion wit h NaOH

The reactio n o f a halo geno alkane with aqueo us alkali results in the fo rmatio n o f an alco ho l

The halo gen is replaced  by the OH

The aqueo us hydro xide  (OH  io n) behaves as a nucleo phile  by do nating a pair o f electro ns to  the

carbo n ato m bo nded to  the halo gen

Hence, this reactio n is a nucleo philic substitutio n

Fo r example, bro mo ethane reacts with aqueo us alkali when heated to  fo rm ethano l

-

-

The halogen is replaced by a nucleophile, OH

The reactio n is slo w at ro o m temperature so  to  ensure a high yield it is heated under re�ux

Since halo alkanes are no t usually so luble in water, a po lar so lvent such as ethano l is o ften used as

it will disso lve halo alkanes as well as so dium hydro xide

-
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10.2.13 Reactions of Benzene

Reactions of Benzene

Arenes  are very stable co mpo unds due to  the delo calisatio n o f  π electro ns  in the ring

This is because the electro n density is spread o ut o ver the mo lecule instead o f being

co nfined to  a small area

During chemical reactio ns such as substitutio n reactio ns, this delo calised ring is maintained

Additio n reactio ns  ho wever, disrupt the aro matic stabilisatio n so  they are no t favo ured

Subst it ut ion

Halo genatio n reactio ns are examples o f electro philic substitutio n reactio ns

Arenes undergo  substitutio n reactio ns with chlo rine (Cl ) and bro mine (Br ) in the presence o f

anhydro us AlCl  o r AlBr catalyst respectively to  fo rm halo geno arenes (aryl halides)

The chlo rine o r bro mine act as an electro phile  and replaces a hydro gen ato m o n the benz ene

ring

The catalyst is required fo r the reactio n to  take place, due to  the stability o f the benz ene

structure

Arenes undergo substitution reactions with halogens to form aryl halides

Alkylarenes such as methylbenz ene undergo  halo genatio n o n the 2 o r 4 po sitio ns

This is due to  the electro n-do nating alkyl gro ups which activate these po sitio ns

The halo genatio n o f alkylarenes therefo re result in the fo rmatio n o f two  pro ducts

2 2

3 3
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Alkylarenes are substituted on the 2 or 4 position

Multiple substitutio ns o ccur when excess halo gen is used

In the presence of excess halogen, multiple substitutions occur

Nit rat ion

Ano ther example o f a substitutio n reactio n is the nitratio n o f arenes

In these reactio ns, a nitro  (-NO ) gro up replaces a hydro gen ato m o n the arene

The benz ene is reacted with a mixture o f co ncentrated nitric acid (HNO ) and co ncentrated

sulfuric acid (H SO ) at a temperature between 25 and 60 C

2

3

2 4
o
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Nitration of benzene

Again, due to  the electro n-do nating alkyl gro ups in alkylarenes, nitratio n o f methylbenz ene will

o ccur o n the 2 and 4 po sitio n

Nitration of alkylarenes
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