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10.1.1 Homologous Series

Homologous Series

Organic chemistry  is the chemistry o f carbo n co mpo unds

Carbo n fo rms a vast number o f co mpo unds because it can fo rm stro ng co valent bo nds with

itself

This enables it to  fo rm lo ng chains o f carbo n ato ms, and hence an almo st infinite variety o f carbo n

co mpo unds are kno wn

The tendency o f identical ato ms to  fo rm co valent bo nds with each o ther and hence fo rm chains

is kno wn as catenatio n

Catenation in carbon allows an almost infinite variety of chains, branches and rings

Carbo n always fo rms fo ur co valent bo nds which can be single, do uble o r triple bo nds

A f unctio nal gro up  is a specific ato m o r gro up o f ato ms which co nfer certain physical and

chemical pro perties o nto  the mo lecule

Organic mo lecules are classified by the do minant f unctio nal gro up  o n the mo lecule

Organic co mpo unds with the same functio nal gro up, but a different number o f carbo n ato ms, are

said to  belo ng to  the same ho mo lo go us series

Every time a carbo n ato m is added to  the chain, two  hydro gen ato ms are also  added

Ho mo lo go us Series o f  Alkanes Table
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Things we can say abo ut a ho mo lo go us series:

each member has the same f unctio nal gro up

each member has the same general f o rmula

each member has similar chemical pro perties

each member differs by  -CH -

members have gradually changing physical pro perties, fo r example, bo iling po int, melting

po int and density

As a ho mo lo go us series is ascended, the siz e o f the mo lecule increases

This has an effect o n the physical pro perties, such as bo iling po int and density

2 
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10.1.2 Understanding Organic Molecules

Representing Formulae

Organic co mpo unds can be represented in a number o f ways:

Empirical Fo rmulae

Mo lecular Fo rmulae

Structural Fo rmulae

Co ndensed Structural Fo rmulae

The empirical f o rmula sho ws the simplest po ssible ratio  o f the ato ms in a mo lecule

Fo r example:

Hydro gen pero xide is H O  but the empirical fo rmula is HO

The mo lecular f o rmula sho ws the actual number o f ato ms in a mo lecule

Fo r example:

The molecular formulae of butane and butene

The structural f o rmula sho ws the spatial arrangement o f all the ato ms and bo nds in a mo lecule

This is also  kno wn as the displayed f o rmula o r graphical f o rmula.

Fo r example:

2 2
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The structural formula of 2-methylbutane

In a co ndensed structural f o rmulae  eno ugh info rmatio n is sho wn to  make the structure clear,

but mo st o f the actual co valent bo nds are o mitted

Only impo rtant bo nds are always sho wn, such as do uble and triple bo nds

Identical gro ups can be bracketed to gether

Side gro ups are also  sho wn using brackets

Straight chain alkanes are sho wn as fo llo ws:

Representing condensed structural formulae of straight chains

Branched alkanes are sho wn as fo llo ws:
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Representing condensed structural formulae of branched alkanes

Alkenes are sho wn as fo llo ws:

Representing condensed structural formulae of alkenes
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Isomers

Structural iso mers are co mpo unds that have the same mo lecular fo rmula but different

structural fo rmulae

Eg. pro pene and cyclo pro pane

Both propene and cyclopropane are made up of 3 carbon and 6 hydrogen atoms but the structure of the

two molecules differs

There are three different types o f structural iso merism:

Branch-Chain iso merism

Po sitio nal iso merism

Functio nal gro up iso merism

Branch-Chain isomerism

Branch-Chain iso merism is when co mpo unds have the same mo lecular fo rmula, but their lo ngest

hydro carbo n chain is no t the same

This is caused by branching

Eg. pentane and 2,2-dimethylpro pane
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Both compounds are made up of the same atoms however the longest carbon chain in pentane is 5 and in

2,2-dimethylpropane it is 3 (with two methyl branches)

Posit ional isomerism

Po sitio nal iso mers arise fro m differences in the po sitio n o f a functio nal gro up in each iso mer

The functio nal gro up can be lo cated o n different carbo ns

Fo r example, butan-1-o l and butan-2-o l
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Both compounds have an alcohol group and are made up of 4 carbon, 10 hydrogen and one oxygen atom

however in butan-1-ol the functional group is located on the first carbon and in butan-2-ol on the second

carbon

Funct ional group isomerism

When different functio nal gro ups result in the same mo lecular fo rmula, f unctio nal gro up iso mers

arise

The iso mers have very different chemical pro perties as they have different functio nal gro ups

Fo r example, butano l and etho xyethane

Both compounds have the same molecular formula however butan-1-ol contains an alcohol functional

group and ethoxyethane an ether functional group

Yo u sho uld be able to  deduce all po ssible iso mers fo r o rganic co mpo unds kno wing their

mo lecular fo rmula

Worked example

Ho w many iso mers are there o f, C H Br ?

Answer:

Step 1: Draw the structural fo rmula o f the co mpo und

3 6 2 
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Step 2: Determine whether there is functio nal gro up, branch-chain o r po sitio nal iso merism

Functio nal gro up? No , as Br is the o nly functio nal gro up po ssible

Branch-chain? No , as the lo ngest chain can o nly be 3

Po sitio nal? Yes, as the two  bro mine ato ms can be bo nded to  different carbo n ato ms
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Worked example

Ho w many iso mers are there o f the co mpo und with mo lecular fo rmula C H  ?

Answer:

Step 1: Draw the structural fo rmula o f the co mpo und

Step 2: Determine whether it is a functio nal gro up, chain o r po sitio nal iso merism

Functio nal gro up? No , as there are no  functio nal gro ups

4 10
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Po sitio nal? No , as there are no  functio nal gro ups which can be po sitio ned o n different

carbo n ato ms

Chain? yes!

Exam T ip

Do n't be fo o led by mo lecules by bending and turning thro ugh 90 degrees - that do es no t make

them iso mers. The best test is to  try and name them - iso mers will have a different name.
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Saturated & Unsaturated

Sat urat ed & unsat urat ed hydrocarbons

Saturated hydro carbo ns are hydro carbo ns which co ntain single bo nds o nly resulting in the

maximum number o f hydro gen ato ms in the mo lecule

Unsaturated hydro carbo ns are hydro carbo ns which co ntain carbo n-carbo n do uble  o r triple

bo nds

The diagram shows saturated hydrocarbons which contain single bonds only and unsaturated

hydrocarbons which contain double/triple bonds as well
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10.1.3 Nomenclature

Nomenclature

Systematic no menclature can be used to  name o rganic co mpo unds and therefo re make it

easier to  refer to  them

The alkanes  pro vide the basis o f the naming system and the stem o f each name indicates ho w

many carbo n ato ms are in the lo ngest chain in o ne mo lecule o f the co mpo und

No menclature o f  Organic Co mpo unds Table
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Exam T ip

Altho ugh the table sho ws up to  10 carbo ns fo r reference, in yo ur IB Chemistry exam yo u are o nly

required to  name mo lecules with up to  6 carbo ns
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Chains & Branches

If there are any side-chains o r functio nal gro ups present, then the po sitio n o f these gro ups are

indicated by numbering the carbo n ato ms in the lo ngest chain starting at the end that gives the

lo west po ssible numbers in the name

The hydro carbo n side-chain is sho wn in brackets in the structural fo rmula

CH CH(CH )CH CH

The side-chain is named by adding ‘-yl’ to  the no rmal alkane stem

This type o f gro up is called an alkyl gro up

Naming Side Chains

If there are mo re than o ne o f the same alkyl side-chain o r functio nal gro ups, di- (fo r two ), tri- (fo r

three) o r tetra- (fo r fo ur) is added in fro nt o f its name

The adjacent numbers have a co mma between them

Numbers are separated fro m wo rds by a hyphen

3 3 2 3
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Naming Multiple Side Chains

If there is mo re than o ne type o f alkyl side-chain, they are listed in alphabetic o rder

Naming Side Chains in Alphabetical Order

Exam T ip

An aliphatic  co mpo und is straight  o r branched-chain and also  includes cyclic  o rganic

co mpo unds that do  no t co ntain a benz ene  ring
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10.1.4 Organic Families - Hydrocarbons

Alkanes

Hydro carbo ns  are co mpo unds co ntaining hydro gen and carbo n o nly

There are fo ur families o f hydro carbo ns yo u sho uld kno w: alkanes, alkenes, alkynes  and  arenes

Alkanes  have the general mo lecular fo rmula C H . They co ntain o nly single bo nds and are said

to  be saturated

Alkanes  are named using the no menclature rule alk + ane

The alk depends o n the number o f carbo ns as o utlined in the previo us Sectio n 10.1.2

n 2n+ 2
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The first six members of the alkane family
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Alkenes

Alkenes  have the general mo lecular fo rmula C H

They are said to  be unsaturated

Alkenes are named using the no menclature rule alk + ene

In mo lecules with a straight chain o f 4 o r mo re carbo n ato ms, the po sitio n o f the C=C do uble

bo nd must be specified

The carbo n ato ms o n the straight chain must be numbered, starting with the end clo sest to  the

do uble bo nd

The lo west-numbered carbo n ato m participating in the do uble bo nd is indicated just befo re the

-ene:

n 2n
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The first five members of the alkene family

There is a distinctio n to  be made between the name o f the f unctio nal gro up  and the name o f the

f amily

The name o f the family is alkene, but the name o f the functio nal gro up is alkenyl
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Alkynes

Alkynes  have the general mo lecular fo rmula C H

The triple bo nd makes them unsaturated mo lecules

Alkynes  are named using the no menclature rule alk + yne

As with alkenes, in mo lecules with a straight chain o f 4 o r mo re carbo n ato ms, the po sitio n o f the

triple bo nd must be specified

The carbo n ato ms o n the straight chain must be numbered, starting with the end clo sest to  the

triple bo nd

The lo west-numbered carbo n ato m participating in the triple bo nd is indicated just befo re the -

yne:

n 2n-2
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The first five members of the alkyne family

The name o f the functio nal gro up is alkynyl
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Arenes

Arene  is the co llective name given to  co mpo unds with o ne o r mo re rings with pi electro ns  that

are delo calised  thro ugho ut the ring(s)

Co mpo unds with this feature are said to  be aro matic

This do esn't mean they are necessarily smelly, altho ugh a lo t o f naturally o ccurring arenes do  have

distinctive smells!

Arenes are present in many everyday chemicals and pharmaceuticals

Benz ene, C H , is the o nly aro matic hydro carbo n that is co vered in IB Chemistry and is dealt with

in Sectio n 10.1.12

The functio nal gro up in benz ene  is kno wn as a phenyl gro up  when attached to  o ther mo lecules

6 6
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10.1.5 Organic Families - Halogenoalkanes

Halogenoalkanes

Halo geno alkanes  o r Halo alkanes  have the general mo lecular fo rmula, C H X, where X

represents a halo gen

Halo alkanes  are named using the prefix chlo ro -, bro mo - o r io do -, with the ending -ane

In mo lecules with a straight chain o f three o r mo re carbo n ato ms, the po sitio n o f the halo gen

ato m must also  be specified

The carbo n ato ms o n the straight chain must be numbered, starting with the end clo sest to  the

halo gen ato m

The number o f the carbo n ato m attached to  the halo gen is indicated befo re the prefix:

Halo alkanes Examples Table

n 2n+ 1

Page 24 of 40
For more help visit our website www.exampaperspractice.co.uk



The po sitio n o f all halo gens in dihalo alkanes except tho se with o ne carbo n ato m must be

specified.

If there is mo re than o ne o f the same type o f halo gen ato m o n the mo lecule, the di (two ), tri (three)

o r tetra (fo ur) prefixes must also  be used

Dihalo alkanes Examples Table
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10.1.6 Organic Families - Alcohols & Ethers

Alcohols & Ethers

Alcohols

Alco ho ls  are a family o f mo lecules that co ntain the hydro xyl f unctio nal gro up, -OH

Their general fo rmula is  C H OH

The no menclature o f alco ho ls fo llo ws the pattern alkan + o l

If there are two  -OH gro ups present the mo lecule is called a dio l

T he first f o ur Alco ho ls and their Structures Table

Classificat ion of  alcohols

n 2n+ 1
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Alco ho ls are classified as primary, seco ndary  o r tertiary  depending o n the number o f carbo ns

attached to  the f unctio nal gro up  carbo n

This is co vered in detail in Sectio n 10.1.11

Et hers

Ethers  are a family o f mo lecules that co ntain the ether f unctio nal gro up, R-O-R, where R is an

alkyl gro up

Their general fo rmula is  C H O 

The no menclature o f ether fo llo ws the pattern alko xy + alkane

So metimes yo u will see an o lder no menclature fo r ethers  where each R gro up is given an alkyl

name

Fo r Example: CH OCH is dimethyl ether and C H OCH is ethyl methyl ether

Ethers  are f unctio nal gro up iso mers  o f alco ho ls

Ethers are useful substances

n 2n+ 2

3 3 2 5 3 
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10.1.7 Organic Families - Carbonyls

Carbonyls

Carbo nyl is the co llective name fo r co mpo unds co ntaining the functio nal gro up C=O

The general fo rmula o f a carbo nyl is C H O

The two  sub-families o f carbo nyls  are aldehyde  and keto ne  (kno wn in so me co untries as

alkanals and alkano nes)

Aldehydes

If the carbo nyl gro up is o n the end o f a chain then it is an aldehyde  and has the functio nal gro up

fo rmula, RCHO

the H is written befo re the O so  as no t to  co nfuse it with an alco ho l

The no menclature o f carbo nyls  fo llo ws the pattern alkan + al

There is no  need to  use numbers in the name as aldehyde will always be o n the number 1 carbo n

ato m

Ket ones

Keto nes  have a minimum o f three carbo ns and have the general functio nal gro up fo rmula, RCOR

The no menclature o f keto nes  fo llo ws the pattern alkan + o ne

After butano ne, the carbo nyl gro up can have po sitio nal iso mers, so  numbering must be used

Fo r example pentan-2-o ne and pentan-3-o ne

Aldehyde and Keto ne Examples Table

n 2n
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As they have a very similar functio nal gro up arrangement, aldehydes  and  keto nes  sho w similar

chemical reactio ns

Differences in their chemistry are due to  the reactio ns that invo lve the H o n the aldehyde  o r the

nature o f the R gro up
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The difference in electro negativity  between o xygen and carbo n means the C=O is po lar, leading

to  dipo le-dipo le attractio ns between the mo lecules which results in:

higher than expected bo iling po ints fo r small mo lecules

so lubility in water fo r the lo wer members o f the families

Aldehydes  and keto nes  with the same number o f carbo ns are f unctio nal gro up iso mers
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10.1.8 Organic Families - Carboxylic Acids & Esters

Carboxylic Acids & Esters

Carboxylic acids

Carbo xylic acids  is the name given to  co mpo unds co ntaining the functio nal gro up carbo xyl, -

COOH

The general fo rmula o f a carbo xylic acid is C H COOH which can be sho rtened to  just RCOOH

(In so me co untries the family is  called alkano ic acid)

The no menclature o f carbo xylic acid  fo llo ws the pattern alkan + o ic acid

There is no  need to  use numbers in the name as the carbo xyl gro up will always be o n the number 1

carbo n ato m

Carbo xylic Acids Examples Table

n 2n+ 1
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Est ers

Esters  are f unctio nal gro up iso mers  o f carbo xylic acids and co ntain the functio nal gro up,

carbo xylate, -COOR

The general fo rmula o f an ester is usually represented as RCOOR where R can be the same o r

different o n either side o f the carbo xylate gro up

The no menclature o f esters  fo llo ws the pattern alkyl + alkano ate

The alkyl gro up in the name is the R gro up attached to  the o xygen

Esters Examples Table

Carbo xylic acids  and  esters  co ntain few similarities in their chemical and physical pro perties

H-bo nds  are present between carbo xylic acid  mo lecules and no t between esters, so  this

affects the melting po int, bo iling  po int and so lubility:

Smaller chain carbo xylic acids  are so luble in water and have higher bo iling po ints than

expected (e.g. ethano ic acid is 117 C)

Esters  are inso luble in water and have lo wer bo iling po ints than their iso meric carbo xylic

acids ( e.g. methyl methano ate is 31 C)

o

o
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10.1.9 Organic Families - Organic Nitrogen Compounds

Organic Nitrogen Compounds

Amines

There are three o rganic nitro gen families that yo u need to  kno w: amines, amides  and  nitriles

Amine is the name given to  co mpo unds co ntaining the functio nal gro up amino , -NH

Amines  are derived fro m ammo nia where o ne H in ammo nia (NH )has been replaced by an R (alkyl)

gro up

The general fo rmula o f an amine is C H NH which can be sho rtened to  just RNH

Amides

Amide is the name given to  co mpo unds co ntaining the functio nal gro up carbo xamide, -CONH

Amides  are a co mbinatio n o f amino  and carbo nyl gro ups

The general fo rmula o f an amide  is C H CONH which can be sho rtened to  just RCONH

Nit riles

Nitriles are co mpo unds co ntaining the functio nal gro up nitrile, -CN

This is the same CN gro up that is called a cyanide  gro up as an io n, just as hydro xyl gro up, OH is

called hydro xide  in ino rganic chemistry

The general fo rmula o f an nitrile is C H CN which can be sho rtened to  just RCN

Organic Nitro gen Co mpo unds Examples

2

3

n 2n+ 1 2 2

2

n 2n+ 1 2 2

n 2n+ 1
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Exam T ip

Be careful abo ut co unting all the carbo ns when naming a nitrile. Fo r example C H CN is

butanenitrile no t pro panenitrile as the lo ngest chain is 4 carbo ns. 

Yo u are no t required to  kno w the no menclature o f these nitro gen co mpo unds, but yo u are

expected to  identify the functio nal gro ups in mo lecules.

3 7
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10.1.10 3-D modelling

3-D Modelling

Representing 3-D mo lecules o n a 2D surface is no t easy and the best way to  understand 3-D

structures is to  use mo delling kits o r 3-D mo delling so ftware, such as ACD Labs ChemSketch

Fo r simplificatio n, co mplex o rganic mo lecules are sho wn with 90  bo nd angles that give the

minimum info rmatio n o f which ato ms are co nnected to gether as in this representatio n o f hexane,

C H

A simplified displayed structure for hexane

The true structure o f hexane lo o ks very different when viewed in 3-D mo delling so ftware

Free ro tatio n o f the single bo nds gives rise to  structures that lo o k different o n paper:

o

6 14
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Different 3-D structures for hexane

By co nventio n, when sho wing using 3-D mo dels o r drawings, carbo n is black, hydro gen is white

and o xygen is red

These structures may no t co ntain accurate ato mic radii, bo nd angles  o r bo nd lengths  (mo delling

so ftware usually allo ws yo u to  manipulate these), but they co nvey info rmatio n abo ut the

o rientatio n o f ato ms that is very impo rtant in stereo chemistry

Stereo chemistry  is the study o f the relative spatial arrangements o f ato ms in mo lecules

St ereochemical drawings

To  simplify 3-D drawings, chemists use a co nventio n o f drawing 'wedge' bo nds to  sho w bo nds

co ming o ut o f the plane o f the paper o r receding away fro m the plane

A single so lid line indicates the bo nd is in the same plane as the paper

The so lid wedge sho ws the bo nd is co ming to wards yo u and the hatched o r partial wedge

bo nd is go ing away fro m yo u

The stereo chemical drawing fo r hexane is sho wn belo w:

A stereochemical drawing for hexane

Stereo chemical drawings are particularly useful fo r representing iso mers and co mplex

bio mo lecules such as carbo hydrates and pro teins
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10.1.11 Primary, Secondary & Tertiary atoms

Primary, Secondary & Tertiary Atoms

Alcohols and halogenoalkanes

Primary alco ho ls  and  halo geno alkanes  are tho se in which the carbo n ato m bo nded to  the 

functio nal gro up is attached to  o ne  o ther carbo n ato m (o r alkyl gro up)

In seco ndary alco ho ls  and  halo geno alkanes the functio nal gro up carbo n ato m is attached to

two  o ther carbo n ato ms (o r alkyl gro ups)

In tertiary alco ho ls  and  halo geno alkanes the functio nal gro up carbo n ato m is attached to  three

o ther carbo n ato ms (o r alkyl gro ups)

Classifying primary, secondary and tertiary alcohols and alcohols with more than one alcohol group
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Amines

Amines  fo llo w a slightly different classificatio n system, altho ugh the terms primary, seco ndary

and  tertiary  are still used

The classificatio n is based o n the number o f alkyl gro ups attached to  the nitro gen in the amine

Primary amines are tho se in which the nitro gen is attached to  o ne  o ther carbo n ato m (o r alkyl

gro up)

In seco ndary amines the nitro gen ato m is attached to  two  o ther carbo n ato ms (o r alkyl gro ups)

In tertiary amines the nitro gen is attached to  three  o ther carbo n ato ms (o r alkyl gro ups)

Primary, secondary and tertiary Amines
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10.1.12 Benzene

Benzene

Kekulé st ruct ure f or benz ene

Kekulé suggested that benz ene was a hexago n with three do uble bo nds

It was therefo re equivalent to  three ethene mo lecules

Problems wit h Kekulé’s st ruct ure f or benz ene

Since benz ene has three do uble bo nds, it sho uld have similar reactivity to  ethene

Ho wever, this turned o ut no t to  be the case

Ethene undergo es additio n reactio ns whereas benz ene rarely do es (o nly under very harsh

co nditio ns) and instead undergo es substitutio n reactio ns

The presence o f three do uble bo nds also  suggested that benz ene had sho rter do uble and

lo nger single bo nds

In fact, the bo nd lengths in benz ene were exactly the same

They were fo und to  be an intermediate between single and do uble bo nds

The benz ene is also  much mo re stable than Kekulé’s suggested structure fo r benz ene

Less energy was required to  hydro genate  a benz ene mo lecule co mpared to  the

hydro genatio n o f three ethene  mo lecules

This means that the bo nds bro ken in benz ene are stro nger than the do uble bo nds in ethene

The increase in stability o f benz ene is kno wn as the delo calisatio n energy and is caused by the

delo calised electro ns in the benz ene structure

The C-C in benz ene are an intermediate between single and do uble bo nds which is a result o f

these delo calised electro ns

Shape of  benz ene

Benz ene is a planar regular hexago n with bo nd angles o f 120º

All the bo nds are identical due to  the delo caliz atio n o f electro ns

Each sp  hybridised carbo n ato m in benz ene fo rms:

A σ bo nd with two  o ther carbo ns

A σ bo nd with o ne hydro gen ato m

The remaining p o rbital is o verlapping with the p o rbitals o n bo th sides o f it

To  achieve maximum o verlap, the benz ene ring must be planar

This results in the fo rmatio n o f a system o f π bo nds spread o ut o ver the who le ring

2
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Due to  this, the electro ns are no t bo und to  specific ato ms but can instead freely mo ve aro und

the structure and are said to  be delo calised

Benzene has a π system of delocalised electrons with carbon atoms that have bond angles of 120º
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