
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

(ii) oxidation by cold, dilute, acidified manganate(VII) ions to form the diol

(iii) oxidation by hot, concentrated, acidified manganate(VII) 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

b describe the mechanism of electrophilic addition in alkenes, 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 poly(ethene) 
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

g recognise the difficulty of the disposal of poly(alkene)s, i.e. non- biodegradability and 
harmful combustion products
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15 Hydrocarbons

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

Learning outcomes
Candidates should be able to:

15.1  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

c) 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 Mr 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

(ii)  oxidation by cold, dilute, acidified manganate(VII) ions to form the 
diol

(iii)  oxidation by hot, concentrated, acidified manganate(VII) 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, 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 
poly(ethene) 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

g) recognise the difficulty of the disposal of poly(alkene)s, i.e. non-
biodegradability and harmful combustion products
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ALKENES

Alkenes contain a C=C double bond. Another way of saying this is that the 

functional group present in alkenes is C=C.  

Noncyclic alkenes containing just one C=C all have the same empirical 

formula: CH2 and a general formula CnH2n 

This has two fewer hydrogen atoms than the alkane with the same 

number of C atoms. 

Alkenes are unsaturated hydrocarbons – they can still have hydrogen or 

halogen atoms added to their formula.

 1

 2

Name Molecular Empirical Structural formula
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ALKENES

Carbon atoms with a double bond are surrounded by 3 groups of electrons. 

The three bonds form a flat trigonal plane with a bond angle of 120°. 

The alkenes, like alkanes, are non-polar molecules with only van der Waals’ forces 

between them.  

This means that they are volatile, with the first four members being gases at room 

temperature. Owing to their non- polar nature, they are also insoluble in water.  

 3

REACTIVITY OF ALKENES

Alkenes are more reactive than alkanes. 

The double bond in alkenes is made of a strong sigma bond 

and a weak pi bond.   

In order to attain more stability the pi bond tends to get 

replaced by two stable sigma bonds. Thus alkenes undergo 

addition reactions.

 4

Due to the presence of the double bond there is a layer of 

negative charge above and below the carbon atoms and 

hence alkenes are susceptible to electrophilic attack.  

Thus the majority of the reactions of alkenes are electrophilic 

addition reactions. 

346 CHAPTER 10 Chemical Bonding II: Molecular Geometry and Hybridization of Atomic Orbitals

formation gives ethylene its planar geometry. Figure 10.15(c) shows the orientation of 
the sigma and pi bonds. Figure 10.16 is yet another way of looking at the planar C2H4 
molecule and the formation of the pi bond. Although we normally represent the carbon-
carbon double bond as CPC (as in a Lewis structure), it is important to keep in mind 
that the two bonds are different types: One is a sigma bond and the other is a pi bond. In 
fact, the bond enthalpies of the carbon-carbon pi and sigma bonds are about 270 kJ/mol 
and 350 kJ/mol, respectively.

The acetylene molecule (C2H2) contains a carbon-carbon triple bond. Because the 
molecule is linear, we can explain its geometry and bonding by assuming that each 

(a)

H  1s H  1s

H  1s H  1s

CC

(c)

π

σ

π

σ σ

σσ
H H

HH

C C

π

σ

π

(b)

C

2pz 2pz

C

Figure 10.15
Bonding in ethylene, C2H4 . (a) Top view of the sigma bonds between carbon atoms and between 
carbon and hydrogen atoms. All the atoms lie in the same plane, making C2H4  a planar molecule. 
(b) Side view showing how the two 2pz orbitals on the two carbon  atoms overlap, leading to the 
formation of a pi bond. The solid, dashed, and wedged lines show the directions of the sigma bonds. 
(c) The interactions in (a) and (b) lead to the formation of the sigma bonds and the pi bond in 
ethylene. Note that the pi bond lies above and below the plane of the molecule.

(a) (b)

C C
H

HH

π

π

H

Figure 10.16
(a) Another view of the pi bond formation in the C2H4  molecule. Note that all six atoms are in 
the same plane. It is the overlap of the 2pz orbitals that causes the molecule to assume a planar 
structure. (b) Electrostatic potential map of C2H4 .

120°

90°

Figure 10.14
Each carbon atom in the C2H4  
molecule has three sp2 hybrid 
 orbitals (green) and one unhy-
bridized 2pz orbital (gray), 
which is perpendicular to the 
plane of the hybrid orbitals.
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ELECTROPHILES

An electrophile is a reagent (a positively charged ion or the positive 

end of a dipole)  

that is attracted to regions of high electron density and accepts a pair 

of electrons to form a covalent bond. 
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ELECTROPHILIC ATTACK

The C=C contains four electrons and is thus a region 

of very high electron density.  

Electrophiles will be attracted to the electron density 

in the double bond.  
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conditions, suitable cooking oils and margarine may be prepared by hydrogenation 
from vegetable oils extracted from cottonseed, corn, and soybeans.

Other addition reactions to the CPC bond involve the hydrogen halides and 
halogens (Figure 11.11):

 H2C“CH2 1 X2 ¡ CH2XOCH2X

 H2C“CH2 1 HX ¡ CH3OCH2X

in which X represents a halogen atom. Figure 11.12 shows the electron density maps 
of HCl and ethylene. When the two molecules react, the interaction is between the 
electron-rich region (pi electrons of the double bond) and the electron-poor region of 
HCl, which is the H atom. The steps are

 H2CPCH2 ! HCl 888n H2COCH2 ! Cl" 888n CH3—CH2Cl
!

H
A
C

The addition of a hydrogen halide to an unsymmetrical alkene such as propene 
is more complicated because two products are possible:
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In reality, however, only 2-bromopropane is formed. This phenomenon was observed 
in all reactions between unsymmetrical reagents and alkenes. In 1871 the Russian 
chemist Vladimir Markovnikov postulated a generalization that enables us to pre-
dict the outcome of such an addition reaction. This generalization, now known as 
Markovnikov’s rule, states that in the addition of unsymmetrical (that is, polar) 
reagents to alkenes, the positive portion of the reagent (usually hydrogen) adds to 
the carbon atom in the double bond that already has the most hydrogen atoms. As 
the marginal fi gure on p. 377 shows, the C atom to which the two H atoms are 

Figure 11.11
When ethylene gas is bubbled 
through an aqueous bromine 
 solution, the reddish brown color 
gradually disappears due to the 
formation of 1,2-dibromoethane, 
which is colorless.

Figure 11.12
The addition reaction between 
HCl and ethylene. The initial 
 interaction is between the positive 
end of HCl (blue) and the 
 electron-rich region of ethylene 
(red), which is associated with the 
pi electrons of the CPC bond.
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ELECTROPHILIC ADDITION OF HBr

The hydrogen halides HCl, HBr and HI all react with alkenes to give 

halogenoalkanes.  

For example HBr with ethene gives 1-bromoethane.   

The overall equation is: 

 7
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ELECTROPHILIC ADDITION OF HBr

H–Br is polar, with the Hδ+ and the Brδ−.  

The H is thus attracted to the high electron density in the C=C. 

 8

Name Molecular Empirical Structural formula

formula formula
.

Condensed Full

ethene C2H4 CHZ CHz=CHz Hu-cm
H

prop -1 - ene CZHG CHZ CHz=CHCH3 H H H
I 1 I

H -

C=c
- *

H

Dutt . ene Cults CHZ CHFCHCHZCHS H H H It
I I I I

H -

C=C
- C- C - HH

-

penheneesaio an art 't

.at#3.+tiwEEglDglI

:t

A H H H

r - H H -

C-
H

|1aA#5f
"#n 1

C A -Ct :Br A - C - BrI
t

H H

H H H pairof  electrons

\ / tgmonsftjeyrbmd
C - H A

llaitsfzsf
-

" # A - Br

C A-Ct:Br/ \ IH H
A

pairofeleetronstromdonbbbond electron from H

IH*I#:# :#:I¥.¥tHe
electrontromtheothercarbon
thiscnaslostan electron therefore

positively changed

CEDAR COLLEGE  154 ALKENES

Online Classes : Megalecture@gmail.com

www.youtube.com/megalectureMEGA LECTURE · Stuck on this topic? Free 1-on-1 demo class Take a free test WhatsApp a tutor  +92 336 7801123

https://megalecture.com/go/page?d=6944&to=%2F
https://megalecture.com/go/demo?d=6944
https://megalecture.com/go/quiz?d=6944&s=as-chemistry
https://megalecture.com/go/wa?d=6944&t=Alkenes+Notes


�

ELECTROPHILIC ADDITION: STEP 1

In the first stage, a pair of electrons is donated from the C=C to form a 

bond between one C and the H of the H–Br. 

At the same time the H–Br bond breaks (heterolytic fission), and the pair of 

electrons from the bond goes to the Br. 
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ELECTROPHILIC ADDITION: STEP 1
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ELECTROPHILIC ADDITION: INTERMEDIATE

The other carbon has lost an electron (this electron is 

now in the C–H bond) and thus this carbon atom has a 

positive charge. 

The intermediate formed is called a carbocation (a 

positively charged organic ion with a positive charge on 

C). 

The Br atom has gained an electron from the H–Br bond 

and is therefore a negatively charged bromide ion. 
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ELECTROPHILIC ADDITION: STEP 2

In the second stage the Br— ion is attracted to the C+ and donates a pair of 

electrons to form a bond. 

The electrons in the final compound are also shown below.
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ELECTROPHILIC ADDITION OF HBr
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REACTION OF HBr WITH PROPENE

When HBr adds to propene, two products are possible: 
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REACTION OF HBr WITH PROPENE

This is because when the electrophile Hδ+ attacks the double bond either a secondary 

or a primary carbocation ion can form.  

The major product that forms depends on the stability of the intermediate carbocation. 
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REACTION OF HBr WITH PROPENE

The two possible carbocations that can be formed when propene reacts with H–Br are: 
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�

CARBOCATIONS

In general, the more alkyl groups there are attached to C+, the more stable the 

carbocation. 

The electron-releasing effect is roughly independent of the size of the alkyl group, i.e. a 

methyl group donates approximately the same amount of electron density as an ethyl 

group. 
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Stability of carbocations is useful in determining the products of the reaction between 

unsymmetrical alkenes and halogen halides.
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REACTION OF HBr WITH METHYLPROPENE
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SKILL CHECK 2
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Br is less electronegative than Cl and becomes 

attached to C1, which has two H atoms already 

attached, rather than C2, which only has one H 

atom already attached. 
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ETHENE WITH BROMINE 

Although the bromine is not originally polar, as it approaches the high electron 

density in the C=C it becomes polarised (there is an induced dipole).  

The electrons are repelled in the Br2 molecule so that the Br closest to the 

C=C has a slight positive charge and the Br further away has a slight negative 

charge. 
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ALKENES WITH BROMINE 

The mechanism is exactly analogous to the reaction of H–Br with ethene, 

i.e. via a carbocation intermediate.
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�

ALKENES WITH AQUEOUS BROMINE 

Alkenes react with bromine water to form mainly bromoalcohols with a negligible 

amount of dibromoalkanes.  

The reaction is similar to that of liquid bromine but the carbocation attacks the 

water molecule instead as it is found in large concentration.  Small amounts of 

dibromoalkanes are formed.
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ALKENES WITH STEAM

Alkenes react with acid catalyst and steam at temperatures of around 350oC and 

pressures over 100 atm to form alcohols.

 26

Reagent Steam and dil phosphoric acid (H3PO4)

Condition 350 oC  and 100 atm

Type Electrophilic addition
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ETHENE WITH STEAM
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ALKENES WITH HYDROGEN

When a mixture of alkene and hydrogen is passed over Ni catalyst at 200oC 

to 300oC, an alkane is formed.
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MILD OXIDATION OF ALKENES

When an alkene is passed through cold dilute alkaline manganate (VII), a diol is 

formed. During the reaction the purple colour of manganate (VII) is removed.
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Reagent cold dilute alkaline (or acidic) potassium manganate (KMnO4)

Condition cold (room temperature)

Type Oxidation
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MILD OXIDATION OF ALKENES

 31

CHECK + Hz -7 CHZCOHICHZOH
ethane ethan -1,2 - did

* + Hot H-1¥ I
OH OH

' k9*3 oEkA+KMn04
to -H/\H coldfroomlempo)

CHZCH = CHCHZ

YI.EE#zOHTkH+kMn04cH5c

=ldfroomtemp . )

(atD2c=CHCH=CHz

Hr*tot
't

: \
Choy

CHzCHzCH¥ sci'#B=
\

CHZ:Itut*te¥q
1

A ! A

HK9*3 A+KMn04to -if\
. heat

CHZCH = CHCHZ

cast"ZE- Eat ,
¥#04>

heat

(atD2c=CHCH=CHz

CHECK + Hz -7 CHZCOHICHZOH
ethane ethan -1,2 - did

* + Hot H-1¥ I
OH OH

' k9*3 oEkA+KMn04
to -H/\H coldfroomlempo)

CHZCH = CHCHZ

YI.EE#zOHTkH+kMn04cH5c

=ldfroomtemp . )

(atD2c=CHCH=CHz

Hr*tot
't

: \
Choy

CHzCHzCH¥ sci'#B=
\

CHZ:Itut*te¥q
1

A ! A

HK9*3 A+KMn04to -if\
. heat

CHZCH = CHCHZ

cast"ZE- Eat ,
¥#04>

heat

(atD2c=CHCH=CHz

STRONG OXIDATION OF ALKENES

When an alkene is passed through hot concentrated acidified manganate (VII) the 

double bonds rupture giving two carbonyl compounds.  

If the carbonyl compound is an aldehyde it is further oxidised to the corresponding acid.

 32

If the double bond Carbon is : Then the oxidised product will be :
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If the double bond Carbon is : Then the oxidised product will be :
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STRONG OXIDATION OF ALKENES
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If the double bond Carbon is : Then the oxidised product will be :
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If the double bond Carbon is : Then the oxidised product will be :
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STRONG OXIDATION OF ALKENES

 36

CHECK + Hz -7 CHZCOHICHZOH
ethane ethan -1,2 - did

* + Hot H-1¥ I
OH OH

' k9*3 oEkA+KMn04
to -H/\H coldfroomlempo)

CHZCH = CHCHZ

YI.EE#zOHTkH+kMn04cH5c

=ldfroomtemp . )

(atD2c=CHCH=CHz

Hr*tot
't

: \
Choy

CHzCHzCH¥ sci'#B=
\

CHZ:Itut*te¥q
1

A ! A

HK9*3 A+KMn04to -if\
. heat

CHZCH = CHCHZ

cast"ZE- Eat ,
¥#04>

heat

(atD2c=CHCH=CHz

CEDAR COLLEGE  168 ALKENES

Online Classes : Megalecture@gmail.com

www.youtube.com/megalectureMEGA LECTURE · Stuck on this topic? Free 1-on-1 demo class Take a free test WhatsApp a tutor  +92 336 7801123

https://megalecture.com/go/page?d=6944&to=%2F
https://megalecture.com/go/demo?d=6944
https://megalecture.com/go/quiz?d=6944&s=as-chemistry
https://megalecture.com/go/wa?d=6944&t=Alkenes+Notes


�

STRONG OXIDATION OF ALKENES

 37

CHECK + Hz -7 CHZCOHICHZOH
ethane ethan -1,2 - did

* + Hot H-1¥ I
OH OH

' k9*3 oEkA+KMn04
to -H/\H coldfroomlempo)

CHZCH = CHCHZ

YI.EE#zOHTkH+kMn04cH5c

=ldfroomtemp . )

(atD2c=CHCH=CHz

Hr*tot
't

: \
Choy

CHzCHzCH¥ sci'#B=
\

CHZ:Itut*te¥q
1

A ! A

HK9*3 A+KMn04to -if\
. heat

CHZCH = CHCHZ

cast"ZE- Eat ,
¥#04>

heat

(atD2c=CHCH=CHz

CHECK + Hz -7 CHZCOHICHZOH
ethane ethan -1,2 - did

* + Hot H-1¥ I
OH OH

' k9*3 oEkA+KMn04
to -H/\H coldfroomlempo)

CHZCH = CHCHZ

YI.EE#zOHTkH+kMn04cH5c

=ldfroomtemp . )

(atD2c=CHCH=CHz

Hr*tot
't

: \
Choy

CHzCHzCH¥ sci'#B=
\

CHZ:Itut*te¥q
1

A ! A

HK9*3 A+KMn04to -if\
. heat

CHZCH = CHCHZ

cast"ZE- Eat ,
¥#04>

heat

(atD2c=CHCH=CHz

ADDITION POLYMERISATION

Alkenes undergo addition polymerisation, in which a large number of monomers are joined 

together into a polymer chain.  

It is important to realise from this reaction that it is only the C=C group that reacts when the 

polymerisation reaction occurs – all the other groups attached to the C=C are unaffected.
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224 14  Hydrocarbons

Th e H2 C CHCl[ [  section of the polymer chain is 
the repeat unit of poly(chloroethene) (Figure 14.18). In 
poly(alkenes) made of one type of monomer, the repeat 
unit is the same as the monomer but the C C double 
bond has changed to a C C single bond. Notice that, 
as in any other addition reaction of the alkenes, addition 
polymerisation yields only one product.

units. Th e small, reactive molecules that react together 
to make the polymer are called monomers. Up to 
10 000 ethene monomers can bond together to form 
the polymer chains of poly(ethene). Poly(ethene) is 
commonly used to make carrier bags.
We can show the reaction as:

nC2 H4  →
ethene poly(ethene)

C2 H4[ [n

 where n = a very large number
or using the displayed formulae:

C C

H

H

H

H

n C C

H H

H H n

n is very large, e.g. up to 10 000

Th e section of the polymer shown in the brackets is the 
repeat unit of the polymer.

Th e reaction is called addition polymerisation. As in 
other addition reactions, it involves the breaking of the 
π bond in each C C bond, then the monomers link 
together. Other alkenes also polymerise to make polymers 
with diff erent properties. Examples of other poly(alkenes) 
include poly(propene) and poly(phenylethene).

Figure 14.17 Some useful everyday containers made from poly(alkene)s.

Figure 14.18 A 3D displayed formula of part of the poly(chloroethene) 
molecule. Its common name is PVC, as the old name for chloroethene was 
vinyl chloride.

10 Tetrafl uoroethene, C2F4, is the monomer for 
the polymer PTFE which is used in the non-
stick coating on pans.
a What does PTFE stand for?
b What do we call the type of reaction used 

to form PTFE?
c Write a chemical equation to show the 

formation of PTFE from C2F4.
d Draw the repeat unit in PTFE.

Check-up

We can also use substituted alkenes, such as chloroethene, 
as monomers:

nH2 C CHCl →
chloroethene poly(chloroethene)

H2 C CHCl[ [n

 where n = a very large number

Disposal of poly(alkene) plastics
Plastics are widely used in many aspect of everyday life. 
However, the large-scale use of poly(alkene)s has created 
a problem when we come to dispose of them. During 
their useful life, one of the poly(alkene)s’ useful properties 
is their lack of reactivity. As they are eff ectively huge 
alkane molecules they resist chemical attack. So they can 
take hundreds of years to decompose when dumped in 
landfi ll sites, taking up valuable space. Th ey are non-
biodegradable. Th erefore throwing away poly(alkenes)
creates rubbish that will pollute the environment for 
centuries (Figure 14.19).

One way to solve this problem would be to burn the 
poly(alkene)s and use the energy released to generate 

A 3D displayed formula of part of the poly(chloroethene) molecule
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POLY(ETHENE)

Poly(ethene), commonly called polythene, is termed an addition polymer 

because one molecule is made from many ethene units. Poly(ethene) is 

used to make bags, electrical insulation, dustbin liners, bottles, etc.
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POLY(CHLOROETHENE) 

poly(chloroethene), commonly called PVC [poly(vinylchloride)], is used to 

make guttering, water pipes, window frames, floor coverings.
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POLY(PROPENE) 
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REPEAT UNITS

The repeat unit or repeating unit of a polymer is the basic unit from which the whole 

polymer chain can be made up.  

In each of the equations seen so far, this has been shown in brackets. 

The repeat unit for a polymer may be obtained simply by taking any two adjacent carbon 

atoms in the main polymer chain.
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REPEAT UNITS

The monomer for a polymer can be derived by simply placing a double 

bond between the carbons of the repeat unit.
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Monomer Polymer repeat unit Properties Uses

ethene poly(ethehe) Light  

Flexible 

Easily moulded 

Transparent 

Good insulator 

Resistant to  water, acids and 
alkalis 

Plastic bags and bottles 

Insulation for cables 

propene poly(propene) Tough 

Easily moulded 

Easily coloured 

Very resistant to  water, acids 
and alkalis 

Fibre for ropes and 
carpets 

Crates 

Toys 
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POLYMERS
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Monomer Polymer repeat unit Properties Uses

chloroethene poly(chloroethene) [PVC] Tough 

Rigid or flexible 

Very resistant to water, acids 
and alkalis 

Clingfilm 

Guttering and window 
frames  

Insulation for cables 

Waterproof clothing 

Flooring 

tetrafluoroethene poly(tetrafluoroethene) (ptfe) Tough 

Rigid 

Low friction solid 

Resistant to water, acids and 
alkalis

Coating for non-stick 
pans and skis 

Low friction surfaces for 
bridges to move as 
metals expand and 
contract 
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POLYMERS
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ALKENES FROM ALCOHOLS
When an alcohol is heated with excess concentrated sulphuric acid at around 

200 oC an alkene is formed. (Refer to the notes on Alkenes). 

Dehydration of the alcohol can also be carried out by passing the alcohol 

vapour over alumina at 350 oC. 
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242 16  Alcohols and esters

6 Oxidation
On page 238 we saw how alcohols can be classifi ed 
as primary, secondary or tertiary. For many reactions 
the class of alcohol makes no diff erence to the type of 
products formed. In organic chemistry, we can usually 
generalise for the whole homologous series. However, 

Esters can be hydrolysed by heating under refl ux with 
either an acid or a base.

Refl uxing with an acid simply reverses the preparation 
of the ester from an alcohol and a carboxylic acid. Th e acid 
catalyses the reaction. Th e reaction is reversible and forms 
an equilibrium mixture. In acid hydrolysis, there are always 
both reactants and products present after the reaction. Th e 
equation for the acid hydrolysis of ethyl ethanoate is:

C
O

O

O

O
+  CH3CH2OHC

H
H3C H3C

CH2CH3

H+(aq)
+  H2O

However, when an ester is refl uxed with an alkali (a 
soluble base), such as aqueous sodium hydroxide, it is 
fully hydrolysed. Unlike acid hydrolysis, this is not a 
reversible reaction. An alcohol and the sodium salt of the 
acid are formed. Th e equation for the base hydrolysis of 
ethyl ethanoate is:

C
O

O
+  NaOH

sodium
ethanoate

C
O

O–

+  CH3CH2OHH3C
CH2CH3

H3C
Na+

5 a  Name the ester formed in each of the 
following reactions:
i butan-1-ol + ethanoic acid
ii ethanol + hexanoic acid
iii pentan-1-ol and methanoic acid.

b Write the structural formula of each ester 
formed in part a.

Check-up
6 Concentrated sulfuric acid or phosphoric 

acid can also be used to catalyse the 
dehydration of an alcohol. Th e alcohol 
and concentrated acid are heated to about 
170 °C. Th e concentrated acid does not 
change chemically during the reaction.
a Write an equation showing the 

dehydration of ethanol using concentrated 
sulfuric acid.

b If propan-1-ol was used instead of ethanol, 
name the organic product formed.

Check-up

5 Dehydration
Alcohols can also undergo elimination reactions in 
which water is lost and alkenes are formed. As the small 
molecule removed from the alcohol molecule is H2O, this 
reaction is also known as dehydration.

alcohol ⎯⎯→catalyst  alkene + water

Th e reaction takes place when alcohol vapour is passed 
over a hot catalyst of aluminium oxide powder. Pieces of 

Figure 16.7 The dehydration of ethanol to give ethene.

ceramic wool
soaked in ethanol

pumice

ethene gas collected
over water

heat

porous pot or pumice also catalyse the reaction. 
For example:

C2H5OH ⎯⎯⎯⎯⎯→Al2O3 catalyst  CH2  CH2 + H2O
 ethanol ethene water

Figure 16.7 shows how the ethene gas formed can 
be collected.
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Reagent conc H2SO4

Condition 200 oC

Alternatively Alumina at 350oC.

Type elimination
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Reagent sodium (or potassium) hydroxide dissolved in ethanol

Condition heat under reflux

Product Alkene

Type elimination

The OH— removes a proton from a carbon atom adjacent the C bearing the halogen.  

If the haloalkane is unsymmetrical (e.g. 2-bromobutane) a mixture of isomeric alkene 

products is obtained.
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