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Alkenes

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

(i) addition of hydrogen, steam, hydrogen halides and halogens
(i)  oxidation by cold, dilute, acidified manganate(VIl) ions to form the diol

(iii) oxidation by hot, concentrated, acidified manganate(VIl) ions leading to the
rupture of the carbon—carbon double bond in order to determine the position of
alkene linkages in larger molecules

(iv) polymerisation

b  describe the mechanism of electrophilic addition in alkenes, using bromine/ethene
and hydrogen bromide/propene as examples

¢ 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

oo o oo

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

(i) addition of hydrogen, steam, hydrogen halides and halogens

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

(i) 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 CaHazn

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

Name Mol eculow | Empirical | Struchural fovaula,
|
tovmula, |tomula [ onced Full
ethene GH CHy (Hpo=cH H H
¢ g’ S=y
' H
prop-i-ene | (sHe CHy CHg= CHCH,, rli fl+ T
H—C:O—Cl,‘l-\
H
but-l-ene. | (4Hg Ry Cht,=CHCH,CH, H H T ||4
|
H-—(,=C—-((—(|,—H
HoH
pent-l-ene. | sHp (R, CHy= CHCH,CH G, th T T T T
H—(=C— c‘,—cl,—cl,—H
HoH
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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.

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

. M “ M
negative charge above and below the carbon atoms and

hence alkenes are susceptible to electrophilic attack. H/H

Thus the majority of the reactions of alkenes are electrophilic
addition reactions.
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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.

6 5+.—‘ 5- 5+H — Br &- 5+ Br — Br &-

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.

5 Mo M
o+

”/C C\‘

(S
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ELECTROPHILIC ADDITION OF HBr

The hydrogen halides HCI, HBr and HI all react with alkenes to give
halogenoalkanes.

For example HBr with ethene gives 1-bromoethane.

The overall equation is:

CHy=CHy + HB&v —> CHy Ll oBv
L b

= —7 k=0t
.) W Pt

H by

ELECTROPHILIC ADDITION OF HBr
H-Br is polar, with the H* and the Bro-.

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

H H
H\C/H H | H H | H
[l - | |
/C H—C" by H—( —Pv
W\ \ 1
H H
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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.

Ho M f
N/ | |
C — poiv of elechong
”/)HS:%};‘ — ‘i A%m;tﬁ,’w
—(F ep
/L\ " % il H—8r
38 h
H
ELECTROPHILIC ADDITION: STEP 1
paiv of <lethonstyom denlae bond edechon frem H
ot |
P .
‘Cg\ . HeCatl foe

K H\j:dwirmw fhe, OHew CanaN
16 C v loskan €lechon fuvefore
Po%ihvbl~1 ol’w\/t@@\

10
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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. IT

The intermediate formed is called a carbocation (a H—(C—H
positively charged organic ion with a positive charge on l A\

Q). H—C" By
The Br atom has gained an electron from the H-Br bond H

and is therefore a negatively charged bromide ion.

1"

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.

H H
A—o—t A—o—k
H— (lf"'/\:bv' - H’C|,—6v

! ;
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ELECTROPHILIC ADDITION OF HBr

H.. H Hoo M . . A
L= — ~C—C s L
H/ QHQ* »y, H/j l\H H/l i\H
l B B M

Gt

13

REACTION OF HBr WITH PROPENE
When HBr adds to propene, two products are possible:
f #
”‘"IC‘H H—-([L~H
# H—C—H ﬁ—fl/—n
l | =bowopropart |
H“f/_ﬂ H—Cc—%  minev prodnct H——cl,‘*'
H—I(II B—pv Pl} H
C. # H
N |
e H \—> varH H-—(IL~H
I
f— |U_9V 2-brwopopane = lw
t—Cc—H Mo peduct H—rl,—H
l
H 1 H
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REACTION OF HBr WITH PROPENE

This is because when the electrophile H>* 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.

primary tvboocation

An electrophile adds on to
tertiary Cavocation an unsymmetrical alkene so
that the most stable
carbocation forms as the

e,mwgq

intermediate.

REACTION OF HBr WITH PROPENE

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

I\ # The secondary carbocation is more stable than the
H-.‘a_ﬂ H-!‘rH primary carbocation.
H— L— B t— L+ This is due to the electron-releasing effect of alkyl
b c‘f e L—H groups.
J} J* There are two alkyl groups next to the positively
primany secordan charged C in the secondary carbocation but only
tarbo cation emvlocation one in the primary carbocation.

Two alkyl groups reduce the positive charge on the C more than one alkyl group and
thus stabilise the ion more.

Since the secondary carbocation is more stable, it is more likely to be formed.
16
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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. City (it Cits
L L L
> W So, st o

Primay Cowbocatin szv\de (anboeeation Yevtiny covooeation

inm@mo Q!—mbilihq 6] CorlastarN ’

Stability of carbocations is useful in determining the products of the reaction between
unsymmetrical alkenes and halogen halides.

17

EXAMPLES oo

l
2~ loywo prpome~
CHy, —CH=CH, + Wby

\-womoporamt/
+ +
Ch,—CH=CH, —> Ch <0, Cy—eH = Ol %> C%—T““‘”z
$+HD L \'—\S+ H
olo X . o|e + :b'/__
S-PJYD +br I Br

18

www.megalecture.com

MEGA LECTURE

For Live Online Classes 159 ALKENES

MEGA LECTURE - Stuck on this topic? Free 1-on-1 demo class 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

Online Classes : Megalecture@gmail.com

REACTION OF HBr WITH METHYLPROPENE

| f j
leact ost
sfz?ljlu = ('} < R— C(‘L < Z’(‘/ s{’t’mblb

H t R

priman < Gecorday < Herkwy
" i
.'_
He—C=Chy + W —> e —GCH, CHy—5~C ~CHy
Bv C/H’@

SKILL CHECK 1

HZC/\ /Ol"\?)
/(,:o\ + Wy —
t H
CHy, ‘i*
cua_,("/::C/—O_OH'Z_ R ——>

20
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SKILL CHECK 2
s,

+ by —

c,HacHLCH,CH———c/w + Wy —
CH CH,

21

PROPENE WITH BrCl

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 H-—!'fu
atom already attached. # H—L—(/l (- wo-2-Ch\ovb popaNne
| | Vajsv pYDL{M[,l;
H"‘f/_H tt—c—%v
z J- J I
ft—=C C|—w+ H

I
u i
VRN (
A \% H—O—H

#t——Rv  2-enw-\-chlowprpane
minsv prdunct
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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 Br 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.

GO GON

pr Bfgf

: I

Br 2 Bré”

ALKENES WITH BROMINE

The mechanism is exactly analogous to the reaction of H—Br with ethene,
i.e. via a carbocation intermediate.

o R, M Ko A
TN — SC—C7 —— >C -
L. 5 ~

24
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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.

H\ /” T ? T ?
L= —> k—C—U=H* —> p—c—0U—H
/7 \ | +‘j [
t H br B OH
PrS+ /0\
| _H h—tr
Gove- By

25

ALKENES WITH STEAM

Alkenes react with acid catalyst and steam at temperatures of around 350°C and
pressures over 100 atm to form alcohols.

Reagent Steam and dil phosphoric acid (H3POa)
Condition 350 °C and 100 atm
Type Electrophilic addition

etheney ethandl
Vo b omO e bt
=C 0 —
/TN : K

H o4

26
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ETHENE WITH STEAM

HZC/\ Y,
L=cC
H—/ \ H + Hio __—>

CH/b CHh=CH CH@

Ol—\?)

H
w’?‘fl

0“5"0‘/:6/_0:0”7, + O —>

(), C=CHCH=CH,,

27

ALKENES WITH HYDROGEN

When a mixture of alkene and hydrogen is passed over Ni catalyst at 200°C
to 300°C, an alkane is formed.

Reagent Hydrogen (Hz2) and Nickel (Ni)
Condition 200 °C to 300 °C
Type Reduction
Uy, Clt, = CH,. 178 Cis, CHLCU%
prpents P pane
\ [

28
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ALKENES WITH HYDROGEN

L CH
3 %
\C,:c// + Hy —>
VN,
H
T U >
CH ..(‘/::C—O:['/Hz_ + H$

3
(), C=CHCH=CH,,

29

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.

Reagent cold dilute alkaline (or acidic) potassium manganate (KMnOa)
Condition cold (room temperature)
Type Oxidation
CHz=CM, & V(LO [O] — (M(omck,O0u
Lo Uhow -1, 2- did)
\ / I
t=¢ + #0 + [0] —s ——C—
/N | |
O#t Ok

30
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MILD OXIDATION

AL CH ,
NS0 O m KK M0y
/N oy
i " eold (foom tewp
CHyCH = CH CHy,
chs Y

O oe. " K MOy
N

OF ALKENES

(Chp), C=CHCH=CH,

31

cold (foom Jr%\/I(?')

T He donwole oond Coawloon i6%
A
AN
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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.

TN the oxidised poductwill et
CO2 + \’\ZO
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STRONG OXIDATION OF ALKENES

“’:C\ 1| / cHy C”% be\ /wzc”é
/b—:——C\ __’> /c:-_ O 4+ O ———[/\
H,L | H “50 oH
\ /CH 2 CHB
CHZ :‘Ib C\ ? (’OZ- + O0— C

‘ H \oH

33

STRONG OXIDATION OF ALKENES

(o
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STRONG OXIDATION OF ALKENES

35

STRONG OXIDATION OF ALKENES
ubC\(/ \| O/CH1,
H/ | \CH'D
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STRONG OXIDATION OF ALKENES

HC CH
NS 5 w* K MOy
H/ \I—\ st
Chy " K MOy
t _
c”?’_[/ :O—G—&HZ \/\Qﬂt —>

(Chy), C=CHCH=CH,

37

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.

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

38

www.megalecture.com

MEGA LECTURE

For Live Online Classes

169 ALKENES

MEGA LECTURE - Stuck on this topic? Free 1-on-1 demo class 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

Online Classes : Megalecture@gmail.com

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.

H
n t=c —> L—

H
ethene poly(ethent)

FT—Cc—x

T—0C—F
I—cL—:z:
S
L .
T—0C—F
T—C—F
T—0C—F
T—C—F
T—0C—F
I——(‘\—q:

POLY(CHLOROETHENE)

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

make guttering, water pipes, window frames, floor coverings.

HoH
+l\ Pl [
n =t ———2 [t ¢
VAN |
it ¥ l
toal,
Chlgrpethenes PUl:lLoV\]lﬁVDC/"AW@)
ARARRAA AR AR
-c—c,~c—o—c,—cl,-c—c~c—cl,—c,—c|,—c—c~c—c,—c—c|,-
A
HHHHHFHHEHHKHGHKHHRHBRHRH
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POLY(PROPENE)
H H
o [
N C=C\ —> —C
¢ D |
% oyl
[5Gl Gl G ot et o
~c,—c—c—c~c,—c|,—c,—c,~c—c,—c—cl,—c—c,~c—c~c—c|,—
Lt
R H B H K HH HHHHKHH H H B H B H

a1

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.

Tlf%g’ﬁ“%"w Chty H (;H;}rlt Ch H cn,,,fl* (I/H&T CH;T Ch
-cq—o—q'—c-c—c|,~c—<|,-:<,—tl,+cl,—L—c—o-c—!,‘c—tl,—
T O I A
BRyH HH R HHR HR HiH HRHHKH R H
e
il ik
Voo b
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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.

I
—C—C— c\,zo
[ l

H H H H
repeatmﬂ unit M ONO Mer
43
POLYMERS
voremer | poymerepestunt | propetes s
ethene poly(ethehe) Light Plastic bags and bottles
H H noH Flexible Insulation for cables
\C—:_ / L_é Easily moulded
H/ H IL ‘L Transparent
n Good insulator
Resistant to water, acids and
alkalis
propene poly(propene) Tough Fibre for ropes and
H " 0oy Easily moulded carpets
0:0/ 'c—(':— Easily coloured Crates
m CHy ‘L énj Very resistant to water, acids Toys
n and alkalis
44

www.megalecture.com

MEGA LECTURE

For Live Online Classes 172 ALKENES

MEGA LECTURE - Stuck on this topic? Free 1-on-1 demo class 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

Online Classes : Megalecture@gmail.com

chloroethene poly(chloroethene) [PVC]  Tough Clingfilm
H H "M Rigid or flexible Guttering and window
\c:o L_é Very resistant to water, acids frames
H/ \0\ [ and alkalis Insulation for cables
H )
h Waterproof clothing
Flooring
tetrafluoroethene poly(tetrafluoroethene) (ptfe) Tough Coating for non-stick
Rigid pans and skis
F F FF i ot
c o/ | ] Low friction solid Low friction surfaces for
= c—cC :
. \- I Resistant to water, acids and Pridges to move as
f F sllvellis metals expand and
n
contract
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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 °C.

ceramic wool
soaked in ethanol

Reagent conc H2S04
Condition 200 °C

pumice

ethene gas collected
over water

Alternatively Alumina at 350°C.

Type elimination
1|
—(—C— —> \csc/ + WO
. /A

0

46

For Live Online Classes ' 173

WWW.megaIecture.com

MEGA LECTURE

ALKENES

megalecture@gmail.com www. yout ube. cont negal ecture

MEGA LECTURE

Stuck on this topic? Free 1-on-1 demo class 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

Online Classes : Megalecture@gmail.com

ALKENES FROM ALCOHOLS

HoH
 H,60 omd ol
— —(!/—H tonc. k.60, om s
|
Chty Cik, Cit (0F) Chty,

H

H
|
_ﬁ\/—c H

CHo, b
|
"

(
_—(l‘/—
# 04 OH

M heat
" wg omd, N

FF—C—*

(CH3) 2 LHCH(oH) LH(0H) Uy

a7

ALKENES FROM ALCOHOLS
H?)C oH LH@ Csz CHy
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ALKENES FROM HALOGENOALKANES

Reagent sodium (or potassium) hydroxide dissolved in ethanol
Condition heat under reflux

Product Alkene

Type elimination

wrbC/Hz&/ —ﬁ C/HZ= C HZ + H Br

H oo

|o L r NoO! i ermanel H oo 0/ H
H_|_| - heat under el H/ - \H
H B&r

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.
49

ALKENES FROM HALOGENOALKANES

NOOH 0 emanol N
heat under efux ]

NOOH n emanol ~
Weat wnde e~

|
»‘;w w W oW

(L) o CHCh i LB Uy
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