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Free radical substitution

chlorination of methane

I.e. homolytic breaking of covalent bonds

Overall reaction equation
CH, + Cl, —>» CH,Cl + HCI

Conditions

ultra violet light
excess methane to reduce further substitution
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Free radical substitution mechanism

ultra-violet , .
MI —_ Cl Cl  initiation step

HBA./H\ /EI —> H3é H—CI two

propagation
1, ENaNLy s H,c—cCl (I | StePs

H3C{:\/Efl —> H,C—C termination step

minor

H,C CH, —> H;C—CH, termination step
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Further free radical substitutions

Overall reaction equations

CH,Cl + Cl, —> CH,Cl, + HCl

CH,Cl, + Cl, —> CHCl, + HCI

CHCl, + Cl, —> CCl, + HCI

Conditions ultra-violet light
excess chlorine
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Free radical addition

addition polymerisation of ethene

I.e. homolytic breaking of covalent bonds

Overall reaction equation

nH,C=CH, ——> {+CH,CH 1
ethene polyethene

Conditions

free radical source
(a species that generates free radicals

that allow the polymerisation of ethene molecules)
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Free radical addition mechanism

M — R R Initiation step

é\a[CH\/}Q —> H,C—CH,—R
Hzé%/l-l-}:—CHzR —> H,C—CH, —CH,CH.R

chain propagation steps

Addition of H,C=CH, repeats the same way until:

R(CH,), &, \ / HG(CH,), R

termination step > R(CH,) CH,—CH,(CH,) R
polyethene
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Electrophilic addition

bromine with propene mechanism

CH,CH=CH, + Br, —> CH,CHBrCH,Br
1,2-dibromopropane

hydrogen bromide with but-2-ene mechanism

CH3CH=CHCH3+ HBr ——> CH3CH2CHBrCH3
2-bromobutane
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Electrophilic addition mechanism

bromine with propene TEEEaIOT
equation
H H
\ /
C=C
/ \ H H carbocation
CH, H N | |
CHC—C—H
O+ 3/4+
Br Br
< N H H
B%_ SBr | |
Br CH;(II—CII—H
|
Br B B

1,2-dibromopropang T
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Electrophilic addition mechanism

hydrogen bromide with trans but-2-ene

reaction
H CH equation
\ /
,C—C\3 HH )
CH?>H - | | carbocation
5 CH—C—C— CH3
+ 3/ 4 |
H
<::4 : N H H
Brs_ SBF |

CHB—(IZ—CII— CH3
Br H

2-bromobutane
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Nucleophilic substitution

hydroxide ion with bromoethane mechanism

CH,CH,Br + OH" (aqueous) —> CH,CH,OH + Br
ethanol

hydroxide ion with 2-bromo,2-methylpropane

mechanism

(CH,),CBr+ OH" (aqueous) —> (CH,),COH + Br
2-methylpropan-2-ol
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Nucleophilic substitution mechanism

hydroxide ion with bromoethane (S, 2)

H
4 0- III
H _
H H e Br
‘D" ethanol
H SN2 reaction
equation

S (substitution) y(nucleophilic) 2 (species reacting
in the slowest step)
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Nucleophilic substitution mechanism
OH" ion with 2-bromo,2-methylpropane (S,1)
sBr *Br
CH CH CH

5+l 5- I I
CH—+C3-[\Br —> CH—-C¥ —> CH—-C*+ 0O

3 3 1 H
CH CH CH

3 3 Y - 2-methylpropan-2-ol
S 1 H reaction

N )
equation

S (substitution) N (nucleophilic) 1 (species reacting
in the slowest step)
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Nucleophilic substitution

cyanide ion with iodoethane mechanism

CH,CH,I (ethanol) + CN"(aq) —— CH,CH,CN + I
propanenitrile

cyanide ion with 2-bromo,2-methylpropane

mechanism

(CH,);CBr (ethanol) + CN" (aqueous)

—> (CH,);CCN + Br
2,2-dimethylpropanenitrile
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Nucleophilic substitution mechanism

cyanide ion with iodoethane (S, 2)

H

H
sl L\ & |
CH; (|: I —> CH3—CI:—CN
H H o I
"N' propanenitrile
S, 2

S (substitution) N (nucleophilic) 2 (species reacting

in the slowest step)
reaction

equation

Original slide
prepared for the RS e C



Nucleophilic substitution mechanism
CN" ion with 2-bromo,2-methylpropane (S, 1)

eBr °Br
CH CH CH

5+l >- I I
CH—+C3-[\Br —> CH-C% —> CH-C*+CN

> > >
CH CR CH
3 Syl 3 ee - 2,2-dindethyl
propanenitrile

S (substitution) \ (nucleophilic) 1 (species reacting
in the slowest step)

reaction
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Electrophilic Substitution

Nitration of benzene

Where an H atom attached to an aromatic ring
is replaced by an NO, group of atoms

C6H6 + HNO3 —_— C6H5NO2 + HZO

Conditions / Reagents

concentrated HNO3 and concentrated HZSO4
50°C

mechanism
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electrophilic substitution mechanism (nitration)

1. Formation of I\I+O2 the nitronium ion

u -
HNO, + 2H,SO, —> NO, + 2HSO, + H,0"

2. Electrophilic attack on benzene

@ /\o SO, H
NO,
3. Forming the product @

and re-forming the catalyst H-0-SO,H

reaction
equation orepared for the RS ® C



Bromination of benzene

Where an H atom attached to an aromatic ring
Is replaced by a Br atom

electrophilic substitution
CHg + Br, —> CH.Br + HBr
R = alkyl group

Conditions / Reagents

Br, and anhydrous AlBr,
25°C
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Electrophilic substitution mechanism

1. Formation of the electrophile

Br—l-/Br

2. Electrophilic attack on benzene

+ -

AIBr —_— Br Br—AIBr3

Br Br AIBr
©

B
3. Forming the products ' H—Br
and re-forming the catalyst @r
AlIBr
bromobenzene =
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Alkylation of benzene

Where an H atom attached to an aromatic ring
is replaced by a C atom

electrophilic substitution
CH, + RCI —> CH.R + HCI
R = alkyl group
Conditions / Reagents

RCI (haloakane) and anhydrous AICI,
0 - 25°C to prevent further substitution
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Alkylation example

With chloroethane overall reaction equation
C,H, + CH,CH,CI —> CH.CH,CH, + HCI

Three steps in electrophilic substitution mechanism

1. Formation of the electrophile (a carbocation)

L Cl—AICl,

o0 +
CH3CH2T/CI AlCl; CH,CH, **
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Alkylation electrophilic substitution mechanism 2

2. Electrophilic attack on benzene

CH CH CH,CH,

@ AICI,

and re-forming the catalyst CH3CH

2
@r AICI3
H—ClI

ethylbenzene

3. Forming the product
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Acylation of benzene

An H atom attached to an aromatic ring
is replaced by a C atom where C is part of C=0

electrophilic substitution

CiH, + RCOCI —> C.H.COR + HCl

Conditions / Reagents
RCOCI (acyl chloride) and anhydrous AICI,
50 °C
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Acylation example

With ethanoyl chloride overall reaction equation

CH, + CH,COCI —> CMH.COCH, + HC

Three steps in electrophilic substitution mechanism

1. Formation of the electrophile (an acylium ion)

+

CH.C=0

O

7
CH,C /\ —> 3 =
;CI: AlCI, Cl—AICI,
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Acylation electrophilic substitution mechanism 2

2. Electrophilic attack on benzene

CH

3. Forming the products

and re-forming the catalyst
AlCI,

phenylethanone
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Nucleophilic Addition

addition of hydrogen cyanide to carbonyis
to form hydroxynitriles

RCOR + HCN —> RC(OH)(CN)R
RCHO + HCN ——> RCH(OH)CN

Conditions / Reagents

NaCN (aq) and H,SO,(aq) supplies H*
supplies the CN™ nucleophile

Room temperature and pressure
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Nucleophilic Addition Mechanism

hydrogen cyanide with propanone
CH,COCH, + HCN ——> CH,C(OH)(CN)CH,

NaCN (aq) is a source of cyanide ions $C=N

&5- H* from H,SO, (aq)
7

5+ oy “H” O—H
CH3_C | I
CH, —> CH3—<|3 —-CN — CH3—(f — CN
..N = CH3 CH3

2-hydroxy-2-methylpropanenitrile
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Advice

To get back to the mechanism links page from anywhere in the
presentation, click the button at the top right corner of the screen.

This version provides the organic mechanisms specified (2002/3)

by the Edexcel exam board. Each stage of a reaction equation, its
conditions and mechanism are revealed in turn on a mouse click or
keyboard stroke. Note that there is another version available where each
reaction and mechanism play automatically after an initiating click or key
stroke.

The number of ways of navigating through this presentation may depend
on the version of PowerPoint being used and how it is configured.
Some possible ways of advancing:

left mouse click or return key or right arrow key or up arrow key.
Some possible ways of reversing:

backspace key or left arrow key or down arrow key.
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