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ELECTROPHILIC ADDITIONELECTROPHILIC ADDITION
(CARBOCATION INTERMEDIATE)(CARBOCATION INTERMEDIATE)

   H  H
   |  | 
H — C = C — H

   

 H 
 |
 Br 
 

A monohaloalkane is prduced and overall the reaction can be 
represented by the equation:

 C2H4
   +  HBr → C2H5Br

ADDITIONADDITION

ELECTROPHILIC ADDITIONELECTROPHILIC ADDITION
(CARBOCATION INTERMEDIATE)(CARBOCATION INTERMEDIATE)

   H  H
   |  | 
H — C = C — H

   

 H +
 
 

A hydrogen ion is reformed (catalyst) and an alkanol is pro-
duced. Overall the reaction can be represented by the 
equation:

 C2H4
   +  H2O → C2H5OH

ADDITION, HYDRATIONADDITION, HYDRATION

H
 O
H
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ELECTROPHILIC ADDITIONELECTROPHILIC ADDITION
(CYCLIC ION INTERMEDIATE)(CYCLIC ION INTERMEDIATE)

   H  H
   |  | 
H — C = C — H

   

 Br 
 |
 Br
 

A dihaloalkane is prduced and overall the reaction can be 
represented by the equation:

 C2H4
   +  Br2 → C2H4Br2

ADDITIONADDITION

FREE RADICALFREE RADICAL
SUBSTITUTIONSUBSTITUTION

Cl : Cl

INITIATIONINITIATION
UV radiation is 
absorbed

PROPAGATIONPROPAGATION

TERMINATIONTERMINATION

A mixture of haloalkanes will be produced but the fi rst 
stage can be represented by the equation:

CH4
   +  Cl2 → CH3Cl  +    HCl

SUBSTITUTIONSUBSTITUTION
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NUCLEOPHILIC SUBSTITUTIONNUCLEOPHILIC SUBSTITUTION
(SN1)(SN1)

  R' 
    R  — C  — Br
  R''

A variety of  products can be made by this reaction but over-
all the reaction can be represented by the equation:

R—Hal   +  Nu → R—Nu   +  Hal—

SUBSTITUTIONSUBSTITUTION
The fi rst step is the rate determining step and, since it only 
involves one substance, the reaction is fi rst order

   

Nucleophiles  include:

         HO — → alcohols
 (NaOH(aq) or other aqueous solutions)

         RO — → ethers
 (Alkoxide ions, from Na/alcohols)

    H3N:  → amines
 (Ammonia)

    CN: —  → nitriles
 (Alcoholic cyanides)

:
:

:
:

NUCLEOPHILIC SUBSTITUTIONNUCLEOPHILIC SUBSTITUTION
(SN2)(SN2)

  R' 
       C  — Br 
  R      R''

A variety of  products can be made by this reaction but over-
all the reaction can be represented by the equation:

R—Hal   +  Nu → R—Nu   +  Hal—

SUBSTITUTIONSUBSTITUTION
The rate determining step involves both chemicalss so the 
reaction is second order

Nucleophiles  include:

         HO — → alcohols
 (NaOH(aq) or other aqueous solutions)

         RO — → ethers
 (Alkoxide ions, from Na/alcohols)

      H3N:  → amines
 (Ammonia)

      CN: —  → nitriles
 (Alcoholic cyanides)

:
:

:
:

SN1 or SN2 ? Can depend on the polarity of the C—Hal bond. Can depend on the polarity of the solvent used. Can depend on the 
  size of the R , R' and R'' groups. No easy answer. Just need to be aware of the the two possibilities.
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ALCOHOL ELIMINATION 
(USING ACID)

   H  H
   |  | 
HO — C — C — H
   |  |
   H  H

   

 H +

An alkene is prduced and overall the reaction can be 
represented by the equation:

 C2H5OH → C2H4     +  H2O

ELIMINATION

HALOALKANE ELIMINATION
(ETHANOLIC KOH)

   H  H
   |  | 
H — C — C — Br
  H   |
     H

   

A hydrogen atom and a bromine atom have been eliminated 
from the molecule to form an alkene. Overall the reaction can 
be represented by the equation:

 C2H5Br   → C2H4     + HBr

ELIMINATION

:
:

HO:—:
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ELECTROPHILIC SUBSTITUTION
This is the main reaction of benzene rings. Though they have even more π electrons than the C = C bond 
in alkenes, they resist addition because the loss of the delocalised ring is too destabilising.

ALKYLATION - USING ALKYL HALIDES/AlCl3

The production of the electrophile requires the presence of 
AlCl3 . (The Al make use of its empty 4th orbital).

  H 
     H — C     —     Cl :          AlCl3
  H

An AlCl4
— ion is 

also formed

Overall, an alkyl group takes the place 
of a hydrogen atom, SUBSTITUTION.

The H+ ion reacts with the AlCl4
— to reform 

AlCl3 and a molecule of HCl.

NITRATION - USING H2SO4/HNO3

The production of the electrophile , NO2
+ is a result of a 

reaction between these two strong acids. 

Overall, a nitro group takes the place of 
a hydrogen atom, SUBSTITUTION.

HALOGENATION - USING HALOGENS/AlCl3

The production of the electrophile is helped by the presence 
of AlCl3 . The reaction would be very slow otherwise.

   
       Cl —     Cl :          AlCl3
  

An AlCl4
— ion is 

also formed

Overall, a halogen atom takes the place 
of a hydrogen atom, SUBSTITUTION.

The H+ ion reacts with the AlCl4
— to reform 

AlCl3 and a molecule of HCl.

2 H2SO4  +  HNO3  →  2 HSO4
—   +  NO2

+
   +  H3O+

SULPHONATION - USING H2SO4/SO3

The electrophile is a molecule of SO3. The 3 oxygen atoms 
are more electronegative; a large δ+ forms on the sulphur.

The H+ ion that is eliminated from 
the benzene ring attaches itself to the 
oxygen ion.
Overall, a HSO3 group takes the place 
of a hydrogen atom, SUBSTITUTION.


