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Electrophilic Addition

(carbocation intermediate)

			   H		  H
			   |		  |	
H	 —	 C	 =	 C	 —	 H

			 

	 H	δ+

	 |
	 Br	δ—

	

As the polar HBr 
molecule approaches, π 
electrons from the C=C 
bond come out to form a 
new bond with the 
Hydrogen atom.

The electrons of the H—Br bond 
move onto the bromine to form a 
bromide ion, Br—.

			   H		  H
			   |		  |	
H	 —	 C	 —	 C	 —	 H
			   |		  ⊕

	 	 	 H :Br	—
	The carbocation is then attacked by 

the lone pair of the bromide ion, a 
neucleophile.

			   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

Addition
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Electrophilic Addition

(carbocation intermediate)

			   H		  H
			   |		  |	
H	 —	 C	 =	 C	 —	 H

			 

	 H	+
	
	

Though water is polar, 
the presence of H+ ions 
makes this reaction easier 
(catalyst).

π electrons from the C=C 
bond come out to form a 
new bond with the H+ ion

			   H		  H
			   |		  |	
H	 —	 C	 —	 C	 —	 H
			   |		  ⊕

	 	 	 H
	 H
:O
	 H
  
	

The carbocation is now attacked by 
a lone pair on the oxygen atom

			   H		  H
			   |		  |	
H	 —	 C	 —	 C	 —	 H
			   |		  |
	 	 	 H		  O	 —	 H
					     |
					     H

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

	 C2H4
	   +  H2O	 →	 C2H5OH

Addition, Hydration

H
	 O
H

⊕
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Electrophilic Addition

(cyclic ion intermediate)

			   H		  H
			   |		  |	
H	 —	 C	 =	 C	 —	 H

			 

	 Br	δ+

	 |
	 Br	δ—

	

As the non-polar Br2
molecule approaches, π 
electrons from the C=C 
bond induce polarity and 
then come out to form a 
new bond with the nearer 
Bromineatom.

The electrons of the Br—Br bond 
move onto the further bromine to 
form a bromide ion, Br—.

					   
						      H	
H	 —	 C	 —	 C	 —	 H
		  H				  
	 	 	 	 Br

:Br	—
	

Instead of a carbocation being formed, the positive 
charge is shared between the 2 carbon atoms and the 
bromine atom. The Bromide ion (nucleophile) will then 
attack from the other side. A TRANS arrangement.

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

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

	 C2H4
	   +  Br2   →	 C2H4Br2

Addition

⊕
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Free Radical

Substitution

Cl	 :	 Cl

Initiation
UV radiation is 
absorbed

Homolytic fission results in the 
formation of two chlorine free 
radicals

2 Cl•

Propagation

Cl•	      H	—	CH3	→	  HCl  + CH3
•	

‘half arrows’ are used to 
show the movements of 
single electrons

CH3
•	     Cl—	Cl  →	  HCl  + Cl•	

A series of reactions between a free radical and a molecule 
keep the reaction going.

Because each step makes another free readical, the reaction 
is a chain reaction.

Termination

Cl•	 	      	•CH3	→	  CH3Cl	
Any collisions betwee two free radicals will stop a chain.

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

	 CH4
	   +  Cl2    →	 CH3Cl  +    HCl

Substitution
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Nucleophilic substitution

(Sn1)

		  R'	
    R	 —	C	δ+	 —	 Br	δ—

		  R'' The polar C—Hal bond breaks 
heterolytically.

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—

Substitution
The first step is the rate determining step and, since it only 
involves one substance, the reaction is first order

			   R'
			   |	
    		   C	
		  R		     R''

⊕

A carbocation  is 
produced which can 
be attacked by any 
nucleophilic group

At this stage the molecule is 
trigonal planar and  
nucleophilic attack from ei-
ther side is equally likely.

Nucleophiles  include:

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

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

	     H3N: 	 →	 amines
	 (Ammonia)

	     CN: — 	 →	 nitriles
	 (Alcoholic cyanides)

:
:

:
:

Nu — Nu :
If R , R' and R'' are all different (assymetric carbon), then 
a mixture of optical isomers will be produced.

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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Nucleophilic substitution

(Sn2)

		  R'	
    		   C	δ+	 —	 Br	δ—

		  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—

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

The nucleophile  
approaches the 
electon deficient carbon

Nucleophiles  include:

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

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

	     H3N: 	 →	 amines
	 (Ammonia)

	     CN: — 	 →	 nitriles
	 (Alcoholic cyanides)

:
:

:
:

Even if R , R' and R'' are all different (assymetric carbon), 
only one possible isomer can be produced.

Nu —

			   R'
			   |	
Nu	  	 C			   Br
		  R		     R''

The intermediate is a 
trigonal bipyramid 
shape

As the nucleophiles' electron pair moves in, the electons of 
the C—Br bond move onto the bromine

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.


