
Organic Reactions
2 - Substitution – SN

2 and SN
1

Dr. Sapna Gupta



Kinetics of Nucleophilic Reaction

• Rate law is order of reaction 

• 0 order is when rate of reaction is unaffected by change in 
concentration of the reactants

• 1st order is when rate of reaction doubles when one of the reactants is 
doubled

• 2nd order is when rate of reaction quadruples when two of the 
reactants are doubled

• Order of reaction explains the reaction mechanism
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• In this reaction a nucleophile is a species with an unshared electron 
pair which reacts with an electron deficient carbon

• A leaving group is substituted by a nucleophile

• Examples of nucleophilic substitution

Nucleophilic Substitution Reactions
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The SN2 Reaction

• 2nd order substitution reaction

• S=substitution

• N (subscript) = nucleophilic 

• 2 = (bimolecular) both nucleophile and substrate in rate 
determining step

• Inversion of stereochemistry occurs
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• The initial rate of the following reaction is measured

• The rate is directly proportional to the initial concentrations of both 
methyl chloride (substrate) and hydroxide (nucleophile)

• The rate equation reflects this dependence

• SN2 reaction: substitution, nucleophilic, 2nd order (bimolecular)

An SN2 Reaction
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–A transition state is the high energy state of the reaction

• It is an unstable entity with a very brief existence (10-12 s)

– In the transition state of this reaction bonds are partially formed 
and broken 

–Both chloromethane and hydroxide are involved in the 
transition state and this explains why the reaction is 
second order 

A Mechanism for the SN2 Reaction
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SN2 Energy Diagram

• One-step reaction.

• Transition state is highest in energy.  
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• Backside attack of nucleophile results in an inversion of 
configuration

• In cyclic systems a cis compound can react and become trans 
product

The Stereochemistry of SN2 Reactions
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• Negatively charged nucleophiles like HO¯ and HS¯ are used as salts with
Li+, Na+, or K+ counterions to balance the charge. Since the identity of
the counterion is usually inconsequential, it is often omitted from the
chemical equation.

Examples  of Nucleophilic Substitution

• When a neutral nucleophile is used, the substitution product bears a
positive charge.
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Uses for SN2 Reactions
• Synthesis of other classes of compounds.

• Halogen exchange reaction.
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SN1 Reaction

• Unimolecular nucleophilic substitution.

• Two step reaction with carbocation intermediate.

• Rate is first order in the alkyl halide, zero order in 
the nucleophile.

• Racemization occurs.
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The SN1 Reaction Mechanism
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SN1 Energy Diagram

• There are three transition states. Step1 crosses the highest energy 
barrier and is rate determining
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Stereochemistry of SN1

Racemization: inversion and retention
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