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Introduction
• The polarity of a carbon-halogen bond leads to the carbon having a partial 

positive charge

– In alkyl halides this polarity causes the carbon to become activated to 

substitution reactions with nucleophiles

• Carbon-halogen bonds get less polar, longer and weaker in going from 

fluorine to iodine
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6.1 Nucleophilic Substitution Reactions

• 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
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6.2 Examples of nucleophilic substitution
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• Nucleophile
• The nucleophile reacts at the electron deficient carbon

• A nucleophile may be any molecule with an unshared electron 
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• A nucleophile may be any molecule with an unshared electron 

pair



• Leaving Group
• A leaving group is a substituent that can leave as a relatively stable 

entity

• It can leave as an anion or a neutral species
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Limitations
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Another Example
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Reaction energy diagram for an SN2 reaction
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Tell-Tale Signs of SN2 
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Figure 6.2 Reaction energy diagram for an SN1 reaction
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Tell-Tale Signs of SN1
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Summary
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Solvent Effects
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– Solvent Effects on SN2 Reactions: Polar Protic and 

Aprotic Solvents

• Polar Protic Solvents

– Polar solvents have a hydrogen atom attached to strongly 

electronegative atoms

– They solvate nucleophiles and make them less reactive
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• Polar Aprotic Solvents
– Polar aprotic solvents do not have a hydrogen attached to an electronegative atom

– They solvate cations well but leave anions unsolvated because positive centers in the solvent are 
sterically hindered
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– Polar aprotic solvents lead to generation of “naked” and very reactive nucleophiles

– They are excellent solvents for SN2 reactions



– Solvent Effects on SN1 Reactions: The Ionizing 

Ability of the Solvent

• Polar protic solvents are excellent solvents for SN1 

reactions

• Polar protic solvents stabilize the transition state 

• Water-ethanol and water-methanol mixtures are 

most common 
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most common 



Nucleophile Strength
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– Larger nucleophilic atoms are less solvated and therefore more 

reactive in polar protic solvents 

– Larger nucleophiles are also more polarizable and can donate more 

electron density
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• Organic Synthesis: Functional Group Transformations Using SN2 Reactions
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Stereochemistry can be controlled in SN2 reactions


