
SN1 Introduction A second mechanism for nucleophilic substitution: SN1 

Consider the substitution reaction of tert-butyl bromide with 
acetate in water: 

The rate is independent of the acetate concentration and 
depends only on concentration of tert-butyl bromide. 

Reaction process has a unimolecular rate-determining step. 

Rate = k[t-BuBr] 

SN1 reaction: Substitution, nucleophilic, 1st order 
(unimolecular) 

Mechanism:  

u  Involves the formation of a carbocation in the first (slow) 
step. 

Energy Diagrams for SN1 Reactions Multistep Reactions and the Rate-Determining Step 

In multistep reactions, 
the rate of the slowest 
step will be the rate of 
the entire reaction 

This is called the rate 
determining step 

In the case to the right, 
k1<<k2 or k3 and the first 
step is rate determining. 



Carbocations 

A carbocation has 
only 6 valence 
electrons, is sp2 
hybridized and has 
an empty p orbital. 

The more highly 
substituted a 
carbocation is, the 
more stable it is. 

The more stable a 
carbocation is, the 
easier it is to form. 

Hyperconjugation 

Hyperconjugation 
stabilizes the 
carbocation by donation 
of electrons from an 
adjacent carbon-
hydrogen or carbon-
carbon σ bond into the 
empty p orbital. 

More substitution 
provides more 
opportunity for 
hyperconjugation. 

Figure 7.17 Electrostatic potential maps for various carbocations 

Carbocation Stability Resonance Stabilization  

The carbocation intermediate can be even 
better stabilized by the donation of electron 
density from an adjacent π-electron system. 



Stereochemistry of SN1 Reactions 

When the leaving group leaves from a stereogenic center of an 
optically active compound in an SN1 reaction, racemization will 
occur. 

u  This is because an achiral carbocation intermediate is formed. 

Racemization: transformation of an optically active compound to a 
racemic mixture 

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 carbocation-like transition 
state leading to the carbocation thus lowering Ea (ΔG‡). 

 

Water-ethanol and water-methanol mixtures are most 
common. 

Characteristics of the SN1 Mechanism 

(substrate) 
 
A few more: 
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Leaving group 
 
 
Solvent 

•  Does not have as significant an impact on the 
reaction (compared to SN2) as it does not participate 
in the slow step of the SN1 mechanism. 

•  The weaker the C-LG bond is, the faster the reaction 
is likely to occur. (Similar to SN2 considerations.) 

•  Faster in polar protic solvents, as they provide the 
best stabilization of the carbocation. 

Solvolysis 

A molecule of the solvent is the nucleophile in a 
substitution reaction. 
If the solvent is water the reaction is a 
hydrolysis. 


