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The Sn1 Reaction Mechanism:  Hydrolysis of t-butyl chloride
Description:

A solution of t-butyl chloride in acetone is added to water in the presence of a base and universal indicator.  Depending on the concentration of t-butyl chloride, the reaction to form t-butyl alcohol is indicated by a series of drastic color changes.  The color change occurs as aqueous chlorine removes a proton from the transition state, resulting in a lower pH of the system (see mechanism in “concept” section).  This demonstration can also qualitatively show that the rate of reaction is dependant of the concentration of t-butyl chloride.
Materials:
· 400mL beaker
· Stir plate and stir bar
· 10mL Mohr pipet and pump
· Deionized water
· 5% t-butyl chloride in acetone 
· 15mL 0.1M NaOH
· Universal indicator
· Beral pipet

· Stopwatch (optional for qualitative kinetics study)

Procedure:

Before Class:

Pour 200mL of dH2O into the 400mL beaker and add 5-10 drops of universal indicator.  Add 15mL of 0.1M NaOH to the water to bring the indicator color to violet.
In Class:

Measure out 10mL of the t-butyl chloride/acetone solution using the Mohr pipet.  Add this all at once to the stirring water.  After about 30 to 45 seconds, the color will change quickly from violet to blue to green to yellow to orange and eventually settle at red.  If a qualitative kinetics study is desired, record the amount of time it takes for the color to settle at red and follow the “optional” directions below.   
Optional:

Repeat the above demonstration using 7.5mL of the t-butyl chloride solution.  Using the stopwatch provided, measure the amount of time it takes for the color to settle at red.   The color change will not occur until about 50-65 seconds have elapsed.  Compare this time to the time recorded for the addition of 10mL of the t-butyl chloride solution.
Concept:
The mechanism of this particular Sn1 reaction is shown below:
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Rate Determining Step:  Formation of the carbocation

Attack of the nucleophile on the carbocation
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Removal of a proton by chlorine
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Since the first step in the reaction limits the rate of the reaction, the color change, triggered by the removal of protons (creation of H+ ions) at the end, is not spontaneous.  The reaction will proceed at a faster rate as the concentration of t-butyl chloride is increased.

Rate = k [t-butyl chloride]
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