Chemistry 2411L

Clower

Nucleophilic Substitution of Alkyl Halides Procedure

For this experiment you will be working in groups of 2 students. Record all data in your laboratory notebook. The objective of this lab is to study the structural effects of alkyl halides on SN1 and SN2 reactions. A series of alkyl halides will be observed under two sets of conditions, one which favors the SN1 mechanism and the other the SN2 mechanism. 
The SN2 reaction is observed by the displacement of bromide or chloride by an iodide ion in acetone solution. The iodide ion is a good nucleophile for the SN2 reaction, whereas acetone is a relatively poor ionizing solvent, and SN1 dissociation is minimized. Sodium iodide is very soluble in acetone, but sodium chloride and sodium bromide have very low solubilities, so the course of the reactions can be follower by the formation of crystalline NaCl or NaBr.

The SN1 reaction can be observed by treating the alkyl halide with a solution of silver nitrate in aqueous ethanol. Nitrate ion is a very poor nucleophile so there is little opportunity for SN2 displacement. Dissociation of the alkyl halide by the SN2 process is followed by the precipitation of the insoluble silver halide; the carbocation is then captured by alcohol or water.
Structural Effects on SN1 and SN2 reactivity
Safety note: Alkyl halides are toxic and flammable; avoid breathing them or spilling them in the skin. Insure that there is proper ventilation.
Label 2 sets of five clean, thoroughly dry test tubes with numerals 1 to 5 (these can be dried effectively in the oven). In each series place 0.2 ml of the following halides: 

1. n-butyl chloride

2. n-butyl bromide

3. sec-butyl chloride

4. tert-butyl chloride

5. crotyl chloride

Keep the tubes stoppered with corks or parafilm and leave them covered at all times, before and after adding reagents. Obtain 15 mL of 15% NaI-acetone solution and 15 mL of 1% ethanolic AgNO3 solution.
Arrange one set of tubes in order from 1 to 5. Add 2 mL of the NaI solution to tube #1 and note the time. (Add the solution from a pipet as rapidly as possible – not dropwise). After 2 to 3 minutes add 2 mL of NaI solution to tube #2 and note the time as before. Continue the addition at 2 to 3 minute intervals for the remaining tubes. After each addition watch for any rapid reaction and inspect each tube for signs of a precipitate. Note the time closely as possible when these reactions are seen.  Cover the tubes and allow them to stand, observing them periodically while the next series is run. 

Arrange the second set of tubes, and in the same way and 2 mL portions of AgNO3 solution to each tube at 2-minute intervals. Again, watch closely for any change after the addition and monitor the other tubes for a precipitate. Note the time of the changes. 
If any tubes of the NaI series are still clear at this point, loosen the covers slightly and place the tubes in a water bath at 50(C; note any changes that occur. When you have completed these test tube reactions, pour the contents in the organic waste container.

