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LAB: Comparison of Reactions for Three Isomers of Butanol
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Name: 






/50 MARKS
Background: 

The reactivity of alcohols can be accounted for by their molecular structure – particularly by the attachment of their hydroxyl functional group.  The isomers of butanol are used as examples of 1°,2° and 3° alcohols to examine this relationship.  Each of the three isomers of butanol will be mixed with concentrated hydrochloric acid.  The presence of an alkyl halide product is indicated by cloudiness of the mixture, as the halides are only slightly soluble in water.  This test indicates that a halogenation reaction has taken place.  Each alcohol is also separately mixed with dilute potassium permanganate solution, which provides conditions for controlled oxidation.  Any colour change of the permanganate solution indicates that an oxidation reaction has taken place.  The purpose of this lab is to test our theories of how the molecular structure of an organic molecule affects its properties.  To do this, we will determine and compare the chemical properties of three isomers of butanol.
Question: Does each type of alcohol undergo halogenation and/or controlled oxidation?
Hypothesis: Write a prediction for each primary, secondary, and tertiary alcohols. (3 marks – C)
Materials:
· Safety goggles

· Butan-1-ol

· Butan-2-ol

· 2-methylpropan-2-ol

· Concentrated HCl (aq) (12 M)

· 6 test tubes
· Test tube rack

· 4 Eye droppers

· KMnO4 (aq) solution (0.01 M)

· 10-mL graduated cylinder

Safety Precautions:

· Concentrated HCl is corrosive and the vapour is very irritating the respiratory system.  Avoid contact with skin, eyes, clothing, and lab bench.  Work in the fume hood.

· All three alcohols are highly flammable.  Do not use near an open flame.

Procedure:

1. Place 3 test tubes in a test tube rack.  Using a clean eye dropper for each alcohol, place 2 drops of butan-1-ol in the first tube, in the second place 2 drops of butan-2-ol, and in the third place 2 drops of 2-methylpropan-2-ol.

2. Carry the test tube rack to the fume food, and use a clean dropper to add 10 drops of concentrated HCl to each of the three test tubes.  Shake the mixture very gently and carefully.  Return to your lab bench with the test tube rack.
3. Allow the tubes to stand for 1 minute and observe for evidence of cloudiness.  Also note the time it takes for any to turn cloudy within the minute.

4. Dispose contents according to Mrs. McAdam’s instructions.

5. Set up the 3 more test tubes as in step 1, but use 4 drops of each alcohol.

6. To each tube, carefully add 2 mL of the KMnO4 solution.  Shake the mixture carefully.

7. Allow the tubes to stand for 5 minutes, with occasional shaking.  Observe and record any colour change to the solution in each tube, and the time it takes for any to change colour within the 5 minutes.

8. Dispose contents according to Mrs. McAdam’s instructions.

Observations: (12 marks – C)
	Alcohol
	HCl added
	KMnO4 added

	Butan-1-ol
	
	

	Butan-2-ol
	
	

	2-methylpropan-2-ol
	
	


Discussion Questions: (23 marks – TI)
1. How were alcohol contents to be disposed?  Why is this important? (1 mark)

2. Draw the structure for each of the three alcohols used in the lab. (3 marks)
3. Write a structural diagram equation to represent the reaction between each alcohol and HCl (aq).  Where no reaction occurred, simply write “NR”. (5 marks)
4. Explain why certain alcohols reacted with HCl (aq) and others didn’t. Also discuss any differences in rates of reaction. (2 marks)
5. Write a structural diagram equation to represent the reaction between each alcohol in KMnO4 (aq) solution.  Where no reaction occurred, simply write “NR”. (7 marks)
6. Explain why certain alcohols reacted in KMnO4 (aq) and others didn’t.  You may want to use a diagram to aid in your explanation. Also discuss any differences in rates of reaction. (3 marks)
7. How do intermolecular forces play a role in the reactions above? (2 marks)
Conclusion:

a) Summarize the lab – explain the purpose and what was done, your observations, and your reaction findings.  Ensure to give a summary statement about halogenation and oxidation reactions of primary, secondary and tertiary alcohols.  (6 marks - C) 
b) Finally, research to find an application for 2 specific reactions above (pick one for halogenation, one for oxidation).  Summarize it, and answer the following 2 questions: How does this reaction benefit society?  Does it have any drawbacks?  (6 marks - A)
