Acid-Catalyzed Dehydration of Alcohols

Organic Chemistry I Laboratory

 One of the easiest organic chemical syntheses is the dehydration of an alcohol using sulfuric acid as a catalyst to produce an alkene(s). The alcohols are first protonated in the acid to form the oxonium ion that dehydrates at elevated temperatures to yield a carbocation. In the second step in the reaction sequence that carbocation loses a beta-proton (a hydrogen atom attached to a carbon atom adjacent to the carbocation) by abstraction with the bisulfate ion to yield an alkene. The alkene forms as a gas or as a layer on the surface of the acid-alcohol mixture (the density of the alkene is less than one); the gas can then be collected over water or the liquid layer can be removed by simple distillation to give the final alkene product. In alcohols where there are more than two kinks of (-hydrogens, there will be more than one alkene product formed in the reaction. These alkenes can be separated by gas chromatography using a non-polar column packing. 


For this lab we will be preparing alkenes from a simple starting material, 2-butanol. Another alcohol that is easy to dehydrate is 2-methyl-2-butanol. The reactions and their products are outlined below. These reactions are discussed in Chapter 7 of your lecture text.
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The relative amounts of products formed from these two alcohols depend upon the stabilities of the alkenes formed. In the case of 2-butanol, there are three possible products; 1-butene, cis-2-butene, and trans-2-butene. In lecture you learned which of these is the most stable and why. For 2-methyl-2-butanol, only two products are possible; 2-methyl-1-butene and 2-methyl-2-butene. Again, 2-methyl-2-butene is more stable than 2-methyl-1-butene as it is the more substituted alkene.


In this lab you will synthesize the alkenes and separate the gaseous products of the dehydration of 2-butanol.

Laboratory Procedure
Experiment 1 : 2-butanol
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In each of 2 reaction tubes place 0.40mL (360mg) of 2-butanol and 0.20mL (2 drops) of concentrated sulfuric acid. Mix the reactants well and add a Teflon boiling chip. Using the first tube, assemble the apparatus shown below. Attach the tubing to the reaction tube by inserting a needle from the INSIDE of the septum and then sliding the tubing over the needle. Place the septum oven the reaction tube and use a specially prepared piece of bent glass tubing (provided by the instructor) to direct the tubing into the collection tube.  Make sure the Teflon (or polypropylene) tubing fits tightly on the needle and that the needle fits tightly through the septum or you will not recover any product. Clamp the reaction tube above the surface of the sand bath so it is ready to lower into the hot sand once the apparatus is assembled. The collection tube is first filled with water, capped with a finger, and inverted in the beaker of water. Clamp the collection tube in place.
When you are ready for the reaction to begin, lower the reaction tube into a 100°C hot sand bath and slowly increase the temperature to complete the reaction. Collect a full tube of the butanes, immediately remove the tubing from the water and glass tube and allow the butanes to bubble into the test solutions as described below. When finished, REMOVE THE TUBING FROM THE LIQUID, and then raise the reaction tube out of the sand bath. If the tubing is left in the water bath or a solution, liquid will be forced back into the reaction tube when it cools.  Once the reaction tube has cooled, dilute the residue with large volumes of water and wash down the drain.

Characterization of the Products
Prior to the collection of your product, prepare two reaction tubes for characterization of the products after the collection of product for GC analysis. In the first tube, place 1.0mL of bromine in methylene chloride. In the second tube, add 1.0mL of cold, alkaline permanganate. After you have collected a tube full of the gaseous alkene products for GC analysis, continue heating the reaction mixture and remove the Teflon tube from under the collection tube and place the end directly into the tube containing Br2 in CH2Cl2. Observe the results after the gaseous alkenes have bubbled into the bromine solution for a minute. Then place the Teflon tube into the cold alkaline permanganate solution. Observe the results after the alkenes have bubbled into the solution of a minute. After these observations have been made, remove the Teflon tube from the solution and then turn off the heat and remove the reaction tube from the hot sand. DO NOT stop heating until you have removed the Teflon tube from any source of liquid. If you cool the reaction tube while the Teflon tube is immersed in a liquid, the liquid will be forced up the Teflon tube and into the hot sulfuric acid reaction mixture. A serious problem! If you do not produce enough product to complete the characterization reactions, stop the reaction, allow the reaction tube to cool, add additional reactants, and make some more product.
Once you have colleted your product and characterized it by observing the reaction with bromine and cold permanganate, analyze your products (gases) by injecting about 1mL of the gas into the GC. Insert the needle of a 3mL syringe into the septum on the top of your collection tube and withdraw     2-3mL of the gas. Be careful not to withdraw any water into the syringe. Save your remaining product in the tube in case you need to do another chromatogram. Depending upon the GC and settings, it may take more or less than 1mL. Using the areas under the GC curves, determine the relative amounts of the three products and compare these results to the known stabilities of the products.

Below are some questions you should be able to answer.
1.
What were the GC settings used in the experiment?

2.
What was the basis for your identification of the peaks in the GC.

3.
What were the relative amounts of the three products in the 2-butanol experiment and how do these ratios relate to the relative stability of the products?

4.
What were the results of the test performed on your products?

5.
Write the structure of the three olefins (alkenes) produced by the dehydration of 3-methyl-3-pentanol.

6.
When 2-methylpropene is bubbled into dilute sulfuric acid at room temperature, it appears to dissolve. What new substance has been formed?

7.
From your knowledge of the dehydration of tertiary alcohols, which olefin should predominate in the product of the dehydration of 2-methyl-2-butanol?

8.
What is the maximum volume at STP of the butane mixture that could be obtained by the dehydration of 81 mg of 2-butanol?

9.
What other gases are in the collection tube besides the three butenes at the end of the second experiment? 
Do not turn in the answers to these questions.
Turn in the Data Sheet attached to this document and attach the labeled chromatograph.

Revision 07/30/2004

Organic Laboratory Data Sheet
              Name _________________________________________ Partner _________________________
Experiment: ACID-CATALYZED DEHYDRATION OF ALCOHOLS
I.    Reaction equation(s) using structures and names:
[image: image3.emf]


II.    Theoretical yield (recovery) and literature melting/boiling point:


    Butenes:   Theoretical Yield:                                                      Literature BP’s:

III.   Data:


    Result of bromine test (Positive or negative – Describe observation):




   

    Result of cold permanganate test (Positive or negative – Describe observation):      

IV.    Chromatogram Analysis – Butenes (Identify peaks and show relative areas. Discuss alkene stabilities.)

   Attach labeled chromatogram to report:   
V.   Technique – Provide a self-evaluation and grade yourself on your technique (percentage out of 100%):
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16
2
#Group 0
41.750 -51.400 1533.250 -652.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 5 4
1232.250 -490.357 0.000 1 1 1 C 0 0
914.453 -490.357 0.000 2 1 2 C 0 0
539.453 -490.357 0.000 3 1 3 C 0 0
164.453 -490.357 0.000 4 1 4 C 0 0
914.453 -172.560 0.000 5 1 5 O 0 0
2 1 0 0 0 0
3 2 0 0 0 0
4 3 0 0 0 0
5 2 0 0 0 0
#pseudo_bond 0
#atom_label 5
1
1
#Group 0
1161.750 -425.300 1481.250 -600.680
1176.000 -508.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 1232.000 -490.000 0
2
1
#Group 0
843.750 -421.400 1101.250 -576.240
858.000 -506.333 0.000 0.000
10.00 0
1 0
CH
1
1 914.000 -490.000 0
3
1
#Group 0
468.750 -425.300 788.250 -600.680
483.000 -508.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 539.000 -490.000 0
4
1
#Group 0
93.750 -425.300 413.250 -600.680
108.000 -508.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 164.000 -490.000 1
5
1
#Group 0
836.875 -103.400 1107.125 -258.240
852.500 -188.333 0.000 0.000
10.00 0
1 0
OH
1
1 914.000 -172.000 0
end
3
#Group 0
1689.250 -434.600 2927.300 -544.600
1699.250 -489.600 2917.300 -489.600
10.00 0
2767.299805 -449.599976
2767.299805 -529.599976
1699.250000 -489.599976
0.000000 140.000000 30.000000
0
1
#Group 0
1761.250 -224.600 2685.250 -446.600
1792.250 -322.600 0.000 0.000
10.00 0
1 0
H2SO4(conc)
1 1 81 2 1 4 81 5 1
1
#Group 0
1907.250 -547.600 2229.250 -743.600
1938.250 -645.600 0.000 0.000
10.00 0
1 0
heat
1
2
#Group 0
3180.750 -43.400 4530.250 -976.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 6 5
4042.250 -489.600 0.000 1 1 1 C 0 0
3667.250 -489.600 0.000 2 1 2 C 0 0
4229.704 -164.814 0.000 3 1 3 H 0 0
4229.704 -814.386 0.000 4 1 4 C 0 0
3479.796 -814.386 0.000 5 1 5 C 0 0
3479.796 -164.814 0.000 6 1 6 H 0 0
2 1 2 0 0 0
1 3 0 0 0 0
1 4 0 0 0 0
2 5 0 0 0 0
2 6 0 0 0 0
#pseudo_bond 0
#atom_label 6
1
1
#Group 0
3971.750 -420.400 4114.250 -575.240
3986.000 -505.333 0.000 0.000
10.00 0
1 0
C
1
1 4042.000 -489.000 0
2
1
#Group 0
3596.750 -420.400 3739.250 -575.240
3611.000 -505.333 0.000 0.000
10.00 0
1 0
C
1
1 3667.000 -489.000 0
3
1
#Group 0
4158.750 -95.400 4301.250 -250.240
4173.000 -180.333 0.000 0.000
10.00 0
1 0
H
1
1 4229.000 -164.000 0
4
1
#Group 0
4158.750 -749.300 4478.250 -924.680
4173.000 -832.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 4229.000 -814.000 0
5
1
#Group 0
3232.750 -749.300 3551.250 -924.680
3247.000 -832.500 0.000 0.000
10.00 0
1 0
H3C
1 1 81 2 1
3 3479.000 -814.000 0
6
1
#Group 0
3408.750 -95.400 3551.250 -250.240
3423.000 -180.333 0.000 0.000
10.00 0
1 0
H
1
3 3479.000 -164.000 0
end
1
#Group 0
4584.250 -401.600 4739.250 -597.600
4615.250 -499.600 0.000 0.000
10.00 0
1 0
+
1
2
#Group 0
4751.750 -42.400 6101.250 -974.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 6 5
5612.750 -487.800 0.000 1 1 1 C 0 0
5237.750 -487.800 0.000 2 1 2 C 0 0
5800.204 -163.014 0.000 3 1 3 H 0 0
5800.204 -812.586 0.000 4 1 4 C 0 0
5050.296 -812.586 0.000 5 1 5 H 0 0
5050.296 -163.014 0.000 6 1 6 C 0 0
2 1 2 0 0 0
1 3 0 0 0 0
1 4 0 0 0 0
2 5 0 0 0 0
2 6 0 0 0 0
#pseudo_bond 0
#atom_label 6
1
1
#Group 0
5541.750 -418.400 5684.250 -573.240
5556.000 -503.333 0.000 0.000
10.00 0
1 0
C
1
1 5612.000 -487.000 0
2
1
#Group 0
5166.750 -418.400 5309.250 -573.240
5181.000 -503.333 0.000 0.000
10.00 0
1 0
C
1
1 5237.000 -487.000 0
3
1
#Group 0
5729.750 -94.400 5872.250 -249.240
5744.000 -179.333 0.000 0.000
10.00 0
1 0
H
1
1 5800.000 -163.000 0
4
1
#Group 0
5729.750 -747.300 6049.250 -922.680
5744.000 -830.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 5800.000 -812.000 0
5
1
#Group 0
4979.750 -743.400 5122.250 -898.240
4994.000 -828.333 0.000 0.000
10.00 0
1 0
H
1
3 5050.000 -812.000 0
6
1
#Group 0
4803.750 -98.300 5122.250 -273.680
4818.000 -181.500 0.000 0.000
10.00 0
1 0
H3C
1 1 81 2 1
3 5050.000 -163.000 0
end
2
#Group 0
73.750 -1489.400 1645.250 -2522.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 6 5
1344.250 -1985.800 0.000 1 1 1 C 0 0
1081.750 -1985.800 0.000 2 1 2 C 0 0
639.250 -1985.800 0.000 3 1 3 C 0 0
196.750 -1985.800 0.000 4 1 4 C 0 0
1081.750 -1610.800 0.000 5 1 5 O 0 0
1081.750 -2360.800 0.000 6 1 6 C 0 0
2 1 0 0 0 0
3 2 0 0 0 0
4 3 0 0 0 0
5 2 0 0 0 0
6 2 0 0 0 0
#pseudo_bond 0
#atom_label 6
1
1
#Group 0
1273.750 -1920.300 1593.250 -2095.680
1288.000 -2003.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 1344.000 -1985.000 0
2
1
#Group 0
1010.750 -1916.400 1153.250 -2071.240
1025.000 -2001.333 0.000 0.000
10.00 0
1 0
C
1
1 1081.000 -1985.000 0
3
1
#Group 0
568.750 -1920.300 888.250 -2095.680
583.000 -2003.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 639.000 -1985.000 0
4
1
#Group 0
125.750 -1920.300 445.250 -2095.680
140.000 -2003.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 196.000 -1985.000 1
5
1
#Group 0
1003.875 -1541.400 1274.125 -1696.240
1019.500 -1626.333 0.000 0.000
10.00 0
1 0
OH
1
1 1081.000 -1610.000 0
6
1
#Group 0
1010.750 -2295.300 1330.250 -2470.680
1025.000 -2378.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 1081.000 -2360.000 0
end
3
#Group 0
1762.250 -1938.600 3000.300 -2048.600
1772.250 -1993.600 2990.300 -1993.600
10.00 0
2840.300049 -1953.599976
2840.300049 -2033.599976
1772.250000 -1993.599976
0.000000 140.000000 30.000000
0
1
#Group 0
1834.250 -1728.600 2435.250 -1950.600
1865.250 -1826.600 0.000 0.000
10.00 0
1 0
  H2SO4
1 3 81 4 1 6 81
1
#Group 0
1980.250 -2051.600 2302.250 -2247.600
2011.250 -2149.600 0.000 0.000
10.00 0
1 0
heat
1
2
#Group 0
3239.750 -1551.300 4636.250 -2147.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 5 4
4335.292 -1985.866 0.000 1 1 1 C 0 0
4112.835 -1985.866 0.000 2 1 2 C 0 0
3737.835 -1985.866 0.000 3 1 3 C 0 0
3362.835 -1985.866 0.000 4 1 4 C 0 0
4112.835 -1668.069 0.000 5 1 5 C 0 0
2 1 2 0 0 0
3 2 0 0 0 0
4 3 0 0 0 0
5 2 0 0 0 0
#pseudo_bond 0
#atom_label 5
1
1
#Group 0
4264.750 -1920.300 4584.250 -2095.680
4279.000 -2003.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 4335.000 -1985.000 0
2
1
#Group 0
4041.750 -1916.400 4184.250 -2071.240
4056.000 -2001.333 0.000 0.000
10.00 0
1 0
C
1
1 4112.000 -1985.000 0
3
1
#Group 0
3666.750 -1920.300 3986.250 -2095.680
3681.000 -2003.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 3737.000 -1985.000 0
4
1
#Group 0
3291.750 -1920.300 3611.250 -2095.680
3306.000 -2003.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 3362.000 -1985.000 1
5
1
#Group 0
4041.750 -1603.300 4361.250 -1778.680
4056.000 -1686.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 4112.000 -1668.000 0
end
2
#Group 0
5084.750 -1500.300 6588.250 -2154.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 5 4
6287.750 -1992.850 0.000 1 1 1 C 0 0
6025.250 -1992.850 0.000 2 1 2 C 0 0
5650.250 -1992.850 0.000 3 1 3 C 0 0
5207.750 -1992.850 0.000 4 1 4 C 0 0
6025.250 -1617.850 0.000 5 1 5 C 0 0
2 1 0 0 0 0
3 2 2 0 0 0
4 3 0 0 0 0
5 2 0 0 0 0
#pseudo_bond 0
#atom_label 5
1
1
#Group 0
6216.750 -1927.300 6536.250 -2102.680
6231.000 -2010.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 6287.000 -1992.000 0
2
1
#Group 0
5954.750 -1923.400 6097.250 -2078.240
5969.000 -2008.333 0.000 0.000
10.00 0
1 0
C
1
1 6025.000 -1992.000 0
3
1
#Group 0
5579.750 -1923.400 5837.250 -2078.240
5594.000 -2008.333 0.000 0.000
10.00 0
1 0
CH
1
1 5650.000 -1992.000 0
4
1
#Group 0
5136.750 -1927.300 5456.250 -2102.680
5151.000 -2010.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 5207.000 -1992.000 1
5
1
#Group 0
5954.750 -1552.300 6274.250 -1727.680
5969.000 -1635.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 6025.000 -1617.000 0
end
1
#Group 0
4782.250 -1891.600 4937.250 -2087.600
4813.250 -1989.600 0.000 0.000
10.00 0
1 0
+
1
2
#Group 0
6385.750 -372.400 7877.250 -655.680
0.000 0.000 0.000 0.000
10.00 0
#version 210
MOL 4 3
7576.250 -493.959 0.000 1 1 1 C 0 0
7258.453 -493.959 0.000 2 1 2 C 0 0
6883.453 -493.959 0.000 3 1 3 C 0 0
6508.453 -493.959 0.000 4 1 4 C 0 0
2 1 2 0 0 0
3 2 0 0 0 0
4 3 0 0 0 0
#pseudo_bond 0
#atom_label 4
1
1
#Group 0
7505.750 -428.300 7825.250 -603.680
7520.000 -511.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 7576.000 -493.000 0
2
1
#Group 0
7187.750 -424.400 7445.250 -579.240
7202.000 -509.333 0.000 0.000
10.00 0
1 0
CH
1
1 7258.000 -493.000 0
3
1
#Group 0
6812.750 -428.300 7132.250 -603.680
6827.000 -511.500 0.000 0.000
10.00 0
1 0
CH2
1 2 81
1 6883.000 -493.000 0
4
1
#Group 0
6437.750 -428.300 6757.250 -603.680
6452.000 -511.500 0.000 0.000
10.00 0
1 0
CH3
1 2 81
1 6508.000 -493.000 1
end
1
#Group 0
6074.250 -391.600 6229.250 -587.600
6105.250 -489.600 0.000 0.000
10.00 0
1 0
+
1
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