Rowan College at Burlington County

CHE 241

Lab Three: Synthesis of Cyclohexanol
Objectives: 

1. Write a procedure for a preparative organic laboratory experiment.

2. Synthesize an alcohol from an alkene.

3. Isolate the reaction product by distillation.

4. Learn the concept of liquid/liquid extraction and how it applies to acid-base separation. Extract                                           the reaction product from a distillate using ether, sodium chloride and potassium carbonate.

5. Handle ether and concentrated sulfuric acid safely in the experiment.

6. Determine the purity of the product by the refractive index.

7. Run an infrared spectrum of a neat liquid.

8. Determine the identity and structure of the product using the infrared spectrum.

“Reaction: In a 500 ml standard taper round bottom flask, add 16 mls of concentrated sulfuric acid and 8 mls of water. Cool the reaction flask in an ice bath until cold to the hand and then add 20 ml of reagent grade cyclohexene. Stopper the flask with a greased ground glass stopper and shake vigorously to mix for at least 15 minutes or until there is one homogeneous layer, holding the stopper in. Let the reaction mixture sit an additional 10 minutes to increase completeness of reaction.

Note:  Use long rubber gloves when handling concentrated acids.

Purification (procedure): Add 250 mL of water and distill the reaction mixture via a simple distillation using a heating mantle as the heat source and a 250 mL standard taper round bottom flask as a receiver. Distill until the distillate in the condenser is clear, with no oily droplets present, and one phase is left in the pot. Saturate the distillate with 50 grams of sodium chloride and let this mixture stand until next week.  Store the mixture in a well-sealed jar.   [End week 1 here.] 
Transfer the mixture to a 250 mL separatory funnel. Rinse the reaction flask three times with 
10 mL of diethyl ether and add all the ether rinsings to the separatory funnel. Extract the reaction mixture with the ether, separate the layers and pour the ether layer into a 125 mL Erlenmeyer flask. Add anhydrous potassium carbonate to the ether layer until free flowing and allow it to stand for at least 10 minutes. Gravity filter this mixture through fluted filter paper into a 250 mL suction filtration flask. Use vacuum evaporation to remove the ether from the mixture using the set-up demonstrated in the laboratory. Store the mixture in a well-sealed jar.  [End week 2 here.]
Note:  Free flowing is when the drying agent is not clumped with moisture, but has free particles flowing in the mixture.
Transfer the remaining liquid to a 50 mL standard taper round bottom flask.  Distill via a simple distillation using a heating mantle as the heat source. Collect the low boiling fraction in a 100 mL standard taper flask. Change the flask at 120 ºC to a labeled, weighed bottle and collect from 120-162 ºC. Adjust the variac setting to control frothing. Watch the liquid level in the pot. The distillation should be stopped when the liquid level becomes too low, the temperature drops and/or signs of charring are seen. Weigh the sample and sample bottle to obtain the mass of cyclohexanol produced.
Characterization: Determine the refractive index of the product. Determine the infrared spectrum of the product. The instructor or instructional assistant will demonstrate the operation of the Abbe refractometer and the infrared spectrophotometer.
Analysis/Results:
1. Comment on the percent yield of cyclohexanol.
2. By comparing experimental and literature boiling points, and the experimental infrared spectrum and the standard infrared spectra, determine the identity of the main product.
3. From a comparison of the experimental refractive index and the literature refractive indices determine the purity of the product.
4. From the experimental infrared spectrum determine the structure of the product.

5. Discuss factors that could cause loss of material and/or impurity of product for procedures discussed above.
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