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.End Table C.
A. INTRODUCTIONtc "A.   INTRODUCTION": The planning of a preparative experiment is as important as the actual manipulation.  In order to be successful in preparing a given product, one must be aware of the side reactions that can occur, the mole quantities of reactants needed, the limiting reagent of a reaction, the physical properties of the reactants and products, the method of purification of the product and the equipment needed to run the reaction.  A compliment of these facts constitutes the pre write-up for the experiment. Once this is written, the manipulation of the experiment can begin with a knowledge of what is occurring.

B. OBJECTIVEStc "B.   OBJECTIVES":   The student should be able to:

1.
Write the main reaction equation(s) for the desired product, given the reagents in the reaction.

2.
Write the equations for the significant side reactions that can occur, given the reagents.

3.
Determine the limiting reagent of the reaction by comparing the mole ratios of the given quantities to the mole ratios indicated by the main equation.

    4.
Determine the moles and grams of the product that should be formed, if no side reactions occur from the moles of the limiting reagent.  This is called the theoretical yield.

5.
Determine the physical properties, solubilities and hazards and precautions of the reagents and products by using the Handbook of Chemistry and Physics, the Merck Index, etc.

6.
Write a flow chart for the purification of the product of the reaction by using the physical properties and solubilities of the reagents and products.

    7.
Draw diagrams of the equipment needed to carry out the experiment.

8.
Determine the percent yield from the actual yield and the theoretical yield.


C. PART A: Problemstc "C.   PART A - Problems"
1.
0.40 moles of cyclohexene, 0.35 moles of water and 0.45 moles of sulfuric acid are combined in a reaction flask.

a.
What is the limiting reagent of this reaction?

b.
What is the theoretical yield of cyclohexanol in moles and in grams?

2.
0.60 moles of cyclohexene, 0.80 moles of water and 0.70 moles of sulfuric acid are combined in a reaction flask.

a.
What is the limiting reagent of this reaction?

b.
What is the theoretical yield of cyclohexanol in moles and in grams?

EXPERIMENT III
D.   PREPARATION OF CYCLOHEXANOLtc "D.   PREPARATION OF CYCLOHEXANOL"
REFERENCEStc "REFERENCES" \l 2: Organic Laboratory Techniques, 3RD Edition,Fessenden and Fessenden 


Extraction, Technique 3, 3.1-3.5, pp. 68-84


Drying Organic Solutions, Technique 4, 4.1-4.2, pp. 88-90


Refractive Index, Technique 11, 11.1-11.2, pp. 146-150


Typical Reactions, Technique 15, 15.3 pp. 194-195


Infrared Spectroscopy, Technique 16, 16.1A, pp. 201-202


Techniques and Experiments for Organic Chemistry, 4th Ed., Ault, pp. 358-359

Introduction to Organic Laboratory Techniques, 3rd Ed., Pavia, Lampman and Kriz

 Extraction and Drying, Technique 5, p. 541-550 

 Refractometry, Technique 16, p. 654-659

 Infrared Spectroscopy, Technique 17, Part A, p. 659-661 and Appendix 3, p. 695-712

"Instruction Manual for the Perkin-Elmer   Spectrophotometer", Schoening

"Preparative Experiments" in the CHE 235 Organic Chemistry General Information Sheet

"Physical Constant Sheet - Information and Explanations"

OBJECTIVEStc "OBJECTIVES" \l 2:  The student should be able to:

1.
Write a pre-writeup for a preparative organic laboratory experiment.

2.
Synthesize an alcohol from an alkene.

3.
Isolate the reaction product by distillation.

4.
Extract the reaction product from the distillate using ether, sodium chloride and potassium carbonate.

5.
Handle ether 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.

.c:.INTRODUCTION:
Reactions: The synthesis of cyclohexanol from cyclohexene is an example of an electrophilic addition reaction of an unsymmetrical reagent to a double bond.  This is known as a hydration reaction.

                  H2SO4
         + H2O   -------->              -OH

The cyclohexene first forms an intermediate carbonium ion (carbocation) which then reacts with water to form the protonated cyclohexanol.

                 + H2SO4                       + HSO4-
                 + H2O     

The cyclohexyl carbonium ion also reacts with the hydrogen sulfate ion to form cyclohexyl hydrogen sulfate.

                + HSO4-                    -OSO3H

When water and heat are added to the reaction mixture during the first distillation (steam distillation) the protonated cyclohexanol and the cyclohexyl hydrogen sulfate are converted to cyclohexanol, the reaction product.

         -OSO3H  + H2O 
--------->                     
+ HSO4-

        

 +    H2O 
---------->

-OH  +
 H3O+

A side reaction can occur during the final distillation if the cyclohexanol if acid is present in the distilling flask.  This is the reverse of the addition reaction and is an example of a dehydration reaction, the elimination of a molecule of water.

                           H2SO4
          
   -OH      ------>   H2O 
+

Purification: At the end of the reaction period, the reaction mixture contains protonated cyclohexanol, cyclohexyl hydrogen sulfate and unreacted starting materials.  Cyclohexanol is isolated from the reaction mixture by dilution with water followed by distillation.  The distillate contains water and all the compounds in the reaction mixture that are insoluble in water, plus small (trace) amounts of the water soluble compounds as impurities;  the remaining liquid in the pot contains water and all the water soluble compounds in the reaction mixture.  

Further purification of the distillate can be accomplished based on the solubility of the chemical compounds in water versus ether.  Sodium chloride is added to the water to make the water more ionic.  This makes the slightly water soluble cyclohexanol less soluble in the water and more soluble in the ether.  Ether being insoluble in water, is used to extract the cylohexanol from the water solution.  

Prior to the final distillation a drying agent, a solid that absorbs water usually by forming a new crystal which contains complex ions in which water is a ligand, is added to the ether extract of cyclohexanol to remove the traces of water that are left.  Potassium carbonate is a good choice of drying agent here for it not only absorbs water, but it also is a base which can neutralize the trace amount of acid left in the ether extract.  

The ether is removed by vacuum evaporation and the cyclohexanol is distilled for final purification.  In the final distillation, if there is still some water present, a cyclohexene-water azeotrope at 71oC and cyclohexanol-water azeotrope at 98oC will distill off before the pure cyclohexanol distills at 155-162oC.

The procedure for the reaction and purification is given below and a flow sheet is attached to show schematically the separation achieved.  Be sure you understand this flow sheet before starting the purification process.

DIRECTIONStc "DIRECTIONS" \l 2:
Quantities:


Theoretical yield:
cyclohexene
20 ml
0.20 moles
cyclohexanol:  

water
 8 ml
0.44 moles

0.20 moles

concentrated

sulfuric acid
16 ml
0.30 moles

Additional Information:  Boiling points of Azeotrope Mixtures

Cyclohexene-water azeotrope
71 oC

Cyclohexanol-water azeotrope
98 oC

($) indicates points at which the experiment should be stopped.

($$) indicates points at which the experiment may be stopped if time is short.

Reaction: In a 500 ml standard taper round bottom flask, add 16 mls of concentrated  sulfuric acid and 8 mls of water1.  Cool the reaction flask in an ice bath until cold to the hand and then add 20 ml of reagent grade cyclohexene2.

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 layer3, holding the stopper in.  Let the reaction mixture sit an additional 10 minutes to increase completeness of reaction.($$)

Purification: 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 for 15 minutes.($)  

Transfer the mixture to a 250 ml separatory funnel4.  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 to stand for at least 10 minutes.  Gravity filter this mixture through fluted filter paper into a 250 ml suction filtration flask.  

Vacuum evaporate the ether from the mixture using the set-up demonstrated in the laboratory.  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 120oC to a labelled, weighed bottle and collect from 120-162oC.5  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 number of grams of cyclohexanol produced.

Characterization: Determine the refractive index of the product.  Determine the infrared spectrum of the product6.  The instructor or instructional assistant will demonstrate the operation of the Abbe refractometer and the infrared spectrophotometer.
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POST-WRITE UPtc "POST-WRITE UP" \l 2 - ANALYSIS:
1.
Comment on the percent yield of cyclohexanol.

2.
From a comparison of the experimental and the literature boiling points, and from a comparison of the experimental infrared spectrum and the standard 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.

Factors which could cause loss of material and/or impurity of product for procedures discussed above. 

NOTES:tc "NOTES" \l 2
1.
Acid is always added to water because concentrated acid reacts rapidly with water generating a large amount of heat.  By adding the acid to the water a slower more controlled reaction occurs.

2.
Reagent grade cyclohexene must be used in the experiment.  Impure cyclohexene darkens when shaken with sulfuric acid to the extent that completion of the reaction cannot be detected.

3.
Instead of shaking the reaction, the mixture may be allowed to stand between the laboratory periods.

4.
During storage, the stopcock plugs, whether of glass or teflon, of separatory funnels are left loose.  Be sure the plug is in proper operating position and greased if glass, before using your separatory funnel.  Ask for assistance if in doubt.

5.
This is the main product, cyclohexanol, and it should be turned in with your result card.  Do not turn in the low boiling fraction.

6.
The IR spectrum should be run neat on salt plates.  Acetone is used in this procedure to clean the salt plates.

E. Part B – Practice Problemstc "E.   Part B - Problems":
1. The theoretical yield of cyclohexanol is 40 grams and the actual yield obtained was 33 grams.  What is the percentage yield of cyclohexanol?

2.  The actual yield of cyclohexanol was 49 grams and the theoretical yield is 80 grams.  What is the percentage yield of cyclohexanol?
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