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Expt. No.: 4

Date:
8-10-2003

(1st distillation and purification)



9-10-2003

(2nd distillation)

Title: Synthesis of cyclohexene by the Dehydration of cyclohexanol

Aim: To produce cyclohexene and determine the percentage yield

Chemical and Apparatus:
~2 g anhydrous calcium chloride, ~11 g cyclohexanol, ~1 mL conc. sulphuric acid, ~ 2.5 mL 85% phosphoric acid, ~10 mL saturated NaCl

50 mL pear-shaped flask, screw-cap adapter, thermometer, Liebig condenser, receiver adaptor, measuring cylinder, electronic balance, 125 mL separating funnel

Method:
                 + H2SO4/ H3PO4 (                 +H2O

cyclohexanol                             cyclohexene

Cyclohexanol, being a secondary alcohol, undergoes dehydration by an E1 (unimolecular elimination) mechanism to produce cyclohexene. Cyclohexene is extracted by using simple distillation.


After the collection of the distilllate from the first distillation, it is further purified by water extraction and conc. NaCl extraction. Then calcium chloride, a drying agent, is added to remove the water. After drying, cyclohexene is purified by second simple distillation.


Set-up of Simple Distillation
Procedures:
(1st day)

1. ~1 mL conc. H2SO4 and ~ 2.5 mL 85% H3PO4 were mixed.
2. ~11 mL cyclohexanol was placed into the pear-shaped flask, followed by the acid mixture by the use of a pipette.
3. A few anti-bumping granules were added into the mixture.

4. The bunsen burner was started, and the thermometer reading for the first drop of distillate and temperature with most distillate were recorded.

5. The residue was poured into the ice-water which was previously used to condense the distillate.

6. The distillate was transferred to a 125 mL separating funnel, after standing for about 30 seconds, the lower aqueous layer was drained.

7. The remaining cyclohexene was washed with about 10 mL water (after adding the water, then shaking the flask and standing for about 30 seconds), the aqueous layer was drained.

8. The remaining cyclohexene was washed with about 10 mL conc. NaCl (after adding the conc. NaCl, then shaking the flask and standing for about 30 seconds), the aqueous layer was drained.

9. After purification by the separating funnel, the cyclohexene was transferred to a test tube and the weight of the cyclohexene was measured by weighing by difference with the use of electronic balance.

10. ~2 g anhydrous calcium chloride was added to the cyclohexene and the test-tube was stoppered, with the stopper wrapped by food wrap.

11. The cyclohexene was stood overnight.

(2nd day)

12. Weight of the cyclohexene was measured again by electronic  
balance after the removal of calcium chloride.
13. The cyclohexene was then transferred into the pear-shaped flask 
and the second simple distillation started.
14. Distillate of lower then 780C and above 830C was discarded.

15. Weight of the distillate with boiling point between 780C and 830C  
was determined again by the use of electronic balance.
16. Test on the crude product with Br2(aq) and KMnO4(aq) were  
conducted.
Observations:

1. Brown liquid was observed around the pear-shaped flask as the acid mixtured placed into the cyclohexanol.
2. The residue of the 1st distillation was black; while the 2nd one is creamy yellow.

3. The distillate of the 1st distillation was milky; while the 2nd one is clear and colorless.

4. The purple colour of the acidified KMnO4(aq) was decolorized after adding a few drops of the crude product.

5. The brown colour of the Br2(aq) was decolorized after adding a few drops of the crude product.

Data:

Temperature for the first droplet:
820C
Temperature for most droplets:

700C
Weight after purification: 

6.211 g
Weight after standing 1 night:
5.070 g
Weight after 2nd distillation:

4.563 g
Calculation:
	Expected yield in moles =
	11.0 cm3 x 0.96 gcm-3
	= 0.1056 mol

	
	100 gmol-1
	


Expected mass = (0.1056 mol) x (82 gmol-1) = 8.66 g

Actual mass from the experiment = 4.56 g
	Percentage yield =
	Actual yield
	X 100%

	
	Expected yield if 100% completion
	

	4.56 g
	X 100% = 52.7%

	8.66 g
	


                 =
Discussion
A. About the experiment
1. Mechanism of cyclohexanol to cyclohexene (E1)
Energy profile
P.E.
                                                               Reaction coordinate
2. Supression on the substitution reaction


For the intermediate cyclohexyl cation, it may undergo substitution or elimination. In order to have a higher yield of cyclohexene, the suppression of substitution is required. It is achieved by 

(1) use of strong acid with anions that are relatively poor nucleophiles


- if strong nucleophile is used, it will attack the cyclohexyl 

 cation, having a substitution instead of elimination 

(2) high reaction temperature

(3) distillation of cyclohexene from the reaction mixture as it is formed.
3. Choice of acids


In fact, any strong acid can be used as a drying agent. In this reaction, an acid with anion of poor nucleophilic is preferable to yield less substitution.



Conc. H2SO4 alone causes both oxidation and polymerization of the cyclohexene:



For H3PO4, fewer side reaction results but the rate of alkene formation is too slow.



As a result, a mixture of H2SO4 and H3PO4 is used in this reaction.

4. Criteria and advantages for using distillation to remove alkene


Removal of alkene by distillation is a pratical way to prevent side reaction, for example, tar formation by reducing the contact time between the acid and the alkene; however, it is only applicable for those dehydration reaction producing low boiling point alkenes, like cyclohexene. Water is also removed so as to prevent the reverse reaction (cyclohexene to cyclohexanol)
5. Azeptropic mixture of cyclohexene and water


In pure water, molecules are held by hydrogen bond; in pure cyclohexene, van der Waals’ force exists between molecules. Upon mixing, the interaction between water and cyclohexene is weaker due to the loss of hydrogen bond, showing positive derivation from Raoult’s Law. An azeotropic mixture (constant boiling point) is formed with composition of 10% water- 90% cyclohexene.

The boiling point- composition curve of cyclohexene and water

6. Necessity of further purification


Since cyclohexanol also forms an azeotropic mixture with water, i.e. the cyclohexene-water distillate is still contaminated with the cyclohexanol, hence further purification is required.



Water extraction is used since cyclohexanol and water are both held by hydrogen bond, under ‘like dissolves like’, cyclohexanol is slightly soluble in water.



Saturated NaCl solution extraction is empolyed since the addition of sodium chloride to reduce solubility of organic product in water. 



Removal of water is required since cyclohexene forms an azeotropic mixture with water. Anhydrous CaCl2 is used because it is solid, easy for separation; it forms molecular complexes with both alcohol and water.

Flow chart of another possible way of purification

[image: image1.png]FLOW CHART FOR THE PURIFICATION OF CYCLOHEXENE

cyclohexanol, eyclohexene, H', PO,*, H,0
Steam distill < 100° until only about 0.5 mL remains

pot residue distillate

cyclohexanol, H, PO, H,0  cyclohexene, H,0, some H', some eyclohexanol

1) Add solid NaCl until saturated (salting out
forces organic compds out of solution)

2) Add 10% Na,CO; until pH > 7 (about 1 L)

3) Pour into centrifuge tube and pipet off aq layer

organic layer (top)

aq layer (bottom)

Na, CT, CO;™ cyclohexene, some water, some cyclohexanol
1) Dry with 0.5 ¢ anhyd Na,SO,, switl

2) Decant organic liquid (water removed)

3) Distill (collect fraction which bols 80-85°)

pot residue distillate
cyclohexanol cyclohexene
(boils at 161°in (weigh first,
simple distillation) check refractive index,

run classification tests)




7. Use of anti-bumping granules


Avoid vigorously heating and vapourization of the mixture and ensure evenly heating.

8.
Possible reasons for yield less than 100%
· competing reactions take place

· cyclohexanol not pure
· losses due to transfer/some alcohol still in measuring cylinder

· some cyclohexene on sides of separating funnel

· cyclohexene very volatile
Reaction of alkaline potassium permanganate


Purple alkaline potassium permanganate is treated with cyclohexane, cyclohexene, and cyclohexanol. Oxidation of cyclohexene and cyclohexanol is revealed by the formation of the green manganate ion. The cyclohexene reacts more rapidly than cyclohexanol. Cyclohexane does not react.
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The secondary alcohol cyclohexanol is oxidized by permanganate to give the cyclohexanone. The cyclohexene reacts to give cis-1,2-cyclohenanediol. The permanganate ion is reduced to the green manganate ion.
Reference:
http://courses.chem.utah.edu/Chem/2330KrishnamurthyM/2330L9DehydCholesterol.pdf
http://jchemed.chem.wisc.edu/JCESoft/CCA/CCA5/MAIN/1ORGANIC/ORG05/TRAM05/A/0171503/MOVIE.HTM
www.nuffieldfoundation.org/chemistry
~
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