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Experiment 6

SYNTHESIS OF CYCLOHEXENE

DATA

(all information from www.chemfinder.com)
Table 1- Physical properties of chemical substances used

Name
Formula
MP((C)
BP((C)
Solubility at 20(C

Water
H2O
0
100
N/A

Cyclohexanol
C6H12O
23
161
3.60 g/100 mL

Phosphoric Acid
H3O4P
21
158
miscible

xylene
C24H30
-50
140
0.0175 g/100

                                                       mL

Sodium Chloride
NaCl
801
1413
>=10 g/100 mL

Anhydrous Sodium Sulfate
Na2O4S
884



Cyclohexene
C6H10
-104
83
Slightly soluble

Table 2: Quantitative properties of substances used

Name
MW(g/mol)
Density(g/ml)
Amount 
Moles

Water
18.02
0.995
4.0mL
0.22

Cyclohexanol
100.16
0.963
3.0mL
0.0288

Phosphoric Acid
97.995
1.685
0.8mL
N/A

Xylene
318.50
0.862
2.0mL
0.0054

Sodium Chloride
58.44
2.165
4.0mL sat.soln.
N/A

Anhydrous Sodium Sulfate
142.037
2.68
0.4g
0.0028

Cyclohexene
82.145
0.811
0.9mL
0.0089

Methods for molar calculations below:

________________________________________________________________

By mass:

0.4g Na2SO4 X 1 mol/142.037g = 0.0028 mol Na2SO4

By volume:

3.0 mL Cyclohexanol X 0.963g/mL X 1 mol/100.16g = 0.0288 mol

RESULTS

Quantity of Cyclohexanol used: 3.0mL

Yield of Cyclohexene: 0.9mL

Purity of Product by VPC: 98% 

Theoretical Yield of Cyclohexene: 3.523g

% Yield of Cyclohexene: 15.5%

CALCULATIONS

Theoretical Yield of Cyclohexene:

  reaction--  (1)Cyclohexanol + Acid + heat ( (1)Cyclohexene + (1)Water + Acid
no. moles Cyclohexanol = no. moles Cyclohexene

(grams Cyclohexanol X MW Cyclohexanol) = (grams Cyclohexene X MW Cyclohexene)

Grams Cyclohexene = (Grams Cyclohexanol X MW Cyclohexanol)/MW Cyclohexene

Grams Cyclohexanol = volume X density = 3.0mL X 0.963g/mL = 2.889 g

g. Cyclohexene = 2.889 X 100.16 / 82.145 = 3.523 g. Cyclohexene

% Yield of Cyclohexene:  since sample is 98% pure

% yield ( g. product/g. theoretical X 100 = 0.547/3.523 X 100 = 15.5%

Discussion


Alcohols, like Cyclohexanol, are some of the most polyvalent reactants in organic chemistry.  Their dehydration into alkenes is a relatively simple process and is the reaction pertinent in this laboratory experiment. The purpose of this experiment was to carry out the following reaction: Cyclohexanol + H3PO4 + heat ( Cyclohexene + H3PO4 + H20, and to isolate the produced Cyclohexene by distillation.  


The most important aspect of any microscale experiment is proper setup of the apparatus.  All the joints are checked for proper seal; this will prevent loss of vapour while the distillation is taking place.  For safety’s sake, this experiment should be carried out in a fume hood, as most organic chemicals are harmful to human health.  If a fume hood is not available, an upside-down Buchner funnel connected to the vacuum line can be used instead.  Once all the glassware is set up, there is only one step left before the reaction can take place.  A Pasteur pipette is bent under a low flame so that it can be used to extract distillate from the Hickman still.


The first step in the first step in the procedure is to carry out the aforementioned reaction.   It is very important to keep a low flame; this is only meant to convert Cyclohexanol into Cyclohexene, not to distill the mixture.  Once the mixture has homogenised, the reaction is complete and the product is distilled.  Whenever one distils a mixture, one must include a boiling chip to prevent bumping and promote even boiling.  Once the distillation rate drops, no more Cyclohexene can be extracted and the flame should be shut off.  The distillate is then carefully collected using the previously prepared Pasteur pipette.  This liquid is washed with a saturated sodium chloride solution to give a sharp distinction between the aqueous and organic layers.  The denser aqueous settles at the bottom of the conical vial and is easily separated using a Pasteur pipette.  To remove any water left in the distillate, the mixture is dried using an anhydrous salt, and decanted into a clean, dry vial (Eddie instructed us not to microfilter).  It is important to ensure that no sources of heat are in the vicinity before adding the xylene to the distillation flask because xylene is very flammable.  The reasoning behind the addition of Xylene is that, since it distils at a lower temperature than Cyclohexanol and at a higher temperature than Cyclohexene, its vapour pressure will push the Cyclohexene hold-up in the distillation column and into the Hickman still.  Again, once the distillation rate drops, the process is complete and the distillate is collected, washed and dried.  This fluid is now added to the previous, purified distillate and is loaded into the cleaned and dried distillation flask with a boiling chip.  The purpose of this final distillation is to separate as much of the Cyclohexene from the mixture as possible.  This final product is then run through the VPC to find its purity and a yield is calculated.  


The sample in this experiment was deemed to be 98% pure by VPC. This means that proper technique was observed and that the procedure was a success.  On the other hand, the yield is very low; this can be explained by a few factors.  The first factor is that quite a large amount of distillate drops were still clinging to the side of the Hickman still when the liquid was collected.  These could not be harvested and as with any microscale experiment, a small change in mass can drastically affect the results.  Second, when the distillates were dried and then decanted, a small amount of the product stayed, “soaked up” in the drying agent.  The last factor that could feasibly affect the results is the escaping of Cyclohexene through the top of the Hickman still.

To conclude, Cyclohexene was generated from Cyclohexanol and isolated using various distillations, its yield was 15.5% and the distillate was 98% pure.

