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DATA

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

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

Water
H2O
0
100
N/A

4-Ethylphenol
C8H10O
42-45
N/A
N/A

Sodium Hydroxide
NaOH
318
1390
50 g/100 mL

Tetrabutylammonium Bromide
C16H36BrN
103-104
N/A
N/A

Methyl Iodide
CH3I
-66.45
41-43
2 g/100 mL

Methyl p-Ethylphenyl Ether
C9H12O
N/A
N/A
N/A

Diethyl Ether
C4H10O
-116.3
34.6
6.9 g/100 mL

Anhydrous Sodium Sulfate
Na2SO4
884
N/A
Hygroscopic



Table 2: Quantitative properties of substances used

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

Water
18.02
0.995
0.2mL
0.011

4-Ethylphenol
122.17
N/A
0.1579g
0.00129

Sodium Hydroxide
39.997
1.045
0.250mL
N/A

Tetrabutylammonium bromide
322.37
N/A
0.0162g
5.03E-5

Methyl Iodide
141.939
2.279
0.090mL
0.00145

Methyl p-Ethylphenyl Ether
136.19
N/A
0.7387g


Diethyl ether
74.122
0.7134
2.0mL
0.0192

Anhydrous Sodium Sulfate
142.037
2.68
0.05g
3.52E-4



Molar Calculation Examples:

By Weight:

0.1579g 4-Ethylphenol X 1 mol/122.17g = 0.00129 moles 4-Ethylphenol

By Volume: 

0.2mL Water X 0.995g/mL X 1 mol/18.02g = 0.011 moles Water

Reactions

(refer to Mayo p. 331)

Figure 1.  Synthesis of p-Ethylphenyl Ether from 4-Ethylphenol and Methyl Iodide

RESULTS
Weight of 4-Ethylphenol used: 0.1579g

Weight of Methyl Iodide used: 0.2052g

Limiting reagent: 4-Ethylphenol

Theoretical yield of Methyl p-Ethylphenyl Ether: 0.176g

Actual yield of product: 0.7387g

% Yield p-Ethylphenyl Ether: 419%

CALCULATIONS

Limiting Reagent:

From Fig. 1 we see that the reagent molar ratio is 1:1

Moles 4-Ethylphenol = 0.1579g4-Ethylphenol  X 1 mol/122.17g = 0.00129mol 4-Ethylphenol
Moles Methyl Iodide = 0.090mL Methyl Iodide X 2.28 g/mL X 1 mol/141.94g = 0.00145mol Methyl Iodide

Methyl Iodide is in excess, 4-Ethylphenol is limiting reagent.

Theoretical Yield of Product:

Moles Methyl p-Ethylphenyl Ether = Moles 4-EthylphenolGrams Methyl p-Ethylphenyl

Ether 

                                        = Moles 4-Ethylphenol X MW Methyl p-Ethylphenyl Ether





        = 0.00129 X 136.19





        = 0.176g Methyl p-Ethylphenyl Ether

% Yield:
% Yield   = Actual Yield/Theoretical Yield X 100 



= 0.7387/0.176 X 100 



= 419% 

DISCUSSION

(Refer to Mayo pp.326, 328, 332)

The reaction that was carried out in this experimental procedure was the synthesis of an ether from a tertiary halide and a cyclic alcohol.  This process, which is sometimes referred to as Williamson Ether Synthesis, provides a simple method of generating ethers.  

As with any other procedure, proper apparatus setup is crucial.  A sand bath is used because of its stability and ability to disperse heat evenly.  A thermometer is inserted in the sand bath to closely monitor its temperature.  The condenser that is added to the vial plays a very important role.  It prevents any product from escaping as vapour by returning it to its liquid state after it evaporates from the vial.

The first step in this procedure is to dissolve the 4-Ethylphenol in Sodium Hydroxide solution in a small vial.  This initiates the first step in the reaction (refer to Fig.1).  Next, the phase-transfer catalyst is added;  this component is of great importance.  The phase-transfer catalyst takes the organic salt, which is now in aqueous medium and brings it into the organic phase for reaction with the Methyl Iodide.  This halide is then added, the vial-condenser apparatus is placed in the hot sand and allowed so stir for one hour.  The magnetic stir bar helps keep the mixture homogeneous which, in turn, helps the components in the two different phases come into contact and react (works in conjunction with the phase-transfer catalyst).  The hour time span is important, as it will assure maximum product.  The product is cooled and the two phases are allowed to separate.  To extract the most Methyl p-Ethylphenyl Ether, the spin bar is removed and washed with Diethyl Ether and the resulting mixture is added to the reaction vial.  The vial is capped and shaken to then be vented.  This will dissolve any organic material in the Diethyl Ether and increase the volume of organic material for easier separation.  The aqueous layer is removed and washed with Diethyl ether to again remove all possible organic substances from the water.  The ether is once again added to the reaction vial.  Some solid salt was found in the vial between the two phases at this point.  Since the aqueous layer is probably salt saturated, the remaining Sodium Iodide remains solid.  Most of this solid disappears in the next step when the mixture is treated with NaOH.  The extra water dissolves the salt and deprotonizes any product left in the aqueous phase.  The final isolation step is to remove the aqueous layer and to remove the ether solvent.  Since ether is quite volatile, it will evaporate when a gentle stream of air is applied over it.

To purify the product, it is run through a chromatography column along with some Methylene Chloride as effluent.  The column is made of sand, silica gel and anhydrous sodium sulfate.  The sand holds the silica and the silica does the purifying.  It works by holding back any solids and ionic salts and letting though non-polar organic molecules.  The sodium sulphate’s purpose is to dry the ether/methylene chloride as it is added to the column.  To “push” the product through all the way, it is eluted with more methylene chloride.  To finish the process, we evaporate the solvent with a stream of air in the same method as mentioned above.  This crude product is weighed and a yield is calculated.

The yield in this particular case is quite astronomical but can be easily explained.  The method that was used to evaporate the solvent after the final purification is not as efficient as desired.  The extra solvent left in the vial single-handedly accounts for the unexpected yield.  Impurity of the sample can be ruled out because the chromatography column would have removed all unwanted compounds except for the solvent.  If the sample could have been processed in a more efficient way the product could probably have been better isolated and the results would have been more pertinent.

