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Experiment IX
Fischer Esterification of Acetic Acid with Isopentyl Alcohol
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Abstract
	The purpose of this experiment was to perform Fischer esterification of acetic acid with isopentyl alcohol to form isopentyl acetate. This was done by mixing 800 µl of isopentyl alcohol and 1.5 mL of glacial acetic acid in a 5.0 mL reaction vial. 4 drops sulfuric acid was used as a catalyst to the reaction. The vial was heated and stirred at reflux for about 90 minutes. Sodium bicarbonate was used to separate the aqueous and organic layers, allowing for the extraction of the organic layer containing the compound. The product was then dried with anhydrous sodium 
sulfate. The amount of product recovered was 844 mg. The theoretical yield is calculated to be 957 mg; this gives a percent yield of 88.2%.
Procedure
Poulos, Z. J. Organic Chemistry I – A Laboratory Manual for the Health Sciences Major, Fall 2017; Hayden-McNeil: Plymouth, MI, 2017.
Refer to pages 140-148 of the Lab Handbook for the full list of equipment used and the detailed procedure. For the procedure, 800 µl of isopentyl alcohol and 1.5 mL of glacial acetic acid was used. 10 blue silica beads were used to help absorb the water formed. No magnetic spin vane was used to help mix the 5.0 mL vial when it was being heated up. During the extraction phase, two aliquots of Et2O was used because the organic volume decreased. The product was heated in a sand bath under the fume hood to quicken drying time. 
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Isopentyl Alcohol       Acetic Acid     Sulfuric Acid (Cat.)         Isopentyl Acetate               Water
Data & Calculations
Table 1. Recorded and Calculated Values
	Mass of Tared Culture Tube
	11,297 mg

	Mass of Culture Tube w/Product
	12,141 mg

	Mass of Isopentyl Acetate Recovered
	844 mg

	Theoretical Yield
	957 mg

	Percent Yield
	88.2%

	MW of Isopentyl Alcohol
	88.15 mg/mmol

	MW of Isopentyl Acetate
	130.19 mg/mmol



Mass of Isopentyl Acetate Recovered
= (Mass of culture tube w/product) – (mass of tared culture tube)
(12,141 mg) – (11,297 mg) = 844 mg
Mmol of Isopentyl Alcohol
= (Mass of isopentyl alcohol) / (MW of isopentyl alcohol)
(648 mg) / (88.15 mg/mmol) = 7.35 mmol
Theoretical Yield (Isopentyl Acetate)
(mmol of isopentyl acetate) * (MW of isopentyl acetate)
(7.35 mmol) * (130.19 mg/mmol) = 957 mg
% Yield
(recovered mass / theoretical mass) * 100%
(844 mg) / (957 mg) = 88.2%


Infrared Spectrum
Figure 1. Infrared Spectrum of Isopentyl Alcohol
[image: ]Figure 2. Infrared Spectrum of Acetic Acid
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Figure 3. Infrared Spectrum of Isopentyl Acetate
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Discussion
	In this experiment, isopentyl acetate was formed by reacting isopentyl alcohol and glacial acetic acid. 800 µl was mixed with 1.5 mL of glacial acetic acid in a 5.0 mL reaction vial. Since water is a product of the reaction, 10 beads of silica gel was used to help absorb the water formed. Sulfuric acid was used as a catalyst to speed up the reaction. Prior to mixing, 4 drops of sulfuric acid was dispensed from a plastic disposable pipette into the reaction vial. The protocol called for the use of a magnetic spin vane, but none was used in this trial. Silica beads in the reaction vial helped mix the solution. The condenser was connected to a water-jacketed reflux condenser. At the end of the reflux condenser was anhydrous calcium chloride, this was to create a dry environment to limit the loss of isopentyl acetate and maximize the absorbance water. The hot plate’s was heat setting was turned up to 7. The solution was refluxed for approximately 90 minutes before extracting. After refluxing, the contents of the reaction vial was placed into a clean culture tube. The solution was quenched with two aliquots of sodium bicarbonate. 2.0 mL of sodium bicarbonate was used to separate the organic and aqueous layers of the mixture. The aqueous layer was extracted and disposed. This was done twice, hence two aliquots. Two aliquots of 1.0 mL diethyl ether was used to compensate for the loss of organic volume during quenching. The organic layer was dried with anhydrous sodium sulfate and heated up in a sand bath to quicken the drying. Once dried, the product was massed, and 844 mg of isopentyl acetate was recovered. 
	Fisher Esterification takes place in several steps. Sulfuric acid serves as a catalyst to protonate the oxygen of the alcohol, creating a positively charged alkoxonium ion. The double bonded oxygen on the carboxylic acid will take the hydrogen off the alkoxonium ion, creating a protonated carboxylic acid. Next is the nucleophilic addition of the alcohol to the protonated carboxylic acid. After, there is a series of hydrogen transfers. The alcohol attaches to the main carbon the carboxylic acid and becomes positively charged. The surrounding alcohol molecules takes the hydrogen off the connected alcohol. The OH group on the carboxylic acid takes a hydrogen from the protonated alkoxonium ion formed in the previous step. This creates an a positive charge on the oxygen, which releases from the carbon atom. The end product is carboxylate ester and hydronium. In this experiment, the carboxylic ester formed is isopentyl acetate. Water was also a product in this reaction, which was helped absorbed by the silica gel beads. This helped pushed the reaction equilibrium to the right. From Le Chatelier’s principle, removing water, a product, will favor formation of the ester. 
	The isopentyl acetate product was yellowish in color and smelled slightly like bananas. The recovered mass of isopentyl acetate in this experiment was 844 mg. The theoretical yield of the product was calculated to be 957 mg. This gives a percent yield of 88.2%. This is very high, considering this is a microscale experiment. Although there was a high percent recovery, the lost 12% was definitely due to error. This may be a result of not transferring all of the solution into the culture tube from the reaction vial after heating. This would render a lower recovery percentage since the remainder of the organic material would be left sitting in the reaction vial. The bigger error source may have been during refluxing the solution. Refluxing the mixture for a longer time would have given the contents in the reaction vial the opportunity to fully react. More product would correlate to a higher percent yield of the product. Other than that, the drying process went very smoothly. 
	In the infrared spectrum of acetic acid, there is a large belly peak 3038 cm-1 to 2556 cm-1. This corresponds to the carboxyl group on acetic acid. This is due to the hydrogen bonded dimer stretching, resulting in a broad range, not a series of sharp stretches. There is a carbonyl peak at 1705 cm-1. For the infrared spectrum of isopentyl alcohol, there is broad peak at 3323 cm-1 that corresponds to O-H stretch of the alcohol. From the 2871 cm-1 to 2958 cm-1 stretch, there are three peaks that correspond the C-H stretch of the alkyl group. At 1466 cm-1 there is a bending vibration of both methyl and methylene. There are also two peaks at 1385 cm-1 and 1367 cm-1 which is corresponds to an isopropyl group. For isopentyl acetate, there are three peaks from 2958 cm-1 to 2873 cm-1 correspond to the C-H stretching on the alkyl group. At 1739 cm-1, there is a sharp peak which correspond to the ester-carbonyl group. In the alkyl portion, there are similar peaks from 1467 cm-1 to 1365 cm-1, which indicates an isopropyl group. There is a huge peak at 1232 cm-1, which associated with the single bond stretching of C-O on the carbonyl. 
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