Isopentyl Acetate through Fischer Esterification 
Abstract
[bookmark: _GoBack]The primary aim of this practical was to demonstrate the esterification process. In this case, isopentyl alcohol and acetic acid are used to obtain isopentyl acetate. Two drying agents; cobalt (II) chloride in the anhydrous form and silica gel are introduced in a beaker that was put on sand bath having concentrated sulfuric acid, acetic acid, and isopentyl alcohol and is connected to a condenser. To create a dry atmosphere at the top of the condenser, desiccants of calcium chloride were used. After 90 minutes, the contents are washed in a cultured tube with saturated sodium bicarbonate and diethyl ether. The organic layer is then removed by liquid-liquid extraction method after which it is dried using anhydrous sodium sulphate. The excess water and ether that was introduced for quantitative reasons are evaporated in a sand bath. Lastly, the ester from this reaction weighted 768 mg which represent a yield of 80%.
Procedure
The steps followed in this experiment was obtained the laboratory manual with slightly minor changes. These changes included the use a 10 mL round bottomed flask in place of 5 mL reaction vial in the laboratory manual, the use of plastic pipette to add sulphuric acid instead of glass Pasteur pipette and the drying process was enhanced as we placed the cultured tubes into hot sand bath instead of waiting for 7 days to dry the ether.
Data 
	Mass
	Quantity (mg)

	Empty culture tube
	11550

	Culture tube with product
	12318

	Experimental yield
	768

	Theoretical yield
	957


Calculations
Experimental yield


Theoretical Yield 


Percentage yield


Discussion and Conclusion
	In the formation of an ester, an alkyl group replaces a hydroxyl group in a carboxylic acid in the presence of sulphuric acid which acts as speeds up the rate of the reaction. Therefore, one needs a carboxylic acid and an alcohol. The former was taken as acetic acid and the later as isopentyl. The reaction starts when the carboxylic acid is protonated. The catalyst in this experiment is employed to protonate oxygen that is found in the alcohol to form a positively charged ion of alkoxonium.  A protonated carboxylic acid is then formed when the hydrogen in the alkoxonium ion is removed by the double bonded oxygen on the acetic acid. After which a nucleophilic reaction takes place where the alcohol is added to the protonated acetic acid which is followed by several steps of hydrogen transfer. The alcohol gets attached to main carbon during the reaction forming a positively charged acetic acid. Then, the alcohol that is in the surrounding environment of the reaction removes one hydrogen from the connected alcohol. The hydrogen from the then protonated alkoxonium ion combines with the OH on the acetic acid. This step creates a slightly positive charge on the oxygen that is then released by an atom of carbon. The final product of this reaction is a carboxylate ester and hydroxonium ion. The ester is referred to as isopentyl acetate.
	The removal of a water molecule favors formation of an ester in accordance with Le Chatelier’s principle. This is essential since it means that the whole reaction can be reversed. Therefore, to favor the formation of the desired ester, certain reagents should be used which cause the decrease in the product. In this experiment, acetic is added in excess because isopentyl is taken as the limiting reagent. There are many drying agents that can be used to remove water from this reaction. Some of them include silica beads and anhydrous cobalt (II) chloride among others. 
	We began the experiment by adding 4 drops of sulfuric acid ,1.5 mL acetic acid, 800 uL of isopentyl alcohol and 8 beads of silica gel at the same time in a 10 mL round bottom beaker. It is worth noting that since one of the products in this experiment was water, the silica gel beads were used primarily to absorbed water as the reaction progresses. After which a spine vane was introduced before the round bottom beaker was put in the condenser. Anhydrous calcium chloride was placed on top of the condenser to maximize water absorption and reduce the loss of isopentyl by providing a dry environment. The beaker was introduced into the sand bath in a hot plate was adjusted to have a spin speed of 4 and allowed to settle there for a period of one and a half hours. After this time had elapsed, the apparatus was disintegrated and the resulting product put in a cultured tube. Inside the cultured tube, 2 mL of sodium bicarbonate was used after the mixture had been made to separate into two layers. The bottom layer was composed of aqueous layer while its upper counterpart ethereal organic. It is worth noting that the ester is soluble in the top layer which is separated and introduced into a new cultured tube where the same amount of sodium bicarbonate is used to necessitate the liquid-liquid process of extraction. This process is repeated three times but in each repeated case, 1 mL of diethyl ether is added to compensate for the volume. Sodium sulfate was used to dry the final layer of ethereal organic two times through Pasteur pipette by granules. Due to time, I introduced the cultured tube inside the sand bath to dry the final product of the reaction weighed 768 mg. 
	The final product of this experiment had a smell of bananas and was yellow in color. Comparing the experimental and the theoretical yield, it is evident that there were several errors since I obtained a percentage yield of approximately 80%. However, my yield was higher that all the other students in the laboratory. The errors in my case are attributed to human errors. Some of these errors include the loss of some organic layer while transferring it to a new cultured tube, the timing was a little bit off as the solution was either undercooked or overcooked at the beginning of the practical during heating on a sand bath and loss of some products during drying of the organic layer.
	In the IR spectrum, we have a carbonyl occurring at 1705 cm-1, a broad large peak at 2556 cm-1and 3038 cm-1 characteristic of a carboxyl group in acetic acid. On the other hand, at a wavelength of 3323 cm-1 there is a peak representing O-H group, two peaks at a wavelength of 1367 and 1385 cm-1 due to isopropyl, methylene and methyl have a bending vibration at 1466 and three peaks at a wavelength between 2958 and 2872 cm-1 attributed to the carbon to hydrogen group in IR spectrum of isopentyl. Lastly, in isopentyl acetate IR spectrum, the isopropyl group shows three peaks at a wavelength between 1467 and 1365 cm-1, a C-O group shows its huge peak at 1232 cm-1 and the remaining C-H groups have similar wavelength as that exhibited in the IR spectrum of isopentyl.
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