Ester Lab

Introduction
The general reaction for the esterification of an organic acid with an alcohol is 

R-COOH + HO-R’ ( R-CO-OR’  + H2O

Esterification reactions are a kind of elimination or condensation reaction.  In this reaction, R and R’ represent hydrocarbon chains, which may be the same or different.  Unlike many organic chemical compounds, esters often have very pleasant fruitlike odors.  Many of the odors and flavoring of fruits and flowers are due to the presence of esters in the essential oils of these materials.  The table that follows lists some esters with pleasant fragrances as well as indicating from what alcohol and which acid the ester may be prepared. 
	Acid
	Alcohol
	Essence

	1 g Salicylic acid
	Methanol
	Wintergreen

	3 mL Acetic acid
	1-Octanol
	Orange

	2 mL Butyric acid
	Ethanol
	Pineapple

	2 mL Butyric acid
	Methanol
	Apple

	2 mL Butyric acid
	Pentanol (amyl alcohol)
	Apricot

	2m L Acetic acid
	Pentanol (amyl alcohol)
	Banana


** Butyric = Butanoic acid
Generally a fruit or flower may only contain a few drops of ester, giving a very subtle odor.  Usually, the ester is part of some complex mixture of substances which taken as a whole, have the aroma  attributed to the material.  When prepared in the lab in relatively large amounts, the ester may seem to have a pronounced chemical odor and it may be difficult to recognize the fruit or flower that has this aroma. 

Esterification represents a reaction that would come to equilibrium, with significant amounts of both reactants and products present at the point of equilibrium.  Ordinarily in the synthesis of esters, use is made of the fact that most esters are highly volatile: the reaction mixture is distilled, which removes the ester from the system, and which forces the equilibrium to the right so as to maximize the yield of the ester. Once the ester has been separated from the other components, however, it must be kept free of moisture to prevent the reverse of the indicated reaction from taking place.  

Procedures: 
Caution:  Be careful with the acids.  Wear gloves and goggles.  Use the butyric acid in the fume hood – it has a very foul odor.   There is soda ash in the fume hood if you spill acid.   Because the compounds we’re using are flammable, we’ll heat solutions in water baths.
1. Prepare a water bath by filling a 250 mL beaker half full with water and heating it.

2. Look at the table to find the acid and an alcohol that you will combine.

3. Place 2 mL of the alcohol from the table for each ester chosen in test tube.  Label the tube.

4. If the acid is a liquid, add the amount listed in table of it to the alcohol in the tube. If it is a solid, add 1g of it.

5. In the fume hood, carefully add 1 mL of concentrated sulfuric acid to the tube.

6. Insert a pipet with the top trimmed off into the test tube to act as a condenser. Stir slightly and then place the test tube in a boiling water bath.

7. After about 5 minutes, use tongs to remove the test tube from the water and place in a room temp water bath.  Remove the condenser and check the tubes for fragrances by waving a little of the vapor toward you.  

Data and Analysis
Answer the following questions on separate sheets of paper and attach to this paper to turn in. 
1. Draw and name the structures of each ester in the table
2. As mentioned in the introduction, when esters are to be isolated from the equilibrium mixture use is made of the volatility of the ester, allowing it to be distilled easily from the other reagents.  To illustrate this, look up the boiling point of the ester n-propyl acetate (1-propyl ethanoate) and of its constituent alcohols 1-propanol and organic acid, ethanoic acid.  

3. Give the order of distillation and explain your order. 

4. Write reactions for the 2 esterification reactions you performed:

5. Ordinarily, esterification reactions come to equilibrium before the full theoretical yield of ester is realized.  Aside from distillation discussed earlier, how might one experimentally shift the equilibrium of the esterification reaction so that a larger amount of ester might be isolated?

