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Spectroscopy of Esters
Activity: 
Using the Infrared Spectrometer to get visual evidence a chemical change has occurred in an ester condensation reaction between an organic alcohol and carboxylic acid.

Materials: 
Ester production experiment



Alcohols



Carboxylic acids



Sulfuric acid



Hotplate



Water bath



Test tubes



Filter paper



Dropper bottles for acids and alcohols

Background:
Anyone who teaches a section on Organic Chemistry has probably had their students do a lab to prepare esters from organic alcohols and carboxylic acids.  However, in case you have missed this opportunity or are new to teaching an Organic Chemistry unit, here is a little background for you.

An ester is a compound that forms through a condensation reaction between a carboxylic acid and an alcohol.  We call this a condensation reaction because a small molecule is lost, in this case water, in the production of  a new molecule, the ester.  
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The OH from the alcohol and the H from the acid form water and the R’ positively charged R’ group from the alcohol is attracted to the negatively charged oxygen left behind from the acid.  The new product is an ester.  Usually the reaction is catalyzed by adding concentrated sulfuric acid because it is a dehydrating agent and helps remove the water molecules as they are formed to keep the reaction going.

Traditionally, we show this reaction has occurred by having students smell the products.  This is because many esters are used in artificial flavorings and fragrances because of their fruit-like odors.

Examples:

	Acid
	Alcohol
	Ester
	Odor

	Acetic acid 
	isopentanol
	isopentyl acetate
	Bananas

	Butyric acid
	Ethanol
	Ethyl butyrate
	Pineapple

	Salicylic acid (solid)
	Methanol
	Methyl salicylate
	Wintergreen


Initial Procedure: (can be found in most lab books with similar steps)

1.  Prepare a hot water bath to about 70 ⁰C.
2. Preparing the reactants
a. Place 10 drops of acid in a dry test tube (small end of a spatula for solid acids).  
b. Add 10 drops of one of the alcohols
c. Add 2 drops of concentrated sulfuric acid
3. Place test tube in water bath for about 5 minutes
4. To smell the esters, do not inhale the odor from the test tube.  Instead either pour part of the solution in a beaker of about 100 mL ofwater and waft the vapors toward your nose or use a stirring rod to place some of the ester onto a small piece of filter paper.  Can you identify the odor?
Now for the IR Spectroscopy!

Following the instructions for the IR Spectrometer, take readings of the acid and alcohol you started with as well as the resulting ester (MAKE SURE YOU SAVE SOME FROM STEP 4 ABOVE!!!).  In the alcohol, acid, and resulting ester, you will see a large peak at the left because of the OH group from water/alcohol.  However, pay close attention to the other peaks.
Results for acetic acid + isopentanol ( isopentyl acetate























































































































































































































































































































































































































































































In my AP Chemistry class, we also studied the production of biodiesel through the transesterification of vegetable oil to make a fatty acid methyl ester (through the Indiana Soybean Alliance’s Soybean Science Kithttp://www.soybeansciencekit.com/ which is much more fancy now than what I have or you can just purchase your own biodiesel for comparison sake) .  We obtained a sample of soy biodiesel (bottom chart) and compared its IR peaks to that of vegetable oil from the grocery store (top chart).  You will notice striking similarity between the group peaks in each compound.  If I were to do this again, I would also have my students test the biodiesel they made to see how that compared to these two.  The following were our results:



IR Spectroscopy scan for isopentyl (isoamyl) alcohol





IR Spectroscopy scan for acetic acid





R’





IR Spectroscopy scan for isopentyl acetate


Note the peaks from each functional group in the reactants appear in the product.  The product will still have a giant –OH peak due to the presence of water in the product.








Jessica D. Berger


