SYNTHESIZING ESTERS IN THE LABORATORY
Purpose:
How to make some fragrances (an ester from a carboxylic acid and an alcohol) in the laboratory.

Background:
Most people are familiar with the typical fruit scents encountered at the local grocery store.  Many are esters.  Most aromas found in nature, however, represent mixtures of esters and other molecules.

Esters are characterized with the general formula:
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        R-C-O-R'

If a low molecular weight ester is encountered, the odor is usually pleasant to experience.  They are the very popular artificial scents and flavors added to a wide array of consumer products, like soft drinks, chewing gum scented wax candles, car fresheners, deodorizers, food flavorings, etc.  Examples are peach, apricot, strawberry, orange, lemon, cucumber, and raspberry. 

Esters are easily made in the laboratory from their corresponding carboxylic acid and a condensation reaction with an alcohol.  This reaction is condensed and catalyzed with concentrated (18M) sulfuric acid.  The making of esters in the school laboratory is also an excellent way to illustrate LeChatelier's Equilibrium Principle in order to get a higher yield of the desired product.

MATERIALS (PER LAB STATION)










•
bunsen burner and tubing, ring stand, ring, wire gauze, matches

•
450 mL beaker

•
beaker tongs

•
crucible tongs

•
1 test tube, shorter than the beaker

•
boiling chip

•
watch glass

•
flask or jar with 3 beral pipettes: carboxylic acid, alcohol, 18M H2SO4
•
balance

SAFETY AND ENVIRONMENTAL CONSIDERATIONS







•
All students should wear goggles!  The acids can cause severe burns (especially the  H2SO4).

•
Students should be careful when using bunsen burners.  Hot plates may be substituted.

•
Chemicals are flammable.  Have a large glass or metal bowl or pot to cap any fires.  The watch glass should prevent any chemical fires.

•
Solutions can be put down drains with plenty of water.

PROCEDURES













Listed below are ester recipes that are available.  You and your partner are to get any small flask from the cart.  Each flask has the reactants.  Look at the chart below to see which ester you are making.  GOGGLES ARE REQUIRED!!
1.
Put the correct amount of alcohol and carboxylic acid into a small test tube.  Follow the directions below for quantities.  Note the odor of each reactant.


Alcohol

 plus
Carboxylic acid
make    Ester     
42 drops n-butyl alcohol

40 drops acetic acid
butyl acetate



30 drops octyl alcohol

15 drops acetic acid
octyl acetate


45 drops amyl alcohol

30 drops acetic acid
amyl acetate


30 drops ethanol


30 drops butyric acid
ethyl butyrate


30 drops methanol


20 drops butyric acid
methyl butyrate


40 drops methanol


0.5 grams salicylic acid
methyl salicylate


2.
Now, to your mixture, CAREFULLY add 10 drops of concentrated sulfuric acid (H2SO4).  This chemical must be added after the other chemicals.  The H2SO4 acts as a catalyst and a dehydrating agent which forces the condensation reaction between the alcohol and the carboxylic acid.

3.
Gently tap the tube to mix the reactants.

4.
Put a boiling chip into your test tube.

5.
Fill your beaker about 1/3 full of water.  Place the test tube into the beaker of water.  Make sure that the level of chemicals in the test tube is below the level of water.  Cover the beaker with a watch glass.  This is to prevent the alcohol fumes from igniting by the open flame.

6.
Heat for about 10-15 minutes in the water bath.  Do not let the water bath boil vigorously but keep it hot, between 60oC and boiling.

7.
Turn off the heat, remove the test tube and carefully smell (waft!) your newly-synthesized ester.  If the odor seems odd or too strong, dilute it in half with water.  Smell the others made by your classmates.  If you wish, you may put a few drops onto a paper towel and take it home in a plastic baggie.  Dispose your ester down the drain with lots of water.

DATA AND OBSERVATIONS











1.
Describe the odor of your carboxylic acid before the reaction:


Describe the odor of your alcohol before the reaction:

2.
What did your final product, the ester, smell like?

3.
Smell the other esters students made and try to identify their odors.

QUESTIONS













Formulas are:







alcohols:









n-butyl alcohol
CH3(CH2)2CH2OH, 
or, 
C4H9OH

octyl alcohol
CH3(CH2)7OH, 
or, 
C8H17OH

amyl alcohol
CH3(CH2)4OH, 
or, 
C5H11OH

ethanol

C2H5OH

methanol

CH3OH

acids:










acetic

CH3COOH







butyric

CH3CH2CH2COOH

salicylic

HOC6H4COOH (this is a benzene ring with an HO branch and COOH 




branch)

1.
Write the balanced chemical equation for the synthesis of your ester.  

2.
Write the structural formula for your ester.

3.
Was the concentrated sulfuric acid a reactant?  Describe the role of the concentrated sulfuric acid.  Where did it go after the reaction is complete?

OPTIONAL EXTENSIONS











1.
Look up various functional groups and describe how they change the character of a chemical.

2.
Most of these chemicals are petroleum products.  Look up how they are made and do a report.

3.
Research the origin of vanilla and find out the difference between vanilla extract and artificial vanilla.

4.
Read labels on food items and try to identify some of these or other esters.

5.
Utilize the Web to find out about food chemistry.

NOTES TO THE TEACHER










The above method for synthesizing esters is quite safe, however, the mixture of the different odors together in the room or building can be quite strong.  Leaving a hood fan or ventilation overnight helps considerably.

With care, the ester can be distilled to remove unreacted substances and the concentrated sulfuric acid (which is still in the test tube).

Butyric acid is the same foul-smelling molecule that is made when butter goes rancid.  The contrast between its odor and that of the product ester is dramatic!

Another way of dispersing the chemicals could be to give one of the acids and each alcohol that makes each ester.  For example, one lab group could get butyric acid, ethanol, and methanol as reactants.  Students make both esters and compare the difference in odor that the alcohol makes.  Another combination could be to give acetic acid with butyl alcohol, octyl alcohol and amyl alcohol.  Other combinations are possible.  More than one test tube will easily fit into the beaker at one time.
The general equation for the reaction is:

carboxylic acid + alcohol -----> ester + water

It is the -OH that is removed from the acid and the -H that is removed from the alcohol that forms the new water molecule.

Identification of esters:

butyl acetate
pear

octyl acetate
orange

amyl acetate
banana

ethyl butyrate
pineapple

methyl butyrate
apple

methyl salicylate
wintergreen

A typical reaction is between acetic acid and amyl alcohol:
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Another is between salicylic acid and methanol:
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Many of the odors do not smell quite "right" due to the high concentration produced and because the natural fragrance has other molecules mixed with the identifying ester.  For instance, according to an FDA chemist, an artificial strawberry that smells completely "real" has yet to be synthesized since there are dozens of other molecules mixed in but they have yet to be identified.

Vanilla is an orchid endemic to South America.  In comparing the infrared spectrographs of vanilla extract and artificial vanilla, a strong peak representing the vanillin molecule can be seen in both spectra.  However, the artificial vanilla shows only the one strong peak, whereas the extract shows both the peak and many other less prominent ones.  These represent the other molecules (besides vanillin) which are naturally found in the vanilla pod.  It is these other molecules that give natural vanilla its distinctive and complex odor and flavor.  The artificial vanilla is "pure," but since it lacks the other molecules, it has a less interesting flavor.  "Pure" is not always better!

Chemicals and other equipment as well as many excellent guides and kits can be obtained from Flinn Scientific, P.O. Box 219, Batavia, IL 60510-0219, 1-800-452-1261.  This is a small (but growing) family-owned business, and their chemists are always on hand to help with any questions or problems.
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