Experiment 10.2 - Esters and Flavor Chemicals

Objective:

1.  Write esterification reactions.

Background

Chemical compounds are classified as organic or inorganic. Organic compounds are carbon compounds that are usually made by living things or from living things. Thus the name "organic." Hydrogen is almost always present in organic compounds. Other elements can also be present, especially oxygen and nitrogen. The oil out of the ground was produced by the decay of living things. There are a very large number of organic compounds (billions) because carbon is the only element with the ability to easily form chemical bonds to itself (i.e., to other carbon atoms). There are compounds with carbon chains with any number of carbon atoms, from one, to ten, to a hundred, to a million. The complicated molecules necessary for life are organic compounds. The chemical industry uses primarily organic compounds (mostly from refining crude oil) to make consumer products, such as tires, clothing, dyes, medicines, paint, and soap. Other sources of organic compounds besides crude oil are animal fat, vegetable oil, rubber from rubber trees, and other chemicals produced from trees and plants.

Esterification

A reaction between an alcohol and a carboxylic acid yields an ester and water, which is demonstrated by the general chemical equation.

R1COOH + R2OH     
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     R1COOR2 + H2O

The R1 and R2 stand for any hydrocarbon groups, such as C2H5, or C6H5. An example of a chemical equation for an esterification is:

CH3COOH      +     C3H7OH     
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     CH3COOC3H7      +      H2O

             acetic acid 
           propanol 
  

propyl acetate

Esterification is an example of a condensation reaction, where two molecules join together and a small molecule is eliminated. The small molecule is often water, as in the esterification reaction. This reaction is catalyzed by concentrated sulfuric acid, H2SO4. A catalyst is a chemical that speeds up a chemical reaction but is not used up in the reaction. The chemical formula for the catalyst is usually written above the arrow or equal sign of a chemical equation.
LABORATORY INVESTIGATION
Title: 

Esterification and Ester Scents

Purpose: 
To learn about the structure and classification of some organic compounds. To perform esterification reactions and identify the odors (scents) of the esters produced.  

Materials & Equipment:
Graduated dropping pipets


spatula

stirring rod 




filter paper strips
balance 




test tube holder

hot plate 




test tube rack

thermometer




test tubes, 13 mm x 100 mm

150-mL beaker



thermometer

various alcohols



various carboxylic acids

conc. sulfuric acid

Safety and Environmental Concerns:

· Be sure that all waste is disposed of in an environmentally correct manner.  This is a Safety First lab.  Wear appropriate eye protection as directed by your teacher and lab apron at all times.  No food or drink is allowed in the laboratory.  No horseplay.
· Concentrated sulfuric acid will burn the skin rapidly. Wear safety gloves when handling the H2SO4. If any sulfuric acid or any other chemical gets on the skin, wash it off with copious amounts of water immediately. If any sulfuric acid or other chemicals used in this experiment gets in the eye, wash the eyes at the eye wash fountain.

· The liquid organic compounds used in this experiment are flammable. Use hot plates to heat the water, or use hot tap water. No flames should be used.

· The ethanol used in this experiment is denatured. Denatured ethanol has toxic compounds added to it to prevent people from drinking it. The other alcohols used in the module are also toxic.

· Know the location and proper use of fire extinguisher, fire blanket, eye wash fountain, chemical fume hood, and safety shower are located, and that they are accessible (not blocked). Know two routes out of the lab in the event of an emergency.

Procedure

You will be preparing several esters, Go through the procedure for each ester.  
1.   Put one drop of the alcohol and one drop of the carboxylic acid to be used on opposite edges of a strip of filter paper. Waft the vapors toward your nose and describe the odor of the alcohol and of the acid. With a solid acid open the jar and waft the vapor toward your nose.

· Do not taste any of the chemicals in this experiment.

2.   To a small (13 mm x 100 mm) test tube, use a pipet to add 1 mL of alcohol and 1mL (if liquid) or 1 g (if solid) of carboxylic acid.  Use a stirring rod to mix or dissolve the chemicals. Add 3 drops of H2SO4 dropwise, stirring after each drop to mix the contents. A small amount of color might be produced. This is acceptable.

     Keep away form open flame and heat sources.
3.  Using a test tube holder, place the test tube in a hot water bath (at least 70°C) for four or five minutes. If the reaction mixture boils vigorously, CAREFULLY remove it from the bath for a few seconds and slowly return it.

4.   Let the test tube cool for a few minutes. Use a stirring rod to transfer a drop of the reaction mixture to a clean strip of filter paper. Waft the vapors toward your nose and describe the odor. You might find that diluting the reaction mass with some water will allow you to better identify the fragrance.
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	Ethanoic acid
	Propanoic acid
	Salicylic acid
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	Benzoic acid
	Methanoic acid
	Ethanol
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	propan-1-ol
	2-methylpropan-2-ol
	propan-2-ol


Name ___________________________

Experiment 10.2 Data Sheet

ESTER 1


Alcohol Used:  ______________________



Describe odor of alcohol:


Carboxylic Acid Used:  ___________________________



Describe odor of carboxylic acid:


Describe odor of ester produced:


Write the esterification reaction using structural formulas:

ESTER 2


Alcohol Used:  ______________________



Describe odor of alcohol:


Carboxylic Acid Used:  ___________________________



Describe odor of carboxylic acid:


Describe odor of ester produced:


Write the esterification reaction using structural formulas:

ESTER 3

Alcohol Used:  ______________________



Describe odor of alcohol:


Carboxylic Acid Used:  ___________________________



Describe odor of carboxylic acid:


Describe odor of ester produced:


Write the esterification reaction using structural formulas:

_1162369639.cdx

_1162369840.cdx

_1162369980.cdx

_1162370108.cdx

_1162370162.cdx

_1162370026.cdx

_1162369872.cdx

_1162369773.cdx

_1162366433.unknown

_1162369392.cdx

_1162366387.unknown

