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SNYTHESIS OF ISOPENTYL ACETATE 
 

INTRODUCTION 
Esters are compounds that tend to have pleasant odors. The reaction of a carboxylic acid 
and an alcohol produces an ester and water. The isopentyl acetate ester you will 
synthesize, sometimes referred to as isoamyl acetate, smells like bananas! It will be 
difficult to obtain a 100% yield in this reaction since the reactants and products are in 
equilibrium. We will use Le Chatelier's Principle to help drive the reaction so that it 
favors a higher yield of products. 
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TECHNIQUES 
• Esterification 
• Heating under reflux 
• Extraction 
• Distillation 
 
THEORY 
 
This reaction is known as a Fischer esterification. A small amount of sulfuric acid will be 
used to catalyze the reaction so that it proceeds more quickly. Allowing the reactants to 
interact under the high-energy conditions of reflux also increases the reaction rate. To 
force the equilibrium toward products, you will use a large excess of the more 
inexpensive acetic acid reactant. The crude ester in the product mixture will contain some 
acid impurities and you will neutralize this acid, then dry the ester of any leftover water. 
Finally, distillation should leave behind any other impurities as pure isopentyl acetate 
distills into a receiving flask. 
 
PROCEDURE 
 
APPARATUS 
1)  Assemble a reflux apparatus, using a 25 mL round-bottom flask and your water-
cooled condenser with the wide bore inside tube (Fig. 23.1, p. 204, Survival Manual).  
Be sure to use a small amount of stopcock grease to seal the glass joint between the round 
bottom and condenser. Use a heating mantle to heat, setting its height so the mantle can 
be dropped down when cooling is desired. 
 
 
        (continued on other side) 
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REACTION MIXTURE 
2) Place 5.0 mL of isopentyl alcohol (also known as isoamyl alcohol) into a 10 mL 
graduated cylinder. Record in your notebook the exact volume you used. Remove the 
round-bottom flask from your condenser column and pour this alcohol directly into the 
flask. 
 
Next, using the same graduated cylinder (it is not necessary to clean it first), measure 
approximately 7.0 mL of glacial acetic acid, then add this to the round-bottom as well.  
 
Finally, use the cylinder once more to measure and pour 1.0 mL of concentrated sulfuric 
acid into the flask. Add several boiling stones and reassemble the apparatus for reflux. 
(Do not use a "carbonate" boiling stone as it might react with the acid.) 
 
REFLUX 
3) Start water flowing through the condenser, turn on the mantle, and bring the mixture 
to boil. Continue heating under vigorous reflux for 60 minutes. Your "reflux ring" should 
be about ½ to 2/3 the way up your condenser. After an hour of reflux, stop heating, lower 
the heating mantle, and shut down the water flow.  
 
WASHING 
(Note that we WASH impurities away from what we want, we EXTRACT when we want to pull something 
away from impurities – see p. 130 of Survival Manual.) 
4) Set up a 125 mL separatory funnel so it is held in a ring attached to a ring stand. Place 
a catch beaker underneath and make sure the stopcock is closed. When the solution has 
cooled for about five minutes, transfer it to the separatory funnel. Leave the boiling 
stones "behind" when you decant the reaction mixture from the round-bottom or they will 
likely plug the hole in the stopcock of the separatory funnel. Add 10 mL deionized water, 
stopper the sep funnel, and mix the phases by careful shaking and venting. Return the sep 
funnel to the ring, remove the stopper and allow the phases to separate. Drain the lower 
aqueous layer through the stopcock into a different beaker. (The catch beaker is always 
used "just in case" you accidentally leave the stopcock open – always use a clean catch 
beaker.) Be absolutely sure which layer is which when using a separatory funnel, or you 
may discard the wrong layer! Let density be your guide. Refer to you Physical Constants 
Table and remember the density of pure water is 1.0 g/ mL. (If not sure of your layers, 
you may want to set aside a layer before throwing it away later – label it, though!) 
 
Next, wash the organic layer that remains in the sep funnel with 5 mL of 5% aqueous 
sodium bicarbonate just as you did previously with water. Beware of sudden pressure 
build-up. Drain the lower aqueous layer – this can be discarded.  
 
Finally, wash the organic layer once again, this time using 5 mL of saturated aqueous 
sodium chloride. Discard this lower layer. 
           
 
 
             
           (continued) 
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DRYING 
5) Transfer the crude ester to a clean, dry 25 mL Erlenmeyer flask by pouring it out of 
the top of the sep funnel. (If you let the organic product pass through the stopcock, it 
would become contaminated with water.) Add about 1.0 gram anhydrous sodium sulfate. 
Stopper the flask and allow it to stand for 10-15 minutes. When completely dried, some 
of your drying agent should still be "flowable" when you swirl the flask. If all of the 
sodium sulfate clumps up, add another 0.5 gram portion.  
 
DISTILLATION 
6) Assemble a distillation apparatus (p. 168, Fig. 20.1) using your smallest round-
bottom flask to distill from. You should always build your apparatus high enough so that 
you can drop the heating mantle at a moment's notice. Clamp all glassware that could 
possibly fall. Your receiver should be a pre-tared small round-bottom flask. Immerse it in 
a beaker of ice water to help condense product vapors.  Pour your dried ester into the 
round-bottom, not allowing drying agent to transfer over. Add several boiling stones to 
the distilling flask.  
 
Turn on the water flow to the condenser and activate your heating mantle. Distill your 
product, recording the steady boiling point you observed during this process. Record the 
color of your product.  Distill product until only a few drops of material remains in the 
distilling flask.  Immediately drop down your heating mantle, turn it off and stop the 
water flow. DO NOT HEAT YOUR FLASK TO DRYNESS. After cooling, clean all 
glassware. Do not let the boiling stones go down the sink. They may be discarded in the 
trash. 
 
YIELD DETERMINATION 
7) Weigh the product, being careful to subtract out the tare value. You must now 
calculate the theoretical and percent yield. Be aware that you used VOLUMES of 
reactants. Which reactant is the limiting reactant? How can you get mass so you can 
calculate the theoretical yield?  
 
SAMPLE SUBMISSION 
8) Place your sample in an appropriately sized capped vial. Attach a label that contains all 
the required information. Place the sample on the instructor's desk.  
 
RESULTS 
 
In your notebook Conclusion, report your gram and percent yield and appearance of your 
product. Discuss and compare the literature boiling point and the value you observed. 
Discuss problems you encountered and suggestions you may have to improve the 
procedure.  
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        (continued on other side) 
      
QUESTIONS 
 
1) One method of favoring formation of the ester you synthesized is to add excess acetic 
acid. Suggest another method, involving the RIGHT-HAND SIDE of the equilibrium, 
that will favor formation of the ester. (HINT: See Figure 36.7 in Survival Manual)  
     
2) How was the acetic acid and sulfuric acid neutralized after reflux has been completed? 
Write a balanced chemical equation that shows how each acid was neutralized in this 
experiment. 
 
3) Why are gas bubbles observed when sodium bicarbonate is added to the mixture? 
 
4) If you started with 8.0 mL of isopentyl alcohol and 8.0 mL glacial acetic acid in this 
reaction, which substance would be your limiting reactant? Show your work. 
 
 
 

 


