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I n t ro d u c t i o n
An ester is a chemical compound that is fo rmed when an organic acid reacts with an alcohol.
E s t e rs fre q u e n t ly have distinctive odors and are nat u ra l ly occurring fl avor and fragrance ch e m i c a l s
in many fruits and plants. In this ex p e ri m e n t , the ester ethyl acetate (ethyl ethanoate) is prep a re d
and puri fied by distillat i o n .

C o n c e p t s
• Esters • Distillation • Reflux

• Theoretical yield • Percent yield • Solvent extraction

B a c k g ro u n d
The reaction between an organic acid and an alcohol in the presence of an acid (H+) cat a lyst is
called esteri fi c ation (Equation 1).

Equation 1

In the diagra m , R and R′ rep resent organic groups such as hy d rocarbons. The —OH group fro m
the acid combines with the —H atom from the alcohol to fo rm a water molecule. The R′— O —
group from the alcohol at t a ches to the carbonyl carbon on the acid to produce the ester. The re a c-
tion is cat a ly zed by the addition of concentrated sulfuric acid, H2S O4, and the reaction is reve rs i bl e.
A dding concentrated sulfuric acid, a strong dehy d rating age n t , shifts the equilibrium to the pro d-
ucts side by re m oving the water as it is fo rm e d.
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E q u ation 2 illustrates a specific example of an esteri fi c ation re a c t i o n , t h at of methyl alcohol and
acetic acid, to fo rm methyl acetat e. The systematic name for acetic acid is ethanoic acid, and the
s y s t e m atic name for the ester product is methyl ethanoat e.

Equation 2

Experiment Overview
In this ex p e ri m e n t , a quantitat ive esteri fi c ation reaction is perfo rm e d. The process has three part s —
re a c t i o n , i s o l at i o n , and puri fi c at i o n .

In the reaction step , k n own amounts of acetic acid, e t hyl alcohol, and sulfuric acid are combined
and heat e d under reflux. Refluxing a reaction mixture invo l ves heating the mixture to its boiling
point in a flask equipped with a re flux condenser that allows a continuous re t u rn of the vo l at i l e
m at e rials to the flask. Using a re flux condenser, the reaction is conducted at a higher temperat u re
without losing reactants or pro d u c t s .

Once the reaction is complete and the flask is cool, the ester is isolated and collected by the tech-
nique of solvent extraction. A solution of sat u rated sodium carbonate is added to a sep a rat o ry fun-
nel along with the contents of the reaction flask. These contents include any unreacted acetic acid,
e t hyl alcohol, and sulfuric acid along with the ester and wat e r. The sat u rated sodium carbonat e
solution is stro n g ly basic (pH ≈ 10). This basic solution will conve rt any undissociated acetic acid
to its salt (Equation 3).

Equation 3

By vigo ro u s ly mixing this basic solution with the flask contents, the acetate ion along with the
acidic and polar components are ex t racted from the flask mixture and two immisible laye rs re s u l t .
The top, or less dense laye r, contains the ester, while the bottom water layer contains sodium car-
b o n ate along with the wat e r- s o l u ble components acetate ion, e t hyl alcohol, and sulfuric acid.

The ester layer is tra n s fe rred back to the flask and puri fied by the technique called d i s t i l l at i o n.
D i s t i l l ation is the process of heating a compound to its boiling point and then re m oving the vap o rs by
cooling them with a condenser. The puri fied ester product is identified by its boiling point and its
o d o r. The condensed vap o r, or distillat e, is we i g h e d, and the p e rcent yield of ethyl acetate calculat e d.
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P re-Lab Questions
1 . Explain wh at an ester is.

2 . D raw the stru c t u ral fo rmula for acetic acid.

3 . D raw the stru c t u ral fo rmula for ethyl alcohol.

4 . W rite an equation using stru c t u ral fo rmulas for the esteri fi c ation reaction of acetic acid with
e t hyl alcohol. Name the pro d u c t .

5 . Why are the re flux and distillation setups always open to the at m o s p h e re ?

6 . H ow is distillation used to purify an ester?

7 . The theoretical yield of a product is the maximum amount of product that can be fo rmed from a
given amount of reactants. In this esteri fi c ation re a c t i o n , 12 mL of 17.4 M acetic acid are com-
bined with 10 mL of absolute ethyl alcohol. The density of ethyl alcohol is 0.79 g/mL.

a . C a l c u l ate the number of moles of each re a c t a n t .

b. C o m p a re the ratio of reactant moles used in this ex p e riment to the ratio of reactant moles
in the balanced equation. A re both reactants completely consumed? If not, wh i ch one is
consumed? How mu ch of the excess reactant is left ove r ?

c. The reactant that is completely consumed in the reaction is called the limiting re a c t a n t ,
because its amount limits the amount of product that can be fo rm e d. Once the limiting
reactant is consumed, the reaction stops. Determine the limiting reactant for this ex p e ri-
ment and calculate the theoretical yield of ethyl acetat e, in moles and gra m s .
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M a t e r i a l s
Acetic acid, C H3C O O H , 17.4 M, 12 mL E rl e n m eyer fl a s k , 1 2 5 - m L

Distilled or deionized wat e r, 5 mL G round glass joint gre a s e

E t hyl alcohol, C H3C H2O H , 10 mL Hot plat e

Sodium carbonat e, N a2C O3z1 0 H2O, 4.5 g Ring stands, 2

S u l f u ric acid, H2S O4, 18 M (conc. ) , 15 dro p s Round-bottom fl a s k , 1 2 5 - m L

B e a ke r, 6 0 0 - m L R u bb e r b a n d s

B e a ke r, 5 0 - m L Option 1—Sep a rat o ry funnel or test tube,

Boiling stones 1 8 × 1 2 5 - m m , and test tube stopper

C ap i l l a ry dro p p e r Option 2—Test tube, 1 5 × 1 5 0 - m m , and stopper

C l a m p s , 2 Th e rm o m e t e r, 0–100 °C, and adap t e r

Condenser and plastic tubing Th re e - way adap t e r

Condenser outlet adap t e r

Safety Pre c a u t i o n s
C o n c e n t rated sulfuric acid is seve re ly corro s ive to eye s , s k i n , and other tissue; use ex t reme caution
when handling. Ethyl alcohol is a fl a m m able liquid and a dange rous fi re risk; the addition of
d e n at u rants makes ethyl alcohol poisonous. Acetic acid is corro s ive to skin and tissue; it is a mod-
e rate fi re risk. The ester produced in this ex p e ri m e n t , e t hyl acetat e, is a dange rous fi re hazard; it is
i rri t ating to skin and eyes and slightly toxic by inhalat i o n , i n ge s t i o n , and skin ab s o rption. Use
ex t reme caution when distilling mixtures containing fl a m m able liquids. Never smell ch e m i c a l s
d i re c t ly by putting them under the nose. Instead, hold the compound at least eight inches from the
face with one hand, and use the other hand to ge n t ly waft the vap o rs towa rd the nose. This lab
should be perfo rmed in a fume hood or we l l - ve n t i l ated area. Wear chemical splash gogg l e s ,
ch e m i c a l - resistant glove s , and a ch e m i c a l - resistant ap ron. Wash hands thoro u g h ly with soap and
water befo re leaving the lab o rat o ry.

P ro c e d u re
Preparation of ethyl acetate

1 . Place 10 mL ethyl alcohol, 12 mL glacial acetic acid,
15 drops of concentrated sulfuric acid, and a boiling
stone in a 125-mL round bottom fl a s k .

2 . Place a 600-mL beake r, filled with ap p rox i m at e ly 450
mL of water and a few boiling stones, on a hot plat e.

3 . Place the round bottom flask in the beaker of water so
t h at the reaction mixture is below the water line. Clamp
the flask to a ring stand (Fi g u re 1).

4 . A t t a ch a length of tubing to the inlet (bottom) and anoth-
er to the outlet (top) of the condenser.
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Figure 1.



5 . A t t a ch the condenser to the round bottom fl a s k , m a k i n g
s u re the fitting between the two is secure and the con-
denser is ve rtical. If the connection between the two is a
ground glass tap e red joint, l i g h t ly grease the inner (male)
joint to cre ate a good seal. Clamp the condenser to the
ring stand (Fi g u re 2).

6 . A t t a ch the condenser inlet tubing to the water source and
place the outlet tubing in the drain. Slowly run cold wat e r
t h rough the condenser.

7 . Turn the hot plate on and heat the round-bottom flask in
the hot water bath. Raise the temperature of the hot
water until the mixture in the round-bottom flask is 
gently boiling.

8 . C o n t i nue the gentle boil of the reaction mixture for ab o u t
15 minutes. Tu rn off the hot plate and cool the mixture
by re m oving the hot water bat h .

Isolation of Ethyl Acetate

1 . P rep a re a sat u rated solution of sodium carbonate by com-
bining 4.5 g of sodium carbonate with 15 mL distilled
water in a 15 × 150-mm test tube.

2 . Stopper the test tube with a cork , s h a ke we l l , and allow
a ny undissolved solid to settle.

3 . In the hood, pour the clear Na2C O3 solution into a sep a ra-
t o ry funnel (Fi g u re 3) or, if none is ava i l abl e, into a 18 ×
125-mm test tube.

4 . A dd the reaction mixture to the sep a rat o ry funnel (or test
t u b e ) , stopper and mix the solution. If using a sep a rat o ry funnel, t u rn it upside down and open
the stopcock occasionally to vent the system. If using a test tube, re m ove the stopper with cau-
tion—some pre s s u re may have built up. Inve rt at least 15–20 times.

5 . A l l ow the two laye rs to sep a rat e. Ethyl acetate (density 0.90 g/mL) is less dense than wat e r,
t h e re fo re the top layer is ethyl acetat e.

6 . If using the sep a rat o ry funnel, re m ove the stopper, open the stopcock and slow ly drain off the
waste aqueous layer into a 50-mL waste beake r, then close the stopcock .

7 . Tra n s fer the remaining layer (ethyl acetate) to a cl e a n , d ry, round-bottom fl a s k .

8 . If using the test tube, re m ove the top layer (ethyl acetate) with a glass cap i l l a ry dropper and
t ra n s fer the ethyl acetate to a cl e a n , d ry, round bottom fl a s k .
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Purification of Ethyl Acetate

1 . A dd a boiling stone to the round-bottom fl a s k .

2 . Set up the distillation as shown in Fi g u re 4. For all ground glass connections, l i g h t ly grease the
inner (male) joint to cre ate a good seal.

Figure 4.

3 . Place the distilling flask in the 600-mL beaker and cl a m p , as in the prep a ration step 3.

4 . Place the thre e - way adapter ve rt i c a l ly in the neck of the distilling fl a s k .

5 . I n s e rt the thermometer into its adap t e r.

6 . Place the thermometer and its adapter in the top of the thre e - way adapter so that the therm o m e-
ter bulb is just below the side arm .

7 . Connect the condenser, with at t a ched tubing, to the side arm of the thre e - way adapter and
clamp it to a ring stand.

8 . Connect the outlet adapter to the condenser. A dd ru bber bands to secure the condenser 
c o n n e c t i o n s .

9 . Weigh a cl e a n , d ry 125-mL Erl e n m eyer flask on an analytical balance. Record the mass in the
D ata Tabl e.

1 0 . Place the Erl e n m eyer flask under the outlet condenser. Check all fittings to make sure all con-
nections are secure.

1 1 . A t t a ch the condenser inlet tubing to the water source and place the outlet tubing in the dra i n .

1 2 . S l ow ly run cold water through the condenser.

1 3 . Tu rn the hot plate on and heat the round-bottom flask in the hot water bath. Heat until the ethy l
a c e t ate is ge n t ly boiling.
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1 4 . As the ethyl acetate vap o rs start to carry over and condense, re c o rd the temperat u re of the
vap o rs in the Data Tabl e. Record this temperat u re at the beginning and end of the distillation in
the Data Tabl e.

1 5 . Distill the ethyl acetate until no more distillate comes ove r. Th e re should be some liquid
remaining in the round-bottom flask. Never distill to dry n e s s !

1 6 . Tu rn off the hot plat e.

Identification of Ethyl Acetate

1 . R e m ove the 125-mL Erl e n m eyer collection flask and weigh the flask plus ethyl acetate on an
a n a lytical balance. Record the mass in the Data Tabl e.

2 . In the hood, a dd about 2 mL of the distilled ethyl acetate to a beaker with about 200 mL of dis-
tilled wat e r.

3 . S w i rl the mixture and care f u l ly smell the ester by wafting some of the vap o rs towa rd the nose.
R e c o rd the odor and fragrance in the Data Tabl e.

D i s p o s a l
Dispose of the ethyl acetate as directed by your instru c t o r.
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Data Ta b l e

Boiling point ra n ge — ethyl acetat e ______________ °C

Boiling point — beginning of distillat i o n ______________ °C

Boiling point — end of distillat i o n ______________ °C

Mass of Erl e n m eyer fl a s k ______________ g

Mass of Erl e n m eyer flask plus ethyl acetat e ______________ g

Mass of ethyl acetat e ______________ g

Th e o retical yield of ethyl acetat e ______________ g

Pe rcent yield of ethyl acetat e ______________ %

Fragra n c e _ _ _ _ _ _ _ _ _ _ _ _ _ _

Post-Lab Calculations and Analysis
1 . In Pre - L ab Question #6, p a rt c, the theoretical yield of ethyl acetat e, in gra m s , was calculat e d.

Enter this value in the Data Tabl e.

2 . Use the mass of the ethyl acetate collected from the distillation and the theoretical yield to cal-
c u l ate the percent yield of ethyl acetat e. Record this value in the Data Tabl e.

3 . Look up the literat u re value of the boiling point of ethyl acetate in a re fe rence book, s u ch as
the Merck Index or the CRC Handbook of Chemistry and Physics. Compare the ex p e ri m e n t a l
and literat u re values of the boiling point.
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