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PUR POSE OF THE
EX PERI MENT

Pre pare isopen tyl ace tate from isopen tyl al co hol and ace tic acid by the
Fischer es teri fi ca tion.
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BACK GROUND RE QUIRED You should be fa mil iar with the tech niques for ex trac tion and
dis til la tion. You should be fa mil iar with gas chro ma tog ra phy, in fra red
spec tros copy, and/or nu clear mag netic reso nance spec tros copy for
char ac ter iz ing the prod uct and as sess ing its pu rity.

BACK GROUND
IN FOR MA TION

Es ters are de riva tives of car box ylic ac ids in which the acyl car bon bears
an alkoxy sub stitu ent (–OR) rather than the hy droxyl sub stitu ent (–OH)
of the acid. Sim ple es ters tend to have pleas ant, fruity odors and are
widely used as fla vors and fra grances. Ta ble 1 on page 2 shows the
fla vors or fra grances as so ci ated with some es ters.

The vola tile com pounds in natu ral fruits and flow ers are usu ally
com plex mix tures of com pounds, where es ters fre quently pre domi nate.
Many ar ti fi cial fla vor ings con tain es ters or mix tures of es ters. For
ex am ple, the vola tile oil of ripe pine ap ple con tains sev eral es ters, as
shown in Ta ble 2 on page 3.

Isopen tyl ace tate is known as ba nana oil be cause of its char ac ter is tic
odor. This es ter has also been shown to be one of the ac tive sub stances in
the alarm phero mone of the honeybee. When a hon ey bee worker stings an
in truder, an alarm phero mone is se creted along with the venom. The
phero mone causes other bees to be come ag gres sive and at tack the in truder.

Es teri fi ca tion gen er ally re fers to the for ma tion of es ters from
al co hols and car box ylic ac ids, as shown in Equa tion 1.

          RCOOH     +     R’OH       RCOOR’     +     H2O (Eq. 1)
car box ylic al co hol   es ter

acid
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The reaction proceeds by way of a nucleophilic substitution at the
acyl carbon of the carboxylic acid. When catalyzed by a strong acid, usu-
ally sulfuric acid or p-toluenesulfonic acid, the reaction is called the
Fischer esterification.

The reaction mechanism is shown in Equations 2–6. Equation 2
shows the protonation of the acyl oxygen of the carboxylic acid. The pro-
tonation activates the acyl carbon toward nucleophilic attack. Equation 3
shows the nucleophilic attack at the acyl carbon by the alcohol oxygen
atom to form a tetrahedral intermediate. Equation 4 shows a proton
transfer to the hydroxyl oxygen of the carboxyl group. This protonation
converts the hydroxyl group into the good leaving group, water. Equa-
tion 5 shows the loss of water forming the protonated ester. Finally,
Equation 6 shows the proton transfer to a base, resulting in the formation
of the ester.

Background Information 3

constituent percent, %

total volatile oil 0.1900
ethyl acetate 0.1196
ethyl alcohol 0.0605
acetaldehyde 0.0014
ethyl acrylate 0.0008
ethyl i-valerate 0.0004
ethyl n-caproate 0.0008

Table 2 Composition of the volatile
oil of ripe pineapple
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Each step of the re ac tion mecha nism is re versi ble and, there fore, the
re ac tion reaches an equi lib rium. Le Chate lier’s prin ci ple sug gests that
the amount of es ter pro duced in an equi lib rium re ac tion might be
in creased ei ther by us ing an ex cess of one of the re ac tants or by
re mov ing one of the prod ucts. In prac tice, an ex cess of car box ylic acid or
al co hol, which ever is more read ily avail able, is added, and/or wa ter is
re moved as the re ac tion pro ceeds. A water- absorbing sub stance such as
mo lecu lar sieves might be in cluded in the re ac tion mix ture, or the wa ter
might be re moved as part of an azeo trope with ben zene or tolu ene.

The mecha nism sug gests that steric ef fects might be im por tant in
Equa tion 3, the step in volv ing the at tack by the al co hol at the acyl car bon 
of the car box ylic acid. In deed, alkyl- group branch ing at the α or β car bon 
of the acid slows the rate of es teri fi ca tion. For ex am ple, the rela tive rates
of es teri fi ca tion with metha nol, CH3OH, fol low the or der

CH3CO2H > CH3CH2CO2H > (CH3)2CHCO2H > (CH3)3CCO2H

Steri cally hin dered al co hols also re act more slowly in the
es teri fi ca tion re ac tion. The rela tive rates for es teri fi ca tion of al co hols
with ace tic acid, CH3CO2H, fol low the or der

CH3OH > CH3CH2OH > (CH3)3CCH2OH

Fischer es teri fi ca tion is an ex am ple of an acyl trans fer re ac tion. The
acyl group from the acid is trans ferred to the al co hol. Acid chlo rides and
an hy drides also serve as acy lating agents. Be cause acid chlo rides and
an hy drides con tain good leav ing groups, these com pounds are very
re ac tive to ward nu cleo philic sub sti tu tion by an al co hol, as shown in
Equa tions 7 and 8.

The Fischer es teri fi ca tion re ac tion is con ducted at re flux. The pur pose
of re flux is to heat a re ac tion mix ture at its boil ing tem pera ture to form
prod ucts, with out los ing any of the com pounds in the re ac tion flask.

In prac tice, a con denser is set ver ti cally into the top of the re ac tion flask.
Any com pound that va por izes will con dense when it en ters the cool
en vi ron ment of the re flux con denser and will then drain back into the re ac tion
flask. Re flux ap pa ra tus us ing glass ware for semi- microscale and mi cro scale
tech niques are shown in their ap pro pri ate sec tions of the Pro ce dure.

In this ex peri ment, you will pre pare isopen tyl ace tate by re act ing an
ex cess of ace tic acid with isopen tyl al co hol. Af ter the re ac tion is
com plete, you will re move the ex cess ace tic acid from the re ac tion
mix ture by ex trac tion with so dium hy dro gen car bon ate (NaHCO3).

You will use ei ther sul fu ric acid or Dowex® 50 ion ex change resin to
cata lyze the re ac tion. Dowex® 50 is a poly sty rene resin con tain ing
sul fo nic acid groups on some of the sty rene units that com pose the
poly mer. A rep re sen ta tive sec tion of Dowex® 50 is shown in Fig ure 1.
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SEMI-MICROSCALE FISCHER ESTERIFICATION

Equip ment

alu mi num foil 125- mL sepa ra tory fun nel
150- mL beaker Pas teur pi pet, with la tex bulb
400- mL beaker* 10- mL gradu ated pi pet, with bulb
boil ing chips, acid re sis tant 10- mL prod uct vial
elec tric flask heater, sup port ring
 with heat con trol ler 2 sup port stands 
50- mL Er len meyer flask 25 × 150- mm test tube
50- mL gradu ated cyl in der 2 util ity clamps
microspatula
stan dard ta per glass ware:
 con denser, with adapter and tub ing
 dis till ing head
 2 round- bottom flasks, 25- mL
 ther mome ter, –10 to 260 °C, with adapter
*for ice- water bath

Rea gents and Prop er ties

sub stance quan tity mo lar mass bp d
(g/mol) (°C) (g/mL)

gla cial ace tic acid 8.5 mL 60.05 1.049
isopen tyl ace tate* 130.19 142 0.876

isopen tyl al co hol 4.37 g 88.15 130 0.809
so dium chlo ride,
 satu rated so lu tion 25 mL

so dium hy dro gen
car bon ate, 5% 50 mL
so dium sul fate,
 an hy drous 1.5 g 142.04
sul fu ric acid,
 con cen trated 1.0 mL 98.08
*prod uct

Semi- Microscale Fischer Esterification 5
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       Fig ure 1 A rep re sen ta tive sec tion of Dowex® 50



Pre view

• As sem ble the re flux ap pa ra tus for semi- microscale glass ware

• Add the isopen tyl al co hol, ace tic acid, and H2SO4 to the flask and
re flux the mix ture for 1–1.5 hr

• Cool the re ac tion mix ture

• Place cold wa ter into the sepa ra tory fun nel and add the re ac tion
mix ture

• Sepa rate the aque ous layer

• Wash the or ganic layer with two 25- mL por tions of 5% NaHCO3

• Wash the or ganic layer with 25 mL satu rated NaCl so lu tion

• Dry the or ganic layer over an hy drous Na2SO4

• As sem ble a sim ple dis til la tion ap pa ra tus

• Dis till the prod uct, col lect ing the 134–143 °C frac tion

• Weigh the prod uct

• Char ac ter ize the prod uct for pu rity us ing GC, IR, and/or NMR

PRO CE DURE Chemi cal Alert

gla cial ace tic acidcor ro sive

isopen tyl ace tateflam ma ble and ir ri tant

isopen tyl al co holir ri tant

so dium sul fateir ri tant and hy gro scopic

sul fu ric acidcor ro sive and oxi dant

Cau tion: Wear de part men tally ap proved safety gog gles at all times
while in the chem is try labo ra tory.

1. Re flux ing the
Re ac tion Mix ture

Cau tion: Isopen tyl al co hol (3- methyl-1- butanol) is ir ri tat ing. Gla -
cial ace tic acid is cor ro sive. Con cen trated sul fu ric acid (H2SO4) is
cor ro sive and oxi diz ing. Pre vent eye, skin, cloth ing, and com bus ti -
ble ma te rial con tact. Avoid in hal ing va pors and in gest ing these
com pounds. Use a fume hood.

As sem ble the re flux ap pa ra tus shown in Fig ure 2.
Place 4.37 g (5.4 mL) of isopen tyl al co hol into the 25- mL

round- bottom flask. Add 8.5 mL of gla cial ace tic acid and 1 mL of
con cen trated H2SO4. Add two acid- resistant boil ing chips. At tach the
round- bottom flask to the re flux ap pa ra tus.

Start the flow of wa ter through the re flux con denser. Heat the re ac tion 
mix ture to boil ing and re flux the mix ture gen tly for 1–1.5 hr. [NOTE 1]

Turn off the flask heater and lower the heater away from the flask. Al low 
the flask to cool to room temperature. Turn off the water to the condenser.

Pre pare an ice- water bath in a 400- mL beaker. Re move the flask from 
the re flux ap pa ra tus.

Cool the flask in the ice- water bath. Place 30 mL of dis tilled or
deion ized wa ter in a 25 × 150- mm test tube. Cool the test tube in the
ice- water bath.
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NOTE 1: A slightly higher yield is ob -
tained with the longer re ac tion time.

Fig ure 2 Re flux ap pa ra tus for semi-
 microscale glass ware



2. Sepa rat ing and Wash ing the
Prod uct Layer

Pour 20 mL of the cold wa ter into a 125- mL sepa ra tory fun nel. Care fully
pour the re ac tion mix ture from the round- bottom flask into the fun nel
con tain ing the wa ter. Rinse the re ac tion flask with the re main ing 10 mL of
cold wa ter and pour the rinse wa ter into the sepa ra tory fun nel. Swirl the
mix ture gen tly, stop per the sepa ra tory fun nel, and shake once. [NOTE 2]

Vent the fun nel care fully.
La bel a 150- mL beaker “Aque ous Lay ers”. Drain the lower aque ous

layer from the fun nel into the beaker. [NOTE 3]

Cau tion: Neu tral iz ing ac ids with so dium hy dro gen car bon ate
(NaHCO3) gen er ates CO2 gas. Vent the fun nel fre quently so that
pres sure does not build up in the stop pered sepa ra tory fun nel.

Care fully add 25 mL of 5% NaHCO3 to the sepa ra tory fun nel. Swirl
the fun nel gen tly un til bub bles no longer ap pear. Stop per the fun nel and
shake it cau tiously. Vent the fun nel. Shake the fun nel vig or ously and
vent it im me di ately.

Al low the lay ers to sepa rate. Re move the stop per and drain the
lower aque ous layer into the same la beled beaker.

Wash the or ganic layer in the fun nel with a sec ond 25- mL por tion of 5% 
NaHCO3. Again, drain the lower aque ous layer into the la beled beaker.

Fi nally, wash the or ganic layer with 25 mL of satu rated NaCl
so lu tion. Drain the lower aque ous layer into the la beled beaker.

Weigh 1.5 g of an hy drous so dium sul fate (Na2SO4) and place it into a
50- mL Er len meyer flask [NOTE 4]. Pour the or ganic layer into the Er len meyer
flask. Dry the or ganic layer over an hy drous Na2SO4 for 15 min.

3. Dis till ing the Prod uct Cau tion: Isopen tyl ace tate is flam ma ble and ir ri tat ing. Keep away
from flames or other heat sources. Pre vent eye, skin, and cloth ing
con tact. Avoid in hal ing va pors and in gest ing this com pound.

As sem ble a sim ple dis til la tion ap pa ra tus. Tare a clean 10- mL prod uct
vial for a re ceiver.

De cant the crude es ter from the flask con tain ing the Na2SO4 into a
clean 25- mL round- bottom flask. Add a boil ing chip to the flask. At tach
the round- bottom flask to the dis til la tion ap pa ra tus. Wrap the dis till ing
head with alu mi num foil to mini mize tem pera ture fluc tua tions dur ing
dis til la tion. Start the flow of wa ter through the con denser. Heat the flask.

Col lect the com pound that dis tills from 134–143 °C in the tared
re ceiver. Meas ure and rec ord the mass of the prod uct.

4. Char ac ter iz ing the Prod uct
[NOTE 5]

Ana lyze the pu rity of your prod uct by gas chro ma tog ra phy. Com pare
the re ten tion time of your prod uct with that of pure isopen tyl ace tate
un der iden ti cal con di tions.

Ob tain an in fra red spec trum of your prod uct. Com pare your
spec trum to that of pure isopen tyl ace tate, pro vided by your labo ra tory
in struc tor. Ana lyze your spec trum for ab sorp tion bands con sis tent with
the struc ture of isopen tyl ace tate.

Ob tain a nu clear mag netic reso nance spec trum of your prod uct.
Com pare your spec trum to that of pure isopen tyl ace tate, pro vided by
your labo ra tory in struc tor.

Semi- Microscale Fischer Esterification 7
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NOTE 4: Your labo ra tory in struc tor
may in struct you to add the an hy drous
Na2SO4 gradu ally un til the so lu tion is
no longer cloudy or un til the Na2SO4 no
longer clumps.

NOTE 5: Use the prod uct char ac teri za -
tion tech niques des ig nated by your
labo ra tory in struc tor.

NOTE 2: Vig or ous shak ing may re sult
in an emul sion.

NOTE 3: It is a good prac tice to keep all
ex trac tion lay ers in a la beled con tainer
un til the con clu sion of the ex peri ment.



5. Clean ing Up Place your re cov ered ma te ri als in the ap pro pri ate la beled col lec tion
con tain ers as di rected by your labo ra tory in struc tor. Clean your
glass ware with soap or de ter gent.

Cau tion: Wash your hands thor oughly with soap or de ter gent be -
fore leav ing the labo ra tory.

MICROSCALE FISCHER ESTERIFICATION
Us ing Glass ware with Elas to meric Con nec tors

Equip ment

100- mL beaker 5-mL round- bottom flask
boil ing chip, acid- resistant sand bath*
con denser, with tubing stir ring rod
dis till ing head–air con denser sup port ring
elas to meric con nec tors sup port stand
mi cro spat ula 13 × 100- mm test tube
3 Pas teur pi pets, with la tex bulb ther mome ter, –10 to 260 °C, or 
2-mL pi pet  equiva lent, with adapter
5-mL prod uct vial util ity clamp
2 re ac tion tubes, with stop pers
*sand in crys tal liz ing dish on elec tric hot plate or sand in elec tric heat ing well with heat con trol ler

Rea gents and Prop er ties

sub stance quan tity mo lar mass bp d
(g/mol) (°C) (g/mL)

Dowex® 50W  2–100* 50 mg
gla cial ace tic acid 2 mL 60.05 1.049

isopen tyl ace tate† 130.19 142 0.876
isopen tyl al co hol 0.809 g 88.15 130 0.809
so dium hy dro gen
 car bon ate, 5% 3 mL
so dium sul fate,
 an hy drous 0.3 g 142.04
*or 3 drops (0.15 mL) con cen trated sul fu ric acid
†product

Pre view

• As sem ble the re flux ap pa ra tus us ing glass ware with elas to meric
con nec tors

• Add the rea gents to the flask and re flux the mix ture for 1 hr 

• Cool the re ac tion mix ture

• Sepa rate the mix ture from the ion- exchange resin

• Add 5% NaHCO3

• Sepa rate the aque ous layer
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Fig ure 3 Re flux ap pa ra tus for glass -
ware us ing elas to meric connectors



• Wash the or ganic layer with two ad di tional por tions of 5%
NaHCO3

• Wash the or ganic layer with wa ter

• Dry the or ganic layer over an hy drous Na2SO4

• Trans fer the prod uct to a 5-mL round- bottom flask

• As sem ble a sim ple dis til la tion ap pa ra tus

• Dis till the prod uct, col lect ing the 134-143 °C fraction

• Weigh the prod uct 

• Char ac ter ize the prod uct for pu rity us ing GC, IR, and/or NMR

PRO CE DURE Chemi cal Alert

gla cial ace tic acidcor ro sive

isopen tyl ace tateflam ma ble and ir ri tant

isopen tyl al co holir ri tant

so dium sul fateir ri tant and hy gro scopic

Cau tion: Wear de part men tally ap proved safety gog gles at all times
while in the chem is try labo ra tory.

1. Re flux ing the
Re ac tion Mix ture

Cau tion: Isopen tyl al co hol (3- methyl-1- butanol) is ir ri tat ing. Gla cial
ace tic acid is cor ro sive. Pre vent eye, skin, and cloth ing con tact. Avoid
in hal ing va pors and in gest ing these com pounds. Use a fume hood.

Weigh a 5-mL round- bottom flask sup ported in a small beaker and
rec ord the tare mass. Place 0.809 g (1.0 mL) of isopen tyl al co hol in the
flask. Reweigh the con tainer to ob tain the pre cise mass of the al co hol.

Add 2 mL of gla cial ace tic acid. Add 50 mg of Dowex® 50W  2–100
ion- exchange resin. Finally, add an acid- resistant boil ing chip.

Use the round- bottom flask con tain ing the al co hol to as sem ble the
re flux ap pa ra tus shown in Fig ure 3.

Use a sand bath to heat the mix ture to boil ing. Re flux the mix ture for 1 
hr. Turn off the heat and lower the sand bath away from the flask. Al low
the flask to cool to room tem pera ture. Turn off the water to the condenser.

Use a Pas teur pi pet to sepa rate the prod uct mix ture from the
ion- exchange resin. Place the mix ture into a clean re ac tion tube.

2. Sepa rat ing and Wash ing the
Prod uct Layer

Slowly add 1 mL of 5% so dium hy dro gen car bon ate (NaHCO3) to the
re ac tion tube. Care fully stir the mix ture un til bub ble evo lu tion is no
longer vig or ous. Stop per the re ac tion tube and shake it gen tly. Vent the
re ac tion tube re peat edly un til no more bub bles ap pear.

La bel a test tube “Aque ous Lay ers”. Use a Pas teur pi pet to re move
the lower aque ous layer. Place the layer into the la beled test tube. [NOTE 1]

Re peat the ex trac tion of the up per or ganic layer two more times with 
new 1-mL por tions of 5% NaHCO3. Each time place the lower aque ous
layer into the la beled test tube.

Fi nally, wash the or ganic layer with 1 mL of dis tilled or deion ized
wa ter. Again, re move the lower aque ous layer.

Us ing Glass ware with Elas to meric Connectors 9
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NOTE 1: It is a good prac tice to keep all
ex trac tion lay ers in la beled con tain ers
un til the con clu sion of the ex peri ment.



Add 0.3 g of an hy drous so dium sul fate (Na2SO4) to the or ganic layer 
to dry the prod uct [NOTE 2]. Stop per the re ac tion tube and al low it to
stand for 15 min.

3. Dis till ing the Prod uct Cau tion: Isopen tyl ace tate is flam ma ble and ir ri tat ing. Keep away
from flames or other heat sources. Pre vent eye, skin, and cloth ing
con tact. Avoid in hal ing va pors and in gest ing this com pound.

Use a Pas teur pi pet to trans fer the dried es ter into a 5-mL round- bottom
flask. Add a  boil ing chip. As sem ble a sim ple dis til la tion ap pa ra tus. Tare 
a prod uct vial for a re ceiver.

Heat the flask. Col lect the com pound that dis tills from 134–143 °C in
the tared re ceiver. Meas ure and rec ord the mass of the prod uct.

4. Char ac ter iz ing the Prod uct
[NOTE 3]

Ana lyze the pu rity of your prod uct by gas chro ma tog ra phy. Com pare
the re ten tion time of your prod uct with that of pure isopen tyl ace tate
un der iden ti cal con di tions.

 Ob tain an in fra red spec trum of your prod uct. Com pare your
spec trum to that of pure isopen tyl ace tate, pro vided by your labo ra tory
in struc tor. Ana lyze your spec trum for ab sorp tion bands con sis tent with
the struc ture of isopen tyl ace tate.

Ob tain a nu clear mag netic reso nance spec trum of your prod uct.
Com pare your spec trum to that of pure isopen tyl ace tate, pro vided by
your labo ra tory in struc tor.

5. Clean ing Up Place your re cov ered ma te ri als in the ap pro pri ate la beled col lec tion
con tain ers as di rected by your labo ra tory in struc tor. Clean your
glass ware with soap or de ter gent.

Cau tion: Wash your hands thor oughly with soap or de ter gent be -
fore leav ing the labo ra tory.

MICROSCALE FISCHER ESTERIFICATION 
Us ing Glass ware with a Hick man Still

Equip ment

alu mi num foil sand bath*
3-mL coni cal vial 13 × 100- mm test tube
5-mL coni cal vial, with cap ther mome ter, –10 to 150 °C,
for ceps  small size to fit Hick man still
Hick man still ther mome ter, –10 to 260 °C,
mag netic spin vane  or equiva lent
mi cro spat ula 3 util ity clamps
4 Pas teur pi pets, with la tex bulb water- cooled con denser,
2-mL pi pet  with tubing
5-mL prod uct vial
*stir ring hot plate with crys tal liz ing dish filled with sand or mag netic stir rer and elec tric
flask heater filled with sand
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NOTE 3: Use the prod uct char ac teri za -
tion tech niques des ig nated by your
labo ra tory in struc tor.

NOTE 2: Your labo ra tory in struc tor
may di rect you to add the an hy drous
Na2SO4 gradu ally un til the so lu tion is no 
longer cloudy or un til the Na2SO4 no
longer clumps.



Rea gents and Prop er ties

sub stance quan tity mo lar mass bp d
(g/mol) (°C) (g/mL)

gla cial ace tic acid 2 mL 60.05 1.049
isopen tyl ace tate* 130.19 142 0.876
isopen tyl al co hol 0.809 g 88.15 130 0.809

so dium hy dro gen
 car bon ate, 5% 3 mL
so dium sul fate,
 an hy drous 0.3 g 142.04
sul fu ric acid, 
 con cen trated 0.15 mL 98.08
*prod uct

Pre view

• Weigh a 5-mL coni cal vial

• Add isopen tyl al co hol and reweigh the vial

• Add gla cial ace tic acid and sul fu ric acid to the vial and re flux the
mix ture for 1 hr

• Cool the re ac tion mix ture

• Add 5% NaHCO3

• Sepa rate the aque ous layer

• Wash the or ganic layer with two ad di tional por tions of 5%
NaHCO3

• Wash the or ganic layer with wa ter

• Dry the or ganic layer over an hy drous Na2SO4

• Trans fer the prod uct to a clean coni cal vial

• As sem ble a dis til la tion ap pa ra tus

• Dis till the prod uct

• Weigh the prod uct 

• Char ac ter ize the prod uct for pu rity us ing GC, IR, and/or NMR

PRO CE DURE Chemi cal Alert

gla cial ace tic acidcor ro sive

isopen tyl ace tateflam ma ble and ir ri tant

isopen tyl al co holir ri tant

so dium sul fateir ri tant and hy gro scopic

sul fu ric acidcor ro sive and oxi dant

Cau tion: Wear de part men tally ap proved safety gog gles at all times
while in the chem is try labo ra tory.

Us ing Glass ware with a Hick man Still 11
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1. Re flux ing the
Re ac tion Mix ture

Cau tion: Isopen tyl al co hol (3- methyl-1- butanol) is ir ri tat ing. Gla -
cial ace tic acid is cor ro sive. Con cen trated sul fu ric acid (H2SO4) is
cor ro sive and oxi diz ing. Pre vent eye, skin, cloth ing, and com bus ti -
ble ma te rial con tact. Avoid in hal ing va pors and in gest ing these
com pounds. Use a fume hood.

Weigh a 5-mL coni cal vial and rec ord the tare mass. Place 0.809 g (1.0
mL) of isopen tyl al co hol in the vial. Reweigh the vial to ob tain the
pre cise mass of the al co hol.

Add 2 mL of gla cial ace tic acid to the vial. Fi nally, use a Pas teur pi pet 
to add 3 drops of con cen trated H2SO4 to the vial.

Add a mag netic spin vane. At tach a water- cooled con denser, as
shown in Fig ure 4.

Turn on the mag netic stir rer. Start the flow of wa ter through the
con denser. Heat the sand bath to 150–160 °C. Re flux the mix ture for 1 hr.

Turn off the heat and the mag netic stir rer. Raise the re flux ap pa ra tus
out of the sand bath. Al low the re ac tion mix ture to cool to room
tem pera ture. Turn off the wa ter to the con denser.

2. Sepa rat ing and Wash ing the
Prod uct Layer

Use for ceps to re move the spin vane from the vial. Slowly add 1 mL of 5% 
so dium hy dro gen car bon ate (NaHCO3) to the re ac tion mix ture in the
coni cal vial. Swirl the vial gen tly, then cap the vial. Shake the vial gen tly,
with vent ing, un til bub bles are no longer pro duced.

La bel a test tube “Aque ous Lay ers”. Use a Pas teur pi pet to re move
the lower aque ous layer from the coni cal vial. Place the aque ous layer
into the la beled test tube. [NOTE 1]

Re peat the ex trac tion of the up per or ganic layer two more times with 
new 1-mL por tions of 5% NaHCO3. Each time, place the lower aque ous
layer into the la beled test tube.

Fi nally, wash the or ganic layer with 1 mL of dis tilled or deion ized
wa ter. Again, re move the lower aque ous layer.

Add 0.3 g of an hy drous so dium sul fate (Na2SO4) to the vial to dry
the prod uct [NOTE 2]. Al low the mix ture to stand for 15 min.
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Fig ure 4 Re flux ap pa ra tus for glass -
ware us ing a coni cal vial

NOTE 1: It is a good prac tice to keep
all ex trac tion lay ers in la beled con tain -
ers un til the con clu sion of the
ex peri ment.

NOTE 2: Your labo ra tory in struc tor
may in struct you to add the an hy drous
Na 2SO4 gradu ally un til the so lu tion is
no longer cloudy or un til the Na2SO4 no
longer clumps.



3. Dis till ing the Prod uct Cau tion: Isopen tyl ace tate is flam ma ble and ir ri tat ing. Keep away
from flames or other heat sources. Pre vent eye, skin, and cloth ing
con tact. Avoid in hal ing va pors and in gest ing this com pound.

Use a Pas teur pi pet to trans fer the dried prod uct to a 3-mL coni cal vial.
Add a mag netic spin vane to the vial. At tach a Hick man still and a
water- cooled con denser, as shown in Fig ure 5.

Tare a prod uct vial. Turn on the mag netic stir rer. Start the flow of
wa ter through the con denser. Dis till the prod uct by heat ing the sand
bath to 150–160 °C. Cover the top of the sand bath with alu mi num foil.

As dis til late col lects in the Hick man still, use a Pas teur pi pet to
trans fer the dis til late to the tared prod uct vial. Weigh the prod uct.

4. Char ac ter iz ing the Prod uct
[NOTE 3]

Ana lyze the pu rity of your prod uct by gas chro ma tog ra phy. Com pare
the re ten tion time of your prod uct with that of pure isopen tyl ace tate
un der iden ti cal con di tions.

Ob tain an in fra red spec trum of your prod uct. Com pare your
spec trum to that of pure isopen tyl ace tate, pro vided by your labo ra tory
in struc tor. Ana lyze your spec trum for ab sorp tion bands con sis tent with
the struc ture of isopen tyl ace tate.

Ob tain a nu clear mag netic reso nance spec trum of your prod uct.
Com pare your spec trum to that of pure isopen tyl ace tate, pro vided by
your labo ra tory in struc tor.

5. Clean ing Up Place your re cov ered ma te ri als in the ap pro pri ate la beled col lec tion
con tain ers as di rected by your labo ra tory in struc tor. Clean your
glass ware with soap or de ter gent.

Cau tion: Wash your hands thor oughly with soap or de ter gent be -
fore leav ing the labo ra tory.
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Fig ure 5 Dis til la tion ap pa ra tus us ing
Hick man still

NOTE 3: Use the prod uct char ac teri za -
tion tech niques des ig nated by your
labo ra tory in struc tor.



POST- LABORATORY
QUES TIONS

1. Cal cu late your per cent yield of isopen tyl ace tate.
2. List the dis tinc tive fea tures of the IR spec tra of isopen tyl ace tate,

isopen tyl al co hol, and ace tic acid and as sign the ab sorp tion bands to
the ap pro pri ate func tional groups.

3. Check your gas chro ma togram for the pres ence of com pounds other
than isopen tyl ace tate. Ex plain the pres ence of any ad di tional com -
pounds.

4. Com pare the NMR spec trum for your prod uct with pure isopen tyl
ace tate. Ex plain any dif fer ences.

5. Write the equa tion for the re ac tion of 5% NaHCO3 with ace tic acid.
6. What is the IUPAC name for isopen tyl ace tate?
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NAME SECTION DATE

713/Preparing Isopentyl Acetate by the Fischer Esterification

Pre-Laboratory Assignment

1. What are the hazards you should be aware of when you work with the fol-
lowing reagents?
(a) concentrated H2SO4

(b) glacial acetic acid

2. (a) Write a detailed mechanism for the formation of ethyl acetate from
ethanol and acetic acid with H2SO4 as catalyst.

(b) How does concentrated H2SO4 catalyze the esterification reaction?
Briefly explain.
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3. Give two meth ods by which the Fischer es teri fi ca tion equi lib rium of the re -
ac tion de scribed in As sign ment 2 can be shifted to pro duce more of the
es ter.

4. Cal cu late the theo reti cal yield of isopen tyl ace tate for the es teri fi ca tion re -
ac tion de scribed in the Pro ce dure.
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