TEACHER REFERENCE PAGES- ESTERI FI CATI ON LAB

| NTRODUCTI ON

Esters are inportant industrial and biol ogi cal conpounds.
Fats (1) are esters of three |ong-chain carboxylic acids with
glycerol, a triol. The pleasant odors fromfruits are conpl ex
m xtures consisting primarily of volatile esters. The odor of
i sopentyl acetate (2) is that of bananas or pears, butyl
but anoate (3) resenbl es pi neappl es, and propyl 2-nethyl propanoate
(4) is like that of rum Polyesters constitute an inportant part
of the synthetic polyner field. Polyesters such as Dacron (5),
Teryl ene, and Myl ar are marketed and wi dely used to nake cl ot hing
fiber, tire cord, or plastic film

In this experinment, students will synthesize isopentyl
acetate (banana oil) fromacetic acid and isopentyl al cohol.
After purification, banana oil will be identified not only by its

odor but al so characterized by using a nodern techni que, gas
chr omat ogr aphy.
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GAS CHROVATOGRAPHY

One maj or technique that is used to study organi c nol ecul es
i s gas chromat ography. Gas chromatography (GC) is the separation
of conpounds in the gas phase, depending on their relative
ability to adsorb onto the colum packing and their volatility
into the gas phase at the tenperature used. The gas
chromatograph is a sinple, sensitive instrunent which can be used
to separate and identify about 60% of all known organic
conpounds.

The conpounds to be separated are injected into a gas stream
whi ch passes through a colum at a preset speed. Under a
constant set of conditions in terns of tenperature, gas flow
rate, and col um packing and size, repeated injections of a
conmpound elute from (cone out of) the colum at a nearly constant
time frominjection. Different conpounds elute at different
times. One factor which affects elution tine is the nol ecul ar
wei ght of the conpound; heavi er conpounds nove nore slowy
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through the colum. Elution tinme is also affected by polarity
and other factors. The colum is first injected with known
conpounds cal l ed standards, and their retention tines are

determ ned. Then, unknown m xtures of conpounds can be injected,
and if the known conpounds are in the m xture, their peaks can be
recogni zed by their characteristic retention tines.

A gas chronat ograph detects the presence of a conpound in its
eluate (exiting strean) by neans of sone property of the
conpound. One common mnet hod used by GC detectors is to conpare
the conductivity of a heated filanment which is placed within a
stream of pure reference gas (heliumin our lab) to a heated
filament placed in a stream of gas containing our sanple
nol ecul es. When nol ecul es from our sanple pass the detector
filament, the changes in conductivity caused by tenperature
changes are converted into electrical signals which appear as
peaks on a conmputer data screen. Peaks seen in the eluate are
plotted on a chart, and the integrated peak area is proportional
to the concentration of the conpound. Many GCs report the
integral area of each of the peaks, follow ng the plotted graph
of the peaks. An approxinate proportionality between peak hei ght
and concentration can al so be seen (see sanple printouts).

EQUI PVENT

10 Stirring Hotpl ates
10 Mcrokits

M cr opi pets
2 Gas Chr omat ogr aphs
2 Anal yti cal Bal ances
SUPPLI ES

10 Ri ng St ands
10 3fi nger d anps
4 DI Water Washbottl es
4 Acet one Washbottl es
20 Tygon tubi ng
20 Sampl e Vials
10 Met al Pans
10 Met al Thernmoneters
box G oves
lpr Hot Mtts
Sand for baths
Fi ber gl ass
Cotton
1 Al cooling pan for sand
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20 Past eur pipets
2 Syringes for GC

CHEM CALS

5% NaHCO,

95% H,SO,

Anhydr ous MySO,

d acial Acetic Acid
| sopentyl Al cohol
Cad ,

Silica Ge

Acet one

GC St andards

KEY WORDS

St udents shoul d understand the followi ng terns before running
this |ab:

Adsorption, Absorbtion, Distillate, Eluate, Elution tineg,
Polarity, Reflux band, Volatility.

PROCEDURE

Start heating the sandbaths as early as possible; it takes
time for the tenperature to rise and stabili ze.

Revi ew the assenbly of the mcroscale kit with students. You
may copy the handout for the students if you wi sh, or just instruct
them in the assenbly. The parts of this kit are expensive and
breakabl e. Pl ease urge caution. Also review use of the automatic
pi pettors and preset them to the required anmounts. Cauti on
students regardi ng use of the nagnetic stirrers, and the process of
cooling the vial in step 8. If tine is a problem students may
stop after step 8, or after step 17 and resune at a later tinme. 1In
step 17, the anount of anhydrous MySQ, shoul d be sufficient to dry
the product. The purification step is not essential to the |ab.
You may have the students do it if you choose.

The distillate may be tested by neans of gas chromat ography.
First, as a teacher denonstration, inject about one mcroliter of
t he i sopentyl al cohol standard into the gas chromat ograph. Cbserve
the tine that it takes for the peak to appear. This should be done
on both gas chromatographs. Then, a standard containing a m xture
of water, isopentyl alcohol, isopentyl acetate and acetone, wll be
injected. GObserve the tinme it takes for each of the four peaks to
appear .
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Have t he students record the retention tines and nanes of the
standards onto their data tables. Notice that the retention tines
will vary slightly with each nachine due to the condition of its
columm and rate of gas flow. Rem nd students that they nust run
their sanples through the same machine for which they are recording
standard retention tinmes. For conveni ence, the nachines wll be
| abel ed A and B.

Next, have students inject about one mcroliter of their
distillate in turn into the gas chromatograph. This will take 8-10
m nutes per group. Have students record the nachi ne code nunber (A
or B), and then identify the peaks by nane and t he percentage yield
of each conpound in their sanple (see page 4). This information
will be witten on their conputer printout first, and then
transfered to their data table. The students will need to refer to
the data fromthe standards to identify the conponents of their
sanpl e. Doing exanpl es on paper prior to the lab day will greatly
increase the students’ understanding of these procedures.
Theyshoul d see three peaks, one for water, one for isopentyl
al cohol, and one for isopentyl acetate. Any other peaks are
contam nants and can be ignored for this |ab.

DATA COLLECTI ON AND CALCULATI ONS

Cal cul ate the nunber of noles of isopentyl al cohol
(1.0 nL x 0.813 g/nL)/88.2 g/nole = 0.0092 nol e

Cal cul ate the number of npbles of acetic acid
(.550 mL x 1.06 g/nm)/60.1 g/nmole = 0.0097 nol e

What is the limting reactant isopentyl al cohol

Cal cul ate the theoretical yield
0.0092 noles x 130 g/mole = 1.196 g
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SAMPLE GAS CHROMATOGEAPH PRINTOUT

P it W
9] 0 o
o ] B b
i =ik — ——I—.-.-.-.L.—.le-.—k———l- ----.%----_al——q..-v.---x-.-- ool ---?-...l_._._l___l.._l_._
= £.400
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Area Percent Report :
feia File Name  : ©:\HPCHEM\1\DATA\BIIL.D
Operator : phil Fage Humbher {8 &
Instrument ¢ ANALYZER1 Vial Humber £ 4
Sanple Hame ¢ mthan Injection Humber :
Run Time Bar Code: Semquence Line 1
Acquired on £ 30 Dok 92 11:18 AM Instrunent Mathod: TOPS.MTH
Report Created on: 30 Cct 92 11:35 M Analysi= Method : TOPS.MTIH
Sig. 1 in Co\HPCHEMM1N\DATANPHIL.D .
Fk# Fet Time Ares Height Typa Width .  Are=a %
o | o | e [ e e | [ e f o e
I 0.400 Eutex 37200 24900 EB 0.054 3.3417
2 0.819 156140 Reems 46960 BB 0.050 14.0262
3 2.441 ::::fﬂ 52374 6015 EB 0,135 4.7049
4 4567 T wE7482 D 24758 BB 0.457 77.9272

Total area = 1113156
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USING THE MICRO MINI-LAB
Assenbly of the Reflux and Distilling Apparatus

1. HANDLE EQUI PMENT CAREFULLY. Do not force any fittings or caps.
Wash conpletely with distilled water followed by an acetone
rinse at the end of the | ab.

2. To construct the apparatus in Figure 1, you wll need: a hot
plate with nmagnetic stirrer, sand bath about half filled with
sand, drying tube, 3nL conical vial, cooling condenser, magnetic
spin vane, netal thernoneter which reads to at |east 200°C and
its clanp, two 3' lengths of Tygon tubing, cooling tube (wth
cotton and CaCl ;) and a clanp for the apparatus.

3. Place sand bath on hot plate and heat to between 160°C and 180°C
Be careful not to overheat the sand bath. Adjust as necessary

to maintain the tenperature throughout the | ab.

4. Wiile the sand bath is heating construct the apparatus as in
Figure 1. When maki ng the connections between the different
parts slide the cap over the ground glass followed by a |arge
rubber Oring. Secure the parts by screwing the cap down. Make
sure Orings are in place. Caps should be snug, but DO NOT
FORCE CAPS. Before you connect the 3nL vial add the chem cal s
and the magnetic spin vane. Secure the apparatus to the ring
stand with one clanp only so that the gl assware can be rotated
wi t hout breaki ng.

5. Hook up input cooling water at the lower inlet with the outlet
at the upper inlet. Slowy turn on water and check for | eaks.

6. Wien the reaction is conplete, carefully renove the conical via
and transfer the solution as directed in the lab wite-up.
D sassenbl e the apparatus, let it cool and clean with distilled
wat er and acet one.

7. Construct the distilling apparatus as in Figure 2. Use the 3nL
conical vial, Hckman still, cooling condenser, hot plate and
sand bath, thernoneter, clanp, Pasteur pipet and nmagnetic spin
vane with spinning band. Make sure the glass wool is wapped
around the bottom of the H ckman still. Connect cooling
condenser as in Figure 1, but do not run water through it; the
boiling point of the ester is high enough to nmake that
unnecessary. Do not use the drying tube and | eave the top open.

Use the magnetic vane with spinning band and spin it as slowy
as possible. Mke sure that the extraction tube on the H ckman
still is capped with a vinyl plug so that no oil wll escape.
At the end of the lab extract oil fromthe H ckman still wth
the Pasteur pipet and save in a sanple vial (be sure to weigh
the vial first.)
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