CHM 2201 Fall 2008 Department of Chemistry
Organic Chernistry Lab I “illanowa Unnversity

Izolation of Caffeine from Tea

Using Column Chromatography
From Bell, Clowk & Taber, pages 70— 71
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Carry out this experiment in yvour hood!! =,
Work in pairs and plan vour work efficiently since Caffeine

this lab can take 3 or more hours to complete. It is suggested that

one person in the workgroup carry out part A (the tea extraction and adsorption of the
tea extract onto silica gel) while the other person simultaneously starts with parts B
(column preparation) and C (preparing the test tubes, obtaining the eluting solvents for

the actual chromatography, and preparing the TL.C plates which will be used for analysis
of the TL.C fractions).

A. Exfraction of Caffeme from Tea

1. Place 50 mlL of the prepared tea selution m a 125 ml separatory funnel and add 20 ml of 3%
aquecus HCL (to help prevent emulzion formation)

2. Exiract this puxture 4 times with 10 ml. portions of methylene chlonde (dichloromethane).

REMEMBER: methylene chlonde iz heavier than water. Do not shake the separatory funnel

but vigorously SWI IRL it (3 (vou may mvert the separatory funnel to get better nuxing during the

smﬂmg process) to help prevent the formation of an emulsion. REMEMBER: Vent the
separatory fimnel during the exfractions to prevent pressure buldup!

Dram each of the above four methylene chlonde exiracts into a sinple 125 ml. Erlenmeyer

flask; make sure that there are not siznificant amounts of water u:Irﬂ-ps in the methvlene chloride

exiracts. If vou zee sigmficant amounts of water in the combmed methylene chloride exiracts,
place the combined extracts in a separatory fumnel and drain off the II:l-E:ﬂ'.'F. lene chloride {bemg
careful to keep the water in the separatory funnel) laver into another dry 125 mL Erlenmever
flask

4. Dy the combined methylene chlonde extracts by adding 2-3 spatula scoops of anhydrons

magnesium sulfate and s*.m]mg the flask. After swirling the flask. the drving agent should be a

loose and pranular suspensicn (not stcking to the flazk in chunks) mn the methylene chlonde; if

not loose and granular, add another portion of magnesum sulfate, swirl and check to see if the
newly added magnesium sulfate 15 loose and granular. Repeat the process until the newly
added magnesium sulfate stayvs loose and granular.

To remove the magnezsium sulfate from the combined methylene chlonde extracts, filter the

resulfing mixture through a fluted filter paper placed in a fimnel which goes into a dry 123 mL

Erlenmever flask.

6. Add 0.2 gofsilica zel and 1 or 2 boiling stones to the methyvlene chlonde filtrate in the
Erlenmever flazk and evaporate the solvent by heahng E:er[th m the hood on a steam bath (See
how to set up and use a steam bath described on page 4) to give a dry powder of vour tea
exiract on sihica pel. Dunng the heating/evaporation process. u:,-:rnstanﬂx keep smrlm.g. the flask
50 that the solvent does not “bump” out of the flask
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B. Prepanng & Paclang a chromatography colunm (zee diagram of a packed column on next page)

1. Use a wooden dowel or long pipette to tamp a small wad of cotton mto the neck at the bottom
of a DRY 10-mm x 150-mm chromatography colomn.
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Gently pour a small layer of sand over the cotton plog to provide a flat surface for the silica gel
and carefully tap the column to settle and level the sand laver.

Add 09 g-n-fslhca gel to the column in a fine gentle stream se as to do as little disTuption to the
sand layer. Note, mstead of weighing the silica gel. use the marks on the commumity bood sash
as a guide as to how much silica gel should be put into your column Tap the column gently to
seftle and level the silica gel.

Carefully and with minimum dizruption to the silica zel in the column, add vour tea extract that
13 adzorbed on silica gel (prepared above n A.6.) along with the boiling stone(s) to the top of
the silica gel in the colunn and tap gently.

Then add final laver of sand to prevent disturbance of =ilica gel when solvent 1z added. Tap
zently to seftle.

Schematic of a packed chromatoeraphy cohomn
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C. Eluting the colunm

1.
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Have ready at least eight 15 x 100-mm test tubes marked 1 thru £
Have ready the following three solvent syvstems

a 15ml of methylene chlonde Increasing Polarity

b. 10mL of 3% -E:'ﬂI‘_'. | acetate in methylene chlonide } U of Solvent Systems

c. 15 ml of ethyl acetate.

NOTE: Read this entire section (3.2, and b.) before vou start ehuting.  Successively elute the
column with the above solvents in the order listed. With the column stopeock open, pour the
entire amount of the first histed sohvent mto the column carefully so as to not dizrupt the sand
and z1lica gel.

a  Collect the eluant as it comes off the column m 3 ml. frachions in the numbered test
tubes and keep them n order of collection. Do not collect less than 5 ml in each
fraction It 1z OK to allow solvents from the different solvent systems that vou use for
elufing the column to mix together in the test tube from a previous frachon, just so vou
collect a full 5 ml. of solvent in each test ube.

b. When changing to a different solvent system be sure not to add the new solvent system
to the coluron until the level of the previcus solvent has reached the top layer of sand.
DO NOT ALLOW THE S50LVENT LEVEL TO GO BELOW THE TOP LAYER OF
SAND. Ifnecessary, close the column stopeock until the new solvent system 13
carefully poured info the column and then continue with the chromatography.
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D. Use TLC to check the makeup of each collected frachon; then combine and concentrate the
fractions with pure caffeine as determined by TLC analyzis

1. Spoteach collected fraction on a zmall TLC plate (z1tuated honzontally rather than vertically;
see lllusiration below) to determine (usmg shm‘twﬂm UV light) whether there 13 any cnnq:unu.ud
in a fraction. T‘-Inteﬂ:miEtthjsp:nmtp:uudnnmhatttﬂdmﬂnpﬂmplatemﬂleﬂﬂ chamber.
This 15 just to determine whether or not there 13 material m each frachon. Use one small plate
turned on 1ts s1de to carry cut this prelminary detection of compound m each fraction.

- Small TLC plate

@0 .. Callected fraclicns 1 -2 spottsc cr plats.
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Note that if fraction & shll contams UV active matenal, vou may want to add some more ethyl
acetate to the column and collect some additicnal fractions to fry to remove all of the UV active
matenal from the colummn

3. For those frachions contammg UV active matenial, spot each frachion on a large TLC plate along
with a spot of authentic caffeine (the caffene reference sample 12 available m the community
hood and 13 disselved m ethanol) and develop the plate in vour TLC chamber using ethyl
acetate:ethanol:acetic acid (23:1:1 ratio) as the developing solvent.

Fl::aﬂ'eine
e Labels of fraction numbers with LN active material
2 4 € § o (a5 determimed in D.1.) and an authentic samgple of caffeine (C)
=——— |Large TLC plate for analysis of chromatographny
fractions containing LW aciive materisl
- Spots visible under LW light after
*0 00 0 development of plate in eluting sclvent
d * * - Fracions 3,4, 5, 6
along wath caffeine ()}
TLC Plate after developrnent with
eluting solvent

4. Save all of the fractions that contam TLC spots which comrespond with the reference caffeme
spot.

D. Izolating the Pure 5olhd Caffeme Remember to pre-weigh flask

1. Combine all of the fractions that contain only caffeine in 3 tared {(pre-weighed) 123 m[L
Erlenmever flazk and then evaporate the solvent by heating on a steam bath (add 1 or 2 boiling
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