| solation of Chlorophyll and Carotenoid Pigments from Spinach

I ntroduction

We will be extracting plant pigments from frozemrngeh, and we will be able to collect at least
two distinct colored fractions (maybe more depegdin the spinach we use!). Frozen spinach is
a good source @-carotene and the chlorophylls. The structuregb@e$e compounds are shown
on the last page of this handout. Acetone is @ godvent for extracting these non-polar
pigments from the spinach leaves. (As well as sother pigments in smaller amounts. Whether
or not you will be able to detect these other pigtaevill depend on several variable factors.)
Unfortunately, acetone is miscible (will mix wittjith water as well; so your acetone extract

will also contain a good deal of water. As a buaddbrganic chemist, you should be starting to
consider water as your eneimWe will separate the organic compounds from ygreéen acetone
mixture by extraction with the non-polar solvenkaéee. Then we will dry the hexane solution,
evaporate the solvent, and separate the plant piigm&Ve will accomplish this final separation
by column chromatography, using alumina as théosiaty phase and a mixture of ligroin (a
mixture of alkanes with a boiling point of 50-10D)°and ethyl acetate as solvents. These
pigments are sensitive to both light and heat,caprgust treat them carefully

Experimental Procedur e

Extraction and isolation of the pigmerfte save some time, the storeroom will do this, and we
will only do the TL C and Column Chromatography half of the experiment.)

Weigh a 10 g sample of spinach (squeeze out theriegt!) into a 100 mL beaker. Add 25 mL
of acetone and macerate (mix vigorously) the miiumtil the leaves lose most of their color to
the acetone solution. Place a plug of glass @ocatool in a short stem funnel, and filter your
mixture through this plug into a 125 mL separafornnel. Press the spinach pulp with a spatula,
and rinse the leaves with an additional 5 mL otewoe.

Add 30 mL of hexane and 30 mL of saturated aqusodsim chloride to this separatory funnel,
shake this mixture vigorously with occasional vegtiand drain off the aqueous layer. Wash the
organic layer two more times, using 30 mL of watach time._You should drain off the aqueous
layer after each wash with 30 mL of watdflyou have any emulsions during these washings,
they may be broken by adding a small amount ofratgd aqueous sodium chloride. Transfer
your green hexane solution to a 50 mL Erlenmeyakfiand dry with anhydrous magnesium
sulfate. Filter this solution into a clean, dryBQ Erlenmeyer flask. At this point, you may
store this solution overnight by placing a stopgpehe flask and wrapping parafilm around the
stopper. If you have time, you may evaporate theest by placing the solution in a 100 mL
beaker and heating the solution on a hot platedusaling chip or stick!) in the hood until only
3-5 mL of the dark green solution remains. Be fthot to evaporate to dryness at this point as
you will overheat your pigments, and they will badized and become discolofed’ ou should
then store your solution overnight in a refrigeratoa labelled vial.

TLC and Column Chromatography




Spot your dark green hexane solution on a TLC pl&epare the TLC plate in the normal
fashion. Depending on the concentration of youraex, you may have to make the spot more
concentrated by repeatedly touching the platet¢trmake your spot as small as possible) on the
same spot. You may check the concentration o$pla¢ by visualizing it under a UV lamp
beforedeveloping the plate. The developing solvent ballligroin/ethyl acetate (70:30 by
volume). In this crude extract you might be ablsée the following components (from greatest
to smallest Rvalues):

[3-carotene (yellow-orange)

pheophytin a and pheophytin b (grey - you may ay mot be able to see these spots.
These have the same structure as the clhigispexcept
that the Mg has been replaced with 2H

chlorophyll a (blue-green, more intense than agbyll b)

chlorophyll b (green - same structure as chlordhgxcept one methyl group has been
replaced with a CHO group)

xanthophylls (yellow - possibly more than one ¥pot

Prepare the column as described in the attachetbbanWe will be using approximately 4 g of
alumina for this column chromatography. Use thmesd@0:30 mixture of ligroin/ethyl acetate as
the solvent in preparing your column. While yoa packing your column, you should evaporate
the solvent from your green hexane extract usih@CamL beaker on a hot plate in the hood as
described above until 1 mL of solution remainsydfi evaporate to dryness (be careful!),
redissolve the residue in 1 mL of ligroin beforgip@ing the column chromatography.

After placing your crude extract on the column asalibed in the column chromatography
handout, elute the column with the 70:30 mixturégrbin/ethyl acetate until the yellow/orange
band of3-carotene has been collected. Try to collectfalis band in the smallest fraction
possible. After th@-carotene has been collected, use pure ethyl actatour developing
solvent to collect your chlorophylls. Try to calteas many different colored fractions as
possible, and use pre-weighed (tared) vials tecbifour fractions. You should be able to
obtain at least two relatively pure fractions - @fi¢he-carotene, and one of the chlorophylls.
Check the purity of each colored fraction by depeig a TLC plate. You can make several
spots on one TLC plate. Compare thts Bf your pure fractions with the TLC of your iait
crude extract. Evaporate the solvents from youe fractions in the hoods, and determine the
yields of your pure compounds. Don't forget tocactt for the mass of your boiling chips! Your
yields will be very low, so don't worry when youtgesmall mass.

Questions:
1. Rationalize the order of the compounds’ pragithsough the column. Focus on how their

structural features affect their polarity and hows fpolarity affects their rate of travel througfe t
column.

2. Why did we change the solvent to pure ethytateanid-way through our column?



Column Chromatogr aphy

note: Silica gel can be used instead of alumirthisipreparation

1. Determine the amount of alumina you will negdiling your column with alumina. Leave
about 1-2 inches of space at the top of the colu8ee the picture on page 172 of the
Williamson text. If your Micro Buchner funnel dtilas the polyethylene frit, remove this by
poking it out.

2. Put the alumina in a beaker and add enougbuwfsolvent to make a slurry of the alumina.

3. Put a small plug of cotton wool in the bottofryaur column, followed by a small layer
(5-10 mm) of sand. Then fill the column about Half with your solvent.

4. Add your slurry of alumina and solvent to yoolumn. Be careful not to overfill your
column.

5. Drain solvent through your column until theralna is packed and level. No cracks or
bubbles!" These will hurt the consistency of thexana and therefore make your separation less
successful. Be careful not to let the level ofsbivent dip below the top of your alumina! You
will need to drain a fair amount of solvent througiur column, but you can re-use the solvent
that you drain through.

6. Once the column is packed, leave a small amaiustlvent (~ 5 mm) above the level of the
alumina, and carefully add some sand (about 5 rartf)e top of the column. Be sure that your
alumina is level. Then drain the solvent to the @bthe sand layer.

7. Now dissolve your compound in a small amourgal¥ent (preferably a non-polar solvent -
or the solvent you are using in your chromatograpduyd carefully add it with a disposable
pipette to the top of your sand.

8. Drain the solvent with your compound to the édphe sand on your column, carefully add
one mL of your solvent to the column, and draito ithe sand again.

9. Now carefully add enough solvent to fill younhel (don't disturb the alumina), and start
draining solvent.

10. Begin collecting fractions from the bottomyofur column, and away you go!! Note: a
fraction is a separate given amount of solvent¢bates off the bottom of the column.
Generally, chemists collect separate fractions sgexific volume in vials or test tubes -
depending on the size of the column. In this expent, our compounds will be colored, so you
will be able to isolate your compounds in the sesdlfraction possible by switching vials when
the colored bands come off the bottom of the column



A couple of extra notes. The best separation gostien your compound has an Rf of about 0.3.
You can determine this with TLC plates before ybhoase your solvent. You may also use silica
gel in place of alumina. We use alumina in this la
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Xanthophyllsis a general term that encompasses many diffe@npounds. They are
molecules of3-carotene that have been oxidized, so they contaimy OH groups.
Picture the3-carotene above with many OH groups on the ringh®@fong chain.




