ISOLATION OF PIGMENTS FROM SPINACH
Student Name: __________________________ Lab Section/TA: ________________Pts = 10

BACKGROUND

Plants produce energy through a process called photosynthesis.  The process of photosynthesis takes place in organelles called chloroplasts found in plant cells.  Photosynthesis makes use of pigments found within chloroplasts.  These pigments fall into two categories:  chlorophylls and carotenoids.

Chlorophylls are the green pigments that act as the principal photoreceptor molecules of plants.  They are capable of absorbing certain wavelengths of visible light that are then converted by plants into chemical energy.  Two different forms of these pigments found in plants are chlorophyll a and chlorophyll b.  The two forms are identical except that a methyl group in a is replaced by an aldehyde in b.  Pheophytin a and pheophytin b are identical to chlorophyll a and b, respectively, except that in each case the magnesium ion, Mg2+, has been replaced by two hydrogen ions, 2 H+.
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Caretenoids are yellow pigments that are involved in the photosynthetic process.  In addition, chloroplasts also contain several oxygen-containing derivatives of carotenes called xanthophylls.

In part A, you will extract chlorophylls and carotenoids from fresh spinach leaves using acetone as the solvent.  In part B, the pigments will be separated on a column packed with alumina.  Although there will be many different compounds in your sample, they usually separate into two main bands on the column. The first band to pass through the column is yellow and consists of the carotenes. This band may be less than 1 mm wide and may pass through the column very rapidly. It is easy to miss seeing the band as it passes through the alumina. The second band consists of all the other pigments discussed earlier. Although it consists of both green and yellow pigments, it appears as a green band on the column. The green band spreads out on the column more than the yellow band, and it separates more slowly. Occasionally, the yellow and green components of this large green band will separate as the band moves down the column. As the sample elutes from the column, collect the first yellow band in one test tube, and the green band in another test tube.

The colored fractions will be used in part C to determine the various components of each fraction from the column. It should be possible for you to identify most of the pigments on your TLC plate after development.
PRE-LAB QUESTIONS
1.
When hexane, deionized water and acetone are mixed, which layer will be on top?  Why?
2.
What causes the chlorophylls and carotenoids to move to the hexane and turn it green in the separatory funnel?
3.
Complete the following table of terminology.
	Terminology
	Definition

	Stationary phase
	

	Mobile phase
	

	Loading
	

	Eluent
	

	Eluting
	

	Fractions
	


PROCEDURE
Part A. Extraction of Chlorophylls and Carotenoids from Spinach

Weigh out 1.0 g of fresh spinach.  This 1.0 g should consist of spinach leaves only.  Avoid using the stems of the spinach leaves. 

Carefully cut the spinach leaves into small pieces and place the pieces in a mortar.  Add 1.0 mL of acetone to the mortar and grind the spinach leaves until they have been broken down into a fine paste.

Transfer this mixture, including paste, to a large test tube using a spatula to remove the remaining paste.  Add 1.0 mL of acetone.  Shake the mixture well.  Obtain a 3” x 3” piece of gauze and place it over the mouth of the test tube.   Place a small glass funnel in the top of a separatory funnel and check to make sure that the funnel is closed.  Pour the mixture through the gauze into the separatory funnel.  Remove the gauze and add 2.0 mL of acetone to the test tube.  Shake the mixture well, replace the gauze and pour this mixture into the separatory funnel.
Add 10 mL of hexane to the funnel.  Grease the glass stopper and cap the separatory funnel.  Shake the mixture thoroughly while venting often.  Add 10 mL of dI water and again shake the mixture while venting often.

Securely clamp the separatory funnel to a ring-stand.  Allow the mixture to settle.  

When the mixture has settled, separate the layers placing the organic layer into a 50-mL beaker.  Add small amounts of anhydrous calcium chloride to the beaker until the solution is no longer cloudy.  Decant this solution into a 50-mL round-bottomed flask leaving the anhydrous calcium chloride in the beaker.

Evaporate the solution down to approximately 2 mL using a rotary evaporator.

Start Part B while waiting for the rotavap.
Part B. Separation of Chlorophylls and Carotenoids Using Column Chromatography
Measure out 30 mL of hexane and 20 mL of 70% hexane – 30% acetone and set aside in beakers.

Weigh out 5 g of alumina in a weighing dish.

Clamp a 25-mL buret to a stand leaving enough room for a large test tube to be clamped below.  
Check to make sure that the stopcock is closed on the buret.  Add 8 mL of hexane to the buret.  Tear off enough cotton to form a plug approximately 2 cm high.  Use a glass rod to carefully move the cotton to the bottom of the buret and lightly pack the cotton.  Do not pack the cotton too tightly.  
Pour sand through a glass funnel into the buret until a sand plug is formed that is approximately 2 cm high.  
Pour the alumina SLOWLY through a dry funnel into the buret.  (If the alumina collects around the top of the hexane, gently tap the glass with your finger.  If this does not remove the clump, remove the funnel and pipet a small amount of hexane down the side of the buret.)

Any alumina on the sides of the buret should be washed down with hexane using a pipet.    

DO NOT, AT ANY POINT HEREAFTER, ALLOW THE PACKING TO GO DRY!

Again, pour sand through a glass funnel into the buret until a sand plug is formed that is approximately 2 cm high on top of the alumina. 

Add 5 mL of hexane.  Open the stopcock and drain the hexane into an empty test tube while tapping the side of the buret with your finger.   This will pack the alumina and remove any air bubbles in the packing.

Drain the hexane down to the lower portion of the top sand plug.  The top of the sand plug should go dry just after the top of the hexane passes through it, but the top of the alumina should not go dry.
Pipet 1 mL of the chlorophyll/carotenoid solution onto the sand.  Drain the buret until the top of this solution has drained down into the lower portion of the top sand plug.

Pipet 1 mL of hexane onto the sand.  Carefully pour an additional 14 mL of hexane into the buret through a glass funnel being careful not to disturb the sand plug.

Open the stopcock and drain the buret into an empty test tube.  A yellow ring will begin to move down the column while a green ring will remain on top of the packing.  Follow this yellow ring down the column.  Add as much hexane as necessary to move this yellow ring completely through the column.  Do not let the column go dry.  Collect the yellow solution in an empty test tube.  Set this solution aside.
After the yellow ring has passed through the column, drain the hexane to the lower portion of the top sand plug.  Pipet 1 mL of the 70% hexane – 30% acetone solution onto the sand.  Carefully pour an additional 9 mL of the 70% hexane – 30% acetone solution into the buret through a glass funnel.

This will move the green ring down the column.  Collect the green solution in an empty test tube.

You have now successfully separated the chlorophyll and carotenoids from spinach.
Using a warm water bath (50-70oC), evaporate the solvent from the test tubes containing the yellow pigments, green pigments, and original extract. As soon as all the solvent has evaporated from each of the tubes, remove them from the water bath. Do not allow any of the tubes to remain in the water bath after the solvent has evaporated or the heat may cause the pigments to decompose.
Have your TA sign here after observing the two collected solutions: __________
Part C. Thin Layer Chromatography

Prepare a TLC plate with three lanes to spot the original extract and the collected bands.

Prepare a TLC development chamber using a 400-mL beaker containing 15 mL of a 70% hexane – 30% acetone solution covered with a watch glass.

Use a Pasteur pipet to add three drops of the 70% hexane – 30% acetone solution to each of the three test tubes. Swirl the tubes to dissolve as much of the pigments as possible.

Spot the TLC plate with the three samples. Apply small samples to the same spot allowing the solvent to evaporate between applications until enough of the sample has been applied to obtain a definite yellow or green color. The spot should be no larger than 2 mm in diameter. Let the solvent evaporate and develop the plate.


Analysis of the Results
In the crude extract, you should be able to see the following components (in order of decreasing Rf values):

Carotenes (1 spot, yellow-orange)
Pheophytin a (gray, may not be nearly as intense as chlorophyll b)
Pheophytin b (gray, may not be visible)
Chlorophyll a (blue-green, more intense than chlorophyll b)
Chlorophyll b (green)
Xanthophylls (possible 3 spots, yellow)

Depending on the spinach sample, the conditions of the experiment, and how much sample was spotted on the TLC plate, you may observe other pigments. These additional components can result from air oxidation, hydrolysis, or other chemical reactions involving the pigments discussed in this experiment. It is very common to observe other pigments in samples of frozen spinach. It is also common to observe components in the green band that were not present in the original extract.

Identify as many of the spots in your sample as possible. Determine which pigments were present in the yellow band and which were present in the green band. Draw a picture of the TLC plate. Label each spot with its color and its identity, if possible. Calculate the Rf values for each spot produced by chromatography of the extract.
Results and Data

Sketch a picture of your developed TLC plate

Calculate Rf values for all spots in the original extract
Identify each spot in the original extract (component, color, & Rf) on the picture of your TLC plate


List the components of the yellow band

List the components of the green band
Post-lab Questions
1.
Why does the green ring stay at the top of the column with the hexane, but move down the column with the 70% hexane – 30% acetone solution?
2.
If the water is added to the separatory funnel before the hexane, the solution will not move to the hexane.  Why is this so?
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