Photosynthesis and Red Leaves

How do plants with yellow, purple, or red leaves year-round carry out photosynthesis to produce the food they need to live? In this lab, you will investigate whether a red-leafed plant contains the same pigments for photosynthesis as a green-leafed plant. You will do this by the process of chromatography, which separates the various pigments in the leaf into individually colored bands.

Plant Pigments

Plants use only a small portion of visible light for photosynthesis.  Their leaves contain pigments, molecules which absorb discrete wavelengths (colors) of light.  Photosynthetic pigments absorb the wavelengths of blue and red best, and then transfer the captured light energy to the reactions of photosynthesis.  Pigments also reflect certain colors, which is why pigments can appear green or yellow.
Paper chromatography is a useful technique for separating and identifying pigment and other molecules from cell extracts that contain a complex mixture of molecules. The solvent moves up the paper by capillary action, which occurs as a result of the attraction of solvent molecules to the paper and the attraction of the solvent molecules to one another. As the solvent moves up the paper, it carries along any substances dissolved in it. The pigments are carried along at different rates because they are not equally soluble in the solvent and because they are attracted, to different degrees, to the fibers of the paper through the formation of intermolecular bonds, such as hydrogen bonds.

Beta carotene, the most abundant carotene in plants, is carried along near the solvent front because it is very soluble in the solvent being used and because it forms no hydrogen bonds with cellulose. Another pigment , Xanthophyll differs from carotene in that it contains oxygen. Xanthophyll is found further from the solvent font because it is less soluble in the solvent and has been slowed down by hydrogen bonding to the cellulose. Chlorophyll's contain oxygen and nitrogen and are bound more tightly to the paper than the other pigments. Chlorophyll a is the primary photosynthetic pigment in

plants. A molecule of chlorophyll a is located at the reaction center of the photo systems. The pigments collect light energy and send it to the reaction center. Carotenoids also protect the photosynthetic systems from damaging effects of ultraviolet light.

MATERIALS
    *  2 paper clips stretched into a wire
    *  2 straws
    *  2 strips of chromatography paper

    *  green leaf
    *  coin

    *  red leaf
    *  2 large beakers

    *  10 mL graduated cylinder

    *  5 mL isopropyl alcohol

Procedure

1. Make an S-shaped hook out of each paper clip as shown by your instructor.

2. Cut a piece of filter paper which will be long enough to reach the solvent. Draw a line about 1.0 cm from the bottom of the paper. Hang the strip of chromatography paper from the hook end of each wire.

3. To extract the pigment from the green leaf onto the chromatography paper, place the green leaf on one of the paper strips, about 2 cm from the bottom. Roll the edge of the coin firmly over the leaf until you see a horizontal green line across the strip.


4. Repeat with the red leaf on the other strip of paper.

5. Carefully place straws across the top of the beaker. Secure the straws with tape.

6. Add alcohol (5ml) so that just the bottom edge of the chromatography paper will be submerged. Lower the paper into the beaker, making sure that each horizontal line of pigments is NOT submerged in the alcohol. 

7. Place the beakers a side and leave them undisturbed for 15–30 minutes. Draw your observations.

8. After the alcohol has traveled to the top of the paper strips, remove the papers from the beakers. Allow the papers to dry and compare the chromatograms, or records of pigment patterns, for the two leaves. Measure and record the distance traveled by the pigment and the solvent. Identify the band color and the separated pigments. Use the table provided in your notes to identify the separated pigments. Measure the distance traveled by the solvent and record. Graph your results.
Sketch and explain your experimental set-up. Be very detailed in your drawing and explanation of the experimental set-up.

Analyze and Conclude

Distance moved by Pigment Band (millimeters) 

	Band Number
	Distance (mm)
	Band Color

	1
	Eeeeeeeeeeeeeeeeeeeee
	eeeeeeeeeeeeeee

	2
	Eeeeeeeeeeeeeee
	eeeeeeeeeeeeeee

	3
	Eeeeeeeeeeeeeee
	eeeeeeeeeeeeeeeeeeeeeeeeeeeeee

	4
	eeeeeeeeeeeeeeeeeeeeeeeeeeeeee
	eeeeeeeeeeeeeee

	5
	Eeeeeeeeeeeeeee
	eeeeeeeeeeeeeee


Distance Solvent Front Moved _________________
 

Analysis of Results
The relationship of the distance moved by a pigment to the distance moved by the solvent is a constant called Rf . If you did a number of chromatographic separations, each for a different length of time, the pigments would migrate a different distance on each run. However, the migration of each pigment relative to the migration of the solvent would not change. This migration of pigment relative to migration of solvent is expressed as a constant, Rf (Reference front). It can be calculated by using the formula:
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After you have calculated the Rf value of each band, graph the results.
  

	___________________________
	= Rf for carotene (yellow to yellow -orange)

	___________________________
	= Rf for xanthophyll (yellow)

	___________________________
	= Rf for Chlorophyll a (bright green to blue green)

	___________________________
	= Rf for Chlorophyll b (yellow green to olive green)


Topics for Discussion

1. Compare and Contrast: Describe the similarities and the differences between the two chromatograms. Attach your strips to back up your explanation.
2. Apply Based on your results, explain how a red-leafed plant photosynthesizes.

3. Apply During the fall, some trees form a plug at the base of their leaf petioles, cutting off water to the leaf. This causes the leaf to stop photosynthesizing. Chlorophyll begins to break down, and the colors of the other pigments present in the leaf begin to show. How do you think a chromatogram of a healthy red leaf would compare with a chromatogram of a tree leaf that just turned red in autumn?

4.  What factors are involved in the separation of the pigments?

5. Would you expect the Rf value of a pigment to be the same if a different solvent were used? Explain.

6. What type of chlorophyll does the reaction center contain? What are the roles of the other pigments?

Teacher Notes

Time 20 minutes

Teacher Preparation 

Student Difficulty       

Purpose Use chromatograms to compare the pigments in a red leaf to the pigments in a green leaf

Overview Students will rub a line of pigment from a red leaf and a green leaf on two separate strips of chromatography paper. They will

    * hang the strips in test tubes with the bottom of the strips in alcohol

    * remove the papers after the alcohol has traveled to the top of the papers

    * dry the papers and compare the records of pigment patterns to a table of pigments

    * identify and compare the separated pigments from the red and green leaves

Common pigment color
Chlorophyll type

blue-green
b

yellow-green
a

yellow-brown
xanthophyll

yellow-orange
carotene

Lab Preparation

    * Make copies of a table for identifying separated pigments.

    * Purchase red leaves, such as red coleus leaves, and green leaves, such as green spinach leaves.

    * Stretch the paper clips into wires.

    * Use any alternate materials that may be available in your classroom, such as plastic cups, straws, and coffee filters.

Lab Management

    * Provide a well-ventilated area for the investigation.

    * Tell students to make sure that the strips of paper do not touch the sides or bottoms of the test tubes.

Safety Caution students about not inhaling fumes, and remind them to wash their hands after the lab.

Teacher Note "Students all got good results with 2–4 different pigment separations."

Post-Lab Discussion Discuss the leaf pigments. Ask, What was the purpose of creating a chromatogram of the pigments of the green leaf? It was a control or normal leaf to compare the red leaf to.

ANSWERS

Analyze and Conclude

1. Both chromatograms will have green, yellow, and red pigments. The red leaf will also have brown (xanthophyll) pigments.

2. A red leaf photosynthesizes using chlorophyll in the same way that a green leaf does.

3. There will be less pigment overall in the leaf that changed colors for fall. In particular, there will be less chlorophyll pigments.

