PHOTOSYNTHETIC PIGMENTS

The photosynthetic pigments are responsible for absorbing and trapping light energy in the early steps of photosynthesis. Before coming to lab develop a hypothesis relating to pigments and light (i.e. why are there several pigments in green leaves?). What benefits do the plants get by having several pigments? Also, consider what happens to leaves on deciduous trees in the Northern Hemisphere in the Fall and pose a hypothesis to explain this phenomenon. Which of the hypotheses developed can be tested using this experiment? Why? Be sure to include these hypotheses in the introduction of your lab report.

The major pigments of photosynthesis are the chlorophylls. The two chlorophylls found in green plants are chlorophyll a (chl a) and chlorophyll b (chl b). Certain other chlorophylls (chlorophyll c and bacteriochlorophylls) are found in non-green algae, protistans, and photosynthetic bacteria. Other pigments include carotenoids and phycobilins, sometimes referred to as the accessory pigments. Carotenoids occur in all photosynthetic organisms, while phycobilins occur in the red algae and cyanobacteria.

In this experiment, the photosynthetic pigments from spinach leaves will be extracted and separated using the technique of paper chromatography. After separating the pigments, their absorption spectra will be obtained using a spectrophotometer.

Chlorophylls

Chlorophylls are greenish pigments which contain a porphyrin ring. This is a stable ring-shaped molecule around which electrons are free to migrate. Because the electrons move freely, the ring has the potential to gain or lose electrons easily, and thus the potential to provide energized electrons to other molecules. This is the fundamental process by which chlorophyll captures the energy of sunlight.  As is the case for other compounds, the specific absorption maxima of any chlorophyll depends on the solvent in which it is dissolved.

Chlorophyll a
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Carotenoids

There are two classes of carotenoids, the carotenes and the carotenols. All carotenoids have long isoprenoid chains, with alternating double and single bonds. Structurally, the carotenes are composed entirely of carbon and hydrogen, whereas the carotenols also contain oxygen in the form of hydroxyl or keto groups.
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Paper Chromatography
Chromatography is a technique used to separate the components of a mixture. There are various types of chromatography (column, paper, thin-layer, gas), but in all cases the separation is achieved by distribution of components between a fixed or stationary phase and a moving or mobile phase. In paper chromatography, the components of a mixture are separable into discrete zones on a sheet of filter paper.

The mixture is initially spotted or streaked near one end of the paper. If the separated substances are to be extracted later for further analyses, the procedure is called preparative paper chromatography. With a capillary tube, the mixture is streaked on the chromatography paper: enough sample is applied so that there will be an adequate amount for subsequent extraction and spectrophotometric analysis.

For ascending paper chromatography, the appropriate solvent is added to the bottom of a chromatography jar. The atmosphere in the jar should be saturated with solvent vapor prior to adding the paper. The paper is placed in the jar so that the streak is above the level of the solvent. Then, the solvent moves up the paper.

Purpose   

The purpose of this procedure is to use paper chromatography to separate the photosynthetic pigments in a spinach leaf extract and to analyze the absorption spectrum of each.  

Materials

Large test tube

Large test tube rack

Cork stopper with pin hook

Strip of filter paper

Capillary tube

Vial of spinach chlorophyll extract

Chromatography solvent

Chromatography Procedure

1. Cut a piece of filter paper so that it is narrow enough to fit down a large test tube without hitting the sides.  The paper should almost touch the tip of the test tube when suspended from the secure stopper hook.  (See figure 1)

2. Using capillary tube, make a dark spot of chlorophyll extract on the paper, approximately 2.5 cm. from the bottom tip.   Use the electric hair dryers to dry the spot between applications.  The darker your spot, the better your results.

3.  Add enough solvent to the bottom of your large test tube so that the tip of the chromatography paper will be immersed, but NOT the pigment spot.  

4. Secure the stopper and allow the chromatography to run.  When the solvent is within 2 cm. of the top of the paper, remove the paper and dispose of the solvent in the solvent waste container.  DO NOT DISPOSE OF SOLVENT IN THE SINK!!

5. When separation is completed, identify the pigment bands by their colors and relative positions on the chromatogram.  You should be able to identify four color bands.  Chlorophyll b is olive-green, chlorophyll a is blue-green.  There should be two bands of yellow carotenoids, a “fast” band and a “slow” band.

6. Calculate and record the Rf values for each pigment.  Measure the distance traveled by the solvent and each of the pigments.  

        
Rf = the distance traveled by the pigment

        
         the distance traveled by the solvent.

 Absorption Spectra Procedure

1. Use a pair of scissors to cut out the part of the chromatography paper occupied by each separated pigment.  

2. Using a pair of forceps, redissolve each of the pigments in a separate cuvette containing  6 ml of solvent.  Be sure to label the cuvettes properly.

3. Using a cuvette with solvent only, as a blank, measure and record the absorbance of each redissolved pigment at 10 nm intervals from 400-700.  Have your instructor check off the data for you and your partner BEFORE LEAVING THE LAB.
4. Graph the absorbance spectra for all three pigments on the same graph.  Turn this in with the three graphs from the Photosynthesis lab on 10/4/06.
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