Separation and Identification of Plant Pigments

Dr. Gergens  - SD Mesa College

PURPOSE
In this experiment, the photosynthetic pigments common to all flowering plants will be extracted by liquid-liquid extraction. The four main pigment components of plant leaves are chlorophyll a, chlorophyll b, carotene, and xanthophyll.  The solvents needed for the extraction and separation will be petroleum ether, diethyl ether, methanol, and water.  Finally, these pigments will be analyzed by measuring the absorption spectra of the plant pigments.

BACKGROUND
The four main pigment components of plant leaves are chlorophyll a, chlorophyll b, carotene, and xanthophyll.  While most plant leaves appear green to our eyes, several different photosynthetic pigments of various colors are usually present in the chloroplast of green plants.  The colors of these pigments are due to the numerous double bonds in their structure.  Chlorophyll a and b provide the green color of leaves, which absorb most of the light energy needed for photosynthesis to occur.  The greatest absorption of light by chlorophyll is in the red, blue and violet wavelengths.  Associated with these green pigments are several other pigments known as carotenoids.  These are commonly yellow to red in color, and are also involved in harvesting light energy for photosynthesis.
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RESULTS/DISCUSSION (include the following in your formal conclusion)

1.
Include graphs of the four spectra for chlorophylls a and b, carotene and xanthophyll

2. Include structures for each pigment.  Paste the structure of each compound into the appropriate cell.  If necessary do the following <Insert>, <Paste Special>, <Picture> and turn off [float over text]

3. Tabulate the wavelength at absorbency maxima for each of the four pigments.

4. State the color(s) of visible light each pigment absorbs.
5. What color does each pigment appear to our eyes?  In other words, state the color(s) of visible light each pigment transmits.
Pigment
Chlorophyll a 
Carotene 
Chlorophyll b 
Xanthophyll 

Structure 
(import from SigmaAldrich web site)
(import from SigmaAldrich web site)
(import from the Galactic web site)
(import from  the SDBS,

Japanese web site)

Wavelength(s)

of absorbency maxima





The color of visible light the pigment absorbs:  





To our eyes the pigment appears

(give color)




2. 
6. Structurally what are the major differences between chlorophyll a and b?



2. 
7. From the SigmaAldrich structures for chlorophyll a and b, what does the shorthand notation for “Phytyl" structurally represent?  Draw the Phtytl fragment in ISIS draw and import its structure.



2. 
8. Structurally what are the major differences between carotene and xanthophyll (caratenoids)?



2. 
9. Structurally what are the major differences between the chlorohylls and the caratenoids?



2. 
10. Structurally what are the major differences between the chlorohylls and the caratenoids?




11. Comment on the polarities of petroleum ether, methyl alcohol, diethyl ether, acetone, and water.  Which is most polar?  Which is least polar?  Which organic is most soluble in water? 


pet. ether
methanol
diethyl ether
acetone

Relative polarity of solvent





Solubility in H2O





12.
Indicate the solubility characteristics of each in the following solvents. 


pet. ether
95% methanol
diethyl ether
30% methanolic KOH

carotene


not measured


chlorophyll a


not measured


xanthophyll





chlorophyll b





13.
Clearly identify which layer contained which pigment in the final separation.

Plant Pigment Separation Results Table:

Plant Pigment
Extraction Part 
Layer
effective extracting solvent

carotene
A
top


chlorophyll a
A
bottom


xanthophyll
B
top


chlorophyll b
B
bottom


14. Based on your answers in 8 and 9, explain why the solubility characteristics of each pigment are the way they are in the indicated solvent.  Use the drawing template and box the best answer in each.

a. Structurally all four pigments are more (polar, nonpolar) than (polar, nonpolar) because


           all four are more soluble in (petroleum ether, acetone) used in the extraction.

b. Structurally chlorophyll a and carotene are (more, less) polar than chlorophyll b and xanthophyll
c. Experimentally chlorophyll a was determined to be more (polar, nonpolar) than chlorophyll b because 



               chlorophyll a was determined to be more (soluble, insoluble) in 95% methanol.

d. Experimentally carotene was determined to be more (polar, nonpolar) than xanthophyll because 

                           carotene was determined to be more (soluble, insoluble) in 95% methanol.

e. Experimentally chlorophyll a was determined to be more (polar, nonpolar) than carotene because 



               chlorophyll a was determined to be more (soluble, insoluble) in 30% methanolic KOH. 

f. Experimentally chlorophyll b was determined to be more (polar, nonpolar) than xanthophyll because 



           chlorophyll b was determined to be more (soluble, insoluble) in diethyl ether. 

15.
Compare your various absorption spectra the actual spectrum for each compound super imposed below. Match the four compounds to the UV-visible spectra legend given below:  

a.

b.

c.

d.




16.
Chlorophylls a and b can only absorb very specific amounts of visible light.  What colors are associated with those wavelengths?  Use the drawing tool and box in the specific colors of visible light. 


17. Carotene and xanthophyll can only absorb very specific amounts of visible light.  What are those colors associated with those wavelengths? Box in the specific colors of visible light.



18.
White light consists mainly of red, blue, and green wavelengths. Chlorophylls a and b strongly absorb wavelengths of _________ light and ________, leaving behind _________ wavelengths gives the color _________.  Thus chlorophylls a and b appear   _________  to our eyes. 

White light, R + G + B = W
Chlorophylls a and b filter out what color?  Fill in the colors.
What color is left remaining?






19.
Accessory pigments, carotene and, xanthophyll, strongly absorb wavelengths of _________ light and ultraviolet light, leaving behind _________ and _________wavelengths which mix to form _________.  Thus carotene and xanthophyll appear _________to our eyes.  Color in the circles.

White light, R + G + B = W
Carotene and, xanthophyll filter out what color(s)?  Fill in the color for circle on the right.
What colors are left remaining?  The center ellipsoid should show a mixture of the two colors.






20. Most plants have chlorophyll pigments a and b.  What is the importance of each pigment?




21. Some plants contain carotene and xanthophyll in addition to chlorophyll pigments a and b. What might be the role of the accessory pigments, carotene and xanthophyll? What is the importance of each pigment? 




a�





b�





c�





d�





Ultra-violet
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