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Fluorescence of Chlorophyll

Standards:
3.3.7 A  Describe the similarities and differences that characterize diverse living things.
· Describe how the structures of living things help them function in unique ways.
3.4.7 B  Relate energy sources and transfers to heat and temperature.
· Know that the sun is a major source of energy that emits wavelengths of visible light, infrared and ultraviolet radiation.

· Explain the conversion of one form of energy to another by applying knowledge of each form of energy. 
3.1.4 E  Recognize change in natural and physical systems.

· Describe the changes to objects caused by heat, cold, light or chemicals.
Introduction:


In the world of life, it is the green plants, the producers, which are able to produce the sugars that then become the major food source for animal life.  This feat is accomplished because of the ability of plants to absorb light energy and convert it into chemical energy in the form of bonds within ATP in a process called photosynthesis.  In fact, the word photosynthesis comes from the Greek words photo, meaning “light” and synthesis, meaning “putting it all together.”  Usually plant cell organelles called chloroplasts are involved; each chloroplast contains thousands of pigment molecules called chlorophyll.  Chlorophyll and other pigments are responsible for absorbing certain photons (violet, blue, and red wavelengths) of light from the visible spectrum of sunlight or artificial light.  Within the chloroplast membranes, plant cells have developed thousands of structures called photosystems, each of which possesses several hundred pigment molecules, usually chlorophyll.  Since light energy cannot be destroyed, it is converted to another state.  In this case electrons in the pigment molecules are “energized” by moving to higher molecular energy levels.  The “energized” electrons fall back to a lower energy state (original molecular energy levels) almost immediately and the energy is given off.  Some of the energy is trapped by special chlorophyll molecules within the chloroplast’s photosystems; this energy is used to initiate a series of electron transfers which eventually lead to the production of high energy molecules called ATP.  The ATP molecules can then be used as energy sources for the production of sugar molecules, the primary energy food source for nearly all plants and animals in the world.  The remainder of the unused energy is given off as heat and/or light.

In this lab, you will be working with chlorophyll extracts taken from the chloroplasts in green plant leaf cells.  When illuminated, the chlorophyll molecules will absorb certain wavelengths of light and become “excited”.  Electrons in the excited molecules will immediately fall back to the original molecular energy state.  Since there are no photosystems in the extract, all the absorbed energy will be released as heat and low energy light (dull red).  This is referred to as fluorescence and the sum of the heat and light given off will equal the amount of energy absorbed from the light source originally. 

Guiding Questions:

Vocabulary:
Fluorescence—when a molecule absorbs a light energy causing an electron to become 


excited and jump to a higher energy level, it gives up this newly attained energy in

the form of light called fluorescence.

Photon—a particle of light.

Absorption—the process by which light energy is retained without reflection or

transmission when passing through a medium.

Materials:
Green leaves (spinach or evergreen needles work well)

mortar






test tube

pestle






filter paper (40 or above)
dropper bottle of acetone 



funnel

small beaker





flashlight
Safety Notes:

1. Safety glasses should be worn during this lab.

2. Be careful with acetone; do not inhale the fumes from this organic solvent.  Note

      that it can “bleach” clothing and take the finish off certain surfaces.

3. Chlorophyll will stain your clothing and papers.  Do not spill it.

Procedure:
1. Obtain a small handful of leaves or needles and place in mortar.
2. Add acetone to the leaves until there is enough for a 10-15 mL extract.

3. Grind the leaves with the pestle until the liquid becomes a deep green color.

4. Fold the filter paper and place it in the funnel.  Place the funnel into the test tube or beaker.  (It is advisable to filter directly into the beaker.  Filter directly into the test tube only if a test tube rack is used.) 
5. Carefully transfer the extract to a test tube and hold it in front of a bright light.  
6. Observe the fluorescence at a 90 degree angle.

Student Evaluation

Fluorescence of Chlorophyll

Analysis /conclusion:

1. Why is the fluorescence from the chlorophyll extract a red color?

2. Why was it necessary to use acetone as the solvent in this lab?

3. What are “energized” electrons and “excited” molecules?

4. What colors of light does chlorophyll reflect?    ________________

5. Which color of visible light has the lowest amount of energy?   __________

6. How could you explain the fact that a dark painted surface becomes warm when it is exposed to strong sunlight?

7. Discuss the two possible fates of the light energy that is absorbed by pigment molecules in the chloroplasts of plants cells.  

Web resources:

http://web.mit.edu/esgbio/www/ps/psdir.html 

http://www.emc.maricopa.edu/faculty/farabee/BIOBK/BioBookPS.html
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