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Lesson Title:   Photosynthesis Lab (or “It’s Not Easy Bein’ Green”) 
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Background Information:
Photosynthesis is the process that some organisms use to get the food that will be their energy source and the source of building materials for their structural parts.  Organisms that photosynthesize, store radiant energy (from the sun) as chemical energy in the C-C bonds of carbohydrates.   Life on our entire planet depends upon these organisms and their chlorophyll molecules that trap the radiant energy and store it in chemical bonds.   Without autotrophs, life could not exist on earth.  There would be no way to produce an energy source for ATP formation.
Some of the fastest chemical reactions occur in photosynthesis (some in trillionths of a second), which makes studying them a little tough!   But with new technologies, there is still a lot of interesting work that is being done to try and understand this complex process.  Some very interesting research is going on including that at Arizona State University (http://photoscience.la.asu.edu/photosyn/default.html).
Photosynthesis is thought by some scientists to date back 3.5 billion years ago.   These early photosynthesizers were probably very similar to today’s prokaryotic cyanobacteria (blue-green algae).   Most photosynthetic organisms are eukaryotes.   Cyanobacteria use their cell membrane for photosynthesis much the same way as plants use the thylakoid membrane.   Eukaryotic plants are probably only about a billion years old.   This coincided with the probable incorporation of a cyanobacteria-like organism into a bacteria-like cell (endosymbiosis).   The old cyanobacterium became the chloroplast of today.    
Targeted Standard Course of Study Goals and Objectives



2.05 Investigate and analyze the bioenergetic reactions:

· Aerobic respiration
· Anaerobic respiration

· Photosynthesis
Essential Question(s):   
1. What is the importance of photosynthesis to all organisms on the planet?
2. What is the flow of energy in photosynthesis and in ecosystems?

3. What is the relationship between the processes of photosynthesis and cellular respiration?

Introduction to teacher:
One of the difficulties with photosynthesis labs is getting them to work!   Cabomba caroliniana  is an easily acquired aquarium plant that produces rather decent results and grows very rapidly.   (This explains the fact that it is considered a “weed” and care must be taking not to get it into natural ecosystems.)  You should make sure that you purchase a fresh supply.    Cabomba does best when it gets a little infusion of CO2 – a small pinch of baking soda can provide this.   It needs very clean water and a lot of light.  The water should be a little warm also – not below 72o F.   If you keep your Cabomba healthy, it should work well for your photosynthesis lab. 

To make your 1% solution of sodium bicarbonate, mix 1 gram of NaHCO3 with 99 grams of distilled water.

Teachers could have each lab group investigate a different variable and then combine the results so that the whole class discusses all of the variables and their effect on the rate of photosynthesis.  Teachers might have the students prepare complete lab reports for this investigation.

Safety/Special Considerations:  
As always care should be taken when handling acids and bases.   Students should flush the affected area with water if they are exposed to acids or bases.   Goggles and aprons should be worn.  Otherwise, there are no particular hazards with this lab.   
References:   
This lab is an adaptation of an activity found at: 
 http://www-saps.plantsci.cam.ac.uk/articles/cabomba/cabomba.htm
Activity (Student)
Introduction to student:      
Photosynthesis is the process that autotrophs use to convert radiant energy into the chemical energy of glucose (carbohydrates).    All living things depend on this process.   (A few organisms depend upon an alternative process - chemosynthesis - occurring in deep sea vents.)   The autotrophs, themselves, use the carbohydrates as an energy source.   They carry out cellular respiration to produce usable ATP.   Heterotrophs either eat the autotrophs or other heterotrophs that are part of the food web in order to get the food source for ATP production through cellular respiration.   Without the autotrophs, there would be no ultimate source of energy for ecosystems.   The basic equation for photosynthesis is: 
6H2O + 6CO2 ----------> C6H12O6+ 6O2
In addition to requiring water and carbon dioxide, however, photosynthesis also requires chlorophyll, radiant energy, and specific enzymes.   There are many variables that can affect the process of photosynthesis.  Before you continue, brainstorm some of the variables that you think would have an effect on the rate of photosynthesis.

VARIABLES: 

Purpose: 
Purpose:  This lab activity is designed to help you learn about some of the variables that affect the rate of photosynthesis.   You will be using a common aquarium plant – Cabomba – and you will measure the volume of oxygen gas that is produced when the plant is subjected to various conditions.

Materials:  
400 mL Beaker



sodium bicarbonate (1% solution)
razor blade

25 mL Graduated cylinder

Cabomba sprig acid


light bulbs 40W
Gooseneck lamp


goggles and aprons


0.1 M acid (HCl)
Dechlorinated water


cellophane



0.1 M base (NaOH)
Basic Procedure:  
1. Fill your beaker with water.

2. Fill the graduated cylinder to the top with NaHCO3 solution.

3. Take a sprig of Cabamba and under the water, cut the bottom end at an angle.  Keep the plant in the water.

4. Then, holding the fronds flat, place the sprig of Cabamba in the cylinder so that the cut end is toward the bottom of the cylinder. 

5. Turn the cylinder containing the plant upside down in the beaker of water so that the cylinder is completely full of solution (and plant!).    

6. You can measure the oxygen that is produced by reading the cylinder upside down.
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Notes:  

1. You can place a beaker of water between the experimental set-up and the light.  This will act as a heat sink and keep temperature from confusing the light variable.

2. You could count the bubbles of O2 formed in a set period of time as an alternative to reading O2 volume from the graduated cylinder.

Specific Procedures   
1. Using the basic procedure above, design experiments to measure the rate of photosynthesis relative to some of the following variables.

a. amount of light

b. color of light

c. pH of water

d. presence of carbon dioxide (you can increase or decrease the amount of dissolved CO2)

e. Temperature of water

Lab Data: 

Set up a data table something like the one shown.   For example the Condition might be the distance of the light (10 cm, 20, cm, 30 cm, 40 cm, 50cm) or the pH (3, 5, 7, 9, 11), etc.
	Trial
	Amount of O2 

Condition 1
	Amount of O2 

Condition 2
	Amount of O2 

Condition 3
	Amount of O2 

Condition 4
	Amount of O2 

Condition 5

	1


	
	
	
	
	

	2


	
	
	
	
	


Questions to Guide Analysis:
1. What gas is contained in the bubbles that are produced?

2. Why was sodium bicarbonate solution used in the graduated cylinder?

3. Under what conditions was photosynthesis most productive?

4. Which variables seemed to have the greatest effect on the rate of photosynthesis?

5. Try to explain the reasons for your answer to #2.

6. Explain why each variable is important to photosynthesis.  Use the chemical reaction for photosynthesis in your answer.
7. What is the importance of photosynthesis in the biosphere?
Extensions

There might be other variables that students would be interested in testing.  For example, they could try other aquarium plants.    They might also want to try introducing various pollutants in different concentrations into the water. 
References for further research
http://faq.thekrib.com/plant-list.html     This is a rather nice list of aquarium plants put up by an aquarium enthusiast with the help of some of his friends.  A lot of helpful information is provided.

Rubrics as required for lesson expectations

The following rubric can be used to assess formal lab reports.
	Criteria
	1
	2
	3
	4
	5

	Background/Statement of Problem
	
	
	
	
	

	Hypothesis
	
	
	
	
	

	Materials
	
	
	
	
	

	Procedure
	
	
	
	
	

	Data
	
	
	
	
	

	Analysis
	
	
	
	
	

	Sources of Error
	
	
	
	
	


1 = present but inadequate



2 = present but has major inaccuracies
3 = present but has several inaccuracies

4 = present but has a few inaccuracies

5 = present and is sound with no inaccuracies
