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Background 
Photosynthesis fuels ecosystems and replenishes the Earth’s atmosphere with oxygen.  Like all enzyme-driven 
reactions, the rate of photosynthesis can be measured by either the disappearance of substrate, of the 
accumulation of product (or by-products).  The general summary equation for photosynthesis is: 
 

2 H2O   +   CO2   +   light      O2   +   H2O   + carbohydrate (CH2O) 
 

In this investigation, you will use a system that measures the accumulation of oxygen.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Because the spongy mesophyll layer of leaves (see Figure 1) is normally infused with gases (O2 and CO2, for 
example), leaves – or leaf discs – normally float in water.  What would you predict about the density of a leaf 
disk if the gases are withdrawn from the spongy mesophyll layer by creating a vacuum and replaced with water?  
How will that affect whether or not the leaf floats?  If the leaf disc is placed in a solution with an alternate 
source of carbon dioxide in the form of bicarbonate ions, then photosynthesis can occur in a sunken disk.  As 
photosynthesis proceeds, oxygen accumulates in the air spaces of the spongy mesophyll, and the leaf disk will 
once again become buoyant and rise in a column of water.  Therefore, the rate of photosynthesis can be 
indirectly measured by the rate of rise of the leaf disks. 
 

However, there’s more going on in the leaf than that.  You must also remember that cellular respiration if taking 
place at the same time as photosynthesis in plant leaves.  (Remember that plant cells possess mitochondria, 
too!)  What else could be going on that might affect this process?  Aerobic respiration will consume oxygen that 
has accumulated within the leaf.  Consequently, the two processes counter each other with respect to the 
accumulation of oxygen in the air spaces of the spongy mesophyll.  So now you have a more robust 
measurement tool – the buoyancy of the leaf disks is actually an indirect measurement of the net rate of 
photosynthesis occurring in the leaf tissue. 
 

Objective(s) 
 to observe the importance of light in photosynthesis 
 to connect and apply concepts about chloroplast structure and function 
 to study strategies for capture, storage, and use of free energy 
 to observe the results of the laws pertaining to the properties and behavior of gases 
 to measure the net rate of photosynthesis 

 

 
 

Photosynthesis 

Figure 1: Leaf Anatomy (cross section) 



Page 2 of 3 

Figure 2 

Materials
• sodium bicarbonate 

solution 
• 250 mL beaker 
• 150 mL beakers (x2) 
• liquid soap solution 
• medicine cup 

• pipette 
• large plastic syringes 

(x2) 
• living leaves 
• hole punch 
• light source 

• ruler 
• heavy black paper 
• timer 
• masking tape 

 

 

Pre-Lab Questions 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 
include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 

 

1. Describe how pigments, like those in plants for example, cause our eyes to perceive a given color. 
2. What is the primary pigment responsible for initiating the light reactions of photosynthesis?  What 

specifically does it do with one of the reactants to begin the process? 
 Use a ruler to recreate the Data Table below neatly on your lab paper, and be sure it is drawn 

approximately the same size
 

Safety 
 

 
 
 
 
 

 

Procedure 
1. Set up the light source so that it will be 15 – 20 cm above the top of the two 150 mL beakers. 
2. Obtain 150 mL of sodium bicarbonate solution in a 250 mL beaker.  This will serve as a source of 

carbon dioxide for the leaf disks while they are in solution. 
3. Pour 50 mL of the bicarbonate solution into each of two 150 mL beakers.  Use the masking tape to label 

one of the beakers “light” and the other beaker “dark.” 
4. Pour about 10 mL of liquid soap solution into a medicine cup.  Using the pipette, add one drop of the 

soap solution to each of the small beakers and one drop to the larger beaker with the remaining 
bicarbonate solution.  If either solution generates suds, then dilute it with more bicarbonate solution.  
The soap is a surfactant which will wet the hydrophobic surface of the leaf, allowing the bicarbonate 
solution to be drawn into the leaf and causing the disks to sink in the fluid. 

5. Use the hole punch to cut out 10 uniform leaf disks from the living leaves.  Avoid major leaf veins and 
use areas of the leaf that are relatively smooth. 

6. Draw the gases out of the spongy mesophyll tissue and infiltrate the leaves with the bicarbonate solution 
by performing the following steps: 

a. Remove the plunger from both syringes.  Place 10 leaf disks into each syringe barrel. 
b. Replace the plunger, but be careful not to crush the leaf disks.  Push in the plunger until only a 

small volume of air and the leaf disks remain in the barrel. 
c. Place the tip of the syringe in the bicarbonate solution that remains in the 250 mL beaker and 

draw up about 15 mL of the solution.  Hold the syringe, pointed-end up, and tap each syringe to 
suspend the leaf disks in the solution.  Carefully depress the plunger 
to evacuate any remaining air. 

d. Now you will create a vacuum within the syringe.  Create the vacuum 
by holding your finger over the syringe opening while drawing back 
the plunger. (see Figure 2) You will sustain this vacuum for 10 
seconds.  While holding the vacuum, swirl the leaf disks to suspend 
them in the solution so that they don’t stick to the inside walls of the 
syringe. 
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Figure 3 

 
e. After 10 seconds, release the plunger of the syringe.  It should spring 

back if you created a sufficient vacuum.  Give the syringe a gentle 
shake – all of the leaf disks should sink to the bottom. (see Figure 3) 
You may need to repeat the above steps (d and e) two or three times 
to get all of the disks to sink.  If you have difficulty getting the disks 
to sink after three tries, it may be because there isn’t enough soap in 
the solution.  Try adding a few more drops of liquid soap solution 
and try again using new leaf disks.  (Placing the disks under 
vacuum more than three times can damage the disks.) 

7. Remove the plungers from the syringes and pour the disks and solutions from each syringe into one of 
each of the labeled 150 mL beakers. 

8. Place the heavy black paper over the “dark” beaker and put both beakers under the light source and start 
the timer.  At the end of each minute, record the number of the floating disks in each beaker in the Data 
Table.  Then, give each beaker a gentle swirl to dislodge and disks that may be stuck against the side or 
bottom of the beaker.  Continue until 15 minutes have elapsed. 

 

Data Table 
 # of Disks Floating - GROUP  # of Disks Floating – CLASS 

Time (min) Light Beaker Dark Beaker  Light Beaker Dark Beaker 
1      
2      
3      
4      
5      
6      
7      
8      
9      

10      
11      
12      
13      
14      
15      

 
 

Clean Up 
 sink: all solutions 
 trash: leaf disks, masking tape 
 rinse (no need to dry): beakers, medicine cups, syringes (remove plunger to rinse), pipette 
 everything returned to its original location 

 

Results & Analysis 
Answer the following questions on your lab paper.  For actual questions, you must either write out the questions, or 
include the questions in your responses.  Be sure to use complete sentences and show your work for math problems. 

 

1. Create an appropriate graph to plot the group and class average data for the values in the Data Table. 
2. To make comparisons between leaf disk assay experiments, repeated testing has shown that the point at 

which 50% of the leaf disks are floating (ET50 – the estimated time it takes for 50% of the disks to float 
– was first described by Steucek and Hill in 1985) is a reliable and repeatable point of reference for this 
procedure.  What is the ET50 value for the class average for the leaf disks placed in the light? 

3. Did any of the leaf disks in the “dark” beaker float?  If yes, propose an explanation for that observation. 


