Photosynthesis of Spinach: Teacher Guide
Life Science


Introduction
	
Plants use the biological process of photosynthesis to make sugar, storing the energy of the sun as chemical energy. As with animals and other organisms, they can access the energy in sugar by cellular respiration.
The process of photosynthesis involves the use of light energy to convert carbon dioxide and water into sugar, and oxygen. This process is often summarized by the following reaction:
6 H2O + 6 CO2 + light energy  C6H12O6 + 6 O2

Prior Knowledge
	
Students should be familiar with the following:
· Plants provide oxygen for our environment
· Photosynthesis is a process that compliments cellular respiration

FL Standards
	
SC.912.L.18.7 Identify the reactants, products, and basic functions of photosynthesis.

Guiding Questions
	
1. Where do biological systems get their energy from?
1. How is energy transformed from one form to another?

Learning Objectives
	
· Collect and analyze experimental data reflective of photosynthesis
· Determine the rate of respiration and photosynthesis of a
Timeline
	
Estimated number of class periods: 1
Time per class period: 50 minutes



Procedure
	
In this experiment, you will measure changes in O2 and CO2 of spinach in a closed environment. Initially you will measure the rates in dark, then change the conditions to light.
1. In groups of four, assign member roles: scribe, go-for, lead, time-keeper.
2. Each group will need the following supplies:
a. 2 handfuls of fresh spinach leaves
b. 4 sheets of aluminum foil
3. Transfer the spinach to the bottles using forceps.
4. Wrap both respiration bottles in aluminum foil so that no light reaches the leaves.
5. If your CO2 Gas Sensor has a switch, set it to the Low (0–10,000 ppm) setting. Connect the O2 Gas Sensor and the CO2 Gas Sensor to the Mantis sensor wand. 
6. Place the O2 and CO2 Gas Sensors into the respiration bottles securely. Use a ring stand and clamp to support the probe cable if needed to keep upright. 
7. Wait 10 minutes, then start data collection for 10 minutes. 
8. When data collection has finished, remove the aluminum foil from around the respiration chamber.
9. Now collect data for the spinach leaves under light conditions. Move your bottles to the lamp area and wait 10 minutes and then begin collecting data for another 10 minutes. 
10. Sketch the CO2 and O2 values vs. time for both light and dark conditions in the graphs below. 
11. [bookmark: _GoBack]Perform a linear regression to calculate the rate of respiration/photosynthesis for the CO2 and O2 sensor data. (See suggested tutorial if you need help to set this up: Linear Regression in Excel )
Data
Table 1
	Leaves
	O2 rate of production/consumption
(ppt/s)
	CO2 rate of production/consumption
(ppt/s)

	In the dark
	
	

	In the light
	
	





Graphs
Darkness
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Light
[image: ]
Questions
1. Were either of the rate values for CO2 a positive number? If so, what is the biological significance of this? Yes, the rate value for CO2 was a positive number when the spinach was incubated in the dark as indicated by the data collected. This indicates that photosynthesis needs light to carry out the reaction to convert CO2 to O2 but that respiration was occurring, producing CO2.
2. Were either of the rate values for O2 a negative number? If so, what is the biological significance of this? Yes, the rate value for O2 was negative when the spinach was exposed to light. The data indicates that photosynthesis converts CO2 to O2. However, if the spinach is actively respiring, then that process will be utilizing O2 and producing CO2.
3. Do you have evidence that cellular respiration occurred in leaves? Explain. Yes, the rate value for CO2 was a positive number when the spinach was incubated in the dark indicating respiration was taking place as seen from the data.
4. Do you have evidence that photosynthesis occurred in leaves? Explain. Yes, the rate value for O2 was negative when the spinach was exposed to light. The data indicates that photosynthesis converts CO2 to O2. However, if the spinach is actively respiring, then that process will be utilizing O2 and producing CO2. The difference in the values when the system in the dark versus in the light will indicate the role of photosynthesis.
5. List five factors that might influence the rate of oxygen production or consumption in leaves. Explain how you think each will affect the rate.
a. Temperature needs to be optimized for cellular processes (not too hot or cold)
b. Volume of container
c. Age of spinach leaves
d. Time leaves are exposed to light
e. Altitude of experiment

Required Material
	
1. CO2 and O2 probes, probeware (Mantis or Vernier LabQuest 2), and data collection device (iPad, phone, or computer) 
2. Container for spinach with opening to securely fit CO2 and O2 probes
3. Spinach

Extension Opportunities
	
Design and perform an experiment to test one of the factors that might influence the rate of oxygen production or consumption in Question 5.
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