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Title of Lesson: Photosynthesis and Cellular Respiration
UFTeach Students’ Names: Ashlie Kinnaman
Teaching Date and Time: April 2-3, 2013; 8:30-9:20AM
Length of Lesson:  2 50 minute periods
Grade / Topic: 9th Grade/Biology
Source of the Lesson:  Adapted from Evidence of Photosynthesis lab found at http://science-class.net/Teachers_Lessons.htm#Photosynthesis%20&%20Respiration
Concepts: Photosynthesis is a process that captures energy from sunlight to make sugars that store chemical energy. Chlorophyll is a molecule in chloroplasts that absorbs some of the energy in visible light. Plants have two main types of chlorophyll that absorb mostly red and blue wavelengths of light and not much green light. As a result, the green color of plants comes from the reflection of light’s green wavelengths by chlorophyll. Chloroplasts are the membrane-bound organelles where photosynthesis takes place in plants. The two main parts of chloroplasts needed for photosynthesis are the grana and the stroma. Grana are stacks of thylakoids, which contain chlorophyll and proteins. The stroma is the fluid that surrounds the grana inside the chloroplast. 
The light-dependent reactions of photosynthesis capture energy from the sunlight. These reactions take place within and across the thylakoid membrane. Water and sunlight are needed for this process. Chlorophyll absorbs energy from sunlight. The energy is transferred along the thylakoid membrane via excited electrons which enter the electron transport chain located in the thylakoid membrane. Water molecules are broken down into oxygen, hydrogen ions and electrons. Oxygen molecules are released. The hydrogen molecules are transported across the thylakoid membrane to create a concentration gradient. They flow back across the thylakoid membrane through a channel called ATP Synthase which synthesizes ATP at the same time. Energy carried along the thylakoid membrane is transferred to molecules that carry energy, such a NADPH. The light-independent reactions use energy from the light-dependent reactions to make sugars. These reactions occur in the stroma of chloroplasts. Carbon dioxide molecules are needed during this process. The carbon dioxide comes from the atmosphere and enters the plant at the stoma of the leaves. A molecule of simple sugar is formed using one 3 carbon molecules and 3 carbon dioxides. The sugar, usually glucose, stores some of the energy that was captured from sunlight. Plants need photosynthesis for their growth and development.
Nowicki, S. (2012). Biology. Houghton Mifflin Harcourt Publishing Company 
Florida State Standards (NGSSS) with Cognitive Complexity: 

	Benchmark Number
	Benchmark Description 
	Cognitive Complexity

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


	SC.912.L.18.9
	Explain the interrelated nature of photosynthesis and cellular respiration.
	Moderate



Performance Objectives: Students will be able to:
· State the reactant and products of photosynthesis
· Explain the process of photosynthesis
· Explain how photosynthesis and cellular respiration are related.
Materials List and Student Handouts


· 12 test tubes with caps
· 4 beakers
· 4 pieces of foil
· 8 samples of Elodea
· 12 straws
· Light source
· Bromothymol Blue Solution
· Lab Handout
· PEO Formative Assessment Handout
· Evaluation Handout
· Powerpoint
Advance Preparations

· Materials must be collected.
· Handouts must be copied

· Powerpoint must be made
Safety 

· Students will be instructed not to suck in when blowing air into the test tubes of bromothymol blue solution so as not to consume it.
· Students will be instructed to wear goggles to avoid bromothymol being splashed into their eyes.
5E Lesson:

	Engagement                                                                                                              Time: 10 minutes

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses/Possible Misconceptions

	Teacher will explain First Word (formative assessment) activity to students

Teacher will notify students when they have 2 minutes left to work on the activity. A digital timer will also be displayed on powerpoint.
	I would like all of you to pull out a piece of paper and write the word photosynthesis vertically so that there will be one letter per line (show example). You will write a statement related to photosynthesis using each letter of the word as the first letter of your statement. For example, a statement that can be written for the first letter, P, is “Plants make their own food.”

What can be a statement for the letter H?

Now work individually to complete statements for each letter of photosynthesis. You will have 5 minutes to complete it.
	Happens in plant cells, has light-independent and light-dependent reactions, Hydrogen - Oxygen bonds are broken

	At the end of 7 minutes, teacher will collect their artifacts. They will be analyzed to inform instruction the second day of the lesson.
	Please pass your paper to the left end of the row so that I can come by and pick them up.
	

	Play first 55 seconds of video: http://www.youtube.com/watch?v=ujkuW-0cpNw

	What do you think is the science behind his magic trick?
Think about pH paper. What is it? What does it measure? What does it tell you about a specific substance?

pH paper is an indicator that tells you whether a substance is an acid or base. Now relate what you know about pH paper to the magic trick?

Talk about specific indicator.

We’ll revisit the concept of acid-base indicators throughout our investigation, especially within the next few minutes.
	Food coloring, Easter egg dyes, Acid-Base indicators
An indicator, pH, it tells you whether a substance is an acid or a base.

The teapot contained an indicator and there were different acids and bases within the glasses. The color changed depending on the strength of the acid or base.

	Exploration                                                                                                              Time: 50 minutes

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses/Possible Misconceptions

	Teacher will explain the lab activity that will take place today and tomorrow.

Hold up a test tube of bromothymol blue for the whole class to see.

Blow into the solution using a straw.

Teacher will continue the directions for the lab by demonstrating the process with the proper materials and displaying steps on the powerpoint.

Teacher will pass out lab sheets.

Teacher will instruct students what groups they are in.
	Today you will be working in groups of 4 to investigate the process of photosynthesis. 

Here, I have some bromothymol blue. What color is it?

I am going to use a straw and blow into the solution.

Are there any changes you observe?

Why do you think the solution’s color changed?

BTB turns yellow in the presence of an acid.  What is there in my breath that could make this happen?

When we all exhale, our breath contains carbon dioxide, but is this an acid?

Can it become an acid? How? Is there another reactant present within the BTB solution to create an acid?

When CO2 dissolves in H2O, H2CO3, an acid is formed. This is why the BTB turns yellow. Is BTB solution an indicator of carbon dioxide or carbonic acid?

So if I have a beaker of BTB solution that is blue, what can you tell me about the solution?

If I have a beaker of BTB solution that is yellow, what can you tell me about the solution?

How is carbonic acid related to carbon dioxide?

How can we use this knowledge along with our knowledge of how the BTB indicator works to investigate photosynthesis?

1. Within your groups you will prepare three test tubes that are filled with equal amounts of bromothymol blue. Use a straw to slowly blow carbon dioxide from your lungs into the solution until it just turns yellow. Why does the solution turn yellow when you blow into it?
2.After filling your test tubes with bromothymol blue, you will add one 6 cm piece of Elodea to two of your test tubes and place a cap on both of them. You will then place a cap on the test tube with no plant. Why is it important to cap all three of the test tubes?
3.You will then make initial observations of all three of the test tubes, paying special attention to the solution’s color and record this on your data sheet. Every individual should have his or her own data sheet and questions.
4.After that, you will cover one of your test tubes that has a plant with foil. Why would we cover one with foil? What are we testing?
5.Put all three of your test tubes into a beaker of water and place them next to the window. Make sure you label your beaker with your period number and group number. 
6.Your test tubes will sit overnight and we will take a look at them tomorrow during class.
7.To recap, you should have three test tubes: one with the plant, BTB & no foil, one with the plant, BTB & foil, and one with no plant, BTB & no foil.

The sheets I am passing out to you now include a chart to record your observations as well as questions for you to answer once you are done setting up your experiment. 
The number on your desk designates your lab group. If you have a number 1, you are in group 1.

Go ahead and get into your groups and prepare your test tubes.
	Blue

The solution changed color. It turned green or yellow.

Because you blew into it.

Air, carbon dioxide, oxygen

Yes, no, I don’t know

Maybe, Yes, When CO2 dissolves into the water, carbonic acid is created.

Carbonic acid

There is no carbonic acid
There is large concentration of carbonic acid.
Carbonic acid is created when carbon dioxide is dissolved in water
BTB can indicate the presence of carbonic acid and if photosynthesis has taken place, since plants need CO2 to complete photosynthesis.

Because you exhale carbon dioxide, which dissolves in water to create carbonic acid. BTB turns yellow because there is an increased concentration of carbonic acid within solution.
So that nothing can escape or add to the test tube and affect the results.
So that the test tube doesn’t get any sunlight. We are testing the effect of sunlight.


	Teacher will visit groups helping and asking questions.
	Why must you blow into the bromothymol blue solution?
What happens to the carbon dioxide when it mixes with water?

What does the color change from blue to yellow in the solution indicate?

If the solution in test tube stays yellow, what does that tell you?

If the solution turns blue, what does that tell you? Why?
Thinking about all three of the test tubes your group must prepare, how can the BTB solution change back to blue from yellow?

What is the independent variable? What is the dependent variable?

What is the control? Why is it important to have a control?
	To add carbon dioxide to the solution
The carbon dioxide dissolves in the water and carbonic acid is produced.

It indicates the presence of carbonic acid
The concentration of carbonic acid stays the same.
The concentration of carbonic acid decreases since BTB turns yellow in the presence of carbonic acid.

Carbonic acid comes out of the water as carbon dioxide. The plant can use the carbon dioxide or it can leak out of the tube.
Plant or no plant, amount of sunlight; color change of BTB

The tube with no plant or foil. So that you can compare it to the other tubes to see if the addition of a plant or sunlight affects the color of BTB.

	10 minutes before the end of class day 1: Teacher will give P-E-O Probes formative assessment. 
	In your experiment, you and your group members added carbon dioxide to a solution of BTB indicator and water turning the solution yellow. You have one test tube with just BTB indicator, one with a plant and BTB indicator, and one with a plant, BTB indicator and covered in foil. Predict what you will observe in your test tubes tomorrow and explain why you think that will happen. You should have three predictions, one for each test tube. When creating your explanations, think about the purpose of BTB indicator, the independent and dependent variables, and the role of the plant. Be specific in your predictions.
	

	Day 2:

Teacher will instruct students they have 10 minutes to pull out lab sheets and get into groups to observe any changes with experiment.

	Everyone please get out your lab sheets from yesterday. You will have 10 minutes to record your final observations and finish any questions you haven’t answered. Make sure to take off the foil from the covered test tube to see if a color change took place.
Please get into your groups and get started.
	

	Explanation                                                                                                              Time: 27 minutes

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses/Possible Misconceptions

	Teacher will project picture of data chart and put in initial and final observations as students tell them. Teacher will ask probing questions about the conclusions of the experiment.

Teacher will write the equation of photosynthesis on the board.

Teacher will show the following video: 
http://www.youtube.com/watch?v=JJxZH_Y5D4s
Show diagram of chloroplast to model where reactants and products of photosynthesis are needed or made.
	After sitting overnight, did any of the test tubes change color? Which one(s)? What color did the solution change to? What does this tell you about the solution? Why did the concentration of carbonic acid decrease? What can account for loss?
What about the test tubes that had no color change? What does this tell you about the solution? Why did the concentration of carbonic acid stay the same in these test tubes, but not the one that has a plant and no foil?
We covered one test tube with foil. How does this impact the amount of sunlight the plant in this test tube receives? The color of this test tube did not change, yet the tube also with a plant exposed to sunlight did. Does sunlight have anything to do with the color change? Why?

Now compare the test tube with foil with our control that was exposed to sunlight. Do you still think sunlight has anything to do with the color change? Why?

Based upon your observations, what must be present for the color change to take place?

Why did we cover the test tubes with stoppers rather than leave them open? 

Based on the investigation, what do you think is needed for plants to do photosynthesis?

Why?

Is there anything else you notice besides the color change?
Explain why the plant was producing bubbles when placed near the light source. 

Based off the investigation, what do you think a product of photosynthesis is?

Why?

What does this equation remind you of? Why?
So we know that animals and plants are connected through the processes of photosynthesis and cellular respiration so where does the carbon from carbon dioxide go once it enters the plant cell?

It goes into the chloroplast. What happens once it enters the chloroplast?

The carbon dioxide is incorporated into a 6-carbon sugar molecule. What does the plant use the sugar for?

What do you think is needed to create this 6-carbon molecule?

Where does this energy come from?

Is the sun’s energy automatically changed to ATP once it shines onto a chloroplast?

It has to go through a series of reactions called the light-dependent reaction. A photon of sunlight is absorbed by chlorophyll within the thylakoid membranes of the chloroplast, which excites electrons provided by water. This is why water is an input for photosynthesis and oxygen is an output. Water is split so that the electrons can enter the light-dependent reaction and oxygen can then be released into the atmosphere. The light-dependent reaction also synthesizes ATP to build sugar molecules.

Where does the carbon come from to build these sugar molecules?

Right, the series of reactions that use carbon dioxide and energy to make the 6-carbon sugars are called the light-independent reaction. It happens in the stroma of the chloroplast.

Do the light-dependent and light-independent reactions happen at the same time? Why? Does the light-independent reaction only take place at night? Why?
	Yes, the test tube with the plant and no foil; The solution changed to blue. This tells us that there no longer carbonic acid present in the solution. It decreased because carbon dioxide left the water. The plant can account for this loss.
The tubes that had no color change also had no change in carbonic acid concentration within the solution. It stays the same because the plant is not able to use the carbon dioxide that is dissolved within the water.

The test tube covered in foil will receive no sunlight. Sunlight may have something to do with the color change since the one with the plant in sunlight did change color and the test tube with no sunlight and plant did not.

Both test tubes remained yellow after sitting overnight, meaning that sunlight is not the sole reason for the color change.
Sunlight and the plant
So that the CO2 could not escape from the solution into the atmosphere. So we can be sure the CO2 was taken up by the plants and did not just escape into the atmosphere.

Sunlight, CO2, and water.

There was only a color change in the test tube that was uncovered for sunlight to hit the plant. The color change signaled that the plant took up CO2 for photosynthesis.

Bubbles
It was giving off a product of photosynthesis, oxygen

Some type of gas, because of the bubbles; oxygen
Cellular respiration, It is the respiration equation backwards.

Into the chloroplasts

It is used to create sugar.

Energy! Food=Energy

Energy 

ATP, Sunlight

No

Carbon dioxide gas from the atmosphere

Yes

No, it just doesn’t need energy from the sun to happen because it works independently of sunlight.

	Elaboration                                                                                                              Time:  8 minutes

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses/Possible Misconceptions

	Teacher will introduce concept of carbon cycle. 
	What are some sources of carbon dioxide in the atmosphere for plants to utilize?
	Humans, animals, fossil fuels

	Teacher will present and review carbon cycle diagram.

http://eo.ucar.edu/kids/green/images/carboncycle_sm.jpg
	In what ways can plants provide carbon for the carbon cycle?

Is the cycle always balanced? Why?
	From decomposing, cell respiration
No, because humans are burning large amounts of fossil fuels.

	Teacher will show the following video: http://ed.ted.com/lessons/the-carbon-cycle-nathaniel-manning
	
	

	Evaluation                                                                                                                 Time: 5 minutes

	What the Teacher Will Do
	Teacher Directions and Probing Questions
	Student Responses/Possible Misconceptions

	Teacher will give Three-Two-One formative assessment.
	Name the three reactants of photosynthesis.

What are the two main reactions of photosynthesis and what happens during each?

Describe the relationship between photosynthesis and cellular respiration.
	


Name___________________________ Period_______ Group #________

Photosynthesis Investigation

[image: image1.jpg]



Procedure:

1. Place 75 ml of bromothymol blue in a beaker.

2. Observe the color of the solution.

3. Introduce carbon dioxide into the solution. Use a straw to slowly blow carbon dioxide from your lungs into the solution until it just turns yellow.

4. Pour the solution into three screw cap test tubes, dividing it evenly.

5. Get one 6 cm piece of Elodea, place it in one of the tubes, and cap it.

6. Get another 6 cm piece of Elodea, place it in a second tube completely covered with foil (to prevent light from reaching the solution & Elodea), and cap it. In both of these test tubes, be sure the plant is completely submerged in the solution.

7. Cap the test tube that has no plant in it.

8. Place the test tubes into a beaker of water and put the beaker next to the window.

9. Allow the plants to sit undisturbed for overnight.

10. Compare the colors of the solutions by removing the plants and holding the tubes in front of a white background. Record the final colors of all three tubes.

11. After all measurements have been completed, rinse out your glassware.
Data:
	Observation of Test Tubes

	Test Tube 1:

BTB Solution & Elodea
No Foil
	Test Tube 2:

BTB Solution & Elodea
Foil
	Test Tube 3:

BTB Solution

No Foil

	START
	After 24 Hours
	START
	After 24 Hours
	START
	After 24 Hours

	
	
	
	
	
	


Data Analysis
1. Which test tube(s) showed a color change in this investigation?
2. What does a color change indicate in this investigation?
Questions
1. What is the independent variable in this investigation?

2. What is the dependent variable in this investigation?
3. What are some controlled variables in this investigation?
4. What color is the water in all three test tubes at the start of the activity?
5. What does this color tell us?
Name_______________________   Period__________
 


Predict, Explain, Observe

In your experiment, you and your group members added carbon dioxide to a solution of BTB indicator and water turning the solution yellow. You have one test tube with just BTB indicator, one with a plant and BTB indicator, and one with a plant, BTB indicator and covered in foil. 
Predict what you will observe in your test tubes tomorrow and explain why you think that will happen. You should have three predictions and three explanations, one for each test tube. When creating your explanations, think about the purpose of BTB indicator, the independent and dependent variables, and the role of the plant. Be specific in your predictions.
Name____________________________   Period________ 




Three-Two-One

1. Name the three reactants of photosynthesis.
2. What are the two main reactions of photosynthesis and what happens during each?
3. Describe the relationship between photosynthesis and cellular respiration.
Name____________________________   Period________ 

KEY


Three-Two-One

1. Name the three reactants of photosynthesis.
Sunlight

Carbon dioxide

Water
2. What are the two main reactions of photosynthesis and what happens during each?
Light-independent Reaction: ATP from the light-dependent reaction is used to incorporate carbon dioxide gas from the atmosphere into 6-carbon sugar molecules.

Light-dependent Reaction: Photons of light from the sun and electrons from water are used to create energy in the form of ATP
3. Describe the relationship between photosynthesis and cellular respiration.
Photosynthesis and cellular respiration complement each other. Plants release oxygen and are a source of sugar molecules for cellular respiration in humans, animals, and other plants. Organisms release carbon dioxide, which plants can use in photosynthesis. The reactants of photosynthesis are the products of cellular respiration and the reactants of cellular respiration are the products of photosynthesis. Both processes contribute to the carbon cycle.









