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How do Plants Use CO2 and H2O to Make Glucose?
Subject: 5th Life Science- Photosynthesis

Lesson Overview: 

This is a 5th grade structured inquiry lesson on photosynthesis. It is designed to give students a more solid and deeper understanding of the role and importance of carbon dioxide and water in manufacturing glucose. Using a template, students must build a glucose molecule using materials that they must select. Upon succeeding, students reflect, through teacher-guided questioning, on how carbon dioxide and water molecules must be broken down and rearranged to build glucose. In the process they also learn how other substances, such as soil and soil nutrients, do not play a direct role in building glucose. Students also engage in a writing literacy strategy called a Write-Around, in which they work collaboratively to produce a paragraph on photosynthesis.

It is assumed that students have already received previous instruction in:  building water and carbon dioxide molecules with models (commercial or “gum drop” models), drawing structural formulas of molecules such as water and carbon dioxide, and in the general concept of photosynthesis. 

Standards Addressed:

5th Grade Life Sciences 2f. Students know plants use carbon dioxide and energy from sunlight to build molecules of sugar and release oxygen (photosynthesis).

Student Objectives: 

Students will analyze a glucose molecule diagram in order to determine the substances that are needed to build it. 

Students will explain which substances are needed in photosynthesis, and why soil and other substances are not needed. 

Students will explain the breaking of bonds (in water and carbon dioxide) and the rearrangement of atoms to make glucose.

Students will evaluate the hydroponic method, applying what they have learned about photosynthesis.  

Students will collaborate to write a paragraph about photosynthesis, using what they have learned in this lesson. 

Vocabulary:

photosynthesis, process, molecule, glucose, oxygen, carbon dioxide, rearrange, carbon, hydrogen, bonds, soil, nutrients, chlorophyll 

Materials Resources:

Copies of Glucose and Oxygen Template, one per group 

Photosynthesis- Large Classroom Poster-Sample

Glucose Building Activity for each group: 

Play dough or gumdrops to make molecules: black for carbon, red for oxygen, yellow for hydrogen, purple=nitrogen, zinc=brown, sodium=green; chlorine=blue; iron=orange

Toothpicks to make the molecules

5 Ziplock baggies for each group

Index cards for labeling

Yellow paper to make small sun cut-outs

A variety of plants for classroom display

Set Up and Materials Needed for Store Items:

Teacher prepares one baggie per group of the following items. 

Do not distribute baggies to each group. These will be set up in front of classroom as “grocery store” items. 

For each group:

1 baggie of 6 water molecules (use play dough and toothpicks to put them together; use yellow for hydrogen and red for oxygen)

1 baggie of 6 carbon dioxide (use black for carbon) 

1 baggie of 6 salt molecules (NaCl)  sodium=green; chlorine= blue

1 baggie of “soil”  (Iron=orange   Zinc=brown    Nitrogen=purple, any amount in baggie)

1 baggie with “sunlight” (use yellow paper to make small sun cut-outs) one sun in each baggie

For the grocery store scenario, place the baggies on a table in front of classroom next to a sample of the item (eg. A bottle of water, container of salt, soil, dry ice, etc)

Prepare a label (about 3”x3”) with the following information for each item (except sunlight) and clip it to the outside of each baggie:

a. the name of the item in words

b. the chemical formula, if any,  for the item

c. the structural formula, if any, for the item

d. key to symbols for the elements (O=oxygen=red, etc)

	Steps of the Lesson

ELICIT
1. Teacher has a variety of plants on display on a front table.

2. To elicit prior knowledge, teacher asks the following questions for students to pair-share first, then write in individual journals and share out in class:

a. Why do you think plants need carbon dioxide and water?

b. What exactly do you think plants do with the carbon dioxide and water?

c. Do you remember how to write the (empirical and structural) formulas for these two molecules? How?

d. Review: What is glucose? Teacher shows some apples, potatoes, or any other vegetables or fruit with food storage.

ENGAGE
1. Scenario

Teacher explains: 

Did you know there is a store in our classroom today? Your group’s job is to buy three substances or items from this store that you can use to make a glucose sugar molecule. You may buy only 3 items. Your group must agree on which 3 to buy (soil, salt, sunlight, carbon dioxide and water).

2.  Groups discuss and predict the 3 items that will work to make the glucose molecule. They write the prediction on chart paper and explain why they think this.

3. Groups share out predictions.

EXPLORE
BUILD IT!

All items are set up on a front classroom table. Make sure all items are labeled!

1. Teacher asks that one member of the group go to the store to “buy” the 3 items the group has selected.

2. Only after all groups have their items, teacher passes out glucose/oxygen diagram template.

3. Students build the glucose and oxygen molecules by placing available atoms on top of the diagram. They cannot have any empty atom spaces. They may not yet get up to exchange items.

4. Teacher asks: How many of you had a correct prediction? Are there any groups who would like to exchange some of your items? Why would you like to do so?

At this point, give students a few minutes to get up and make the exchange. They must still choose 3 items and must return those they did not want in the original baggie.

EXPLAIN

1. Student Explanation 

Students pair-share and then share out with the class the following questions:

a. What items did you need to make the glucose molecule?

b. Did anything surprise you? 

c. Did your group have to make an exchange?

d. Which items did you not need?

e. What must happen to the CO2 and H2O to make the glucose molecule?

f. Why is the sunlight needed?

    What about chlorophyll?

2. Teacher Explanation/Clarification

a. Summary: Teacher explains that the 3 items needed were CO2 and H2O and sunlight. They are broken down then rearranged to build glucose and oxygen. (Shows Lego example). The nutrients in the soil are important for the health of the plant but not used as building blocks for the glucose.

b. Teacher asks: Where in the plant does this process take place?

c. What is the name for this process?

Teacher does word analysis on the word “photosynthesis”.

d. Guided Discussion using large classroom Photosynthesis Poster. This poster shows color-coded structural formulas of all the molecules. Teacher points or “traces” where the carbon, oxygen, hydrogen in glucose came from. Teacher also counts the number of atoms in the reactants and products to verify that they are the same (conservation of matter is addressed more deeply in 8th grade).

e. As a written component of the large class poster, teacher models for students how to describe (in their journals) the photosynthetic reaction in complete sentences.   Use detailed and accurate language, and make “thinking visible” as much as possible. Below the words, add the formulas then the structural formulas. Add the coefficients for each molecule. Be sure to add sunlight and chlorophyll.

ELABORATE
1. Group Activity

Scenario:  Your friend, who loves to garden, wants your advice about how to plan a vegetable garden on her second story balcony. She wants to utilize all the space for growing plants but is concerned about large potted plants being too heavy for the balcony. What can she do?

Your answer to her is “hydroponics”, that is, soilless gardening. Your friend does not understand what this is and is not really convinced that it will work.

Task:  Work with your group to research hydroponics and respond to the following questions:

a. What is it and how does it work?

b. Why does it work?

c. What is needed and not needed?

d. Draw a layout for what your friend’s garden might look like.

e. Write a group paragraph convincing your friend to try hydroponics. It must include answers to the above questions.

2. Write Around: A Group Literacy Strategy (Writing About Photosynthesis) 

(See attached guide sheet)

EVALUATE
(See test handout)

Written test in which students analyze two drawings of photosynthesis in order to identify the correct one. They must justify their selection.
	Anticipated Student

Responses and Teacher Responses
Possible answers:

They need CO2 and H2O to live and grow;

To make food;

To make oxygen for us to breathe

Store: 

Teacher holds up baggies for each item as they are described. Show also the sample (cup of soil, water, etc) that goes with the baggy. Students need to understand the the baggies contain atoms models or molecule models  for real substances that they are familiar with.

Check that all groups have 3 items!

Remind students that if they cannot construct glucose with their chosen ingredients, they will have a chance to go back to the store.

Good idea to number off group members and rotate the template so that all students get a chance to use it i.e. in order to place the atoms on top.

Show questions on Smartboard or board, one at a time.

For Lego example, show a figure made of 10 pieces, 3 different colors.

Then break it apart and make one or two different figures using all 10 pieces. Point out that there are no “lost” or added pieces. This is “rearrangement”. 

b. Photosynthesis takes place primarily in green parts of plants, mostly in leaves, which contain pigment chlorophyll, which Traps sunlight energy to break the bonds of the molecules.

Teacher points to the atoms as he/she refers to them and traces where they came from in the glucose molecule.

Some students might still not know the word photosynthesis, so review it and explain that what they just did in the activity represented the process of photosynthesis.
	Goals and Formative Evaluation

Check that all groups have written down their prediction.

Monitor groups to check progress and to make sure all members are participating.

Check types of responses. Note whether students were surprised that they did not need soil. Do they appear resistant or ask questions about this?

Check that students have taken complete , organized notes.

Students can divide the research questions. Use color markers to show each student’s contribution to the paragraph. Check that students are using a persuasive style and factual information.

































































