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Conservation of Matter

Topic/Focus Area: Conservation of Matter in Chemical Reactions
Subject: 8th Grade -Physical Science

Lesson Overview:

The 5th grade lesson on Photosynthesis that led to this 8th grade lesson underwent major changes in order to better address the 8th grade standards and the needs of the presenting teacher. Through the revision process, both 5th and 8th grade teachers came to a deeper understanding of the connections between the two sets of chemistry standards. 

    In short, the 8th grade teacher felt it was best to focus on standard 5b, which deals with the conservation of matter in chemical reactions. Through a hands-on molecular models activity in this lesson, the photosynthetic reaction is used as an example to illustrate to students the conservation of matter. 

    In order to fully understand this lesson, students should already be very familiar with working with molecular models (commercial or play dough models), molecular and structural formulas of CO2 and H2O, and the basics of writing chemical equations. They should be able to use a gram balance and know that air, or gases, have mass.  This lesson would be a good lead into lessons on balancing equations.

Standards Addressed: 

          5b. In chemical reactions, the number of atoms stays the same no matter how they are arranged, so their total mass stays the same.

Student Objectives:

· Students will predict, (the mass of the reactants and products before the reaction takes place and after the reaction takes place), measure (mass), and record data.

· Students will compare the results with their prediction and come up with an original explanation for the results.

· Students will apply the law of conservation of matter to determine and build the correct number of carbon dioxide and water molecules needed to make one glucose molecule, given the formula C6H12O6.

· Students will explain, in terms of atoms, the Law of Conservation of Matter in chemical reactions and give one example.

· Students will design an experiment to illustrate that in photosynthesis, the mass of the starting materials is the same as the mass of the final materials, after photosynthesis has taken place.

Vocabulary:

conservation of matter

Review: mass, formulas, photosynthesis, chemical reaction, photosynthetic reaction, reactants, products

Resources and Materials:   

Photosynthesis-Large Classroom Poster (sample)

Information Sheet on Baking soda and Vinegar Investigation

   (Per group:  balance, baking soda (5g), sealable plastic bag, 5ml vinegar, plastic film canister)

For Photosynthesis Activity:

Wooden or plastic molecular kits is best, but if not available, play dough can be used (see below for colors)

Pipe cleaners for chemical bonds, cut into short 2 inch pieces (24 per group)

Per Group:  Glucose and Oxygen Template Worksheet

                 One ziplock baggie with: 6 carbon atoms (use black play dough with 4 bonding sites)

                                                        18 oxygen atoms (red with 2 bonding sites)

                                                        12 hydrogen atoms (yellow with 1 bonding site)

                                                        24 pipe cleaner “bonds” (2 inch lengths)

	Steps of the Lesson 

Things to include: 
· Focus Questions for the lesson

· Inquiry-based Science

· Literacy Strategy

·  Assessment 

· Teacher questions posed to students. Indicate cognitive level
	Anticipated Student 

Questions? Teacher Responses

Tips/Things to Remember
	Goals and Methods of Evaluation

	ELICIT

To elicit prior knowledge, teacher asks:

1. What do you know about the word “conservation”?

2. What have we already studied about chemical reactions?

ENGAGE

What is your prediction about the final mass in this reaction?

Make a prediction! (See Info. Sheet) 

1. In front of class, teacher places 5g  baking soda and 5ml vinegar (in film canister) in baggie, measures and records the total mass.

Teacher asks: When I open the film canister, the reaction will take place. What do you think the total mass of the bag and its contents will be this time?

2. Students write their predictions in their journals. They explain why and/or how they came up with this prediction.

3. Share out- Teacher charts predictions and ideas from the class as they share.

EXPLORE 1

After doing this investigation, how do the before and after masses compare?

1. Teacher tells groups that they will receive the same set up and do the investigation themselves. They will measure the mass before (as the teacher did) and after the reaction. 

2. Pass out balance and baggie to each group.

3. Groups do the investigation and record data.

4. Teacher charts class data on board for calculating class averages of the before and after mass.

EXPLAIN

How do you explain the before and after masses?

What is the Law of Conservation of Matter/Mass?
A. Student Explanation

1. Teacher says:  In mostly all our class trials, we can see that the before and after mass was pretty much the same. Why is it the same?  We have made a new product from the baking soda and vinegar, so why does the mass stay the same if we have something new? 

2. Students pair-share their explanation to the above question. They write their responses in journal.

3. Students share their explanations. Students are encouraged to share any drawings on board, ask questions of each other. Give enough time for students to think about this challenging question.

B. Teacher Explanation

1. Lego Demo: Teacher measures the mass of 2 figures made out of a total of 10 lego pieces of different colors. Teacher (or a student) quickly makes one or two different figures using the same 10 pieces, then weigh them again.

2. Why is the before and after mass the same?  What is conserved here? The mass? Matter?

3. Teacher asks: What do you think happens in the baking soda and vinegar example?  What is conserved? What is the baking soda made up of? The vinegar? What is all matter made up of?

What do we call those particles? They are like the lego pieces. They are just rearranged. Are any lost or added on?

So, what were we measuring on the balance? (We were measuring the atoms of the baking soda and vinegar). 

4. Summary: 

Teacher: When we measure the mass of reactants and products in a reaction we are really measuring the atoms, which make up all matter. We see that the number of atoms must be the same before and after the reaction, unless some of them escape in the form of gas. That’s why we used a sealed baggie, to prevent the gas from escaping, because as you know, even gas is made of atoms, and we have to measure those as well. The fact that we do not lose or gain any atoms is the Law of the Conservation of Matter or Mass. To use your book definition: During a chemical change, the total mass of the materials formed is the same as the total mass of the starting materials.

EXPLORE 2

What does conservation of matter look like in the photosynthesis reaction?

1. Teacher asks: What are the reactants and products in the photosynthesis reaction? (Write on board in words and in symbols, but do not balance the equation!).

2. Molecular Models Activity

    a. Teacher says: Your group will get a baggie and a template (Glucose and Oxygen Template) to build a glucose molecule and oxygen. The baggie contains the atoms you need. You will place them where they go on the template to make glucose and oxygen. 

    Your job is to use these atoms to make the reactants, CO2 and H2O. How many do we need of each if matter is conserved? You will then answer the questions on the worksheet about the conservation of matter/mass.

EXPLAIN

How do you explain conservation of matter in the photosynthesis reaction in terms of its atoms (ie, at the atomic level)? 

1. Student Explanation

Student groups share-out their results. They must explain how their solution shows conservation of matter/mass. 

2. Teacher Explanation

a. Ask: How is this similar to the lego figures you saw earlier? (The number of pieces stays the same before and after rearrangement.)

“In photosynthesis, 6 molecules each of carbon dioxide and water are needed (in sunlight/chlorophyll) to make one molecule of glucose and 6 molecules of oxygen. Matter is conserved because if we count the atoms, we see the same # of each kind of atom before and after the reaction.”

b. Teacher-led discussion using large Photosynthesis Poster (same as in 5th gr. Lesson). 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.

c. 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.   Uses detailed and accurate language, and makes “thinking visible” as much as possible. Below the words, teacher adds the formulas. Add the coefficients for each molecule. Be sure to add sunlight and chlorophyll.

3. Journal entry: “Explain the Law of Conservation of Matter in terms of atoms in chemical reactions. Give one example of a chemical reaction and show how matter is conserved.” 

Students may work in pairs first before writing their entries.

ELABORATE
How can you design an experiment to test the conservation of matter in photosynthesis?

1. Teacher asks: In the baking soda and vinegar investigation, we measured the masses of the reactants and products.

Do you think we can do this with the reactants and products of photosynthesis? How could we do this?

Could we put photosynthesis in a baggie as we did for the baking soda/vinegar reaction? 

2. Group Thought Exercise

Groups are challenged to design an experiment to measure the mass of the reactants and products of photosynthesis. Let students know they can use a plant, as this is where photosynthesis takes place. Groups will be given poster paper to outline/diagram and explain their plan.

EXPLAIN

What were our solutions to the thought exercise above (experiments to test conservation of matter).

1. Student group explanations:

Students share their experimental designs, using their outline/diagram posters.  

2. Literacy Strategy Activity using a selected text on early experiment on photosynthesis by the scientist Van Helmont. Teacher must find a suitable 8th grade level text, or use the following: 

http://www.odec.ca/projects/2002/food_for_life/history_of_plants.htm
EVALUATE

See written test handout


	S: It means to keep something safe or protected 

T: Yes, to conserve something is to keep it safe and present, and not let it get lost, destroyed, wasted. 

One thing students should say is that in a chemical reaction, new substances are formed. They may or may not mention that atoms are rearranged.

S: The mass will be less than the original mass.

In journals, students might say that the mass is less because the air or gas produced (bubbles) does not have mass or weight.

S: The gas must have mass after all.

Or the gas doesn’t have mass but something new was created.

Or the reactants were reorganized to from something new, but the mass is still the same.

S: The mass stays the same because the pieces are all there, just rearrangd. The number of pieces are conserved and so therefore the mass and matter are conserved as well.

S: Are the baking soda and vinegar made of pieces like the lego figures?

T: Yes, what are they called?

S: Atoms, molecules?

T: Yes, Atoms. These are the particles that everything is made of, even chemicals like the baking soda and vinegar. They have atoms such as carbon, oxygen, sodium etc.

Students should copy the definition in notebooks.

Teacher does not tell students the number of carbon dioxide and water molecules! Simply says “You must conserve the matter that you have”.

Students must explain that because all atoms must be present in the reactants, and that they must be in the form of CO2 and H2O molecules, then the only solution is to make 6 CO2 molecules and 6 H2)O molecules. They must explain and show that total number of atoms is the same before and after the reaction takes place.

Perhaps a student has already asked about measuring the mass of the photosynthesis reactants and products, to verify conservation of mass, as was done with the baking soda and vinegar.


	Monitor to make sure each student has written a prediction and explanation.

Check that students give reasonable, well-thought out explanations.

Check notes, or whiteboards can be used: 

Students should write the photosynthesis reaction in words and symbols, but they should not write the balanced equation, as this will be addressed later.

Check each group to make sure they are using all the atoms, and placing them on a separate paper to make CO2 and H2O.

Read journal entries.

While students work in groups, check that they have reasonable ideas, such as using very small plants that will fit on the balance, or that a large enough container be used that can hold contain enough CO2 for a few days, water is included, etc. To prove that the reaction has taken place, they can measure leaf length or plant height.

Check for:

1. Before and after mass measurements

2. Closed system

3. Some proof that the reaction actually took place (leaf growth, increase in height of mass of plant, etc)

4. Ask each group member a question to check individual understanding



































































