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Investigations

	Title
	Burning ethanol
	Burning candle and marshmallow

	Research Question
	What happens to ethanol when it burns?
	What happens to other organic materials when they burn?

	Conditions
	Alcohol lamp in closed chamber
	Candle burning in closed chamber

Marshmallow burning in closed chamber

	Measurements
	Change in mass of alcohol burner

Changes in CO2 (and water) concentration in air (using probes, BTB, and/or soda lime
	Change in mass of candle and marshmallow

Changes in CO2 (and water) concentration in air (using probes, BTB, and/or soda lime

	Evidence (results)
	Mass of alcohol goes down 

Concentration of CO2 goes up.
	Masses of candle and marshmallow go down 

Concentration of CO2 goes up

	Backup evidence
	Phillip Morrison Ring of Truth video (conservation of mass)

Backup pictures, videos, data from teachers

	Claims (mass/gases account)
	Burning changes oxygen and fuel to CO2 and H2O vapor

	Reasoning
	Burning of organic materials decreases mass of fuel and oxygen and increases mass of CO2 and H2O so conservation of mass suggests that conversion is happening


Accounts Activity Sequences

Combustion of Ethanol
	Scale
	Structures
	Matter Movements
	Matter Transformations
	Energy
	Notes

	Large
	
	
	
	
	Not included in this unit

	Macro
	Alcohol burner, air, flame
	Air, ethanol vapor into flame

CO2, H2O out of flame
	Oxygen and ethanol transformed into CO2, H2O 
	Chemical energy transformed into light and heat
	

	Micro
	Top vs. bottom of flame
	Air, ethanol vapor at bottom flame

CO2, H2O at top of flame
	
	
	

	Atomic-molecular
	CO2, H2O, O2, C2H5OH, including chemical structures
	Atoms of O2, C2H5OH rearranged into CO2, H2O


	Oxidation (going from C-C and C-H bonds to C-O and H-O bonds) releases light and heat
	


Black: Level 3 goals, for both Level 2 and Level 3 students.  Red italics: Level 4 goals, for Level 3 students only.
Combustion of Ethanol Accounts Activity Sequence
	Step in Sequence
	Activity

	Establishing the problem
	Results of investigation (ethanol combustion)

	Modeling
	Powers of 10 video

Powers of 10 lesson, worksheet

PowerPoint on ethanol burning

	Coaching
	Molecular models

	Fading
	Burning candle and marshmallow

	Maintenance
	Human energy systems unit


Systems and Scale Timeline and Overview
	Lesson
	Activity
	Lesson Description
	Core Investigations
	Other Investigations & Modifications
	Tools for Reasoning 
	Formative Assessment
	Media & other VTTs
	Required Materials

	CORE 1
	1
(20 min)
	Pre-assessment
	Necessary
	 
	 
	 
	 
	Pre-Assessment

	 
	2
(25 min)
	Why do some things burn, and other things do not? Teacher has students share their ideas about why some things we can burn, but other things we cannot burn. Teacher records students' ideas in a public space to be revisited.
	 
	 
	 
	Embedded Formative Assessment
	 
	Worksheet Why Do Some Things Burn

	 
	3
(25 min)
	Alike but Different: Teacher shows the students a pair of materials--water and ethanol-- that visibly look alike, but one will burn and the other will not. Teacher then pulls out wood chips and demonstrates burning them. Teacher sorts materials into those that burn and those that do not, and asks, "why does ethanol behave more like wood than like water?"
	Burning ethanol-water-wood demonstration
	 
	 
	 
	 
	Ethanol
Water
Wood Chips
Glass beakers
Lighter
Digital Balance (optional)

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 2
	1
(25 min)
	Powers Of Ten: Teacher introduces P10 to students. Define "system" and define "scale" then watch the Powers of Ten DVD, focusing on how everything in our world can be viewed at different scales. Students discuss what appears and disappears at each scale.
	 
	 
	Powers of Ten
	Embedded Formative Assessment
	Powers of Ten Charts 
Powers of Ten Video
	Powers of Ten video 
Worksheet Zooming In and Out

	 
	Opt 
(30 min)
	From Big To Small:  Students are given packets of cards that relate to an object/system but with different perspectives of scale. Students sort the systems into 4 benchmark scales: atomic-molecular, microscopic, macroscopic, and landscape. Class shares how they sorted materials.
	 
	 
	Powers of Ten
	 
	Systems & Scale Air PPT

Interactive Scale websites
	
Computer to project
Systems and Scale Card Packet
Worksheet From Big To Small

	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 3
	1
(15 min)
	Zooming into Materials: Teacher reviews water, alcohol, and wood and student's initial conclusions about why alcohol and wood behave similar. Teacher explains to students that we are limited in what we know about fuels when we only focus on what we can see. Teacher uses a powerpoint to zoom into materials and chemical energy in fuels.
	 
	 
	Powers of Ten
	 
	Systems & Scale Materials PPT
	Computer to project

	 
	2
(45 min)
	Organic versus Inorganic: Students are given a set of cards with material name and chemical structure and asked to sort into groups that make sense to them. Class discusses how the students sorted cards. Teacher then helps students sort into organic versus inorganic and introduces chemical energy (C-C and C-H) bonds as the way to tell the difference. 
	 
	 
	Powers of Ten
	Embedded Formative Assessment
	 
	Organic & Inorganic Card Packets 
Worksheet Is It Organic?

	 
	 
	 
	 
	 
	 
	 
	 
	 

	
	
	
	
	
	
	
	
	

	CORE 4
	1
(25 min)
	What Happens when a fuel burns: Initial Explanations and Predictions:  Teachers burns ethanol in open air and has students try to explain what happens to mass of ethanol as it burns for 10 minutes.  Students construct initial process diagrams for burning to make their predictions.
	Ethanol mass change over time
	 
	Process Tool
	 
	Burning Ethanol PPT
	Ethanol Burner
Digital Scale
Worksheet Investigating Ethanol Burning

	 
	2
(20 min)
	Measuring Mass and CO2 as Ethanol Burns: Students set up investigations with ethanol burner, massing ethanol before and after burning and using BTB and soda lime as indicators of rising CO2 around burning ethanol
	
Ethanol mass change over time with CO2 level measurements 
	Set-up CO2 probe and/or project video of CO2 probe demonstrations of CO2 concentration around ethanol burning.
	Process Tool
	 
	Burning Ethanol PPT
	Computer to project
Ethanol burners
Airtight containers
Soda lime
BTB indicator
Digital Scale
Petri Dishes
Cobalt chloride test strips

	 
	3
(20 min)
	Introducing the Five Practices: using the powerpoint you can introduce students to the five different practices that they will be using to reason about events/process.
	 
	 
	 
	 
	Burning Ethanol PPT
	Computer to project

	 
	4
(40 min)
	Accounting For Results: CER: Students discuss and explain their results using the process tool and a CER framework
	 
	 
	Process Tool
	Embedded Formative Assessment
	Burning Ethanol PPT
	Computer to project


	 
	 
	 
	 
	 
	 
	 
	 
	 

	CORE 5
	1
(25 min)
	Modeling Combustion: Students use molecular models to demonstrate the rearrangement of atoms (and bonds) during combustion of ethanol. 
	 
	 
	 
	 
	 
	Molecular Model Kits
Worksheet What's Happening Inside a Flame

	 
	2
(25 min)
	Zooming into a Flame: Teacher uses a powerpoint to zoom into a flame, then uses process diagrams to show how fuels change as they are oxidized.
	 
	 
	Powers of Ten
Process Diagrams
	 
	Zooming Into Flame PPT
	Computer to project

	 
	 
	 
	 
	 
	 
	 
	 
	 

	Opt
	30 min
	Candle Burning: Students could apply what they learned about ethanol to explain where the mass, atoms, and energy of a candle goes as it burns.
	 
	Video of CO2 probe may be available.
	Process Tool
	 
	 
	Candle
OR Marshmallows
OR Soda Water

AND
Digital Scale
Lighter
Airtight chamber
Soda Lime
BTB indicator
Petri dishes
CO2 probeware (opt)

	Opt
	30 min
	Marshmallow: Students could apply what they learned about ethanol to explain where the mass, atoms, and energy of a marshmallow goes as it burns.
	 
	
	Process Tool
	 
	
	

	Opt
	20 min
	Do Gases Have Mass: Demos or small group lab investigations measuring the mass change of a soda water and also with soda lime and/or BTB. 
	 
	Optional simple Mass of Gas demonstrations 
	Process Tool
	 
	 
	

	Opt
	30 min
	Ring of Truth video
	 
	 
	Process Tool
	 
	Ring of Truth Video
	 


Targeted Grades:  6-12
Key Concepts: Organic Matter, Inorganic Matter, Biomass, Chemical Energy, Combustion

Vocabulary:

· Biomass

· Carbon Dioxide

· Chemical Energy

· Combustion

· Glucose

· Inorganic Matter

· Mass

· Molecule

· Organic Matter

· Powers of Ten

· Process

· Scale

· System

Materials

General Resources 

· Computer to project

· Public space to record to student ideas

· Molecular model kits

· Demonstration molecular models (optional)

· Systems and Scale Powerpoints

Video Links

· Powers of Ten Video streaming link: http://www.powersof10.com/film
· (Optional) Powers of 10 interactive websites:

· Scale of universe: http://primaxstudio.com/stuff/scale_of_universe.swf 

· Cell size and scale: http://learn.genetics.utah.edu/content/begin/cells/scale/ 

· Java tutorial: http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ 

· Ring of Truth: http://www.viddler.com/explore/jacksmernov/videos/2/
Lab Materials

· Core Lesson 1 Materials

· Ethanol/ethyl alcohol

· Water

· Wood Chips

· Glass beakers

· Lighter

· Digital Balance (optional)

· Core Lesson 4

· Ethanol burners

· Airtight containers

· Soda lime

· BTB indicator

· Digital Scale

· Petri Dishes

· Cobalt chloride test strips

· Optional

· CO2 Probeware and software (and respiration chambers)

· Marshmallows

· Candles

Re-Usable Student Handouts/Resources

· Powers of Ten posters/charts

· Systems and Scale card packets (optional)

· Organic and Inorganic card packets

· Different Forms of Energy (optional)

Consumable Student Worksheets

· Pre-assessment (unit pre-test)

· Why Do Some Things Burn

· Zooming In and Out

· From Big To Small

· Is It Organic?

· Investigating Ethanol Burning

· What’s Happening Inside a Flame

· How Does Water Add Mass? (optional)
Acknowledgments:
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Core Lesson 1: Pre-Assessment and Discussion of Why Some things Burn
Time/Duration: 60 minutes 


Activity 1: Pre-assessment 





~20 minutes


Activity 2: Why Do Some Things Burn?



~25 minutes

Activity 3: Alike, But Different (Burning Demo)


~15 minutes
Guiding Question: Why do some things burn and other things do not?

Model Response:

	Alex
	Blake
	Carmen

	Some things, like fuels, burn because that’s what they do. They have lots of energy to burn. 

	I agree that some things have lots of energy, but they must react with oxygen causing the fuel to burn. Then the energy in the fuel in released.
	But it’s the carbon-carbon or carbon-hydrogen bonds that give a material chemical energy, which changes to heat and light when it’s burned.



Some substances burn because the substance has chemical energy stored in the molecules that make up the substance. Carmen (Level 4) identifies that substances with carbon-carbon (C-C) and carbon-hydrogen (C-H) bonds are ones with chemical energy, making those materials combustible compared to other materials (like water). Blake (Level 3) recognizes that burning is a chemical reaction between a fuel source and oxygen, which indicates that Blake believes fuels must have something in their chemical make-up that allows them to react with oxygen. This is actually correct, but Blake does not yet understand how chemical energy is stored in these materials, making Blake’s understanding of organic materials incomplete. Alex (Level 2) knows that burning involves energy, and that some things have more energy than other things. Yet, Alex does not yet recognize that it is the chemical make-up of materials that allow them to burn.
Question 1 on the pretest will provide you with information about where your students are.  The organic-inorganic distinction in that question is basically the same as the question the students discuss in this lesson.
Learning Objectives:
The goal of the Systems and Scale unit is to introduce students to organic matter and chemical energy (in the context of combustion) using the tools for reasoning and environmental literacy practices that students will engage with in other units. Students must be able to identify organic matter from inorganic matter, and understand how differences in the chemical make-up of materials influences how materials and energy are transformed and moved between systems. 
This lesson is the “Establishing the Problem” part of the learning cycle for students’ accounts of combustion—one of the key carbon-transforming processes.  In this lesson students should:

· Express their ideas about combustion and about differences among materials so that you can identify their levels of achievement.
· Identify knowledge that they can use during the unit.
· Identify questions that they hope to answer during the unit.
Rationale & Background:

Learning about carbon cycling means tracing carbon molecules and energy forms within and between systems. This carbon is found in organic molecules in our living biomass, as well as organic forms like hydrocarbons. Carbon can also be locked in inorganic forms like graphite and limestone. Another inorganic form that is particularly important today is carbon dioxide. Living and human-engineered systems continuously exchange carbon with the atmosphere, moving carbon back-and-forth between inorganic carbon dioxide and organic, energy-rich carbon. The distinction between organic and inorganic carbon can provide a foundation for your students to understand other biochemical concepts, and a foundation for understanding how and why matter and energy transforms in certain ways. But this distinction between materials cannot be made at the visible scale. We can witness certain materials burning, or know that certain materials are energy sources, but our eyes cannot tell us why materials are organic or inorganic, or why some things burn and others do not. We need to examine the material at the atomic-molecular scale to understand the difference between the two. 
Lesson Description:
This lesson has two parts:

· In Activity 1 students take a pretest, either online or paper and pencil, then write about and discuss their experience in taking the pretest.

· In Activity 2 and 3, students are given time to write about and discuss their ideas about why some things burn and other things do not. The first part of the lesson includes individual writing, as well as partner and whole group discussion about this question. Students then observe one pair of unlabeled materials. The two materials looks similar at the visible scale, but one material will burn, while the other will not. Students examine the materials and make predictions—based on visible observation—about which might burn. After trying to burn each material, the materials are then grouped based on those that burned and those that did not. Students see that it does not matter whether the material is a solid or liquid, or colorless or colorful, etc. At the visible scale, there is not a way to tell the difference. After revealing the names of each material to students, the students make suggestions about how to predict whether a material will burn or not. 
Lesson Materials:
General

· Public space to record students’ ideas

· Sample materials: water, ethyl alcohol (ethanol), wood chips 

· Flame resistant containers (glass jars or beakers)
· Digital balance (sensitive to 0.01g)

· Lighter

Per Student
· Unit pretest

· Worksheet Why Do Some Things Burn?
Advance Prep:
· Have computer and powerpoint ready to project.
· Print student worksheets.

· Prepare burning demonstration in advance. Place materials in a flame resistant, clear container (like a glass jar or beaker). Do not label materials. 

Activity 1: Pre-assessment

Time: About 20 minutes 

Rationale and Description:

The pre-assessment is useful for two purposes:

· Your students’ responses will help you decide how much detail you want to include, particularly details about chemical structures of materials.  If your students are mostly at Level 2, you may want to save some of those details for later.

· Your students’ responses will provide a starting point for discussions about the focus for this unit.

Directions

1. You can administer the assessment either online or with paper and pencil (it will fit on the front and back of one page).  

2. If you have an alcohol burner for later in the lesson, light it for the students now.  Explain that they will be taking a pretest that has two kinds of questions: Questions about materials and how they are alike or different, and questions about burning—what happens when something (in this case alcohol) burns.

3. Explain the purpose of the pre-assessment to your students:

a. It will help you as a teacher understand how they think about materials and about burning.

b. It will help our research project to develop better teaching materials and activities by helping the researchers to understand how they think and how they learn.

c. It will help them to think about what they know and what they would like to learn.

4. Give the students about 20 minutes to complete the test.  As students turn in their tests, give them the worksheet Why Do Some Things Burn? and ask them to begin answering the questions on the worksheet.
Activity 2: Why Do Some Things Burn?
Time: 25 minutes

Rationale & Description: 

This activity elicits students’ prior knowledge about burning and poses questions that they will answer later in the unit. Students are presented with three explanations about burning from Alex, Blake, and Carmen and must choose the best explanation. The goal of this activity is to establish what students already know about burning and chemical energy, so that their initial ideas can be revisited throughout the unit as students explore these concepts in more depth. 

Directions:
1. Pass out student worksheet Why Do Some Things Burn? as students complete their pretests.  Ask students to start doing the worksheets individually until all the pretests are completed.
2. Ask students to share some questions they have after taking the pretest (the first question on the worksheet).

3. Tell students to work in partners and give them 3-5 minutes to generate their lists of materials that do and to not burn. Remind students that they want to think about materials as opposed to objects. Use a match as an example: The material is wood, while the object is a match. Students could list hundreds of objects made of wood, so remind students to think of the main material that makes-up the object and write the material down on their list instead.
4. Allow students to share their lists aloud and record in a public space. You will need to create a T-chart on the overhead projector or front board. When students share different materials, ask to make sure the class agrees. Circle any materials that students disagree about.

5. On students’ worksheet they will now consider three explanations by Alex, Blake, and Carmen about why some things burn and other things do not. Students must choose which they feel is best. One quick way for you to assess your students’ ideas regarding the guiding question is to take a class vote about these explanations. Have students raise their hand if they think Alex, Blake, or Carmen has the best explanation. Record this vote in a public space, and use this vote to determine a rough estimate of students at each level of understanding (Alex represents Level 2, Blake represents Level 3, and Carmen represents Level 4). Then direct students to explain (on the backside of their worksheet) why their choice is best. If time permits, call on at least 1 or 2 students from each explanation (Alex, Blake, or Carmen) to explain why they chose this explanation.
Activity 3: Alike But Different (Burning Materials Demo)
Time: 15 minutes
Rationale & Description:
Students will readily identify materials that easily burn based on their prior experiences. They will know that wood burns, and may identify other fuels like propane, butane, and gasoline. They also know that water, sand, and rocks do not burn. But at the visible, macroscopic scale there is no easy way to tell whether something can burn. In this activity students are presented with two materials that look similar at the visible scale, but only one material can burn. Once the materials are lit, students make observations and see that ethanol acts more like wood than water. Students then consider three of the materials—water, alcohol, and wood—and discuss their ideas about why alcohol behaves more like wood than water.
Directions:
1. Set-up 3 samples of materials at the front of the room—A sample of water, ethyl alcohol, and a cup of wood chips (in a flame resistant chamber).
2. Allow students time to look at the materials and make predictions about whether the material can burn or will not burn. For each sample record the number of students who predicted it would burn or not burn. When students make predictions, ask at least 1 student (per sample) to explain why they predicted the way they did. What was it about the material that helped them decide whether it was combustible?
3. In front of the class, or with the help of a student, attempt to burn each sample. Only ethyl alcohol and wood chips will burn. Regroup materials into two groups: those that burned (ethyl alcohol and wood) and those that did not (water). Ask students if they can decide—just by looking with their own eyes—why one group of materials was combustible. Reveal the names of the materials to the class.

4. Pose, the following questions to students, “Why did the ethyl alcohol burn like wood, even though it looks like water? What makes the ethyl alcohol behave more like the wood? Give students about 3 minutes to discuss this question in partners and to write down their ideas on their worksheet. With the time remaining have several students share their initial explanations to this question.

5. If time permits, this may be a good opportunity to place burning ethanol onto a digital balance to simply record mass loss over time, posing the question to the class, “Where is the mass of the ethanol going while it burns?
Pretest with Commentary
Level 4 (correct) responses to the questions are in blue bold italics below.  There are also comments connecting the questions to unit activities in blue italics.

1. A scientist started sorting materials into two groups.  Here are the first materials that she put into each group:

	Group A: Gasoline, alcohol, wood 
	Group B: Sand, water, steel


a. Which group would you put these materials in?

Salt




Group A
Group B
Sugar




Group A
Group B

Pork




Group A
Group B

Carbon dioxide


Group A
Group B
Soil minerals that help plants grow
Group A
Group B
Leaves of a living tree


Group A
Group B

b. Explain how you decided.  How are the materials in Group A different from the materials in Group B?
Level 4 responses recognize that groups A and B are organic or inorganic materials.  Students could justify these responses using four of the five accounts practices:

· Materials practice: Group A materials are organic; Group B materials are inorganic.

· Subsystems practice: Group A materials have C-C and C-H bonds; Group B materials do not.

· Energy practice: Group A materials have more chemical energy than Group B materials.

· Large-scale practice: Group A materials have organic carbon; Group B materials do not.

Most students probably will not use any of these explanations:

· Level 2 students are likely to focus on how people make or use the materials, explaining their choices in terms of whether the materials are natural or made by humans, or how humans use them.

· Level 3 students are likely to focus on properties of the materials rather than how humans make and use them, but they will not be successful in using one of the practices to distinguish between types of materials. 
c. Do you think that any of the materials above should be in a different group because they do not fit into either Group A or Group B?  
Should salt be in neither Group A nor Group B? 



YES
NO (see note below)*
Should sugar be in neither Group A nor Group B? 



YES
NO
Should pork be in neither Group A nor Group B? 



YES
NO
Should carbon dioxide be in neither Group A nor Group B? 

YES
NO
Should soil minerals be in neither Group A nor Group B? 


YES
NO
Should leaves of a living tree be in neither Group A nor Group B? 
YES
NO
d. Explain your answer.  Why should we have three groups, or why do all the materials fit into two groups?
Level 4 students will recognize that all of the materials can be classified as organic or inorganic and use one of the four practices that they used for their original groupings to explain their reasons:

· Materials practice: All of the materials are either organic or inorganic.

· Subsystems practice: All of the materials are made of molecule that have C-C and C-H bonds or do not.

· Energy practice: All of the materials can be grouped according to how much chemical energy they have.

· Large-scale practice: All of the materials have a place in the carbon cycle. (*NOTE: Students who say that salt does not have a place in the carbon cycle have reasonable Level 4 answers.)

Most students probably will not use any of these explanations:

· Level 2 students are likely to explain their choices in terms of whether the materials are natural or made by humans, or how humans use them.

· Level 3 students are likely to focus on properties of the materials rather than how humans make and use them, but they will not be successful in using one of the practices to distinguish between types of materials. 
2. When alcohol burns, the flame has heat and light energy.  Where did that energy come from? 

a. Which of the following statements is true? Circle the correct answer.

ALL of the energy came from the match or another source, OR

SOME of the energy was created by the flame as it burned. 

b. Circle the best choice to answer each of the questions about possible places where the energy in the flame might come from.

	How much of the energy in the flame comes from the AIR?
	All or most  (see note below)*
	Some
	None

	How much of the energy in the flame came from the MATCH THAT LIT THE FLAME?
	All or most
	Some (see note below)**
	None

	How much of the energy in the flame came from the ALCOHOL?
	All or most
	Some
	None

	How much of the energy in the flame came from the PERSON WHO LIT THE FLAME?
	All or most
	Some
	None


c. Explain your choices.  Where does the heat and light energy in the flame come from?
Level 4 students will recognize that the energy in the flame is chemical energy that is released when the alcohol reacts with oxygen in the air.  

(*NOTE: In this unit, we will teach that the chemical energy is specifically located in the alcohol and in the C-C and C-H bonds of the alcohol.  However, students who say that the oxygen should also be considered a source of energy are chemically correct.)

(**NOTE: The amount of energy coming from the flame that started the alcohol flame is miniscule, but some Level 4 students could legitimately say that some energy from the match is present in the flame.

Level 2 and Level 3 students will identify several energy sources rather than focusing on the chemical energy in alcohol as the main energy source.

· Level 2 students are likely to identify causes of the flame as energy sources, focusing on cause and effect rather than tracing energy

· Level 3 students are likely to try to identify energy sources for the flame, but not specifically chemical energy in the alcohol. 
d. After the flame goes out, does the energy in the light energy still exist?  Yes   No

e. Explain your ideas.  What happens to the heat and light energy after the flame goes out?
Level 4 and some Level 3 students are likely to say that the energy still exists, and both may say that the energy is heat.

Level 2 and some Level 3 students are likely to say that the energy was “used up” by the flame or that the energy goes away when the flame goes out.
3. When alcohol burns, the alcohol loses weight.  What happened to the matter that used to be in the alcohol? 
a. Which of the following statements is true? Circle the correct answer.

ALL of the matter is still somewhere in the environment, OR

SOME of the matter was consumed by the flame and no longer exists.

b. Circle the best choice to complete each of the statements about possible places where the matter in the alcohol might go.  

	How much of the matter in the alcohol goes into the AIR?
	All or most
	Some
	None

	How much of the matter in the alcohol turns into HEAT AND LIGHT ENERGY?
	All or most
	Some
	None

	How much of the matter in the alcohol goes into the SOIL?
	All or most
	Some
	None

	How much of the matter in the alcohol goes into WATER VAPOR?
	All or most
	Some
	None


c. Explain your choices.  What happens to the matter in alcohol as it burns?

Level 4 students will explain that all of the matter in the alcohol must still exist as other matter, and may specifically identify carbon dioxide and water vapor as products.

Level 3 students are likely to say that some of the matter is converted into energy.

Level 2 students are likely to be confused by this question.  In particular, they will have trouble distinguishing between materials, such as alcohol, which can be destroyed, and matter, which cannot be created or destroyed. 
d. Does the alcohol change the air when it burns?  Yes  No

e. If you answered “yes” explain how the burning match changes the air.

Level 4 and some Level 3 students will recognize that the burning alcohol uses oxygen in the air; Level 4 students will recognize that the oxygen is incorporated into carbon dioxide (and water vapor, though we do not expect even Level 4 students to mention this).

Level 2 students are likely to recognize that the alcohol needs air to burn, but they will describe air as an enabler—something that helps the flame—rather than as a kind of material that is altered by the flame.
4. Answer these true-false questions:

True
False
Carbon is a kind of atom.

True
False
Carbon is a kind of molecule.

True
False
There is carbon in pure air.

True
False
There is carbon in pure water.  (See note below)*
True
False
There is carbon in alcohol.

True
False
There is carbon in wood

True
False
There is carbon in our muscles.
Only Level 4 students will get this entire sequence of questions correct,  (*NOTE: Even some Level 4 students may say “true” to the question about carbon in pure water. Water in the real world is never truly pure, so it will have dissolved carbon dioxide or organic materials.)

Level 2 and Level 3 students are both likely to struggle with the distinction between atoms and molecules.  Level 2 students will probably consider carbon to be a kind of material, which maybe different from other materials.  Level 3 students will recognize that carbon might be a component of other materials, but will not be sure which materials include carbon.
Worksheet with Commentary: Why Do Some Things Burn?
Name:_____________________ Period:____ Date:_________
Answer these questions before your class discussion

The pretest probably had some questions that were difficult or confusing to you.  Your answers will help your teacher plan activities that help you to learn about materials and about combustion.  After taking the pretest, what questions do you have that you would like to answer during this unit?

Your students’ answers to this question will help you identify which questions they thought were hard—which may not be the questions that they performed worst on.
Make a list of materials that can easily burn, and materials that cannot burn.
[image: image7.emf]
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Things That Can Burn


Things That Cannot Burn

What makes the materials in your first column different from materials in your second column?

	We expect students to distinguish fuels from non-fuels pretty well, but to focus on how fuels are made and used by people or on physical properties of materials in their answers at this point.


Here are three explanations about why some things burn. Circle the one you think is best.

[image: image1]
Why do you think your choice is best?
	Alex, Blake, and Carmen generally represent Level 2, Level 3, and Level 4 reasoning.  So students choices of the explanation they liked best can give you a quick indication of what level they are at—but not as accurate an indication as the pretest.  



Answer these questions after your class discussion

Here are the lists of things that burned and things that did not burn:

Burned: alcohol, sugar, sawdust, candle wax

Did not burn: water, salt, sand, glass

After your discussion, do you have any new ideas about why some materials burn and others do not?  What makes these two groups of materials different?

This question is one to be answered in lessons 2 and 3.  Our goal is for students to use the subsystems, materials, and energy practices to distinguish between organic and inorganic materials.
Suppose you have another clear liquid, like water and alcohol.  Can you think of a way to learn about it and predict whether it will burn or not?  Explain how you might learn about the liquid and make a prediction.

This question is one to be answered in lessons 2 and 3. Our goal is for students to use the subsystems, materials, and energy practices to distinguish between organic and inorganic materials.
Core Lesson 2: Powers of Ten: The Subsystems Practice
Time/Duration: 55 minutes 


Activity 1: Powers of Ten video and worksheet


~25 minutes

Optional Activity 2: From Big To Small



~30 minutes

Guiding Question: What do materials look like at smaller and smaller scales?
Model Response:

	Alex
	Blake
	Carmen

	I think that all the materials we talked about are made up of little parts.  I have heard of atoms and molecules, but I’m not sure what they are or whether they are in all the materials. 
	All the materials are made of smaller parts that include atoms and molecules, but I’m not sure what kind.
	All the materials are made up of atoms, which are bonded together to make molecules.


Although most of your students will be familiar with the words atom and molecule, you will probably find that many of them are like Alex or Blake, lacking meaningful interpretations of these familiar words. You can assess where your students are by looking at their answers to Question 4 on the pretest.
Learning Objectives:

This lesson introduces the first of the five accounts practices—the subsystems practice—and a tool for reasoning that students can use when they engage in that practice—the Powers of 10 Tool. 
In this lesson students are introduced to Powers of 10 as a tool for reasoning about scale, and in particular, as a tool for “zooming” into different materials. Students tend to be limited to explaining phenomena at the macroscopic (visible) scale, but sometimes this scale is not sufficient. One of the goals of this unit is to not only introduce students to different scales, but also to help students make connections between scales (for example, to make connections between visible observations of materials and the atoms and molecules of which they are made). 
	Objectives for students at Level 2 
	Objectives for students at Level 3

	Level 2 students should learn to describe all materials as made of atoms that are bound together in molecules.  They should recognize that atoms and molecules are much smaller than objects we can see with microscopes, such as cells.
	Level 3 students should learn to describe all materials as made of atoms that are bound together in molecules.  They should recognize that atoms and molecules are much smaller than objects we can see with microscopes, such as cells.


Rationale & Background:

Students have just observed that the visible scale cannot help them make predictions about materials that will burn and those that do not. They likely know there is something about the material at the “hidden” scale (something about the chemical make-up) that affects whether the material will burn, but they do not have a way of explaining the difference. Powers of Ten is a tool that can help students connect their macroscopic experiences of burning with explanations of burning at other scales (e.g., atomic-molecular scale). While the burning of a fuel source visibly happens at the macroscopic scale (around 100), the changes in matter and energy are also happening on the atomic-molecular scale (around 10-10). It is an understanding of this atomic-molecular scale that allows students to make sense of what they see when they observe a fuel burning. Students must begin to develop their understanding of chemical energy found in materials, and this understanding is based on atomic-molecular models, and the general rule that materials with carbon-carbon and carbon-hydrogen bonds are rich with chemical energy. 
Lesson Description:
Activity 1: Powers of 10 video and worksheet.  Students begin by viewing the Powers of 10 video made by Charles and Ray Eames, which shows how a single system (a picnic in Chicago) can be viewed at a full range of scales, from quarks to the whole universe—a range of 40 Powers of 10. Students are then introduced to the narrower range of scales we need to account for carbon-transforming processes (about 17 Powers of 10) and the four benchmark scales—landscape, macroscopic, microscopic, and atomic-molecular. 
Embedded formative assessment: Worksheet questions 5 and 6.  Use your students’ responses to questions 5 and 6 on the worksheet to decide whether Activity 2 will be useful for your students or not.
Optional Activity 2: From Big to Small.  They discuss what is happening at different scales when we talk about a single system—air. Students are given packets of cards that relate to the same system and sort these into the four benchmark scales. Students may also enjoy exploring websites that allow them to see systems at different scales as they move a slider through Powers of 10.  
Lesson Materials:

General
· Systems and Scale Air PowerPoint
· Computer ready to project powerpoint
· Powers of Ten poster/charts
· Powers of Ten DVD and/or video streaming link: http://www.powersof10.com/film
· (Optional) Powers of 10 interactive websites:

· Scale of universe: http://primaxstudio.com/stuff/scale_of_universe.swf 

· Cell size and scale: http://learn.genetics.utah.edu/content/begin/cells/scale/ 

· Java tutorial: http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ 

Per Partners
· (for Optional Activity 2) Systems and scale card packets

Per Student

· Handout: Benchmark Scales (to be used throughout this unit and other units)

· Worksheet: Zooming In and Out 
· Worksheet: From Big to Small (optional, depending on student responses to Activity 1)
Advance Prep:
· Have computer and PowerPoint ready to project
· Have samples of wood, water, and alcohol from Lesson 2 at front of class

· Print student worksheets—these will depend on the Powers of Ten activity you select.

· Print and assemble Systems and Scale card packets—enough so that students can work in groups of 2-3.

· If Powers of Ten DVD or streaming video are shown to students, make sure the player (DVD player or computer) are ready. You can purchase the DVD online from http://www.powersof10.com/ or stream the video directly from your computer using the same website: http://www.powersof10.com/film 
Activity 1: Powers of Ten Video and worksheet
Time: 20 minutes
Rationale & Description:
Powers of Ten may be a helpful way for students to not only see the difference in size between scales, but also to compare what is happening on one scale with things happening at another scale. For many students when things get too small to see the students tend to group the things into microscopic scale, making no distinction between the size of a cell and the size of an atom, although an atom is actually a 1000 times or more smaller than a cell. Powers of Ten is one way to step down or step up through the different scales so that students can make accurate comparisons between size and make connections between things happening on one scale with things happening on another. 

Directions:
1. Explain to students that they will watch a short film looking at how the same location can have many different systems at different scales.  Students might want to take mental notes of what they see in the video, because images will change quicker than most will be able to write notes down. Show students the Eames’ Power of Ten video—either using the DVD or streaming the video online. This video is around 10 minutes long.
2. Pass out the Benchmark Scales handout.  Discuss the handout with the students.  Three key points:

a. All systems are like the picnic by the video; they can by viewed at multiple scales.

b. In order to understand processes like combustion, we will be focusing on a range of scales from about 10-9 meter (the size of a carbon atom) to 108 meters (the size of the Earth).

c. We will focus on the four benchmark scales in the handout, each of which covers a range of Powers of 10.
3. Pass out the worksheet Zooming In and Out to each student. Tell students that in the Powers of Ten Video they saw that every step down or up changed the system they were looking at. However, all the things they looked at could be grouped into 1 or the 4 benchmark scales they’ve been discussing.
4. Working in groups, have students complete the Zooming In and Out worksheet. On this sheet students must decide whether each system fits into one of the benchmark scales. Have students discuss the last two questions: 

a. Question 5 focuses on whether wood, alcohol, and water are made of cells, molecules, and atoms.

b. Question 6 asks students about whether there are questions that they are still unsure about.
EMBEDDED FORMATIVE ASSESSMENT 
You can use the last two questions on the worksheet to decide whether your students need to do Activity 2 or not:

Question 5 asks students whether wood, alcohol, and water are made of cells, molecules, and atoms.  Key points that students should understand:

· Living and recently dead materials, including wood, are made of cells.  Other materials, including alcohol and water, are not made of cells.

· All materials that they will discuss in the Carbon TIME units are made of molecules.  (There are materials that have their atoms arranged differently, including metallic bonds in metals, crystal lattices in salts, and monatomic gases such as helium and argon, but we do not focus on them in these units.)

Question 6 asks students if there are questions that they are still unsure about.

If most of your students answer these questions correctly and confidently, then Activity 2 probably is not necessary.  If they answer incorrectly or still have unresolved questions about the Benchmark Scales, then we recommend doing Activity 2.
Optional Activity 2: From Big To Small
Time: 30 minutes
Rationale & Description:
Throughout all the carbon cycle curriculum materials students will be moving among the four Benchmark Scales, so understanding that systems occur on each scale and that processes are simultaneously happening on the different scales is an important foundational concept that students will need to understand. In this activity students will be given a set of cards with images of systems at different scales. They will sort these into the four benchmark scales and talk about how a particular system at the macroscopic scale is part of a larger system, and also composed of smaller systems, including atoms and molecules for all the systems we will study.
Directions:
1. Show students the Systems and Scale Air PowerPoint. A key point to discuss is that all systems, like air and clouds, can be viewed at multiple scales. Explain that they will be sorting out images of other systems at different scales.
2. If your students have computers with Internet access, show them the interactive Powers of 10 websites, and explain that they can also use these websites:
a. Scale of universe: http://primaxstudio.com/stuff/scale_of_universe.swf 

b. Cell size and scale: http://learn.genetics.utah.edu/content/begin/cells/scale/ 

c. Java tutorial: http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ 

3. Pass out From Big to Small worksheets to each student and Systems and Scale card packets to groups of 2-3 students. Explain that they will now look at other systems and decide what scale each system is on—landscape, macroscale, microscale, or atomic-molecular. They can use the Benchmark Scales handout to help them decide which cards fit on each scale. Have students work in groups for about 10-20 minutes placing each card into one of the 4 categories. Each packet includes the following cards:
a. Plant system: 1) forest, 2) tree, 3) stomata on leaf, 4) glucose molecule

b. People system: 1) city of people, 2) person, 3) red blood cell, 4) oxygen molecule
c. Water system: 1) Large lake, 2) raindrop, 3) snowflake, 4) water molecule
d. Fuel system: 1) natural gas deposit, 2) propane bottle, 3) close-up flame 4) propane molecule

e. Fire system: 1) forest fire, 2) tree on fire, 3) soot, 4) carbon atom
f. Air System: 1) atmosphere, 2) cloud of pollen, 3) pollen, 4) cellulose (in cell wall)
g. Students can also include examples from systems on the interactive websites.
4. Ask students to share aloud how they sorted the cards. There are several ways you might record this sorting in a public space. You might consider have clear transparency copies of the cards for use on the overhead projector, or might print your own set of cards and use magnets on the back of the cards to place them on the white board at the front of the room. As students share they way the sorted cards, sort a class set of cards in the public space. Review each group of materials, pointing out the following patterns:
a. All atomic-molecular systems are at the scale of atoms

b. All microscopic systems are just slightly smaller than what we can see

c. All macroscopic systems are visible to us

d. All landscape systems are too large to really see
5. Remind students that all systems can be looked at from different scales and sometimes we need to zoom in or zoom out to better understand what’s happening.
There are also some interactive sites that allow students to navigate among images at different scales:

· Scale of universe: http://primaxstudio.com/stuff/scale_of_universe.swf 

· Cell size and scale: http://learn.genetics.utah.edu/content/begin/cells/scale/ 

· Java tutorial: http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ 

Comments on Student Worksheet: Zooming In And Out

When thinking about different scales, we can generally group systems and parts of systems into one of four groups: 1) atomic-molecular (things we cannot see even with a microscope), 2) microscopic/cellular (we cannot see with our eyes, but can use a microscope to see), 3) macroscopic (things we can see with our eyes), and 4) landscape scale (things that are too large to see with our eyes). The following is a list of systems included in the Powers of Ten video. Try to sort these systems into one of the four categories described above.

City Park
Man or Woman
Cell Nucleus

United States

Hand

Earth


Lake Michigan

DNA molecule


Skin

Carbon Atom

Picnic Blanket

White Blood Cell

Capillaries
Skin Cell

Chicago

Correct responses are in bold blue type.

1. What systems would you see at the atomic/molecular scale? 

DNA molecule, Carbon atom
2. What systems would you see at the microscopic or cellular scale? 

Skin cells, cell nucleus, white blood cells, capillaries
3. What systems would you see at the macroscopic scale? 

Body of a Person, skin, hand, picnic blanket
4. What systems would you see at the large scale?

City park, Lake Michigan, Chicago, United States, Earth
5. Do you think that wood, alcohol, and water are made of cells, molecules, and atoms?

	Material
	Is it made of cells?
	Is it made of molecules?
	Is it made of atoms?

	Wood
	Yes   No
	Yes   No
	Yes   No

	Alcohol
	Yes   No
	Yes   No
	Yes   No

	Water
	Yes   No
	Yes   No
	Yes   No


Key points that students should understand:

· Living and recently dead materials, including wood, are made of cells.  Other materials, including alcohol and water, are not made of cells.

· All materials that they will discuss in the Carbon TIME units are made of molecules.  (There are materials that have their atoms arranged differently, including metallic bonds in metals, crystal lattices in salts, and monatomic gases such as helium and argon, but we do not focus on them in these units.)
6. Are there any answers above that you are unsure about?  What makes you uncertain?

If most of your students answer questions 5 and 6 correctly and confidently, then Activity 2 probably is not necessary.  If they answer incorrectly or still have unresolved questions about the Benchmark Scales, then we recommend doing Activity 2.
Name:_____________________ Period:____ Date:_________
From Big to Small: comments on student worksheet
For this worksheet your group will need Systems and Scale card packets to sort.  If you have Internet access, you can also find interesting Powers of 10 websites:

· Scale of universe: http://primaxstudio.com/stuff/scale_of_universe.swf 

· Cell size and scale: http://learn.genetics.utah.edu/content/begin/cells/scale/ 

· Java tutorial: http://micro.magnet.fsu.edu/primer/java/scienceopticsu/powersof10/ 

Use your Benchmark Scales handout to sort the card in each set into images of the system at different scales.  Record your results on the table below.

	Card Set
	Atomic-molecular scale
	Microscopic scale
	Macroscopic scale
	Large scale

	Plant system
	glucose molecule
	stomata on leaf
	tree
	forest

	People system
	oxygen molecule
	red blood cell
	person
	city of people

	Water system
	water molecule
	snowflake
	raindrop
	Large lake

	Fuel system
	propane molecule
	close-up flame
	propane bottle
	natural gas deposit

	Fire system
	carbon atom
	soot
	tree on fire
	forest fire

	Air System
	cellulose (in cell wall)
	pollen
	cloud of pollen
	atmosphere

	Examples from Internet 
	Examples chosen by students


Students may disagree about some scales (e.g., whether snowflakes or the flame closeup are microscopic or macroscopic).  As long as they are reasoning correctly about the general range of the scales, either response is appropriate.
What do you notice about the atomic-molecular scale?  How are all the systems alike at that scale?

Students should notice that all systems are made of atoms bonded together in molecules.
Core Lesson 3: What Does Organic Mean? The Materials and Energy Practices
Time/Duration: 55 minutes 


Activity 1: Zooming Into Materials




~15 minutes
Activity 2: Organic Versus Inorganic




~40 minutes

Guiding Question: What makes something organic?
Model Responses:

	Alex
	Blake
	Carmen

	Organic means healthy because it comes from nature and makes up living things.

	Organic means it has chemical energy and can give nutrients and energy to stay alive.
	Organic means it has carbon-carbon and carbon-hydrogen bonds, which mean it has chemical energy.


The difference between organic and inorganic materials comes down to the types of atoms and bonds found in the material. Organic materials are found in living things—like Alex suggests—but it is not simply being a part of a living organism that makes a substance organic. Hydrocarbons are also organic materials. Carmen (Level 4) correctly identifies that it is the carbon-carbon and carbon-hydrogen bonds (the chemical energy) that makes a material organic. These carbon-carbon and carbon-hydrogen bonds are the molecular basis of all living organisms or once living material. Blake (Level 3) knows that these materials have chemical energy, which make them unique, but Blake has yet to learn about C-C and C-H bonds, so Blake’s understanding of chemical energy is limited and likely based on experiences of food and fuels at the macroscopic scale. Alex (Level 2) knows that organic materials are found in living things, but Alex will need to learn more about chemical energy in order to understanding how organic materials are different from other substances on Earth.
Students at different levels of understanding associate combustible materials with energy. They all recognize that if a material can burn, it has something to do with energy found in the material. Carmen (Level 4) correctly identifies this energy as chemical energy associated with the types of atoms and bonds found in the material. This is the key difference between organic and inorganic materials, and the reason that organic materials will burn. While Blake (Level 3) and Alex (Level 2) are correct to some extent, they show a general association between materials and energy that lacks the clarity shown by Carmen. Alex recognizes that combustible materials have energy, but Alex does not identify this energy as chemical energy and does not appear to be aware of the difference between materials at the atomic-molecular scale. Blake, on the other hand, knows that the energy in the material is released through a reaction with oxygen, but, like Alex, has yet to develop a clear understanding of chemical energy at the atomic-molecular scale.

Learning Objectives:
Although we do not use those words, the first three lessons all focus on the chemical properties of materials—in particular, the differences between fuels (materials that burn) and other materials that do not burn.  

· In Lesson 1 students see that physical properties—the appearances of materials—are not good guides to whether they burn or not.

· In Lesson 2 students are introduced to the subsystems practice.  They see that all the materials they considered are made of atoms bound together in molecules.  But they do not learn about the atoms and molecules of specific substances.

· In Lesson 3 students will learn about three ways to distinguish fuels from materials that do not burn:

· The materials practice: Fuels are organic materials that originated in living organisms.

· The energy practice: Fuels have stored chemical energy.

· The subsystems practice: Fuels have C-C and C-H bonds, while other materials do not.
AN IMPORTANT DECISION
You will need to decide in this lesson how deeply to go into chemical structures and chemical formulas.  Here are two things to consider in making your decision:

· Your students’ starting points.  If you have mostly Level 2 students, you may want to focus on the Level 2 objectives below and on Activities 1 and 4.  If your students are more advanced, then you may want to focus on Level 3 objectives and do all 4 activities.

· Your curriculum.  You should also consider how deeply into chemistry and energy your curriculum goes, and which activities best match that depth.
	Objectives for students at Level 2 
	Objectives for students at Level 3

	Level 2 students have learning goals for three practices:

· Materials practice: Identify materials as organic or inorganic based on whether they were once—currently, recently, or long ago—part of living organisms.

· Energy practice: 
· Identify key forms of energy, including chemical energy, heat, light, and motion (or work)

· Identify materials that have chemical energy that can be released by burning

· Subsystems practice: Identify materials that have molecules with both carbon and hydrogen atoms, which means that they have energy stored in C-C and C-H bonds
NOTE: Level 2 objectives do not include the chemical structures of large organic molecules.
	Level 2 students have learning goals for three practices:

· Materials practice: Identify materials as organic or inorganic based on whether they were once—currently, recently, or long ago—part of living organisms.

· Energy practice: 
· Identify key forms of energy, including chemical energy, heat, light, and motion (or work)
· Identify materials that have chemical energy that can be seen in C-C and C-H bonds in their molecular structures
· Subsystems practice: Identify materials that have molecules with both carbon and hydrogen atoms, which means that they have energy stored in C-C and C-H bonds
NOTE: Level 3 objectives do include the chemical structures of large organic molecules, including octane and cellulose in this lesson and fats, proteins, and carbohydrates (cellulose and starch) in other units.  


Rationale & Background:

So what is the difference between organic carbon and inorganic carbon? Organic carbon typically includes living and once living materials. All the living organisms on Earth are composed of carbon-based materials (which we call biomass) and these carbon-based materials are considered organic forms of carbon. Another type of organic carbon is fossil fuels, or hydrocarbons, which take about 300 million years to form, but originally came from decaying plant (and some animal) matter. One thing that makes biomass and hydrocarbons similar is carbon-carbon and carbon-hydrogen bonds. All of these materials have a great deal of chemical energy, which is why these materials make excellent fuel sources. Inorganic carbon does not contain carbon-carbon or carbon-hydrogen bonds. Some of the most common forms of inorganic carbon are the carbon dioxide in the atmosphere and the carbon found in limestone, graphite, and other rocks and minerals. Because of the types of bonds that make-up inorganic carbon, this is not a source of chemical energy. Having students understand the different forms of carbon and chemical energy will be necessary for later tracing transformations in matter and energy through carbon cycling processes, like photosynthesis and combustion.

Lesson Description:
This lesson includes several activities that enable students to use the materials, subsystems, and energy practices to distinguish between organic and inorganic materials.  
Today’s lesson re-caps salient points about materials and scale already introduced and provides time to complete any unfinished discussions from prior lessons. The lesson also introduces students to organic versus inorganic materials. Students are given a set of cards for different materials (some of these materials are from the demonstration in Lesson 2). The cards contain a macroscopic image of the material and an atomic-molecular chemical structure. Students are given a chance to group materials in any way they want, but then must group into those that burn and those that do not. Students generate claims about what is “alike” and “different” about the chemical structure within and between the two groups. Students learn that the “burn” group is organic materials with C-C and C-H bonds, and the other group is inorganic with no chemical energy. Students then revisit the question posed in Lesson 2, “why do some things burn and other things do not” to assess student progress to this point in the unit.
Lesson Materials:
General

· Lesson 3 Materials PowerPoint
· Computer ready to project powerpoint 
· Students’ ideas to the question posed in Lesson 1, “Why do some things burn and other things do not?”

Per Partners

· Organic and Inorganic Material card packets

· Worksheet Is It Organic?
Advance Prep:
· Have computer and powerpoint ready to project.

· Print student worksheets.
· Make sure to locate students’ ideas from Lesson 2 (especially in response to the question, “Why do some things burn and other things do not?” Display this in a public space for students to revisit today.

· Print and assemble Organic and Inorganic material card packets for students. Assemble enough packets so that students can work in partners.
Activity 1: Zooming Into Materials

Time: 15 minutes

Rationale & Description: 

After Lesson 2, students know that visible observations are not enough to make predictions about whether materials will burn. Students know that alcohol burns similar to wood, but it looks like water, so this activity will zoom into these three materials at the atomic-molecular scale to give students a chance to identify similarities and differences between the materials in terms of their atoms and bonds.

Directions:

1. Show students three samples from the demonstration in lesson 2—water, alcohol, and wood. Pose the question from the end of Lesson 2, “why does alcohol burn like wood, even though it looks like water?” Either review what students already shared in the previous lesson, or consider having students summarize some of their initial ideas about this question.
2. Using the Lesson 3 Materials PowerPoint slides, show macroscopic images of the three materials. Using slides X-X zoom students down to the atomic-molecular scale for each of the materials. Point out one of the molecules—possibly water—and review what an atom is, and how it relates to chemical formulas for materials (e.g., H2O means the molecule has two hydrogen and one oxygen atom bonded together).
3. Ask students to talk with their partners about similarities and differences between the types of atoms and the types of bonds in each molecule. Tell them to notice which atoms are bonded to other atoms. For example, water had hydrogen-oxygen bonds. The formula for the sample materials are:


Water—H2O—(hydrogen-oxygen bonds)


Alcohol—C2H6O—( carbon-carbon, carbon-hydrogen, and hydrogen-oxygen bonds)


Wood/Glucose—C6H12O6—(carbon-carbon, carbon-hydrogen, and hydrogen-oxygen)
You might want to explain to students that wood is actually a mixture of a lot of stuff, but that 

glucose is the most basic molecule that makes up wood.
4. As students share what they see as similarities and differences, make sure to point out that water that does not burn only has hydrogen-oxygen bonds meaning these types of bonds are not a good source of energy. That leaves carbon-carbon and carbon-hydrogen bonds, which is what makes alcohol more similar to wood (or sugar/glucose).
5. Introduce the term “chemical energy” using the slide X in your powerpoint. Chemical energy is a form of energy found in high-energy bonds, like Carbon-Carbon and Carbon-Hydrogen bonds. Make sure to point out that the carbon and hydrogen atoms themselves are MATTER, but that the bond between the two atoms is a form of energy called chemical energy.
6. Using slide X reveal the chemical structure for the 4 combustible materials in Lesson 2. Point out that all of these materials had chemical energy. Then reveal the chemical structure for the 4 materials that did not burn using slide X. Point out that none of these materials have carbon-carbon or carbon-hydrogen bonds.
Activity 2: Organic Versus Inorganic
Time: 40 minutes

Rationale & Description: 

In the previous lesson students were introduced to Powers of Ten and zoomed in and out of systems. They will need to use this new knowledge about scale to revisit the question about why some things burn and other things do not, focusing mostly on connecting what they observe at the macroscopic scale with the chemical structure of materials at the atomic-molecular scale. You will need to review the 4 benchmark scales, and then introduce today’s activity as one where students mainly focus on connecting two of the four scales.
In Lesson 2 students discussed their initial ideas about why some things burn and other things do not. In this activity, students will revisit their ideas and have a chance to write a scientific explanation about the difference between materials using what they’ve learned at the atomic-molecular scale. They have just learned that materials that burn have C-C and C-H bonds, which are rich with chemical, and are organic. Materials that do not burn do not have these types of bonds, so they are not a source of chemical energy. Students will be asked to revise their explanation to include what they have learned at the atomic-molecular scale.
Directions:
1. Depending on whether previous discussions in Lessons 2 or 3 were cut short, you will want to spend the first few minutes of this lesson, reviewing key concepts or finishing up prior discussions.

2. Using the Powers of Ten chart, review with students the 4 benchmark scales—atomic-molecular, microscopic (cellular), macroscopic, and landscape. Remind students that at the macroscopic scale, they had a difficult time predicting whether some things would burn or not burn. Using the powerpoint show students again that ethyl alcohol is more like wood than like water at the atomic-molecular scale. 

3. Tell students that today they will mainly be using two scales—atomic-molecular scale and macroscopic scale to learn more about materials that burn and don’t burn.
4. Pass out the card packets Organic and Inorganic Materials (one packet to groups of 2) and a student worksheet Is It Organic? to each student. Tell students to complete step 1 on the handout. This step asks students to work in partners to sort the materials into groups that make the materials similar. Students can sort these materials in any way they want. Students must have at least 2 groups and no more than 4 groups. As they sort, the students need to write down the list of materials in each group and explain why they think those materials go together. This should take only about 5-10 minutes

5. Spend about 10 minutes asking several groups to share how they sorted materials and why they sorted them the way they did. Record any interesting patterns that emerge. For example, students may put propane, butane, and gasoline in a “fuel group”; they may place limestone, salt, and sand as non-living material, etc.
6. Then sort the materials into 2 groups—those that burn and those that do not. There are seven materials in the combustible group, and five materials in the non-combustible group.
Combustible: Ethyl alcohol, Sugar, Cellulose/Wood, Propane, Butane, Gasoline, Lipids

Non-Combustible: Water, Salt, Limestone, Sand, Air

7. Point students to step 2 on their worksheet. In this step they are going to look at each group—the combustible group and non-combustible group—a little closer, focusing mostly on the types of bonds found in the materials. The combustible group will have C-C and C-H bonds, while the other group will not. Give students about 10 minutes to work on Step 2 and to answer the one question immediately following the non-combustible table (what bonds make the materials that burn different from materials that do not burn?). 

8. Go through each material circling the bonds found in the material. Introduce students to the terms organic materials and inorganic material. Tell students that organic materials have C-C and C-H bonds and are combustible, but inorganic materials do not have these bonds. Tell students that these bonds mean that organic materials have chemical energy. Using the powerpoint, show students that the atoms in the material are MATTER, but that the bonds represent energy and C-C and C-H bonds means there is chemical energy.

9. Give the students about 10 minutes to answer the last 3 questions on the worksheet.  Then read the last question from the student worksheet to students, 
“How could you tell whether an unknown material—a clear liquid—will burn or not?  What tests could you do or questions could you ask to predict whether a will burn?.” 
Tell students that they need to rethink about their initial ideas and consider how what they have learned could help them to identify good fuels.

10. Spend 5 minutes allowing students to share their new explanations and record these explanations in a public space, ideally in a similar way as what was recorded in Lesson 2. Using this question on the worksheet and the discussion as a formative assessment.

EMBEDDED FORMATIVE ASSESSMENT
The last three questions on the worksheet will serve as an assessment of where your students are with respect to their understanding of chemical structures and organic materials.  If most students got these questions correct, they are on their way to achieving the Level 3 goals above.  If they struggled with these questions, then you may want to focus on the Level 2 goals in future lessons.
Name:_____________________ Period:____ Date:_________
Comments on Lesson 3 Worksheet: Is It Organic?

Step 1: You have a set of 12 materials. Look at each material and then sort the materials into groups any way you like. Then list your groups below AND explain what makes the materials in each group similar. You may not need all the space below, but should have at least 2 groups.
Group 1:

Group 2:

Group 3:

Group 4:

Note whether students make groups based on the materials, subsystems, or energy practices (1, 2, and 3 at the end of the worksheet) or whether they rely on other characteristics of the materials, such as how people produce and use them or their physical properties. 
Step 2: Now your teacher will sort the materials into one group that burns and second group that does not burn. Take a look at the materials in each group and then list the materials for the group that burns below. For each material look at the atoms and bonds. If the material has a carbon atom bonded to another carbon atom, this is called a C-C bond. The other bonds are: Carbon-Hydrogen (C-H), Carbon-Oxygen (C-O), and Hydrogen-Oxygen (H-O).

Check to see whether students are interpreting the chemical structures correctly.  
	List the materials that burn
	Circle the type of bonds it has:

	
	C-C      C-H       C-O      H-O     Other: _______

	
	C-C      C-H       C-O      H-O     Other: _______

	
	C-C      C-H       C-O      H-O     Other: _______

	
	C-C      C-H       C-O      H-O     Other: _______

	
	C-C      C-H       C-O      H-O     Other: _______

	
	C-C      C-H       C-O      H-O     Other: _______


	List the materials that DO NOT burn
	Circle the type of bonds it has:

	
	C-C      C-H       C-O      H-O     Other:_______

	
	C-C      C-H       C-O      H-O     Other:_______

	
	C-C      C-H       C-O      H-O     Other:_______

	
	C-C      C-H       C-O      H-O     Other:_______

	
	C-C      C-H       C-O      H-O     Other:_______

	
	C-C      C-H       C-O      H-O     Other:_______


Here are three ways to identify the materials that burn:

1. Where organic materials come from.  The materials that burn are all called organic materials by chemists.  They have that name because they originated in living organisms, either recently or a long time ago (coal, octane and other petroleum products, natural gases such as propane and butane).  

2. Types of bonds.  What bonds make organic materials different from inorganic materials? 

	Organic materials have C-C and/or C-H bonds.



3. Chemical energy.  What is the difference in chemical energy between organic and inorganic materials?

Organic materials have more stored chemical energy (that can be released by burning in oxygen.
Think about the question you discussed a few days ago: How could you tell whether an unknown material—a clear liquid—will burn or not?  What tests could you do or questions could you ask to predict whether a will burn?

Check to see whether your students’ responses make use of the three practices above: considering the origins of the materials, looking for C-C or C-H bonds, or asking whether they have stored chemical energy.
Core Lesson 4: Burning Ethanol: Investigations and mass/gases practices
Time/Duration: 55 minutes 


Activity 1: Initial explanations and predictions


~25 minutes


Activity 2: Measurements of ethanol burning



~20 minutes*

Activity 3: Introduction to the five practices



~15 minutes

Activity 4: Accounting for results with claims, evidence, reasoning
~40 minutes
*NOTE: BTB can change from blue to yellow in a class period, but it would be good to start the process near the beginning of the period. Soda lime will also absorb measureable mass in one class period, and it will to absorb carbon dioxide overnight. Teachers have the option of using a carbon dioxide probe rather than BTB and soda lime.

Guiding Question: What happens to ethanol as it burns?

Model Response:

	Alex
	Blake
	Carmen

	The flame consumes the ethanol, and it is all used up.


	The ethanol turns to light energy and heat energy when it burns.
	The ethanol turns into carbon dioxide and water vapor when it burns.  Its chemical energy is released as heat and light.


When an organic material like ethanol burns, the matter released from the process is mostly carbon dioxide and water vapor. Carmen correctly traces the change in matter during combustion, which is typical of a Level 4 student. Most students, like Alex and Blake, do not trace matter and energy separately through the process. Blake (Level 3) correctly identifies the forms of energy present during combustion, but Blake also allows matter to change into energy instead of correctly conserving the matter to gas products given off during combustion. Alex (Level 2) focuses on the flame (or sometimes the person who lit the flame) as an “actor” that uses up the ethanol.

Learning Objectives:
This lesson introduces students to the final accounts practice, the mass/gases practice. This practice involves measuring mass of reactants and products, and is constrained by the Law of Conservation of Mass: in chemical changes the mass of reactants equals the mass of products.  

This lesson also introduces students to investigations, which involve two inquiry practices:

· Measurement practices involve measuring masses of solid and liquid reactants and products and detecting the concentration of carbon dioxide—a key gaseous product.
· Arguments from evidence involve connecting:
· Claims: Explanations of the process of ethanol burning
· Evidence: Measurements of reactants and products and observations of the process
· Reasoning: Showing that claims (a) are supported by the evidence and (b) are consistent with principles that constrain the practices. 
The goals of this lesson include:
	Objectives for students at Level 2 
	Objectives for students at Level 3

	Use the mass/gases practice and conservation of mass to account for changes in mass of ethanol when it burns

Support an argument from evidence about what happens when ethanol burns with claims, evidence, and reasoning. 
	Use the mass/gases practice and conservation of mass to account for changes in mass of ethanol when it burns

Support an argument from evidence about what happens when ethanol burns with claims, evidence, and reasoning.


Rationale & Background:

This unit began with a question about why some things burn and other things do not burn. Students have learned that the difference between combustible and non-combustible materials is related to the types of atoms and bonds found in materials. In particular, the types of bonds affect whether the material is organic with chemical energy or inorganic without chemical energy. When organic materials, which have C-C and C-H bonds react with oxygen, energy is transformed from chemical energy to heat and light (or even other energy forms). The atoms that make up the fuel source are rearranged into products—carbon dioxide and water vapor—that are released into the air. Combustion represents a chemical change process that can be used by students as a model for reasoning about processes in complex, living systems, where essentially the same changes in matter and energy are occurring (i.e., cellular respiration).

Lesson Description:
This lesson introduces the standard PEOE (Predict-Explain-Observe-Explain) sequence of all the investigations that students will do in the Carbon TIME units. It also introduces definitions of the five accounts practices and another key Tool for Reasoning: the matter and energy Process Tool.  The lesson includes four activities, each supported by a student worksheet and PowerPoint slides.  

Activity 1: Students make their initial predictions and explanations supported by the first page of the student worksheet and PPT slides 1-5.  They are introduced to the expressive form of the Process Tool.

Activity 2: The class collects data in a demonstration format, focusing on mass changes in ethanol and soda lime and color changes in BTB when ethanol burns in a closed container, supported by the second page of the student worksheet and PPT slides 6-8.  

Activity 3: The class is introduced to the five accounts practices and reviews how they used the accounts practices to classify materials as organic or inorganic, in preparation for applying the accounts practices to their explanations of what happens when ethanol burns.  The discussion is supported by Slides 9-11 of the PPT.

Activity 4: Students revise their explanations of what happens when ethanol burns and represent their revised explanations using the Process Tool.  They then use a claims-evidence-reasoning framework to assess (a) how well their explanations are supported by evidence and (b) how well their explanations follow the accounts practices and principles.  They are supported by page 3 of the worksheet and PPT slides 12-18.
Lesson Materials:

General

· Lesson 5 Ethanol Investigation PowerPoint 
· Computer ready to project powerpoint 

· Bromothymol blue (BTB) solution in distilled water, with 2 clear plastic cups and a soda straw for blowing

· Ethanol burner

· 2 Airtight containers that will not melt 

· Soda lime

· Digital balance

· Optional: CO2 probe and software 

· Five Practices Poster
Per Student

· Worksheet Investigating Ethanol Burning
Advance Prep:
· Have computer and powerpoint ready to project.

· Print student worksheets, preferably on separate pages to be passed out at the beginning of each activity

· Optional: Prepare CO2 probe and software 

· Prepare BTB solution in distilled water with two clear plastic cups and drinking straw

· Place a glass jar in a refrigerator overnight to keep the jar cool. Make sure to quickly dry off any water that has collected on the jar just prior to the demonstration.
Activity 1: Initial Explanations and Predictions

Time: 25 minutes

Rationale & Description: 

Students express their initial ideas about what happens with ethanol burns and are introduced to the Process Tool as a way to express their ideas.  They make predictions about what will happen in a closed container.

Directions:
1. Pass out page 1 of the worksheet Investigating Ethanol Burning. Tell students that today they are going to take a closer look at what is really happening when organic materials burn.

2. Set-up the digital balance in front of the class and place one flame-resistant container on digital balance (or piece of aluminum foil). Zero out the digital balance. Weigh an ethanol burner.  Remind students that ethanol is composed of carbon, hydrogen, and oxygen atoms. 

3. Using slides 1-5 have students construct a process diagram to predict how burning ethanol will change matter and energy. Where will the mass of the ethanol go? Where will the chemical energy go?

Activity 2: Measuring Changes in Mass and CO2 Concentration when Ethanol Burns
Time: About 20 minutes of class time, but it would be good to continue taking measurements throughout a class period

Rationale & Description:
This investigation will be particularly helpful for students struggling to identify that mass of a burning fuel is lost to the air. Solid-to-gas transformations that happen during chemical change can be particularly difficult for students because the matter that makes up the solid (or liquid) fuel seemingly disappears. It is far easier for students to believe that the matter/mass of a burning fuel is turned into energy. In this demonstration students observe a fuel source—either a candle, burning stick, or other fuel (alcohol, butane, etc)—losing mass inside a chamber with soda lime, with the soda lime gaining mass. Soda lime absorbs CO2 and H2O. Students must explain how matter from the burning fuel is transferred to the soda lime via gases in the air.
NOTE: Soda lime is a caustic material requiring several safety precautions. This investigation is best completed as a demonstration so that you are handling the soda lime. Do not allow soda lime contact with your skin or eyes, or inhale, as the material is very corrosive. Wear gloves and goggles and observe any safety precautions noted on the soda lime packaging.

Directions:
1. Pass out page 2 of the worksheets.  

2. Set up two containers with alcohol lamps.  Take the initial mass of the lamps.

3. Introduce the students to BTB using Slide 7.  Some students will suggest that our breath has carbon dioxide. Have a volunteer student blow into a cup of BTB through a soda straw, so that the class can observe the change of BTB from blue to yellow.

4. Show students your sample of soda lime. Explain to students that soda lime gains mass from gases in the air—mainly carbon dioxide and water vapor. Place the soda lime sample on the digital balance and take a starting mass of the sample. 
5. Place the alcohol burners in the containers with BTB and soda lime. Light the burners and seal the chambers completely. Allow the fuel to burn as long as possible (which will depend on the size of the chamber and amount of oxygen available to the fuel).
6. Have students observe and record changes in BTB color on their worksheets.  

7. After the fuel has burned out, wait an additional 20 minutes (or longer if you can) to allow the soda lime to absorb remaining gases in the air. Remove the fuel from the chamber and get a final mass measurement. Then remove the soda lime from the chamber, and record a mass measurement for the soda lime. Have students record the results in their worksheets.

8. Pose the following question to students, “How might the mass lost from the fuel be connected to the mass gained by the soda lime?” Allow students a few minutes to discuss this question with their neighbors, then allow students to share their explanations aloud, recording several of the ideas near the data from the soda lime investigation. Make sure students are developing explanations that are supported by this data.

9. Optional: Set up a BTB experiment in which you record changes in mass when the chamber is left closed overnight.  
10. Optional: Set-up a third demonstration using the CO2 probe. Take an empty airtight container and connect the container to the CO2 probe. Do not seal the container, but allow the probe to equilibrate in the chamber. When you are ready, begin record the data on the probe. Light a marshmallow on a wire and quickly drop inside the container, sealing the container tightly. Allow the CO2 probe to collect data for at least 8-10 minutes or until the CO2 levels begin to level off (see sample data on following page).
Activity 3: Introduction to the Five Practices

Time: About 15 minutes

Rationale and description: 

The five accounts practices are key goals for the entire set of units.  Students who are committed to the principles in the third column of the poster can develop a deep and useful understanding of carbon-transforming processes.  The students have already used some of the practices—without labeling them—in Lessons 2 and 3.  In this activity you introduce the names of the practices and the principles that constrain each practice.  

Directions:

1. Tell your students that they will be using the data the class has collected to develop new and more scientific explanations for what happens when ethanol burns, and that in order to do this they need to discuss five key practices that scientists use to explain events involving chemical changes.  Show them the Five Practices Poster and/or PPT Slide 10.

2. Discuss each of the first four practices with the students (the large-scale practice can wait until the carbon-cycling unit).  Point out that a key to successful scientific reasoning is following the rules or principles in the third column.

3. Discuss how the materials, subsystems, and energy practices are all useful for distinguishing between materials that will burn and materials that will not burn. You can use PPT Slide 11 to summarize this discussion.

4. Point out that the data they have collected is data that will be useful for using the mass/gases practice to explain ethanol burning.

Activity 4: Accounting for Results with Claims, evidence, and Reasoning

Time: about 40 minutes

Rationale and description:

This is a key activity that for the first time brings together the three key elements to explaining all carbon-transforming processes:

· Constructing an argument from evidence that includes claims, evidence, and reasoning

· Using the process tool to represent scientific explanations of chemical change

· Using the practices and principles to evaluate explanations

We expect that few students will “get it all right” this first time.  This is an opportunity for formative assessment for you, and it establishes the problem in an application activity sequence for your students. In the next lesson you will model all three elements for your students.

Directions:

1. Pass out page 3 of the Investigating Ethanol Burning worksheet.  Use PPT Slides 13 and 14 to explain how to complete all the questions except the questions about reasoning at the bottom of the page.

2. Give your students time to discuss the questions in pairs and write down their ideas.

3. Have students share their explanations, including both explanations in words and explanations using the process tool.

4. Discuss the first question about Reasoning.  How well do different explanations fit with the evidence?  Ask students to write their reasoning about how the evidence supports their explanations.

5. Use PPT Slides 15-18 to discuss the four questions at the bottom of the page.  Ask students to evaluate how well their explanations fit each principle by circling one of the three choices for each question.
EMBEDDED FORMATIVE ASSESSMENT

The last page of the Investigating Ethanol Burning worksheet can provide you with an evaluation of how well they can use the practices and principles to reason about ethanol burning. In particular, look for two things:

· How well do their explanations fit the evidence that they have?  For this lesson, it is more important that students have explanations that fit the evidence than that their explanations be scientifically correct.

· How well did they evaluate their own explanations?  Students whose evaluations are accurate (even if their explanations are not correct) are making good progress.  
Comments on Investigating Ethanol Burning Worksheet

Initial Explanation and Prediction

The investigations you do in Carbon TIME units all involve chemical changes—transformations in matter and energy that take place when molecules are split apart and their atoms combine into new molecules.  In chemical changes reactants (materials that are in the system before the change) always change into products (materials that the reactants change into).  So each investigation begins with: 

· Your explanation of the change—how you think that reactants are changing into products, and 

· Your predictions—what we might measure or observe if you are correct.

Your explanation: How are reactants changing into products when ethanol burns?

It is not important for students’ explanations to be correct at this point.  Their explanations will give you a chance to evaluate their levels of reasoning:

· Do the explanations focus on actions and events more than matter and energy (Level 2)?

· Do the explanations focus on matter and energy, but with problems such as matter-energy conversion (Level 3)?

· We generally would not expect students at this point to successfully trace matter and energy (Level 4)
Your prediction: What changes in reactants or products could we measure or observe?

A key thing to look for here is whether they can make predications that match their explanations.
Using the Process Tool to show your explanation and prediction: Show your ideas about how reactants change into products on the process tool diagram below.

This is a “translation” task: Can they take the key words from their explanations and put them appropriately into the process tool diagram?
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Measurements during the investigation

Since this is done as a demonstration, you should model how to record their measurements in their tables.
You will need to record measurements for two separate investigations:

· BTB (bromothymol blue): Burn the ethanol inside a closed container and measure (a) changes in the mass of the ethanol and (b) changes in the color of BTB

· Soda lime: Burn the ethanol inside a closed container and measure (a) changes in the mass of the ethanol and (b) changes in the mass of the BTB.

BTB investigation
	Measurements Before
	Measurements After

	Ethanol: Record your measurements of the mass of the ethanol and alcohol burner before the investigation.

Mass of ethanol and burner for BTB experiment: _________ grams
	Mass of ethanol and burner for BTB experiment after the flame has gone out: _________ grams

	BTB (bromthymol blue): Record your observations of the color of the BTB before the the investigation:

Color of BTB: _________________________
	Color after ______minutes: ___________

Color after ______minutes: ___________

Color after ______minutes: ___________


Soda lime investigation
	Measurements Before
	Measurements After

	Ethanol: Record your measurements of the mass of the ethanol and alcohol burner before the investigation.

Mass of ethanol and burner for soda lime experiment: _________ grams
	Mass of ethanol and burner for soda lime experiment after the flame has gone out: _________ grams

	Soda lime: Record your measurements of soda lime before the investigation.

Mass of soda lime and container before the investigation: _________ grams
	Mass after ______minutes: ___________

Additional change in mass in soda lime that is left overnight in the container: __________


Other important observations: Make notes here about other observations you made during the investigations (for example, what happened to the flames? How long did it take?)

Possible sources of error: Make notes here about possible sources of error in your measurements and how you tried to make the measurements accurate.

This question can help you to evaluate students’ understanding of the measurement practice?  How aware are they of ways in which the measurements might go wrong?
Explaining Your Results

Claims—your revised explanation: How are reactants changing into products when ethanol burns?

As with their initial explanations, it is not essential that their explanations be correct at this point.  You should check to see if they have modified their explanations to be consistent with the evidence that they have collected.
Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.

Again, the key question here is whether the process tool is consistent with their written explanations.
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

The key question here is how well they select and summarize the evidence that is relevant to their claims. 
Reasoning—connecting claims to evidence and scientific principles

Connecting explanations and evidence: How does the evidence support your explanation?

The key question here is whether they connect claims and evidence.  Do they consider possible negative as well as positive evidence? 
Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
For these questions note the accuracy of their evaluations.  If their explanation is not consistent with the principles, are they aware of it?  How confident are they in applying the principles?

Core Lesson 5: Inside A Flame: Structure, Movement, and Transformation of Materials
Time/Duration: 50 minutes 


Activity 1: What’s Happening Inside a Flame: Molecular Models
~25 minutes 


Activity 2: Zooming Into A Flame




~25 minutes

Guiding Question: What happens to ethanol as it burns?

Model Response:

	Alex
	Blake
	Carmen

	The flame consumes the ethanol, and it is all used up.


	The ethanol turns to light energy and heat energy when it burns.
	The ethanol turns into carbon dioxide and water vapor when it burns.  Its chemical energy is released as heat and light.


When an organic material like ethanol burns, the matter released from the process is mostly carbon dioxide and water vapor. Carmen correctly traces the change in matter during combustion, which is typical of a Level 4 student. Most students, like Alex and Blake, do not trace matter and energy separately through the process. Blake (Level 3) correctly identifies the forms of energy present during combustion, but Blake also allows matter to change into energy instead of correctly conserving the matter to gas products given off during combustion. Alex (Level 2) focuses on the flame (or sometimes the person who lit the flame) as an “actor” that uses up the ethanol.

Learning Objectives:
This lesson includes the modeling and coaching stages of the accounts activity sequesntce.  Students will need to make connections between their macroscopic observations of carbon dioxide and water vapor gases released during burning, to an atomic-molecular account of the rearrangements of atoms. Students will also need to see that the C-C and C-H bonds once found in the fuel source are no longer there indicating that energy changes form during burning. The goals for this lesson include:

	Objectives for students at Level 2 
	Objectives for students at Level 3

	Develop an account of ethanol burning that:

· Accounts for the movement of gases through a flame

· Is consistent with the materials, subsystems, mass/gases, and energy practices and principles.
	Develop an account of ethanol burning that:

· Accounts for the movement of gases through a flame

· Is consistent with the materials, subsystems, mass/gases, and energy practices and principles.


Rationale & Background:

Students may know that fuel and oxygen are inputs for combustion, and that heat and light, as well as some gases, are outputs. But students will need to better understand how the inputs transform into the outputs at the atomic-molecular scale in order to develop a complete account of combustion that conserves both matter and energy. During combustion a fuel source reacts with oxygen. The fuel, which contains C-C and C-H bonds, is rich with chemical energy. Once the fuel and oxygen react to form carbon dioxide and water, these C-C and C-H bonds are no longer present, indicating that chemical energy transformed to other forms. Examining the bonds in inputs and outputs is one way for students to trace energy transformations during combustion. Likewise, tracing atoms through combustion helps students see that all atoms must be accounted for, and that no atom changes to energy during this process.

Lesson Description:
In the previous lesson students explored the changes in matter and energy during burning, mostly at the macroscopic scale. At this scale students identified that carbon dioxide and water vapor are given off during burning, which accounts for the mass lost by the fuel source. They also observed that light and heat are two energy outputs from burning. Today’s lesson will turn students’ attention to 1) connecting these macroscopic observations of matter and energy outputs with an atomic-molecular account, and 2) explaining on how fuels and oxygen transform into the matter outputs given off from combustion. To do this, students will work with molecular models and watch a series of PowerPoint slides that zoom into a flame to see what is happening at the atomic-molecular scale. Students will revisit the process diagrams to explain matter and energy transformation at both atomic-molecular and macroscopic scales.

Lesson Materials:

General

· Systems and Scale powerpoint: Lesson 5 Flame
· Computer ready to project powerpoint

· Demonstration set of molecular models

Per Group

· Molecular Model Kit, including:

· 6 carbon atoms

· 12 hydrogen atoms

· 18 oxygen atoms

· 36+ bond links

Per Student

· Worksheet What’s Happening Inside A Flame?
Advance Prep:
· Have computer and powerpoint ready to project.

· Print student worksheets and handouts
· Make sure molecular model kits have an accurate number of atoms and bonds for the modeling activity.
· Assemble an example or display carbon dioxide, water, oxygen, and glucose molecule for students to view as they work on their own models.

Activity 1: What’s Happening In A Flame: Molecular Models
Time: 25 minutes
Rationale & Description:
One of the key practices that we want students to engage with is the tracing of atoms, especially carbon atoms, through chemical changes. Molecular model kits allow students to physically rearrange atoms from reactants to products to demonstrate conservation of matter (atoms). This rearrangement of atoms through combustion also gives students a visual for where carbon atoms go once they leave a fuel sources, as well as how energy changes from chemical energy found in the fuel source to other forms of energy.
Directions: 

1. Pass out model kits to groups of 3-4 students along with the What’s Happening Inside A Flame? worksheet.  A group of 4 students can split their kit in half, so each pair can built their own molecules. 
2. Have the students follow the directions on the worksheet and/or PPT Slide 3 to build ethanol and oxygen molecules. 
3. Have the students follow the instructions to take the ethanol and oxygen molecules apart, then reassemble them into water and carbon dioxide molecules.  There will be some oxygen atoms left over.  Have the students reassemble those into oxygen molecules.  (Note that this accurately reflects what happens inside the flame, which does not consume all the oxygen molecules.  Stable molecules need all the bonds on each atom—4 for carbon, 2 for oxygen, and 1 for hydrogen—to be used for connections to other atoms.)

4. Have students respond to questions on their handout regarding the types of atoms and bonds found in the reactants and products. Make sure to point out that ethanol is energy-rich, organic matter reacting with inorganic oxygen. Give students time to complete their worksheet, pointing out that atoms in the organic fuel are now found in carbon dioxide and water. These new molecules are not a source of chemical energy, so the energy must have gone somewhere.

Activity 2: Zooming Into A Flame
Time: 25 minutes

Rationale & Description: 

In this activity students will go back to Powers and Ten to zoom inside a flame. Students will see that what we observe at the macro scale is actually a mix of molecules at the atomic-molecular scale. Students will examine these molecules and determine if they are organic and inorganic and identify which molecules have chemical energy.

Directions:

1. Using Lesson 5 Flame PowerPoint, you will show students a series of powerpoint slides that moves through the Powers of Ten zooming inside a flame, down to atomic-molecular scale. At the atomic-molecular scale a flame is composed mostly of gases—oxygen, carbon dioxide, and water vapor—and some fuel molecules.

2. Have students answer questions 1-4 at the end of the What’s Happening Inside a Flame worksheet. 
3. Discuss the students’ answers with them.  Use PPT Slides 20-23 to discuss how the account of what happens inside the flame uses all of the practices and principles correctly.
4. Use Slide 24 to discuss other materials that burn.  Although their chemical compositions are different, they all follow the same general pattern, combining with oxygen and producing mostly carbon dioxide and water as products.
Comments on worksheet: What’s Happening Inside A Flame?

Using molecular models

Use the molecular models to figure out how ethanol combines with oxygen when it burns:
1. Make models of an ethanol molecule (C2H5OH) and about 5 oxygen molecules (O2, with a double bond)

2. The heat of the flame breaks the bonds in the molecules, so they can come apart, so take your molecules back apart.

3. Now they can recombine into carbon dioxide (CO2) and water vapor (H2O).  Make as many of these molecules as you can?

4. Figure out numbers of molecules:

a. How many O2 molecules do you need to combine with one ethanol molecule?

b. How many CO2 and H2O molecules are produced by burning one molecule?

5. Write the chemical equation for the combustion reaction: C2H5OH + ? O2 ( ? CO2 + ? H2O

Use the table below to account for all the atoms and bonds in your models.

	
	Matter
	Energy

	
	How many
carbon atoms
	How many
oxygen atoms
	How many
hydrogen atoms
	Chemical energy: Yes or No?

(C-C; C-H Bonds)

	Began with…
	
	
	
	

	Ethanol
	
	
	
	

	Oxygen
	
	
	
	

	End with…
	
	
	
	

	Carbon Dioxide
	
	
	
	

	Water
	
	
	
	


Questions after Viewing the PowerPoint

1. Write your own explanation for what happens when a fuel burns. 

	


2.  Suppose you heard someone claim that a fuel loses mass when burned, and this mass goes into the air. Explain how this might be correct or incorrect. 
3. You modeled that combustion is a process where a fuel reacts with oxygen and atoms are rearranged from high-energy bonds to low-energy bonds. What happens to this chemical energy, and how does energy change? 
4. Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Core Lesson 6: Other examples of Combustion And Chemical Change
Time/Duration: Variable, depending on which activities you decide to do
Activity 1: Predicting and explaining examples of combustion

~ 35 minutes

Optional Activity 2: Investigating and modeling examples of combustion
variable
Activity 3: Conservation of mass in other chemical and physical changes
~ 15 minutes
Guiding Question: What happens when other materials burn?
Learning Objectives:

This lesson is designed to be the “fading” part of the accounts activity sequence.  Students should be able to follow the model of their explanations of burning ethanol to explain what happens when other substances burn.  As a teacher, you can choose how precise you want their explanations and predictions to be.
	Objectives for students at Level 2 
	Objectives for students at Level 3

	Use all four accounts practices to explain examples of combustion:

· Materials: name the fuel and oxygen as reactants and carbon dioxide and water as products in combustion reactions

· Subsystems: explain that the atoms in molecules of fuel and oxygen are recombined to produce molecules of carbon dioxide and water

· Mass/gases: predict that the mass of the products will equal the mass of the reactants

· Energy: explain that chemical energy in the fuel is converted to heat and light

	Use all four accounts practices to explain examples of combustion:

· Materials: name the fuel and oxygen as reactants and carbon dioxide and water as products in combustion reactions

· Subsystems: use molecular formulas to develop balanced chemical equations for the combustion reactions

· Mass/gases: predict that the mass of the products will equal the mass of the reactants and suggest ways to measure those masses

· Energy: explain that the fuel has chemical energy in the form of C-C and C-H bonds while the products have lower-energy C-O and H-O bonds.  The chemical energy in the fuel is converted to heat and light



Rationale & Background:

Combustion is an important carbon-transforming process on a global scale—combustion of fossil fuels is the primary source of energy for industrial economies and the primary driver of global climate change.  Students will return to these issues in the Human Energy Systems unit.  For this lesson, we hope students will see the combustion of ethanol as part of a larger pattern: Most examples of combustion involve organic fuels—biomass or fossil fuels—and those fuels react with oxygen to produce carbon dioxide and water vapor as the primary product.  In future units students will also see that life processes rely on a similar chemical reaction for their energy: the oxidation of glucose in cellular respiration.
Lesson Description:
The primary activity of this lesson is a worksheet where students choose (or you choose for them) two examples of combustion, then use the Process Tool to predict and explain the chemical changes in those examples and check to see if their predictions and explanations are consistent with the accounts practices and principles.

The lesson also includes several options for additional activities that reinforce the core goals of the unit.  You can choose which of these activities to do depending on time available and your students’ levels of achievement.
Lesson Materials:
General

· (Optional): Molecular models for modeling examples of combustion
· (Optional): Materials for investigations of burning of other fuels, including marshmallows and candles

· (Optional): Ring of Truth video on conservation of mass in physical and chemical changes: http://www.viddler.com/explore/jacksmernov/videos/2/.  The preparations for the demonstration start about 5 minutes into the video, and the full demonstration and explanation last about 10 minutes
Per Student
· Worksheet Other Examples of Combustion and Chemical Change
Advance Prep:
· Print student worksheets.
· (Optional): Prepare video, molecular models, and materials for investigations of combustion of other fuels
Activity 1: Predicting and Explaining Other Examples of Combustion
Time: 35 minutes

Rationale & Description:
In this activity students choose—or you choose for them—two examples of other fuels, then use the forms and procedures they used for ethanol to explain the combustion of those other fuels.  It serves as formative assessment for you—you will be able to see how well they understood the alcohol example—and as fading in the accounts activity cycle for them—they will practice explaining examples with less support than they had for ethanol.
Directions:
1. Pass out student worksheet Other Examples of Combustion and Chemical Change. Ask the students to choose (or choose for them) two of the examples on the first page to explain.

2. Have students work individually to complete their predictions and explanations—one on each of the next two pages.  Check on their progress and the quality of their explanations.

3. Have students share examples predictions and explanations and discuss with them how their predictions and explanations follow the principles that apply to all chemical changes (the last question on each page). 
Optional Activity 2: Investigating and Modeling Other Examples of Combustion
Time: variable
Rationale & Description:
If your students need additional work on investigations and/or modeling, these other examples can serve as opportunities.  
Directions:
1. Choose the examples that you would like students to investigate and/or model.

2. Follow procedures like those you followed for ethanol.  (See Appendices for additional details)
Activity 3: Conservation of mass in Other Chemical Changes
Time: 15-25 minutes
Rationale & Description:
Conservation of mass is a general principle that seems to many students to contradict their personal experiences: Materials appear to get heavier and lighter all the time, and often the transfer of mass is not obvious.  In general, they are not considering all the reactants and products; often invisible gases are what they are ignoring, or they are assuming that gases do not have sufficient mass to account for the missing mass.  This activity will allow them to reconsider their assumptions about those other changes
Directions:
1. Ask the students for examples of changes where it seems to them that mass is not conserved.  Make a list of those examples.

2. (Optional): Show the 10-minute excerpt from The Ring of Truth video on conservation of mass in physical and chemical changes: http://www.viddler.com/explore/jacksmernov/videos/2/.  The preparations for the demonstration start about 5 minutes into the video, and the full demonstration and explanation last about 10 minutes.
3. Discuss the video and the students’ examples, identifying the invisible reactants and products that they may not have considered.
Comments on Worksheet: Other Examples of Combustion and Chemical Change
Questions about Combustion

1. Choose two examples of other materials that burn from the list below:

· Methane (CH4): Natural gas that is used for gas stoves and to heat homes

· Propane (C3H8): Used in tanks for gas grills

· Butane (C4H10): Used in cigarette lighters

· Octane (C8H18): One of the main components of gasoline

· A burning marshmallow: One of its main components is a sugar, glucose (C6H12O6)

· A burning candle: Candle wax is a mixture of large hydrocarbon molecules such as C25H52
2. Use the Process Tool and questions on the next two pages to predict what will happen when your fuels burn and check whether your explanations follow the principles that apply to all chemical changes.

3. (Optional): Check your predictions by burning your fuel in a closed chamber and measuring changes with BTB, soda lime, and/or a CO2 probe.

4. (Optional): Use molecular models to show what happens when your fuel burns.
Questions about Other Chemical Changes

(Optional): Watch the video example of many different physical and chemical changes taking place inside a closed system from The Ring of Truth.
Stump the class: The Law of Conservation of Mass says that mass is conserved in EVERY chemical and physical change—that is, everything that happens on earth except nuclear changes.  Can you think of an example where mass is not conserved?

1. Try to think of an example where mass seems to disappear—the products at the end are lighter than the reactants at the beginning.  Can anyone in the class suggest a possible explanation?

2. Try to think of an example where mass seems to be created—the products at the end are heavier than the reactants at the beginning.  Can anyone in the class suggest a possible explanation?
Predicting and Explaining an Example of Combustion
The fuel you chose: __________________________  Chemical formula: __________________
1. Write your own explanation for what happens when this fuel burns. 

	


2.  Predict what happens to the mass of the fuel when it burns.
3. Explain what happens to the chemical energy stored in the fuel’s C-C and C-H bonds. 
4. Use the process tool to identify the reactants, products, and energy changes.
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4. Does your explanation follow the principles that apply to chemical changes?

Yes  No  Not sure Conservation of matter: Materials (solids, liquids, or gases) change into other materials, but matter is not created or destroyed.

Yes  No  Not sure Conservation of mass: The masses of reactants and products are equal.

Yes  No  Not sure Conservation of energy: Energy is not created or destroyed.

Yes  No  Not sure Conservation of atoms: Atoms are not created or destroyed.
Possible appendices
Detailed instructions for alcohol, marshmallow, candle investigations

Pictures and examples of data from investigations

Detailed instructions for building and oxidizing glucose molecular models
Carmen: Some things burn because they have chemical energy and the other things don’t.





Alex: Some things have more energy than other things so that’s why they burn.





Blake: Some things burn because they can react with oxygen and turn into energy. 








