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Systems and Scale Pre-Assessment

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?
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
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?
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
	Some
	None

	How much of the energy in the flame came from the MATCH THAT LIT THE FLAME?
	All or most
	Some
	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?
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?
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?

d. Does the air change when alcohol burns?  Yes  No

e. If you answered “yes” explain how the air changes when alcohol burns.

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.

True
False
There is carbon in alcohol.

True
False
There is carbon in wood

True
False
There is carbon in our muscles.
Name:_____________________ Period:____ Date:_________
Why Do Some Things Burn?

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?

Make a list of materials that can easily burn, and materials that cannot burn.
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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?

	


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



Why do you think your choice is best?
	


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?

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.

Name:_____________________ Period:____ Date:_________
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

1. What systems would you see at the atomic/molecular scale? 
2. What systems would you see at the microscopic or cellular scale? 

3. What systems would you see at the macroscopic scale? 

4. What systems would you see at the large scale?

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


6. Are there any answers above that you are unsure about?  What makes you uncertain?
Name:_____________________ Period:____ Date:_________
From Big to Small

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
	
	
	
	

	People system
	
	
	
	

	Water system
	
	
	
	

	Fuel system
	
	
	
	

	Fire system
	
	
	
	

	Air System
	
	
	
	

	Examples from Internet 
	
	
	
	


What do you notice about the atomic-molecular scale?  How are all the systems alike at that scale?

Name:_____________________ Period:____ Date:_________
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:

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).

	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? 
	


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

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?
 Name: _____________________ Period: ____ Date: ________
Investigating Ethanol Burning
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?

Your prediction: What changes in reactants or products could we measure or observe?

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.
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Measurements during the investigation
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.

Explaining Your Results

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

Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
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Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?

Reasoning—connecting claims to evidence and scientific principles

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

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.
Name: _____________________ Period: ____ Date: ________
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.
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?
Name: _____________________ Period: ____ Date: ________
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.
Name: _____________________ Period: ____ Date: ________
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.
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. 








