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Benchmark Scales
	Large Scale

Systems that are so big that we can see them only if we are far away (like in an airplane or a space ship)

103 meters (1 kilometer, about 0.6 mile) and larger

	Macroscopic Scale

Systems that we can see with our naked eyes if we are close to them
10-3 meters (1 millimeter, about the size of a large grain of sand) to 102 meters (100 meters, about the size of a football field)

	Microscopic Scale
Systems that we can see with microscopes

10-7 meters (0.1 micrometer, about the size the smallest bacteria and viruses) to 10-4 meters (0.1 millimeter, about the size of the largest human cells)

	Atomic-Molecular Scale

Systems that too small to see with normal microscopes that use light, though we can make images of them with other instruments such as electron microscopes
10-8 meters (10 nanometers, about the size of a protein molecule) and smaller
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Five Questions to ask about Chemical Changes in Life and Lifestyles

	Questions
	What to Notice
	Principle or Rule to Follow

	Have you identified all the materials that are changing (the reactants and products)?
	Organic materials: Foods, fuels, and living and dead organisms
Gases: carbon dioxide, oxygen, and water vapor
	Conservation of matter: Chemical changes do not create or destroy matter; the amount of matter is the same in reactants and products

	Have you kept track of all the materials, even the gases?

Can you show that no mass was lost or gained in the reaction?
	All states of matter: solids, liquids, and gases all have mass
Not energy: heat, light, work, and chemical energy do not have mass
	Conservation of mass: Chemical changes do not change mass; the mass of the reactants equals the mass of the products

	Can you show that all the atoms present in the reactants are present in the products? 

Can you identify which materials are composed of organic molecules?
	Atoms: carbon (C), oxygen (O), hydrogen (H), other atoms such as nitrogen (N), and phosphorous (P)
Organic molecules that have C-C or C-H bonds
Inorganic molecules, including CO2, H2O, and O2
	Conservation of atoms: Chemical changes rearrange atoms into new molecules, but they do not create or destroy atoms

	Can you show that energy was not gained or lost in the reaction?
	Chemical energy stored in the C-C and C-H bonds of organic molecules
Other forms of energy, including light, work (motion), and heat
	Conservation of energy: Chemical changes transform energy without changing the total amount of energy, BUT some energy is always changed into heat that cannot be reused

	Can you identify where the event fits in large-scale systems, including ecosystems and human energy systems?
	Movement of carbon from pools of organic materials to inorganic materials and back again
Flow of energy from sunlight to chemical energy to work and heat
	Matter cycles: carbon and other elements cycle between organic and inorganic materials
Energy flows: sunlight is converted to chemical energy, then to work and heat
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	Table Salt (NaCl)
	Sugar/Glucose (C6H12O6)
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	Ethyl Alcohol (C2H5OH)


	Water (H2O)
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	Sand/Quartz (SiO2)
	Propane Gas (C3H8)
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	Lipids/Fats 
	Butane (C4H10)
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	Gasoline/Octane (C8H18)
	Air (N2, O2, CO2)
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	Limestone/Calcium Carbonate (CaCO3)
	Cellulose (C5H10)n


Changes to carbon dioxide (CO2) concentration (%) in air after burning a marshmallow in a closed container- Sample data provided by Bellevue School District, WA
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	Time (s)
	CO2 (%)
	
	Time (s)
	CO2 (%)
	
	Time (s)
	CO2 (%)

	0
	0.55
	
	208
	1.20
	
	416
	1.92

	8
	0.54
	
	216
	1.28
	
	424
	1.92

	16
	0.54
	
	224
	1.33
	
	432
	1.93

	24
	0.54
	
	232
	1.40
	
	440
	1.93

	32
	0.54
	
	240
	1.45
	
	448
	1.93

	40
	0.54
	
	248
	1.49
	
	456
	1.93

	48
	0.54
	
	256
	1.53
	
	464
	1.94

	56
	0.54
	
	264
	1.57
	
	472
	1.95

	64
	0.54
	
	272
	1.61
	
	480
	1.95

	72
	0.54
	
	280
	1.64
	
	488
	1.95

	80
	0.54
	
	288
	1.68
	
	496
	1.95

	88
	0.54
	
	296
	1.70
	
	504
	1.95

	96
	0.54
	
	304
	1.72
	
	512
	1.95

	104
	0.54
	
	312
	1.75
	
	520
	1.96

	112
	0.54
	
	320
	1.77
	
	528
	1.96

	120
	0.54
	
	328
	1.78
	
	536
	1.96

	128
	0.53
	
	336
	1.80
	
	544
	1.95

	136
	0.48
	
	344
	1.81
	
	552
	1.97

	144
	0.42
	
	352
	1.82
	
	560
	1.95

	152
	0.38
	
	360
	1.84
	
	568
	1.97

	160
	0.51
	
	368
	1.85
	
	576
	1.95

	168
	0.65
	
	376
	1.86
	
	584
	1.96

	176
	0.79
	
	384
	1.88
	
	592
	1.96

	184
	0.91
	
	392
	1.90
	
	600
	1.96


Modeling Combustion Instructions
In your groups, you will use molecular model kits to model the process of combustion. You will build the materials that make up the fuel source and oxygen, and then use the models to show how those materials change during burning. The equation for combustion is:
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MATTER:  Glucose(C6H12O6) + 6Oxygen(O2)  → 6Carbon Dioxide(CO2) + 6Water (H2O)

ENERGY:                              chemical energy →  kinetic energy + heat


This means that a glucose molecule is reacted with 6 oxygen molecules to form 6 carbon dioxide molecules and 6 water molecules. In order to model combustion, you will first need to build your glucose and oxygen molecules.
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Step 1: Make Your Oxygen Molecules: Assign one person in your group to start working on the oxygen molecules. This person will need to make 6 oxygen molecules. Oxygen is 2 oxygen atoms connected using a double bond. 
Step 2: Make Your Glucose Molecule: The rest of the group should work on the glucose molecule. First make the “glucose ring”, which is made of 5 carbon atoms and 1 oxygen atom connected to form a circular shape. 
Next you will add the CH2OH group. You will work with the carbon that is to the left of the oxygen in your ring. On this carbon, connect a second carbon. On the second carbon, attach 2 hydrogen and 1 oxygen atom. Attach another hydrogen to the oxygen. Then attach 1 hydrogen to the carbon that is on the ring. 
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Move to the other four carbons on the ring. Attach 1 oxygen and 1 hydrogen to these carbons. Then attach another hydrogen to each oxygen. Make sure it looks similar to the image on the right. 
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Step 3: Answer Questions About Your Reactants: Look at your glucose and oxygen molecules. Using your worksheet, answer the questions about these 
two molecules. What atoms do these molecules have, and do they have chemical energy? 
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Step 4: Combustion Happens: In combustion, glucose reacts with oxygen and atoms are rearranged into CO2 and H2O. Take apart the glucose molecule and remove 1 oxygen atom from all your oxygen molecules. Leave bonds connected to as many oxygen atoms as possible.
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Step 5: Build Your Water Molecules: Water 
contains 1 oxygen atom and 2 hydrogen atoms. Build 6 of these molecules. 
Step 6: Build Your Carbon Dioxide Molecules: Carbon dioxide contains 1 carbon atom and 2 oxygen atoms. There are two bonds between the carbon atom and oxygen atoms (called a “double bond”). Build 6 of these molecules.
Now, answer and discuss the questions on your worksheet. 
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