
Investigating Soda Water Losing Its Fizz
The first five pages of this file have the student worksheets with likely responses and comments for teachers.  The last five pages have the student worksheets in print-ready form.
Starting the Investigation

You will be doing an investigation of the changes that take place in soda water and the air around it when soda loses its fizz.  This is a slow process, so it’s best to start your observations before you predict what changes you will see. So this is what you will need:

· A balance that weighs materials accurately to .01 grams

· Two air-tight (or mostly air-tight) containers  These need to be large enough to hold both the cup of soda water and the dish of indicator (BTB or soda lime).  The results should be OK even if the lids aren’t tight (or you have the container inverted over the soda water and indicator on a desk). 
· About 30 g of soda lime in a petri dish top or bottom inside one container

· About 10 ml of bromothymol blue (BTB, colored blue) solution in a petri dish top or bottom inside the other container

· Two small cups of cold soda water, with about 100 g of soda water in each container

Start your investigation by following these directions
1. Measure the mass of each cup of soda water and record the masses in the “Measurements during the Investigation” section below.  This is on Page 2, after the prediction section.
2. Measure the mass of the soda lime and record its initial mass

3. Fill in your observation of the color of the BTB.  BTB works much better as an indicator if you dilute concentrated BTB with distilled water rather than tap water.
4. Put one cup of soda water and BTB into one container and close the container.

5. Put the other cup of soda water and soda lime into the other container and close the container.
Now it’s time to predict the changes that you might see!  Students should have time to fill in their predictions as the soda water is bubbling inside the chambers.  
Initial Explanation and Prediction

The investigations you do in Carbon TIME units will usually 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 soda water loses its fizz?

Students will have a variety of explanations.  Many will probably be “natural tendency” explanations: This is just what naturally happens when you leave soda water out in the open.
Your prediction: What changes in reactants or products could we measure or observe?

Encourage students to make predictions about the variables that they will be observing: the mass of the soda water, the mass of the soda lime, and the color of the BTB.  Their predictions will be mostly guesses at this time.
Using the Process Tool to show your explanation and prediction: Show your ideas about how reactants change into products on the process tool diagram on the next page.
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This will be the first time that your students have used the Process Tool, so they will need your guidance about how to use it:
1. The Reactants boxes are to name the materials that change.  In this case there is only one material, so they can decide what to write there: Maybe something like “soda water with fizz” 
2. The arrow represents the change that they can see, so they need to fill in something that describes what they see, maybe something like: “Bubbles coming out of soda water.”
3. They need to fill in their ideas about what will be there after the soda water stops bubbling: How will the soda water be different?  What is the gas in the bubbles and what will happen to it?
4. They can also fill in their ideas about what will happen to the mass of the soda water as the bubbles escape.  Will the mass change?  How?
5. They can just leave the energy stars at the top of the process tool blank for this investigation.  They will use them in the next investigation.
Measurements during the investigation
You will need to record measurements for two separate investigations:

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

· Soda lime: Leave the soda water inside a closed container and measure (a) changes in the mass of the soda water and (b) changes in the mass of the soda lime.
If you want, you can have students figure out that BTB is an indicator for CO2 by having them compare what happens to blue BTB when they blow bubbles through BTB through a straw, compared to making bubbles with a turkey baster?  Ask them what the difference is between the air they exhale and the air in the bubbles from the turkey baster.  
Here are the masses I recorded when I put about 90 g of cool Faygo sparkling water in a cup that weighed about 10 g and weighed it regularly.

	First Trial
	Second Trial

	Start:

 101.10 g

5 min:

 101.02 g

10 min:
 100.99 g

15 min:
 100.95 g

20 min:
 100.93 g

25 min:
 100.91 g

30 min:
 100.89 g

35 min:
 100.88 g

42 min:
 100.84 g

48 min:
 100.82 g

2 hr 8 min:
 100.63 g

3 hr 19 min:
 100.47 g

24 hours
97.95 g

So the soda lost about 0.15 g in 15 minutes, 0.25 g in 40 minutes, and 0.63 g in 3 hours, and 2.2 g in 24 hours.
	(Colder soda water, covering with plastic tub)

Start

157.67 g

23 min:
157.64 g
59 min: 
157.41 g

1 hr 22 min:
157.28 g

2 hours:
157.20 g

3 hours:
157.14 g

5 hours:
157.04 g

17 hours:
156.68 g

40 hours:
155.97 g

So in this case the soda lost about 1 g in 17 hours, compared with 2 g in 24 hours for a smaller amount in the first case.  This may be due to evaporation or to the fact that keeping it covered reduces the rate at which CO2 leaves the soda water.  In either case, the amounts are big enough to detect easily.


My conclusion from the initial investigations is that there should be a detectable mass difference comparing the beginning and end of one period, but the difference (and the corresponding difference in the indicators) will be much larger the next day.  
BTB investigation
	Measurements Before
	Measurements After

	Soda water: Record your measurements of the mass of the soda water in its cup before the investigation.

Mass of soda water for BTB experiment: _________ grams
	Mass of soda water in its cup after the experiment: _________ grams

	BTB (bromothymol 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

	Soda water: Record your measurements of the mass of the soda water in its cup before the investigation.

Mass of soda water for soda lime experiment: _________ grams
	Mass of soda water in its cup after the experiment: _________ 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 did you notice about how where bubbles form in the soda water and what happens to them?  How did the numbers of bubbles change over time?)

Students may make a variety of observations.  For example, the bubbles cling to the sides of the cup and gradually get bigger until the break free and rise to the surface.  The main thing we would like students to notice is that the bubbles are coming from inside the soda water.
Possible sources of error: Make notes here about possible sources of error in your measurements and how you tried to make the measurements accurate.

A variety of answers are possible here.  

· The most serious source of error is probably gases escaping from the container because it doesn’t really have an airtight seal.  This means that the amount of mass gained by the soda lime probably will not match the mass lost by the soda water.
· Students also need to be sure to use the same balance for all their measurements, and to make sure that it reads “0.00” before they weigh the soda water and soda lime—and that they don’t spill anything.
Explaining Your Results

Claims—your revised explanation: How are reactants changing into products when soda water fizzes?

By using the BTB and soda lime as indicators, students should conclude that the gas in the escaping bubbles is carbon dioxide.  
They should also conclude that the carbon dioxide has mass, for two reasons:

· The soda water loses mass when the carbon dioxide bubbles off.

· The soda lime gains mass by absorbing the carbon dioxide.
Using the Process Tool: Show your new ideas about how reactants changed into products on the process tool diagram below.
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The students’ process tools should be more complete and accurate than their predictions before.  In particular, they should name carbon dioxide as a product and note that the soda water loses mass.
Evidence—the measurements that support your explanation: What are the key observations and measurements that support your explanation?
1. BTB is an indicator—a substance the changes from blue to green or yellow in the presence of carbon dioxide gas (CO2), but not other gases in the air.  What does the change in BTB suggest to you about what’s in the bubbles in the soda water?
The bubbles contain CO2.
2. Soda lime is also an indicator—a substance that absorbs carbon dioxide gas (CO2) and water vapor (H2O) from the air.  What does the change in soda lime suggest to you about what’s in the air inside the container?
The air contains CO2 and/or water vapor.
Reasoning—connecting claims to evidence and scientific principles

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

The mass loss in the soda water, the mass gain in the soda lime, and the change in color of the BTB all provide evidence that CO2 is leaving the soda water and going into the air.
Connecting evidence and principles.  Does your explanation follow the principles that apply to chemical changes? We will ask these questions about students’ explanations at the end of every investigation.  As students answer the questions, we hope that they will develop a sense of necessity about the four principles.  These are scientific laws that apply to every physical and chemical change, so an explanation cannot be correct unless the answer is “yes” to all four questions.
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.
Optional: Using molecular models

When carbon dioxide dissolves in water, it forms a weak acid called carbonic acid.  That’s what gives soda its sharp “fizzy” taste.   Use the molecular models to figure out how carbonic acid can break up into molecules of water and carbon dioxide when soda water loses its fizz:
1. Make a carbonic acid molecule (H2CO3).  Hint: all 3 oxygen atoms are bonded to the carbon atom, one with a double bond.  There is only one way to put the atoms together in a molecule that uses all of the bonds.  The hint helps students see that way.
2. Releasing the pressure on the soda water and allowing it to warm up allows the carbonic acid to decompose into carbon dioxide (CO2) and water (H2O).  How many molecules of carbon dioxide and water can you make from the atoms in one carbonic acid molecule?  The students can see the answer to this question by 
3. Write the chemical equation for the combustion reaction: H2CO3 ( ? CO2 + ? H2O

H2CO3 ( 1 CO2 + 1 H2O (or just H2CO3 ( CO2 + H2O)
Use the table below to account for all the atoms in your models.  Students should notice that every atom in the reactant becomes an atom in the product—the principle of conservation of atoms from the four questions on the previous page. 
	
	Matter

	
	How many
carbon atoms
	How many
oxygen atoms
	How many
hydrogen atoms

	Began with…
	
	
	

	Carbonic acid
	1
	3
	2

	End with…
	
	
	

	Carbon Dioxide
	1
	2
	0

	Water
	0
	1
	2


Name: _____________________ Period: ____ Date: ________
Investigating Soda Water Losing Its Fizz
Starting the Investigation

You will be doing an investigation of the changes that take place in soda water and the air around it when soda loses its fizz.  This is a slow process, so it’s best to start your observations before you predict what changes you will see. So this is what you will need:

· A balance that weighs materials accurately to .01 grams

· Two air-tight (or mostly air-tight) containers

· About 30 g of soda lime in a petri dish top or bottom inside one container

· About 10 ml of bromothymol blue (BTB, colored blue) solution in a petri dish top or bottom inside the other container

· Two small cups of cold soda water, with about 100 g of soda in each container

Start your investigation by following these directions

1. Measure the mass of each cup of soda water and record the masses in the “Measurements during the Investigation” section below.

2. Measure the mass of the soda lime and record its initial mass

3. Fill in your observation of the color of the BTB.

4. Put one cup of soda water and BTB into one container and close the container.

5. Put the other cup of soda water and soda lime into the other container and close the container.

Now it’s time to predict the changes that you might see!  

Initial Explanation and Prediction

The investigations you do in Carbon TIME units will usually 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 soda water loses its fizz?

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 on the next page.
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Measurements during the investigation
You will need to record measurements for two separate investigations:

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

· Soda lime: Leave the soda water inside a closed container and measure (a) changes in the mass of the soda water and (b) changes in the mass of the soda lime.

BTB investigation
	Measurements Before
	Measurements After

	Soda water: Record your measurements of the mass of the soda water in its cup before the investigation.

Mass of soda water for BTB experiment: _________ grams
	Mass of soda water in its cup after the experiment: _________ 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

	Soda water: Record your measurements of the mass of the soda water in its cup before the investigation.

Mass of soda water for soda lime experiment: _________ grams
	Mass of soda water in its cup after the experiment: _________ 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 did you notice about how where bubbles form in the soda water and what happens to them?  How did the numbers of bubbles change over time?)

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 soda water fizzes?

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?

1. BTB is an indicator—a substance the changes from blue to green or yellow in the presence of carbon dioxide gas (CO2), but not other gases in the air.  What does the change in BTB suggest to you about what’s in the bubbles in the soda water?
2. Soda lime is also an indicator—a substance that absorbs carbon dioxide gas (CO2) and water vapor (H2O) from the air.  What does the change in soda lime suggest to you about what’s in the air inside the container?
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.

Optional: Using molecular models

When carbon dioxide dissolves in water, it forms a weak acid called carbonic acid.  That’s what gives soda its sharp “fizzy” taste.   Use the molecular models to figure out how carbonic acid can break up into molecules of water and carbon dioxide when soda water loses its fizz:
4. Make a carbonic acid molecule (H2CO3).  Hint: all 3 oxygen atoms are bonded to the carbon atom, one with a double bond.
5. Releasing the pressure on the soda water and allowing it to warm up allows the carbonic acid to decompose into carbon dioxide (CO2) and water (H2O).  How many molecules of carbon dioxide and water can you make from the atoms in one carbonic acid molecule?
6. Write the chemical equation for the combustion reaction: H2CO3 ( ? CO2 + ? H2O

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

	
	Matter

	
	How many
carbon atoms
	How many
oxygen atoms
	How many
hydrogen atoms

	Began with…
	
	
	

	Carbonic acid
	
	
	

	End with…
	
	
	

	Carbon Dioxide
	
	
	

	Water
	
	
	


Soda water           Bubbles coming out �with fizz                 of soda water





Soda water           Bubbles coming out                            Flat soda or          Soda water �with fizz                 of soda water                                     plain water            loses mass





                                                                                        Carbon


                                                                                         dioxide








