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Changes in States of Matter Involving Carbon Dioxide
Fall 2013
Goal:  To demonstrate changes of state to students using dry ice (CO2) and regular ice.  To illustrate that changes in states of matter are physical changes.

Tn Stds:  GLE 0807.9.3 Interpret data from an investigation to differentiate between physical and chemical changes
Lesson Outline
I.  Introduction
A:  The States of Matter: Solids, Liquids, and Gases 

Introduce the three states of matter and the five examples of changes of state.

B:  Background on CO2
Give students some background information on CO2.
C:  Freezing Water with Dry Ice – Demonstration
Place a small amount of water in a clear plastic cup.  Put some dry ice in the small Dewar (double-lined plastic container).  Allow 15-20 minutes for water to freeze. (Show to students at the end of lesson.).

II. Comparing Dry Ice to H2O Ice 
Students observe a piece of dry ice and a piece of H2O ice that have been placed in separate ziploc bags.  The ziploc bag containing dry ice inflates from CO2 gas given off when dry ice sublimes. Dry ice doesn’t leave behind a liquid when it melts because it sublimes.

III. Observing Changes of State using Dry Ice 
Students use universal indicator to observe that “ocean” water is basic.  They place a piece of dry ice in water and are told to record everything they observe.  Emphasize the physical changes. 

IV. Discussion on the Effect of CO2  in Oceans.
V.  CO2 as a Fire Extinguisher.
Students will use a cup to collect CO2 gas from sublimating dry ice.  Students will use the CO2 they collected to extinguish a candle.  
VI. Finish Demonstration on Freezing Water with Dry Ice 
VII. Review

Materials:
1
trash bag for used cups

For Part I, Demonstration:

1
plastic homemade “dewar” 
1
clear 10 oz cup 
For Part II:

1
12oz styrofoam cups of H2O ice 

4
12 oz styrofoam cups of dry ice
32
ziploc snack bags
16
3.5 oz cups dry ice

16 
aluminum plates (a candle will be put on these later, so do not use plastic plates)
16
tongs

2
teaspoons

2
pairs work gloves for volunteers to use

32
pencils (students use their classroom pencils) 

For Part III:

1
quart-sized container of “ocean” water (slightly basic)
16
10 oz. clear plastic cups (1/3 filled with “ocean” water)
16
dropper bottles of universal indicator
For Part V 


9
small tea candles


9 
clear cups

1 
box of matches

32

Observation Sheets

17

Thermometer diagrams (back to back with instruction sheet) (one for VSVS team, 1 each

 
for pairs)

17

Instruction Sheets (back to back with thermometer diagram)

17 

Universal Indicator color charts

1

Answer Sheet for VSVS Team (in sheet protector )
1

box goggles (32 plus 4 for volunteers)

While one team member starts the introduction, another should write the following vocabulary words on the board:

dry ice, change of state, sublimation, vaporization, freezing, melting, condensation
Whenever possible, refer to vocabulary words throughout the lesson and during review.
I.  Introduction
A. The States of Matter: Solids, Liquids, and Gases
· Most substances have three states of matter that are observable at normal conditions




(1 atmosphere of pressure and 20(C).  
· Ask students what the 3 states of water are?   Ice (solid), liquid, and water vapor (gas).  
· Tell students that carbon dioxide also has 3 states, but that only 2 exist at normal conditions: a solid (called dry ice) and gas.  
· Substances change their states by physical processes.  Changes of state are also called phase changes.
· There are 5 processes that are involved in changes of state: freezing, melting, vaporization, condensation, and sublimation. 
· Draw the following diagram on the board, omitting the italicized processes.  

· Ask students to name the physical processes that lead to changes of state, and add them to the diagram.  Be sure to include the following information in the discussion, and refer to the thermometer to show students where the various points are on the thermometer

· Liquids can change to solids by freezing.  The temperature at which this occurs is called the freezing point.  The freezing point of water is 32(F or 0(C.  The freezing point changes for different substances.

· Solids can change to liquids by melting.  The temperature where a solid melts to a liquid is called the melting point.  The melting point is also different for different substances.
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· A liquid changes to a gas by vaporization (boiling).  The temperature at which this occurs is called the vaporization point.  When water boils, steam rises off the top.  The steam is water vapor, which is water as a gas.  The vaporization point of water is 100(C or 212(F.
· A gas changes to a liquid via condensation.  This change of state is responsible for the droplets of water that form on a lid when a boiling pot of water is covered.

· Sublimation occurs when a solid changes state to a gas without going through a liquid phase.  Dry ice (solid CO2) undergoes sublimation at normal conditions.  Dry ice sublimes at -78(C or -108(F.  
B. Carbon Dioxide Facts
· Write CO2  on the board and ask students: What is CO2? carbon dioxide
· Ask students: What do you know about CO2?


Accept student responses and share the following information if it is not mentioned in the 
discussion.

· Humans inhale oxygen and exhale CO2. 
· Plants use CO2 to carry out the process of photosynthesis. The photosynthesis reactions of plants convert carbon dioxide to oxygen. 
· CO2 is solid at –108° F or –78° C.   
· CO2 is a gas at room temperature.  
· CO2 dissolves in water and is what gives fizz to carbonated drinks.
· CO2 dissolves in water to form carbonic acid.

· Ask students: What is dry ice used for?


Accept student responses and share the following information if it is not mentioned in the 
discussion.











· It is used as a refrigerant to keep ice cream cold in display cases where ice cream cones and dishes are sold.  
· Dry Ice is also used in meat lockers to keep meat frozen.  
· Dry Ice is used in the manufacturing of plastics, chemicals, beverages, pharmaceuticals.
C. Demonstration: Freezing Water with Dry Ice
· Show students the clear 10 oz. cup with a small amount of water (not more than 1 centimeter in the bottom.)

· Ask students to look at their thermometer diagram and predict what will happen to the cup of water if you place it inside a container that contains of dry ice.  What phase change will this involve?
· Put some dry ice in the bottom of the Plastic Dewar.

· Place the cup with a small amount of water in the plastic Dewar on top of dry ice and leave it 10-15 minutes.  (Wait until the end of the lesson (Part VI) to show students what happened.  By this time the water should be completely frozen.)

II. Comparing Dry Ice to H2O Ice


Materials to be given to each PAIR:
2 
goggles

1
aluminum plate
2 
pencils (use classroom pencils)

1
3.5 oz cups of dry ice (6-8 pieces each)





2 
ziploc snack bags




1
tsp of small pieces of H2O ice
1
set of tongs

 


· Distribute the materials to pairs.
· Tell students to put their goggles on and keep them on until the end of the lesson.  VSVS members should also put on goggles. 

· Tell students to use their tongs and put one piece of dry ice in the ziploc bag and close the ziploc fastener.   

· VSVSers place a piece of H2O ice in the ziploc bag for each pair, and close the ziploc fastener.  
· Remind students that they should not touch the dry ice.
· Ask the students to describe the appearance of the two types of ice.

· Ask students to observe both pieces of ice in the ziploc bags for a few minutes.
· Record their observations on the Observation Chart.  Make sure that the students:
1.  Describe what happens. 
2.  Record the changes of state that occur.
Observation 1: The dry ice ziploc bag will inflate whereas the water ice bag does not.

Explanation: Room temperature is around 20(C.  Dry ice sublimes at -78(C so CO2 gas is filling the bag.
Ask students: What changes of state have occurred?  Dry ice solid to CO2 gas by sublimation.
Water ice solid to liquid water by melting .
· Tell students to open the ziploc bags and carefully empty the pieces of d

· ry ice and ice onto the plate.

· Tell students to leave the two pieces of ice on the plate, do not move them, but observe them periodically to see what happens to the dry ice and the H2O ice over time.

Observation 2: Later when the two pieces have disappeared, the students will notice a puddle where the H2O ice was and there will be no puddle where the dry ice was.

Explanation:  Students should recall that dry ice sublimes (becomes a gas without passing through the liquid phase), thus it does not leave a puddle.  Regular ice leaves a puddle because solid ice turns to a liquid at temperatures above 0(C.

Observation 3: “Smoke” comes off the dry ice.
Explanation: This is caused by tiny ice particles that form because the cold carbon dioxide gas coming off dry ice is cooling the water vapor in the air enough to cause it to condense into tiny droplets.  
Ask students what the changes of state are: 
CO2 gas sublimes from the solid dry ice, and is cold enough to condense water vapor (in the air) to liquid water droplets.

Emphasize that CO2 gas is colorless and is invisible.  
The white “smoke” is condensed water vapor.










Remind students that all these changes of state are physical changes, not chemical changes.

Allow students to make additions or corrections to the observation chart as needed.
III.  Observing Changes in States of Matter Using Dry Ice in Water
Distribute the following materials for each pair:



1 
10 oz. clear plastic cup 1/3 full of “ocean” water
1 
tsp of pieces of water ice (already have)
1
dropper bottle of universal indicator
A.  Observing Effect of CO2 on Ocean Water.

     Ask students to write down all observations they make during the next experiment.

· Give each pair a clear plastic cup that is about one-third full of “ocean” water.
· Show the students the universal indicator and tell them that it is used to measure the acidity of liquids.  Have them look at the Universal Indicator chart. 

· In neutral solutions, such as distilled water, the indicator is green.  
· In acidic conditions, it will turn red.  
· In basic solutions it will be blue.  Ocean water is naturally slightly basic.
· Tell the students to:

1. Put a squirt of indicator into their cups.  Tell students to note the color before they add dry ice to it.  It should be blue. A more intense color is preferable.  
2. Put their piece of regular ice into the water.  Ask students: does the ice sink or float?  Floats because water ice is less dense than water.
3. Use their tongs and place a piece of dry ice into their cup of water.  Does it sink?  Start observing and record the color changes as soon as the dry ice is added to the cup.  
4. Record everything they observe and to record all the phase changes.
5. Ask the students to share something they observed.  Draw a picture of the cup (shown below) on the board and record the different observations from the students. 
· Have the students identify the changes in the states.
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Use the following list and explanations to check the observations.  (There may be other valid

observations that are not listed here. Accept those as well.)

Observation 1:  Dry ice gives off bubbles when it is added to water.
Changes of State:  Dry ice solid to CO2 gas (sublimation)
Explanation:  The water is warm enough (room temp. is approximately 20(C or 68(F) to cause the dry ice to sublime and produce carbon dioxide gas bubbles.

Observation 2:  A white fog appears over the water in the top of the glass.
Changes of State:  Water vapor (gas) to liquid water droplets (condensation).  
Explanation: The air above the water (and in the room) contains water vapor.  When the temperature of the air is lowered by the cold carbon dioxide gas, the water vapor condenses to small water droplets (a fog) or ice particles (smoke) that are suspended in the carbon dioxide gas.  Point out that the fog is white even though the solution in the cup is colored.  Emphasize that carbon dioxide gas is colorless.

Regular fog occurs when the temperature of the air drops below the dew point temperature or the temperature when water vapor in the air condenses to water droplets.  Regular fog is heavier than air because it contains water droplets.   This is why fog is close to the ground.  Fog “burns off” after the sun comes up and the temperature increases.

Observation 3:  The white fog stays in the top of the glass and any white fog that leaves the glass goes down along the side of the glass rather than up in the air.

Explanation:  Carbon dioxide is heavier than air, water droplets are heavier than air, and cold air is heavier than warm air.  Fog that went out of the glass went down rather than up into the air.

Tell students that dry ice is often used to create smoke and fog-like effects in the movies and at concerts.
Observation 4:  Fog that goes down along the glass disappears near the bottom of the glass.
Changes of State: Liquid water droplets vaporize to gaseous water vapor.
Explanation:  The carbon dioxide fog has warmed up enough to vaporize the water, leaving only carbon dioxide which is colorless.  The CO2 warms up to the dew point temperature so the water droplets are converted to water vapor, causing the fog to disappear.  

Observation 5:  The indicator changes color. 
Explanation: When dry ice is added to water, the warmer temperature of the water causes the dry ice to produce carbon dioxide gas bubbles, some of which dissolve in the water. When carbon dioxide dissolves in water it forms carbonic acid, a weak acid.  This is an example of a chemical change.  Students should observe that the indicator changes color as the carbon dioxide dissolves in water.  See color chart change.
Observation 6:  Dry ice sinks and regular ice floats.

Explanation:  Regular ice is less dense than water so it floats.  Dry ice is denser than water so it sinks to the bottom.
 IV.  Discussion on the Effect of CO2 in Oceans
Write on the board:  carbon dioxide sink, acidification

· Ask the students what they know about the effect of carbon dioxide on the atmosphere?  Bring up these points if the students do not:

· Carbon dioxide is a greenhouse gas.
· Air contains a very small amount of carbon dioxide (about 0.03%), People exhale carbon dioxide when they breathe.

· Since the Industrial Age, people have contributed additional carbon dioxide to the atmosphere by burning fossil fuels like coal, oil, and natural gas.
· Ask the students what they know about the effect of carbon dioxide on the oceans?

· Oceans contain 50 times more carbon dioxide than air.  

· The amount of carbon dioxide in the oceans has also increased since the Industrial Age. 
· Ocean water is naturally slightly basic (tell students to look at the pH chart) because it contains dissolved minerals.

Explanation:  When dry ice is added to water, the warmer temperature of the water causes the dry ice to produce carbon dioxide gas bubbles, some of which dissolves in the water. When carbon dioxide dissolves in water it forms carbonic acid, a weak acid that acidifies the solution.  

Write the following equation on the board:
CO2
+

H2O
→
H2CO3

Carbon dioxide

water

carbonic acid

Water in the oceans can remove CO2 directly from the air.       

· Oceans are called sinks for CO2.  Most of the CO2 in the oceans becomes carbonic acid.

· These natural mechanisms can remove 10 billion tons of CO2 per year.  

· But burning of fossil fuels is putting about 25 billion tons into the air annually, so there is a net increase of 15 billion tons.

Ask students if they can think of consequences of dissolving increasing amount of carbon dioxide in ocean waters?


It will make the oceans more acidic.

· Acidification of the oceans has been occurring since the Industrial Revolution, over the same time span that an increase in CO2 gas in the atmosphere has been noted.

· The change in acidity so far is small, but greater changes are expected.

· Acidification could adversely affect marine life, but scientists are not sure how great the effect will be.

V.  CO2 as a Fire Extinguisher
Materials:

Dry ice

8 aluminum plates
8 candles
8 clear cups 

1 box matches (FOR VSVS USE ONLY)

· Make sure there are still a few pieces of dry ice into each group’s cup.  
· VSVS team members should light the candles and stay with the students while they do the next step.  Do NOT leave a lit candle unattended.
· Tell the students to pick up the cup and pour out the gas (CO2) into the cup over the candle flame.  This should extinguish the candle.  VSVS members should then move to the next group.
· Ask students:  Why does CO2 extinguish the candle?  CO2 is heavier than air and displaces the oxygen that is needed for combustion.
· Tell students that many fire extinguishers contain CO2 for this reason.

· Ask students:  Why could we not see the CO2?  Remember that CO2 is colorless, it is only when the low temperature of CO2 condenses water vapor into water droplets that we see the fog.
VI. Finish Demonstration of Freezing Water with Dry Ice

Remove the cup of H2O from the container of dry ice to illustrate how the dry ice can freeze water.  Have the students note the change of state.
Change of State:  Liquid water freezes to solid ice water.

Explanation:  Tell students to look at their thermometer diagram to see that the temperature of dry ice is much colder (-78(C or -108(F) than H2O ice (0(C or 32(F).  So dry ice can freeze liquid water.  
VII.  Review
Review the changes of state and ask the students to give example from today’s experiments.
What does sublime mean? A solid goes directly to a gas state without becoming a liquid.

· What is dry ice? solid carbon dioxide
· How cold is dry ice? –78 oC.  Refer to the thermometer diagram.
· What happens when dry ice is dropped into water? Bubbles of CO2 are given off, a cloud forms above the water, the cloud stays in the container instead of floating in the air, if any of the cloud falls out of the container it floats down and disappears.











Lesson written by:   
Dr. Melvin Joesten, Chemistry Department, Vanderbilt University






Pat Tellinghuisen,  Director for VSVS, Vanderbilt University






Susan Clendenen, Teacher Consultant, Vanderbilt University






Heather Day, Assistant for VSVS, Vanderbilt University

 SEQ CHAPTER \h \r 1Observation Sheet (8th grade)
Student’s Name___________________________________________
	Lesson Activity

	Observations
	 Change of State

	II. Comparing Dry Ice to H2O Ice
a) What happens to the dry ice in the bag?  The regular ice?
	
	

	b) What happened to the dry ice left on the plate?  The regular ice?
	
	

	III.  Dry Ice Fog
a.) What changes occur when dry ice is added to the water in the cup?

Draw a picture to explain note the observations

	
	

	b.)  What color did the solution turn when dry ice was added?  
	
	no  change of state

	IV.  Collecting CO2 Gas
What happened when CO2 was “poured” over the flame?
	
	no change of state

	V.  Freezing Water with Dry Ice
	Look at the thermometer diagram.  What temperature does water freeze?

What is the temperature of dry ice?  
	


 SEQ CHAPTER \h \r 1Observation Sheet (8th grade)
Answer Sheet

Name  ______________________________________________________

	Lesson Activity

	Observations
	Change of State

	II. Comparing Dry Ice to H2O Ice in a bag
A  What happens to the dry ice in the bag?  
B  The regular ice?
	A  Ziploc bag with dry ice fills with gas (CO2).

B.  Ziploc bag with ice doesn’t change in size
	A. solid to gas (sublimes)
B.  none

	II. Comparing Dry Ice to H2O Ice on the plate
A What happened to the dry ice left on the plate?  
B  the regular ice?
	A1  Dry ice CO2 changes from solid to gas

A2 Water vapor in air is cooled by dry ice to form tiny particles of ice water 

B Water ice melts


	A1. solid to gas (sublimes)
A2. gas to liquid to solid
B. solid to liquid

	III.  Dry Ice Fog
A  What happens to regular ice when it is added to water?

B  What changes occur when dry ice is added to the water in the cup?

	A.  Water ice floats.

B1  Dry ice sinks

B2  Dry ice changes to CO2 gas (sublimes) (bubbles in the water).                                                                               B3. The cold CO2 gas coming off the top looks like fog because the cold temperature above the cup has condensed water droplets which are suspended in the CO2 gas coming off (fog).                                               

B4. Fog disappears at the bottom of the glass - it has warmed up enough to be above the dew point and the water is vaporized.                                                            

B5  The fog goes down over the side of the cup rather than up because CO2 is more dense than air.                                 
	A No change of state
B1  No change of state
B2. solid to gas

B3 . water vapor (gas) to liquid (fog).

B4. liquid to gas

B5. No change of state

	b.)  What color did the indicator in the solution turn when dry ice was added? 
	From blue to green to yellow to red.
	No change of state This is a chemical change

	IV.  Collecting CO2 Gas
What happened when CO2 was “poured” over the flame?
	CO2 is heavier than air and does not support combustion, so it put out the flame.
	No change of state

	V.  Freezing Water with Dry Ice
	The water freezes.
Look at the thermometer diagram.  What temperature does water freeze?
What is the temperature of dry ice?  
	Liquid to solid
32o F or 00C

-108o F or -780C


Instruction Sheet - Changes of State Involving Carbon Dioxide (8th grade)

II.   Comparing Dry Ice with Regular Ice

1. Put on your goggles.

2. Use your tongs to place a piece of dry ice and regular ice into your Ziploc bag.  Be sure to close the fastener.  

3. Describe the appearance of dry ice and of regular ice.  How are they similar?  How are they different?

4. Observe both pieces of ice in the bag for a minute.  What do you observe?  Record your observations on the observation sheet.

5. Empty both pieces of ice onto your plate.  What do you observe?

6. Leave both pieces on the plate and check on them periodically.  What do you notice?

III.   Observing Changes of State using Dry Ice
1. Place a squirt of Universal indicator into your cup of “ocean” water.  Record the color.

2. Drop a piece of regular ice into your cup.  Does it sink or float?

3. Use your tongs to drop a piece of dry ice into your cup.

4. Observe the changes in the cup and be sure to write down everything you notice on the observation sheet.

IV.   Discussion on the Effect of CO2 in Oceans.


Carbon dioxide gas dissolves in water to give carbonic acid.

CO2
+

H2O
→
H2CO3

Carbon dioxide

water

carbonic acid

Calcium carbonate reacts with carbonic acid to form soluble calcium bicarbonate.

CaCO3(s)  + CO2(g)  +  H2O   →  Ca(HCO3)2 (aq)
V.
   CO2 as a Fire Extinguisher.
1. You will be placed into groups of four for this experiment.

2. Make sure you have some dry ice in your cup (ask for more from a VSVS member if you need more (3-4 pieces are sufficient).
3. Wait for the VSVS team members to light your candle.  Be careful around the candle or you will not be permitted to continue the experiment!
4. Without touching the flame, pour the contents of your cup over the flame. 

5. Write down your observations.

V.  Freezing Water with Dry Ice


1.  Record what happened to the water in the cup surrounded with dry ice.

2.  Look at the thermometer diagram and record:

3.
What is the temperature of dry ice?    What temperature does water freeze? 
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Note:  In this lesson use the words carbon dioxide and the term CO2 interchangeably so the students will become familiar with both.





For this lesson:  One VSVS volunteer needs to 1/3 fill the 16 10 oz cups with “ocean” water for Part III and 16 3.5oz cups of dry ice.


Give each pair an instruction sheet (contains thermometer diagram back to back with instruction sheet).  This is an outline of the lesson and includes the procedures students need to follow for their hands-on activities.  You will still need to guide them through the procedures, and make sure they are completing the observation sheet.


Divide the students into pairs.





Note:  Write the different states on the board.  Ask the students to identify the processes involved in each change of state, and add to diagram. 





Solid          (melts)         (Liquid          (vaporizes)         (Gas





	        Gas      (condenses)       (Liquid            (freezes)       (Solid





Solid                               (sublimes)                            (Gas








For Parts II – VI:  Give each student goggles and an Observation Chart and ask them to record their observations for each activity.  After they record their observations, ask them to check the appropriate columns on the right, indicating what kind of change of state has occurred.  





Safety Note:  Students should not hold pieces of dry ice.  They will use the tongs to pick up the dry ice pieces.  The temperature of dry ice is -78° C, and students could get frostbite burns if their skin is in contact with dry ice for more than a few seconds.





Note:  Share the following information with the class: carbon dioxide actually does have a liquid state which can be observed at room temperature and 5 atmospheres of pressure.





Calcium carbonate reacts with carbonic acid (carbon dioxide in water) to form soluble calcium bicarbonate.  Corals and shells are composed of calcium carbonates.


The equation for this step is:  


CaCO3(s)  + CO2(g)  +  H2O   →  Ca(HCO3)2 (aq)	


 Note:  (s) = solid, (g) = gas, (aq) =  dissolved in water   





Place students into groups of four for this experiment.  Demonstrate the procedure at the front of the classroom before the students perform the experiment.  





Do not touch the dry ice with your hands!  Use your tongs.












Your Notes:
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


