Bubbly fun with Dry Ice

Thanks to Johnathan David and Shawn Kehoe 
1. Specific Learning Outcomes

· Grade 11 Chemistry 

· Physical Properties of Matter
· C11-1-01
· Describe the properties of gases, liquids, solids, and plasma. Include: density, compressibility, diffusion
· Chemical Reactions
·  C11-3-08 
· Calculate the molar mass of various substances.
2. List of Materials

· Aquarium (25L recommended as min)

· Dry Ice (medium to large chunk)

· Gloves (to handle the dry ice)

· Bubble Solution

· Several Candles

3. Safety

· Dry Ice can be dangerous because it’s temperature is around -78.5 degrees C

· Therefore always handle dry ice with gloves on

· The Dry Ice should be stored in an insulated container

· Make sure that the aquarium is not sealed because dangerous levels of Carbon dioxide can form

· Make sure to have air circulation.

4. How to present this topic
· Set up the aquarium, but leave it empty, have the dry ice near by but out of reach. (by your desk)

· Have the Students come into the classroom and sit at their tables in groups.
· Bring out the dry ice and place it into the aquarium

· Ask the students what they think you added to the aquarium.

· One student should know what it is, if not tell them.

· Ask the students what dry ice is used for.

· Making fog

· Keeping things frozen (camping, freezer)

· Ask students the significance of the “dry” ice in terms of changes in the states of matter.

· Bring out the Bubble solution. Ask the students what it is and what it’s for.  If necessary blow a bubble or two.  Get students to consider the composition of the bubble in terms of the soap and the contents of the bubble. That is, what gases is the bubble composed of? Potentially students should be asked to consider the composition of the bubble molecularly (mainly molecular nitrogen, then oxygen, then carbon dioxide –even though it is exhaled air).
· Ask the students what they think will happen if bubbles are blown onto the dry ice.  Have them write their predictions down as a group. Again they may wish to consider the molecular composition of the bottom of the tank.
· Give a few minutes for students to consider this.
· Have a student come to the front of the class and blow bubbles onto the dry ice.

· Have the students record their observations.

· Once a bubble has touched the dry ice take it out and place on one group’s table.
· Repeat for all groups

· Have the students observe the changes that occur within the bubble.

· Once all the bubbles have popped discuss as a class what they observed.

· The bubbles fell until reached the layer of carbon dioxide.

· They hover at the interface between air and carbon dioxide.

· Bubbles start to sink as they cool, and the carbon dioxide begins to replace some of the air within them.

· Bubbles that touch the dry ice will freeze.

· Once a frozen bubble is removed their color bands will change and become more transparent

· The bubble liquid is light but still affected by gravity and is pulled to the bottom of the bubble.

· The film at the top of the bubble will become so thin that it will open and the bubble pop’s

· Ask the students why this happened

· CO2 is heavier than most of the other gases present in the air

· Therefore most CO2 settles to the bottom of the aquarium.  

· Bubbles filled with air will float on top of the heavier carbon dioxide.

· Have the students calculate the molecular mass and relate the molecular mass to the density off the gases present in our atmosphere and the behavior of carbon dioxide as evidenced in this demonstration.

5. Applications and Extensions:

· Students may suggest that other ways of accumulating the carbon dioxide may cause a similar effect. Try burning a number of candles in the container as a potential alternative.
· Students may wish to give consideration to the importance of having well-ventilated rooms where combustion reactions occur and the possibilities of fatalities in such environments.

· As an example (http://www.osha.gov/dts/hib/hib_data/hib19960605.html):

A potential asphyxiation hazard exists when carbon dioxide is dispensed from tank cars (rail cars), cargo tanks (tank trucks and trailers), and portable containers to stationary, low pressure, carbon dioxide supply systems at consumer sites. These systems are used for supplying carbon dioxide gas at beverage dispensing sites, greenhouses, welding fabricators, and in other applications. High concentrations of CO2, which displaces oxygen, can result in death in less than 15 minutes. 

The Cincinnati, Ohio Area Office recently brought to our attention the case of a delivery driver who succumbed to carbon dioxide asphyxiation while dispensing CO2 from his tractor-trailer. The driver, working for a restaurant supply company, pulled his trailer to the back of a restaurant at 1:30 a.m. to make deliveries of carbon dioxide and other supplies. This was a routine delivery for this driver as he made regular deliveries to this restaurant every five days at this time of night. The driver checked in with restaurant management and then proceeded to make his CO(2) delivery. This involved taking the hose from the truck and connecting it to the restaurant's bulk CO(2) system through a fill station located on the wall, below ground level, just outside the door to the basement. 

After one-half hour, restaurant employees started to look for the driver and found him unconscious and lying face up at the bottom of the stairwell; they immediately called 911. The paramedical team had to use SCBAs to remove the victim from the stairwell. The paramedics were unable to revive him and he was declared dead at the local hospital. 

The fill station was located in the below-ground stairwell, with a partial covering over the top of the doorway. The stairway and basement doorway were completely below grade. 

The accident apparently resulted from a CO(2) leak caused by an incomplete seal of the delivery mechanism where the hose from the truck's bulk system fastened to the fill connection (a fixed brass fitting) at the outside wall of the restaurant. This condition was exacerbated by the fact that the below grade location allowed the CO(2) to accumulate without dissipation. 

Carbon dioxide is a colorless, odorless gas and should be treated as a material with poor warning properties. It is denser than air and high concentrations can persist in open pits and other areas below grade. The current OSHA standard is 5000 ppm as an 8-hour time-weighted average (TWA) concentration. 

Gaseous carbon dioxide is an asphyxiant. Concentrations of 10% (100,000 ppm) or more can produce unconsciousness or death. Lower concentrations may cause headache, sweating, rapid breathing, increased heartbeat, shortness of breath, dizziness, mental depression, visual disturbances or shaking. The seriousness of the latter symptoms is dependent on the concentration of carbon dioxide and the length of time the individual is exposed. The response to carbon dioxide inhalation varies greatly even in healthy normal individuals.
6. Theoretical Background

· This experiment is useful to show students how all gases are not the same, and as an introduction to the idea of molecular weights 
· Molecular weight calculations can be used to show students the mass of a gas

· CO2 consists of a carbon atom, and two oxygen atoms

· The molecular weight of carbon is 12.011, oxygen is 15.999, the total molecular weight of carbon dioxide is 44.010

· Other gases found in the air include O2 and N2.  The molecular weight of O2 is 31.999. The molecular weight of N2 is 28.013

· The molecular weights show that CO2 is heavier than air. This means that the bubbles sink into the CO2 once carbon dioxide begins to replace some of the air

· The density in the bubble increases as this occurs, allowing it to sink into the CO2 gas

7. Explanation of disequilibrium

· Students may not expect that something can float on a gas
· Students should recognize that something can float in water, wood for example, but the concept that something could float on a gas should create the needed disequilibrium

· Densities of solids and liquids can be presented visually in many every day items

· Showing densities related to a gas first hand should allow students to question why the bubble can float on top of a gas

8. References

· Experiment concept and procedure: http://chemistry.about.com/cs/howtos/a/aa012004.htm
