The Dancing Coin
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Materials
· An empty glass bottle.
· Two large clear containers for water (one very hot – one very cold). Preferably plastic as the outside will not get as hot as a glass container.
· A coin; this experiment could also be done with a dime or other small coin of very light weight. Nickels and quarters may have too much mass.

Safety Considerations
· Make sure the water you use is not overly hot. The water does not have to be boiling for this experiment to work. Straight hot water from the tap is all that’s required and it is much safer for the students as well.

· A plastic container is much safer for students. The plastic container will not get as hot as a glass container would and therefore would be much safer if the container was accidentally touched by a student.

Fitting Into Chemistry Curriculum

C30S-2-05 – Experiment to determine the relationship between volume and temperature of a gas using visual representations. 
Note that this is not demonstrating Boyle’s Law as the amount of gas in the bottle does not remain constant throughout the demonstration. It is likely best to use this demonstration as an introductory demonstration to the gas laws section emphasizing particulate changes and how these influence gas volume and pressure.
Commentary
Preparation
· Set-up two separate containers of water; one containing hot water and the other containing cold water.

· Place a bottle on the bench, rub moisture on the lip of the bottle and place the coin on the lip. When doing demonstration it is crucial that the lip of the bottle is moistened sufficiently to get a seal between bottle and coin.
· Get students to draw four pictures representing the top of the bottle with the coin on the lip. Above and below the coin draw circles and emphasize to students in this demonstration you are interested in them visualizing what happens to the air particles in the four situations you place the bottle. Under the diagrams write the words ‘room temperature’, ‘hot’, ‘cold’, ‘hot’. Get them to consider that in each case the temperatures should influence the particles which should influence the behavior of the coin.

· For the bottle on the bench, ask students to compare the air above and below the coin in terms of the action of particles in each area. Students should be able to visualize the particles and be aware that in each area the particle action is the same. That is, particles are loosely spaced, in motion, colliding, hitting the coin and exerting a pressure against the coin. The pressure exerted by the particles above and below the coin should be the same. Emphasize that the particle motion is in ALL directions not just upward and downward against the coin. Students tend to think that atmospheric pressure is just a downward force.
Procedure of Demonstration
· Talk about how the experiment is going to function.

· Tell them you are going to place the bottle in the hot water first, then after a while it will be transferred to the cold water and finally, returned to the hot water. 

· Ask them what will happen to the particles in the bottle and how this should affect the coin. Again, they should be able to visualize the particles. Give students to discuss this in pairs writing in descriptive words on their four pictures.
· When you immerse the bottle in the hot water, the coin on top of the bottle will begin to vibrate on top of the bottle. Thus the name, “The Dancing Coin.”

· Refer to the diagram of the bottle and the circles above and below the coin. Show that the air inside each is made up of tiny molecules (of various gases) by drawing small circles in the bottles.

· Then explain that hot water heated the air in the bottle causes the air to expand because the molecules move faster, possess more energy and collide more frequently and with more energy creating greater pressure on the coin inside the bottle. Because the air was heated it began to expand and leave the bottle. When the air tried to escape it made the coin vibrate because it forces through the seal created by moistening the top of the bottle. If there were no seal the air would simply seep through the top.
· As air continues to try and escape, time after time the coin vibrates. Continue to emphasize what particles are doing.
· Now move the bottle to the cold water.

· Students should now be able to further predict what should happen inside the bottle. Again get students to visualize particle motion inside the bottle compared to outside. They should realize the cold air begins to move slower and contract because the particles have less energy. Because much of the air has escaped, there should be fewer collisions against the inside of the coin creating a greater pressure outside the bottle.

· Lift the bottle out of the water slowly an invert the flask. The coin should remain attached because of the greater pressure outside the bottle. Again get students to visualize the movement of the particles outside and inside the bottle even when the bottle is inverted. Emphasize particles in motion in ALL directions.
· This effectively demonstrates the results of cooling on a gaseous substance.
· Finally, move the bottle to the hot water again. Students should be able to visualize what happens to the particles and predict that as the air in the bottle warms the particles gain more energy and the pressure they exert against the coin causing equivalent pressure inside and out causing the seal to break and the coin to slip off easily.

Five Questions for Discussion Using Bloom’s Taxonomy
1.) Knowledge
What effect does temperature have on the molecules of a gaseous substance in a confined space?

· What happens when molecules are heated?

· What happens when molecules are cooled?

2.) Comprehension
A hot air balloon is soaring through the air. The pilot of the balloon notices the hot air mechanism has stopped working. It takes him 5 minutes to get it fixed. What will happen to the air in the balloon in those 5 minutes?

3.) Application
Matthew was cleaning his car on a very hot summer day. He left the cleaning spray he had bought, and was using, on the driveway in the intense heat and the can exploded. Why did this happen? What should Matthew have done with the spray when he was finished with it?
4.) Analysis
From question 2, how does the pilot of the hot air balloon determine how high the balloon rises?

5.) Synthesis
- List two examples of when the expansion of gases molecules would be beneficial

- List two examples of when the contraction of gases molecules would be beneficial.

6.) Evaluation
Determine whether the gas molecules in each of these examples will speed up and expand or slow down and contract.

a.) A balloon is left out in the backyard in the middle of winter.

b.) A half full pail of ice cream is taken out of the freezer and left on the counter with the lid on.

c.) A man’s bike is left outside overnight in the cold. The next day, he brings the bike inside and realizes the tires are flatter. 
