Recycling Cans

A simple demonstration of the nature of gases and liquids, state changes and air pressure.

Materials

For this demonstration, you will need:

· 2 Aluminium Cans

· 1 Pair of Tongs

· A Bunsen Burner

· Safety Goggles

· A Tray of Ice Cold Water (3-5 cm deep)

Safety Considerations

Since this demonstration involves the use of a Bunsen burner, safety goggles are required.  As well, the use of tongs is recommended to hold the aluminium cans since they will be hot and sharp edges may be created when the can implodes.

Curriculum Connections:

· Grade 5, Cluster 2: Properties of and Changes in Substances

· Specifically, 5-2-05, 5-2-06, 5-2-08

· 7-3: Forces and Structures

· 8-3: Fluids

Procedure:


Begin by describing the apparatus to the audience and be sure to verbalise all actions.


The first stage of the demonstration is to place a small amount of water (approx. 1/8 cup or 2 cm on the bottom of the can) into one aluminium can.  Holding the can with the tongs, heat it over the Bunsen burner until the water boils and steam is visible.  Quickly place the can upright into the tray of cold water and ask students what has happened (nothing should have occurred).


Repeat the first stage with the second can.  This time around, quickly place the can upside down into the tray of cold water (The can should implode within a couple of seconds).

Explanation:


Recycling Cans is an easy-to-do demonstration incorporating the concepts of the nature of gases and liquids as well as pressure differences.  When the water is boiled inside of the can, it undergoes a state change from a liquid to a gas (the steam that is visible coming from the top of the can).  By boiling the water long enough to see a visible amount of steam from the can’s opening, we allow all the open space inside the can not used by liquid water to be taken up by this gas.  When the can is placed into the tray of cold water it cools rapidly and the gas inside the can undergoes a state change back to a liquid.  An understanding of the implosion requires an understanding of the difference between a liquid and a gas (in this case water and water vapour).  Most importantly, a specific, fixed amount of water takes up more volume as a gas than as a liquid since the molecules are spread apart with greater movement.


When the demonstration is first performed, the can is placed upright into the cold water.  Why does the can not implode?  Since the liquid water has a smaller volume than the gas, a vacuum is formed inside the can when the state change from gas to liquid occurs (all of the leftover space that was used by the gas is now empty).  The vacuum creates a pressure difference between the outside air with greater pressure and the vacuum.  However, in the first stage the can is upright and air is allowed to fill this vacuum (the outside pressure forces air into the vacuum) by entering through the opening in the top of the can.

In the second stage, the can is placed upside down into the cold water.  Therefore, the water blocks the opening in the can so that no air can enter to fill the vacuum created by the state change from gas to liquid.  Now the problem becomes one of pressure differences.  The air outside the can exerts a pressure greater than the vacuum inside the can.  This pressure difference can now only be resolved by filling the vacuum in two ways.  The first method is for the water to be drawn into the can resulting in a higher water level in the can than around it.  This is the seen in other demonstrations where a glass jar is placed on top of a candle in water and when the candle goes out the water is drawn into the jar.  The reason for this is the same as with the aluminium cans.  The second method of resolving the pressure difference is for the can to implode, in which case the material of the can fills the space of the vacuum.  The reason why this occurs in the aluminium cans but not the glass jar is a matter of material strength.  An aluminium can is weaker and can be crushed in your hand whereas the glass jar is stronger and able to resist the pressure exerted by the outside air.

Discrepancy:


Recycling Cans is likely to create disequilibrium within students as they attempt to understand why the can would implode at all and why it did not implode in the first stage of the demonstration when placed upright.

It is effective because it can be presented using the POE model of instruction and addresses the three planes of activity (evidential, psychological, and theoretical).  After seeing the first stage where nothing occurs, students can be asked to predict what will happen when the can is placed upside down in the water, observe the implosion, and attempt to explain it through their understanding of the theory above.  Recycling Cans is a tangible demonstration that provides students with “relevant experiences that engage the student with the phenomenon” (c.n.) on the experiential plane.  Students then attempt to make sense of what happened (psychological plane) and solidify their understanding with an explanation on the theoretical plane

Resources:

· Chemistry Learning Center. Collapsing Can Lecture Demonstration. 

University of Illinois, Dept. of Chemistry. http://www.chem.uiuc.edu/clcwebsite/can.html
· Lewthwaite, B. 132.127 Class Notes. University of Manitoba, 2003-2004.
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