Crushed Tin Demonstration
Curriculum Connection:

Gases and the Atmosphere - Chemistry C11-1-05.06 & 2-05: Pressure & Gas Volume Relationship

This demonstration effectively shows the relationship between gas pressure and temperature. This demonstration could precede a discussion of why vapour pressure varies with temperature).

Materials:


One empty aluminum can


A (preferably clear) container with ice water


Tongs


Hot plate/bunsen burner

Procedure:

· Place 10 or 15 mL of water in the aluminum can. Get students to visualize the nature of the particles both outside and inside the tin.
· Heat the can until the water has boiled for about 20 seconds. Vapour will be escaping from the hole at the top of the can. Again get students to visualize the nature of the particles both outside and inside the tin.
Ask the students to observe:


“What is happening as I heat the water?”  (water boils)


“What is coming out of the top of the can?”  (vapour appears)

Ask the students to predict:

“What will happen when I turn the can over and immerse it in cold water?”  Again ensure students are giving consideration to how the particle behaviour is likely to change. Give students time to consider the possible result.
· Using the tongs, overturn the can above the ice water and immediately immerse the top of the can in the water ensuring the lid seals with the water. 
· The can will be immediately crushed.
Ask the students to observe:


“What happened to the can”  (it was crushed)

Ask students to explain:


“Why was the can crushed?”

The following extension can be made to this demonstration:


Ask the students to predict:



“What would happen if the can was empty?”



“What would happen if the water was heated but not boiled?”

After students have made their predictions, repeat the experiment using the different variables mentioned in the above questions. Have students observe and then explain the repeated experiments.

Related Question: Why shouldn’t aerosol cans be heated?

Finally connect to the following link for a dramatic example of something gone wrong related to the principles associated with this demonstration.

http://www.delta.edu/slime/cancrush.html

Explanation:

Particulate Level


It is important for students to visualize the changes in the particles both inside and outside the can before and after heating.


When temperature increases, gas particles get more kinetic energy (heat is energy, the definition of absolute zero is the absence of energy). When the particles have more kinetic energy they start to move faster and try to spread out. If the container they are being held in is flexible enough (i.e. a balloon), they will cause the container to expand by ‘pushing’ on it sides. If the container is relatively inflexible, the container will keep its shape. The molecules will still try to push on the sides of the container, which will result in an increase of pressure inside the container.


Conversely, when temperature decreases, gas particles lose kinetic energy, move more slowly, and come closer to each other, resulting in less pressure. For example, if the gas particles inside a balloon are cooled, they will not push as hard on the sides of the balloon, and it will deflate.


As the water is heated, the temperature increases and water molecules turn into the gaseous state at a faster rate. When the water is boiling, all of the heat energy is going toward turning the liquid water molecules into water vapour. When the water is boiling, the vapour pressure (pressure being exerted by the vapour molecules) is equal to the atmospheric pressure (pressure being exerted by gas molecules in the atmosphere).


When the can is turned over and placed in the cold water, the vapour molecules inside the can lose their energy (exert less pressure). The atmospheric pressure outside the can will now be much greater than the vapour pressure inside the can. (The molecules from the outside are pushing harder than the molecules from the inside). There is a sufficient amount of pressure to crush the can.

Symbolic Level:


When the water boils, vapour pressure equals atmospheric pressure. As the temperature decreases, the pressure decreases (proportional relationship). The atmospheric pressure is now greater than the vapour pressure. The can is crushed.

Safety:

· Use appropriate safety precautions around the bunsen burner or hot plate (ie no loose clothing)
· Hold the aluminum can carefully so boiling water isn’t spilled
· Use a clean can so that nothing will burn.
Related Demonstrations:

· Attach a balloon to the neck of a flask containing water. Heat and cool the water and observe the balloon. (Balloon will get bigger and smaller due to vapour pressure.)
· Heat water to boiling in an Erlenmeyer flask. Remove from the heat and attach a rubber stopper. Wait for the water to stop boiling. Hold a bag of ice on the outside of the flask, and observe. (Water will begin to boil again due to decreased vapour pressure inside the flask.)
