Phase Show 1


Title: Crush the Can

Age Group: K-12

Type: Stage Show

Supplies: propane torch, tongs, aluminum pop cans (washed out so that no pop residue remains), large tank or bucket, gloves and safety glasses

Description:

Prerequisites - Before this demonstration, students should be exposed to three phases, solid, liquid and gas, and also know that matter can convert between the three phases.  Knowledge of atoms and their behavior is helpful, but will be explained throughout the demonstration.

Objectives - After this demonstration, the student should be able to:

1. Explain what an atom is.

2. Understand how an atom responds to changes in temperature and pressure.

3. Recognize liquid to gas and gas to liquid phase changes.

4. Know that pressure is proportional to temperature.

5. Explain why the can crushes once it is heated (difference between pressure in the can and pressure in the atmosphere).

Abstract - In this demonstration, an aluminum can that contains a small amount of water is heated.  Once the water boils, the can is dipped (upside down) into a cool tank of water and then crushes.

Step by Step Instructions – 


Prep-Work


1. Fill the tank or large bucket with cool or room temperature water.

2. Fill the aluminum pop can with a small amount of water (the water level should not be more than one centimeter from the bottom of the can.

During the Demonstration

1. Hold the pop can with tongs and heat the can with the propane torch.

2. You can feel and hear when the water in the can begins to boil.

3. After the water has boiled for a few seconds, and you start to see steam escape from the can opening, quickly flip the can upside down and place the opening below the water surface in the tank.

4. The can will crush, and when you lift it, water will pour through the opening.

Clean up

1. Recycle aluminum can.

2. Extinguish torch.

3. Empty water into sink.

Explanation - Begin by explaining atoms and molecules to the students.  Atoms are the smallest pieces of matter, so small that we can’t even see one of them without a very very powerful microscope.  Atoms make up molecules, and molecules are everywhere.  There are molecules in the air and in the water inside of the can as well as in the air that is outside of the can.  These molecules are always moving, and they are bumping into each other and the walls of the can on both sides and in every direction.  When we heat up the can, we also heat up the molecules inside.  When molecules heat up, they start to move faster, and they try to stay far apart from each other.  When they move apart, some of the molecules escape from the can, meaning that there are less molecules hitting the inside walls of the can.  When we put the can into the water, there are a smaller number of molecules pushing from the inside than there are from the outside.  Pressure is force over area or how hard molecules are pushing against a surface.  Because the molecules from the outside have more pressure on the can, they crush it.


There are some real world examples of this that can help the students understand it better.  For example, sometimes when you drink a very thick milkshake through a straw, sometimes the sides will collapse.  This is the same effect, as you suck air out of the straw, but no shake follows, you are removing the air that supported the straw and kept it from collapsing.  This also happens when you drink from a juice box and then suck all of the air out of the box.  The box collapses until you take the straw from your mouth.  Once you let go of the straw, the box refills with air and starts to take its original shape.

Safety:  Be careful with the propane torch and lighter.  Make sure that the area in which you’re performing is free of flammable items.  Clearly, it is important to keep all flame, matches, the torch, etc away from the children.  Demonstrate safe science practices by wearing the glasses and gloves.

Technical Background:  The ideal gas law states that PV = nRT, where P is pressure, V is volume, n is number of moles, R is the universal gas constant and T is the temperature, in Kelvin, of the gas.  In this demonstration, this law is useful in that it tells us that temperature is proportional to pressure.  When heating the can, the air molecules begin moving faster and taking up more space.  Eventually the hot air molecules replace the air in the can.  When the can is submerged in the tank of water (with the opening on the bottom), the hot air cools, and the temperature in the can decreases.  By looking at the ideal gas law, a decrease in temperature is accompanied by a decrease in pressure inside of the can.  There is low pressure inside the can and a higher pressure on the outside, which causes the can to collapse.  The can doesn’t crush flat because as the can is crushing, water is also being sucked into the can through the hole, due to the lower pressure in the can.  Once the pressure on the inside equals the pressure on the outside, the can then ceases to collapse.
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Key Terms:

Atom: the smallest piece of matter

Ideal gas law: pressure and volume are proportional to the number of moles of gas, the gas constant and temperature (PV = nRT)

Molecule: two or more atoms of the same or different elements bonded together

Pressure: force per unit area

