Phase Show 2


Title: Dry Ice Snake

Age Group: K-12

Type: Stage Show/Hands On

Supplies: pilsner, warm water, food coloring, dish soap, 8’’x13’’x3’’ aluminum pan, dry ice

Description:


Prerequisites – The students should know the three stages of matter, solid, liquid and gas, and be able to identify them.  Additionally, they should understand that generally matter changes from solid to liquid, liquid to gas, gas to liquid or liquid to solid.


Objectives – The dry ice snake demonstrates the principle of sublimation, the process in which a solid skips over the liquid phase and is directly converted to a gas.


Abstract – Dry ice is added to a pilsner containing water, food coloring and dish soap.  Gas bubbles almost immediately form on the surface of the dry ice, and rise to the water surface.  The dish soap captures the gas, and rather than letting it escape into the atmosphere, creates a “snake” of bubbles flowing from the top of the pilsner.


Step-by-step instructions – 



Prep Work

1. Fill the pilsner about ¾ full with warm water.  

2. Add a few drops of dish soap.

3. Add a few drops of food coloring and mix.

During the Demonstration

1. Place the pilsner into an 8’’x13’’x3’’ aluminum pan.

2. Add a quarter-sized piece of dry ice to the pilsner.  

**do not touch the dry ice with your bare hands**

3. The dry ice sublimates and a soap snake flows from the pilsner into the aluminum pan.

4. Add more dry ice as needed to keep the demonstration running.

5. Because the dry ice cools the water, the rate at which the dry ice sublimate decreases over time.  To fix this, add more hot water and soap bubbles as needed.

Clean-up

1. Throw suds into garbage or wash down a drain.

2. Wash aluminum pan and pilsner so that they are clean for the next time demonstration is run.

3. Extra dry ice??


Explanation – (This should be performed after solid-liquid phase changes have been discussed).  We know that solids melt into liquids whenever they are warmed.  An example of this would be an ice cube taken out of the freezer and set on a table.  If you let it sit for long enough, the solid ice cube will be a liquid puddle of water.  There are some solids instead of doing this go straight to a gas when they are warmed.  An example of this type of solid is solid carbon dioxide, or dry ice.  Dry ice is a solid like water ice cubes you get from your freezer, but much much cooler – close to minus 80°F.  When we this dry ice into some warm water and the solid will change to a gas, and if we put dish soap into the water, the bubbles will capture the gas so that we can see it.  (Put dry ice into pilsner).  Watch the soap bubbles rise.  If we touch them, we can see that there is gas, not liquid inside of them.  This process, in which a solid skips the liquid phase and goes straight to a gas, is called sublimation.  The atoms that change into a gas take a lot of heat, or energy, from the warm water, and shoot off from the solid.  The gas that is formed is a gas that we already know about.  It is the same gas that we breathe out, carbon dioxide.  The soap bubbles that contain the carbon dioxide rise and form this dry ice snake.  

Technical Background

So why does dry ice sublime whereas water (ice) melts and then boils?  Unlike water, which has a boiling point significantly higher than room temperature (100˚C), the boiling point for dry ice is –78.5˚C. Because this boiling point is lower than room temperature, when the dry ice is exposed to the water slightly above room temperature, it immediately begins to boil, or be converted into a gas vapor.  So why does dry ice sublime whereas water (ice) melts and then boils?  Another reason for this is pressure.  This can be best explained by looking at the phase diagrams of water and carbon dioxide.  A phase diagram for a substance plots pressure (atm) versus temperature (°C), resulting in a y-like shape that shows the state of matter for the given condition.  The lines are flexible boundaries along which two states of matter coexist.  Finally, the point at which the three lines intersect is called the triple point, and at this temperature and pressure all three states of matter coexist.  Looking at the phase diagram of water, one can see that at low temperatures but relatively normal pressures solid water converts to liquid water.  It is possible for sublimation to occur, but below the extremely low pressure of 0.006 atm.  These conditions are rare and therefore sublimation of water rarely occurs.  On the other hand, the triple point for carbon dioxide is at                - 56.6 °C and 5.1 atm.  These are extreme conditions.  According to its phase diagram, at room temperature (approximately 22 °C) and standard atmospheric pressure (1 atm) solid carbon dioxide converts directly to a gas.  For more information, please see http://www.howstuffworks.com/question264.htm. 
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Key Terms


Boiling: conversion of a liquid to a gas by heating or decreasing pressure


Boiling Point: temperature, usually in degrees Celsius, at which a liquid becomes a gas

Sublimation: the direct conversion of a solid into a gas (skipping the liquid phase)

