The Drowning Ice Cube
By: Mandy Bird (Salter)
Curriculum component
Grade 8, Cluster 3: Fluids

8-3-01: Use appropriate vocabulary related to their investigation of fluids 

(Force, density, buoyant force)

8-3-07: Illustrate using the particle theory, the effects of temperature change on the density of solids, liquids, and gases.

8-3-08: Compare fluids of different densities to determine how they alter the buoyant force on an object.

1. Preparation:

1 medium sized beaker filled with 1 cup of water
1 medium sized beaker filled with 1 cup of household vinegar

1 medium sized beaker filled with 1 cup of rubbing alcohol (99%)

3 ice cubes of equal size
2. Safety Precautions:
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Warn students that the consumption of rubbing alcohol is poisonous
Commentary (To create a state of disequilibrium to a state of equilibrium)
*Freeze ice cubes before class in the staffroom’s or cafeteria’s freezer*
3. Review the concepts of force: 
a. “Who can tell me what a force is?”
b. “What formula do we use to calculate force?” (force = mass x acceleration)
4. Introduce the term density and buoyancy force:  “Today we are going to be expanding what we know about force by applying it the concepts of density and buoyancy.”

5. Ask for three volunteers: “Now I need three volunteers to assist me in a little experiment.”

6. Choose 3 volunteers:  “Okay, Jerry, Angela, and Tim, please come and join me by these three beakers.”
Demonstration

7. Pour liquids into beakers “Jerry, Angela, and Tim are going to be filling these beakers with three different liquids: tap water, vinegar, and rubbing alcohol.  Jerry, I want you to fill your beaker with 250 ml of water.  Angela, you’re in charge of filling the second beaker with 250 ml of vinegar, and Tim you’ve got the job of filling the third beaker half full 250 ml of vinegar…*while students fill beakers explain to the class the danger of rubbing alcohol.*… okay, great job!
8. Introduce ice cubes: “Alright now I’m going to give each of you an ice cube and I want you to just hold on to it for a second.”
9. Prediction - Ice cube in water:  “Now if Jerry were to drop his ice cube in the water, what do you think will happen to the ice cube? ... Okay Jerry, go for it!” *student drops the ice cube into the beaker of water.*
10. Observation #1: “What happened to the ice cube? (ice floats)
11. Prediction - Ice cube in vinegar: “Okay, now it’s vinegar’s turn.  When Angela drops the ice cube into the vinegar what will happen to the ice cube?  …Let’s see. Angela go ahead! *student drops ice cube in the beaker of vinegar.*
12. Observation #2:  “What happened to the ice cube?  (ice floats)
13. Prediction -Ice cube in rubbing alcohol: “Now, finally we will put an ice cube in the rubbing alcohol.  When Tim drops the ice cube, will it sink or float?  …Alright let’s try it! * student drops ice cube in the beaker of rubbing alcohol.*
14. Observation #3:  “What happened to the ice cube?  (ice sinks)
Explanation: 
1) Why did the ice cube float in the water and vinegar and sink in the alcohol?

This can be explained using two concepts:

a) On the board define the term Density: “A measure of a substance's mass per unit of volume.”  ( D = M/V)

· “So the ice cubes as a solid all have a particular mass per unit of volume, therefore ice has a particular density.”
· “Liquids also have mass per unit of volume, but not all liquids share the same mass per unit of volume, therefore all liquids do not have the same density.
· Explain that the ice cubes floated in the water and vinegar because they are both denser in comparison to ice.  The ice cube sank in the rubbing alcohol, because rubbing alcohol is less dense compared to ice.
b) On the board define the term Buoyant Force: “The upward force that a fluid exerts on an object less dense than itself.” 
· “Okay, so when an object (such as the ice cube) is put into a fluid there is an upward force (buoyant force) that pushes up on the object.  At the same time, however, there is also a downward force pushing down on the fluid from the object.”

· “If the fluid’s upward force (buoyant force) is stronger than the object’s downward force, the object will float.”
· “If the object’s downward force is stronger than the upward force (buoyant force) of the fluid, the object will sink.

· Tying it together: These two concepts go hand in hand, because if the object is denser than the fluid, its downward force will exceed the buoyancy force of the fluid and vice versa.

2) Why is ice less dense than water, if they have the same chemical components?

a) On the board draw two cubes with a common mass value inside each indicating two equal masses of water as a liquid. “Imagine that these are both two masses of water in a liquid state.  They both have the same mass and take up the same amount of space or in other words have the same volume.”


b) “Now imagine we put one of these water masses in the freezer and freeze it until it is ice.  What happens to the water when you freeze it? (It expands)… *Draw the second image as bigger, but don’t change its mass value*… If the water expands it will now take up more space (or have a higher volume.), but will not have a higher mass, because nothing has been added to it (it is still essentially the same amount of water we began with.)


c) “If we recall the formula for density (D = M/V) we can determine that if the volume value increases and the mass value stays the same, the density value will decrease.

d) Write an example plugging values into the formula on the board. (Density of water may equal 4 = 8/2 where the density of ice may equal 2 = 8/4.

e) “By using the formula for density, it shows us that water decreases in density when it freezes, because its volume increases but its mass stays the same.  This is why ice floats on water.
Concluding Questions: (Bloom’s Taxonomy)
1. Knowledge: Write the definition of density?
2. Comprehension: In your own words explain why ice can float on water even though they are made of the same chemical components.
3. Application:  Annie is washing her dog, Max, in the bathtub.  Max’s favorite bath toy, a rubber duck, playfully bobs about on the water’s surface.  When Annie tries to remove Max’s collar it slips into the water and falls to the bottom of the tub.  Using the concepts of density and buoyant force, describe why Max’s rubber duck floats and his collar sinks.
4. Analysis:  In the above question, explain how Annie could make the rubber duck sink and explain why it would sink with these particular modifications.
5. Synthesis:  With what we have just learned, if we were to add a drop of alcohol to the water, in theory, would it sink or float? Why?
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