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Goal:  To use a pipette bulb as a ‘recyclable submarine’ to explain the properties of density and buoyancy.  The lesson concludes by constructing a “submarine” that will sink to the bottom of a beaker of water and then return to the surface.

I.  Introduction and Discussion of Density



Students will be engaged in a discussion that helps them grasp the idea of density as the term relates to floating vs. sinking objects.  An explanation will be provided to delineate that mass is not the only component to determining the density of an object.  Instead, density is a function of both mass and volume.  The term buoyancy will be introduced through a Cartesian diver that affects density by changing the volume component.

II.  Building the ‘Submarine’



Students will build a mock submarine that initially sinks; then floats to the surface.  A film canister will serve as the submarine and students will use pennies to sufficiently change the mass to the point where the canister sinks.  The students should be able to understand that mass was used to vary the density of the canister without changing the volume.

III.  Demonstration



The fuel reaction used to propel the submarine back the surface will be explained.  Citric acid and baking powder react to form carbon dioxide gas.  The escaping gas will reduce the weight of the canister and allow it to return to the surface.

IV.  Raising the “Submarine”



The students will get to perform the fuel reaction with their own submarines made from film canisters and pennies.  The process will demonstrate that changing the mass component can affect density.  If time permits, the fresh water ‘sea’ will be transformed into an 8% NaCl ‘ocean’.  The submarine experiment will be repeated to demonstrate that the liquid medium also has a given density.

V.  Summary and Discussion



Review of the terms density and buoyancy.  Place emphasis on the effect of both mass and volume on density as demonstrated by the submarine and Cartesian diver, respectively.

Materials

1 new roll of paper towels

1 large 1-L water bottle beaker to use for rinsing canisters and pennies

4 fish nets to retrieve the rinsed pennies from the canister or a ‘submarine’ from the bottom of the soda bottle beaker

1 recovery hook (straighten paper clip with a small hook on the end) to retrieve the sunken submarine if the canister does not return to the surface (not provided)

8 2L soda bottle beakers

8 large pie pans

8 film canister submarines (film canister with two 4mm holes in opposite ends of the lid)


*holes were made by pressing with a bit from a drill, 8 are in box

8 containers with 15 pennies

8 small 8-oz bottles of citric acid solution (1/4 tsp acid solid per 15mL water, at least 120mL per group)

8 small, 2-oz containers of baking powder (at least 3 tsp per group)


*this is enough of both chemicals for each group to run at least 7 trials

8 taster spoons for use in measuring the baking powder

1  #1 bag for the demo in Part III


1 clear 10-oz cup


1 small (1-oz) container of baking powder with taster spoon


1 small (4-oz) bottle of citric acid solution

8 pipette bulb diver bottles (the diver has a slight color hue to help with visibility)

1 demonstration Cartesian Diver (2L bottle)

8 wide-mouth containers with 120g NaCl

1 long-handled spoon 

Note – At home preparation of Citric acid solution:   ¼ C + 1 tsp citric acid in 750 mL water
I.  Introduction and Discussion of Density

Organize the class into 8 groups of 2 to 4 students per group.

What makes an object float or sink?

Name some objects that float.

Name some objects that sink.

What is different about objects that float and sink?


Generally, objects that float are very lightweight while objects that sink are very heavy.  Some heavy things, like a boat, also float because the volume of water they displace weighs more than the boat itself.  Other things float because they are less dense (ex.  Oil floats on water, a penny sinks in water but floats in mercury).  Finally, very, very small objects can float on the surface tension (hydrogen bonding) of the water.

Define the term density (
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) as how well an object will float or sink in a given body of liquid like a bottle of water.  Explain to the class that the density is affected by the mass and volume of an object.  In comparing the density of an object floating in a body of liquid to the liquid, if the object is floating then it is less dense than the liquid, and if the object has sunk to the bottom of the container then it is more dense than the liquid.  If the object is suspended between the top layer of liquid and the bottom, then the object is at neutral buoyancy with the liquid.  

Use the large Cartesian Diver to demonstrate these principles.  The diver contains three pipette bulbs of varying density.  They are calibrated to sink differently depending on how hard the soda bottle is squeezed.  The red diver will sink first, the blue diver second, and the orange diver last.  The divers ascend in the opposite order.  With this setup, a volunteer can demonstrate an object that is more dense than the water, an object that is at neutral buoyancy, and an object that is less dense than water at the same time.  To accomplish this task, the diver must be slowly squeezed with increasing pressure until all three divers rest at different levels in the soda bottle.

Pass out 1 pipette bulb diver bottle to each group.  Explain to the students that squeezing the bottle will cause the volume to change and affect the density of the pipette bulb floating at the top.  Allow the students to squeeze the bottle and observe the pipette bulb sink.  Release the grip on the bottle and observe the pipette bulb rise.  Ask the students to place the pipette bulb diver in a position of neutral buoyancy.  (The student will have to squeeze the bottle gently, but not with sufficient force to make the pipette bulb sink to the bottom.)  Since the pipette bulb sunk, squeezing the bottle must have increased the density of the pipette bulb.  Collect the pipette bulb diver bottles.

II.  Building the ‘Submarine’

Sinking the Canister

The goal of this experiment is to make a film canister “submarine” that will sink to the bottom of a beaker of water and then slowly rise to the top.  In order to do this, students must first figure out how to make the canister sink.

Pass out the cut off soda bottles (“beakers”) filled ¾ full with water, a pie pan, and an empty film canister with two holes in the lid to each group.  Do NOT pass out any other materials, and do not allow the students to see the pennies yet.

Tell the students to place the canister with the lid on in the beaker of water and observe what happens.  (It floats.)

Ask:  What could you do to make the canister sink?

Have students fill the canister with water from their beakers and observe.  (The canister still floats.)

Ask:  Do you have any ideas of what else might make the canister sink?


Discuss the possibilities the students bring up.  Hopefully someone will suggest adding something heavier (more dense) than water.  Tell students that you have pennies they can add to make the canister sink.

Pass out a container with 15 pennies to each group.  Tell students to begin with 10 pennies in the canister and observe what happens (Still floats.)  Students should add one penny at a time until the canister sinks.  Tell the students that a VSVS volunteer will retrieve their submarine from the bottom of the beaker with the fish net.  They should then remove 1 penny.  (If 13 pennies causes the canister to sink then 12 is the number of pennies to use.)  The chemicals added to the film canister will change the mass and allow the canister to sink.  (There may be some variability in the number of pennies each group needs because pennies minted before 1982 have a greater mass than those minted later.)

This is the one possible problem in the lesson, if the directions are not followed exactly.  Make certain that students understand to use one less penny during the testing than the number of pennies required to make the canister sink.

III.  Demonstration

Ask:  What can you do to make an object that has sunk float again?


Accept any logical answers, and tell the students that they will make use of a chemical reaction to raise the canister from the bottom of the beaker.

Back to the Surface  (Use the bag label #1)

Pour the citric acid solution into a clear cup.  Add a spoonful of baking powder and ask the class to observe what happens.  (It fizzes, i.e. bubbles form.)  This will be the “fuel” that will allow the submarine to rise back to the surface.  The bubbles will push liquid out the hole in the canister lid, reducing the weight and causing the submarine to rise.

The CO2 gas produced will rise to the top of the upside-down canister and become trapped in a gas bubble at the top of the canister.  As more gas is produced, the bubble at the top will increase in size and push liquid out of the holes in the canister lid.  The lighter (less mass) canister will rise to the surface.

Explain that when the liquid and gas are pushed out of the hole, the canister becomes lighter and lighter and returns to the surface.  

A question may be asked if the force of the exiting materials also helps to propel the canister upwards, just like a rocket.  The answer is no.  If students carefully watch the canister, they will notice that it bounces up and down slightly on the beaker bottom.  This small up and down motion is the result of the force of the exiting liquid, but notice that it is not sufficient to propel the canister consistently all the way back to the surface.  The canister surfacing is due solely to a change in the canister’s mass.

IV.  Raising the “Submarine”

Pass out 1 citric acid bottle, 1 container of baking soda, and 1 taster spoon to each group.

Students should place the appropriate number of pennies in the canister and then fill it about ¾ full of citric acid solution.

While one student holds the canister and the lid over the beaker, another should add 1 level taster spoonful of baking powder to the container.  The student holding the canister should quickly seal the lid and drop the canister LID DOWN into the beaker.  Observe what happens.  Note that it may take several seconds for the canister to begin to rise.  If nothing has happened after about a minute, remove the film canister with the fish net.  The film canister including the lid and the pennies must be rinsed and dried with a paper towel before trying the procedure again.  (To rinse the materials use the extra water beaker and dip both the canister and lid to wash out any remaining reactants.  To rinse the pennies place them in the fish net and then dip the fish net into the water beaker.  Allow the students to thoroughly dry the materials.)

Repeat the entire experiment using 8% NaCl solution in the beaker.  (The soda bottle beakers hold approximately 1.5L of water so an 8% saturated NaCl solution is made by adding 120g salt to the beaker and stirring).  Students will probably need to add another penny or two to make the canister sink (remember to remove 1 penny after sinking).  They will not need any additional quantities of either chemical reactants.

The water in the beaker may turn purple when the NaCl is added.  This will not affect the submarine reaction.  The purple color is due to the presence of iodized salt being added to the beaker.  The containers of NaCl may or may not contain iodized salt.

V.  Summary and Discussion

Remind the students of the two factors that affect density:  mass and volume.  Explain to the students that the pipette bulb diver was an example of changing the volume.  By decreasing the volume of the bottle, the density of the pipette bulb was effectively increased and the pipette bulb sunk.  Explain that the film canister submarine was an example of changing the mass.  The canister was originally made too heavy to float (more dense than water) and sunk.  The gas escaping from the citric acid/baking powder reaction reduced the mass and decreased the density of the canister, which then floated to the surface. 

Reference:  Rohrig, Brian.  “Making a Mini-Submarine.”  The Science Teacher.  February, 2001.
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