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The following activities are from Operation Chemistry and are used to teach the concept of density after the concepts of mass and volume are secure with the child. The amount of work required to uncover the child’s conceptions (and misconceptions) and firmly secure the concepts of mass and volume in sixth graders is remarkable. Yet, until the concepts of mass and volume are held naturally within the child’s framework of thinking, density can not be understood at anything other than the level of rote memorization.
Please rework the following to your liking, as they are given to you electronically for just that purpose. I have included just the basics.

Activity 1- Density Demonstration
Key Concept- The same mass of different substances can have very different densities.
Materials- small bag of sand, large bag of Styrofoam peanuts with same mass as bag of sand
Procedures

1. Hold up the bag of sand and the bag of Styrofoam peanuts.

2. Ask students which bag might cause more damage if it fell on them.

3. After getting their ideas, tell them that the two bags have the same mass.

4. Continue the discussion, introducing the concept of density if they do not suggest it.

5. Add substances in between sand and Styrofoam peanuts (like popped corn and unpopped corn).

Questions

1. Why are mass and density called physical properties?

Physical properties are characteristics that can be observed without changing a substance into another substance. Mass and density are both physical properties.

2. Is mass dependent on the identity of the substance and/or the sample size? Is density dependent on the identity of the substance and/or the sample size?

Mass depends on the identity of the substance and on the size of the sample. Density is determined by the identity of the substance but is independent of sample size.

3. What is the relationship between mass and density?

Density is the mass of a substance divided by its volume

4. How can you tell if two substances with the same mass have the same density?

Two substances with the same mass will only have the same density if they also have the same volume. Otherwise, the one with the larger volume will have the lower density.
Activity 2- Same Mass, Different Density
Key Concept- Substances having the same mass have different densities depending upon their volumes- the greater the volume, the less dense the substance.
Materials- samples of the same mass of different substances in bags (6 bags per set)
Procedures

1. Pick up each of the samples and feel how each has the same mass.

2. Arrange the samples I order of density, starting with the least dense.

3. Compare your results with those of the other participants.

Questions

1. For two samples with the same mass, would the sample with the larger volume be more dense or would it be less dense than the one with the smaller volume?

If samples of substances have the same mass, the one with the larger volume would be less dense than the one with the smaller volume.

2. Consider two samples of the same substance, on with a greater mass than the other. How do the volumes of the two samples compare? How do the densities of the two samples compare?

The sample with the greater mass will have a larger volume. The two samples will have the same density because they are the same substance. The volume will have increased just enough to balance the greater mass.

Activity 3- Same Volume, Different Densities
Key Concept- When substances have the same volumes but different masses, the substance having the greatest mass will be the most dense.
Materials- (one set of baggies for each group of four) samples of the same volume of different substances in bags
Procedures
1. Observe each of the samples. Notice that they all have the same volume.

2. Pick up each sample, feeling how much it weights.

3. Arrange the samples in order of density, starting with the least dense.

4. Compare your results with those of your team.

Questions

1. For two samples with the same volume, would the sample with the greater mass be more dense or would it be less dense than the one with the smaller mass?

If samples of substances have the same volume, the one with the greater mass will be more dense.

2. Consider two samples of the same substance, one with a greater volume than the other. How do the masses of the two samples compare? How do the densities of the two samples compare?

The sample with the greater volume will have a greater mass. The two samples will have the same density because they are the same substance. Density is a property of the substance that is independent of sample size. The mass will have increased just enough to balance the greater volume.

Activity 4-Mass, Volume, and Density
Key Concept- Density depends on the type of material, not he amount.
Materials- a variety of samples of substances having the same and different volumes, the same and different masses, and the same and different densities.
Procedures

1. Observe the volumes of the different samples.

2. Pick up each of the samples, feeling how much it weighs.

3. Arrange the samples in order of density, starting with the least dense. Some samples may have the same density.

4. Compare your results with those of the other teams. Discuss how you made your decisions. If you do not agree, discuss why.
Questions

1. What is the relationship among mass, volume, and density?
Density is the mass of a sample of a substance divided by its volume.

2. Are the mass, volume, and density of a substance dependent on the size of the sample of substance?

The mass and volume are dependent on sample size. The density of a substance is dependent only on the identity of the substance and is independent of sample size

3. Consider a sample of a substance. If the sample is divided in half, how do the masses, volumes, and densities of the new samples compare with the mass, volume, and density of the original sample?

The masses and volumes of the new samples are half the mass and volume of the original sample. The densities of the samples are all the same because density is independent of sample size.

Activity 5- U Are So Dense?
Key Concept- A given mass of a liquid can balance the same mass of another liquid in a U-shaped tube.
Materials- 25cm square of pegboard, 50cm length of clear plastic tubing, 3 twist ties, U-tube, water, isopropyl rubbing alcohol
Advanced Preparation:

1. Bend the piece of clear plastic tuning into a “U.”

2. Place the tubing on the board and fasten by twisting the twist ties through the board and around the tubing.

Procedures:
1. Pour water into the U-tube so that it is about ½ full. Ask how the levels of liquid in the two sides of the U-tube compare. (They are the same.)

2. Pour the isopropyl rubbing alcohol into one side of the U-tube until the liquid on tone side of the tube is near the top of the tube. Slow, careful pouring will limit mixing. The level of liquid in the two sides of the U-tube will be different; the side containing the more dense liquid will be lower.
Although both liquids are clear, and colorless, there may initially be an observable intersection between them. This will disappear within a day. Otherwise, mixing will be very slow in the tube is not disturbed, and the levels will not change significantly for days or weeks.

3. Discuss the students’ observations. Encourage interaction.

Questions

1. Which is more dense: water or isopropyl rubbing alcohol?

Water is more dense than isopropyl rubbing alcohol.

2. Would equal masses of isopropyl rubbing alcohol and water have the same volume? If not, which liquid would have the larger volume in each case?

No. A specific mass of rubbing alcohol would have a greater volume than that same mass of water. You need a greater volume of the less dense liquid.

3. We have seen that the height of liquid in both sides of the U-tube need not be the same. What must always be the same?

The mass of liquid on each side of the U-tube must always be the same.

4. Explain why the levels in the U-tube are different when two different liquids are used.

In order for the mass on each side of the UK-tube to be the same, the volume of the less dense liquid on the side (and thus its height in the tube) must be greater than the volume of the more dense liquid on the other side.
Activity 6- The Wave Bottle
Key Concept- A wave bottle can be created with oil and water due to their differences in density and in polarity.
Materials- clear, colorless bottle with cap, mineral oil to fill bottle ½ full, water, food coloring
Procedures

1. Fill the bottle ½ full of mineral oil.

2. Fill the bottle the rest of the way with water. Observe which liquid ends up on top and which on the bottom.

3. Observe carefully as you add several drops of food coloring.

4. Put the cap on the bottle and tighten firmly.

5. Turn the bottle on its side, rock it back and forth, and observe.
Questions

1. Did the mineral oil and water mix together or remain separate?

The two liquids did not mix.

2. Which liquid floated on top of the other?

The mineral oil floated on top of the water.

3. Which liquid is less dense and how do you know?

The mineral oil is less dense than the water. We know this because it floated on top of the water instead of the water floating on top of it.

4. Describe what happened when the food coloring was in the mineral oil.

The behavior of the food coloring in the ineral oil may vary a bit from wave bottle to wave bottle. Sometimes it is held temporarily on the surface by surface tension. However, when it does drop through the mineral oil, it takes the form of a sphere. This shape gives the minimum surface area to the food coloring which is attracted to itself but not to the mineral oil.

5. Describe what happened when the food coloring was in the water.

The drops may also be held temporarily at the interface between the oil and the water. Once into the water, they seem to break apart and spread out in all directions. This continues until the water is one uniform color throughout.

Activity 7- Floating in the Middle
Key Concept- It is possible to layer liquids according to their different densities- those with lower densities will float on those with greater densities.
Materials: beaker, dropper, isopropyl rubbing alcohol, vegetable oil, water
Procedures

1. Pour water about 2 cm deep in the beaker.

2. Hold the container at a slight slant and slowly and carefully pour the isopropyl rubbing alcohol down the side of the beaker. Use about the same amount of alcohol as you used water.

3. Fill a dropper with vegetable oil. Position the tip of the dropper in the beaker at the intersection of the two liquids and squeeze out a large drop of oil. Try not to disturb the alcohol and water layers when moving the dropper in and out. 
Questions

1. Why do you think the alcohol floats on top of the water instead of the water floating on the alcohol?

The alcohol floats on the water because it is less dense than water.

2. What would happen if the alcohol were simply dumped quickly into the container of water?

If the alcohol were dumped quickly into the container of water, the two liquids would mix, at least partially. This might not ruin the experiment, but it would certainly make it more difficult.

3. Why do you think the oil floats between the other two liquids?

The oil floats between the alcohol and water because it has a density between the densities of the alcohol and water.

4. What would happen if the oil were dropped on top of the alcohol layer?

If the oil were dropped on top of the alcohol, it would sink through the alcohol layer until it reached the water and then stop.

5. What would happen in the oil were squeezed out of the dropper when its tip is near the bottom of the liquids in the container?

If the oil were squeezed out near the bottom of the container, it would float up through the water layer until it reached the alcohol and then stop.

Activity 8- The Density Tower

Key Concept- Liquids will float on liquids that are more dense and will sink in liquids that are less dense.
Materials: tall, narrow jar or graduated cylinder, light corn syrup, glycerin, Dawn detergent, water, vegetable oil, isopropyl rubbing alcohol, 10 W motor oil, 4 small, clear plastic cups, blue food coloring, plastic spoons, paper towels
Procedures

1. Pour a thin layer of water into two of the small plastic cups. Add a drop of food coloring to each cup of water and stir.

2. Predict what you think will happen when you add a thin layer of corn syrup to the first cup of water. Record your prediction in the chart below. Now, add the corn syrup to the cup by tilting the cup slightly and pouring the liquid down the side. Look to see if the corn syrup is above or below the water. (Is the corn syrup more or less dense than the water?) Record your observations on the cup chart.

3. Predict what you think will happen when you add a thin layer of vegetable oil to the second cup of water. Record your predictions in the chart below. Now, add the vegetable oil to the cup by tilting the cup slightly and pouring the liquid down the side. Is the vegetable oil above or below the water? Is the vegetable oil more or less dense than water? Record your observations on the cup chart.

4. Predict what will happen when you put a layer of corn syrup and a layer of vegetable oil in the third cup. Which will be on top of the other? Record your predictions in the chart below, then gently combine the liquids as you combined the liquids in steps 2-3.  Record your observations.
5. Predict what will happen when you put a layer of vegetable oil and a layer of motor oil in the fourth cup. Which will be on top of the other? Record your predictions in the chart below, then, gently combine the liquids as you combined the liquids in Steps 2-4. Record your observations.

	CUP CHART

	Contents
	Water and Corn Syrup
	Water and Vegetable Oil
	Vegetable Oil and Corn Syrup
	Vegetable Oil and Motor Oil

	Prediction: top
	
	
	
	

	Prediction: bottom
	
	
	
	

	Actual: top Layer
	
	
	
	

	Actual: bottom Layer
	
	
	
	

	Which of 2 liquids is most dense?
	
	
	
	


6. You now have enough information to be able to make complete the Density Tower chart.

	Density Tower

	Least dense
	

	Second least dense
	

	Third most dense
	

	Most dense
	


7. After completing the Density Tower, carefully dispose of the liquids in your four plastic cups as directed.

8. Layer the four liquids by pouring them into the cylinder. Make the layers about 2 cm deep. The most dense liquid should be poured directly into the bottom of the container. The other liquids can be poured down the side. Add liquids by order of density- most dense first and least dense last.

Activity- 9 Floating Bubbles
Key Concept- A layer of soap bubbles “floats” on carbon dioxide gas due to differences in their densities.
Materials: 3L beverage container with curved top cut off, baking soda, 1 Tbsp measure, vinegar, ¼ cup measure, soap bubble solution, straw, newspaper
Procedures

1. Cover table top with newspapers to catch any soap bubble mess. Put the 3L container on the newspapers.

2. Measure out 2Tbsp of baking soda and sprinkle it into the bottom of the 3L container.

3. Pour ¼ cup or vinegar over the baking soda. Observe the reaction.

4. Use the straw to blow soap bubbles over the top of the 3L container. Observe as some of the bubbles sink into the container.
Questions

1. How can you tell that a gas is being produced when the reaction occurs between vinegar and baking soda?

The reaction between vinegar and baking soda bubbles vigorously, indicating the formation of a gas.

2. Describe what happened to the soap bubbles that fell into the container after the reaction occurred between the vinegar and baking soda.

Some (or all) of the soap bubbles stop falling before they reach the surface of the liquid or the bottom of the container. A few may go to the bottom immediately. If observed for a period of time, the bubbles sink further as the carbon dioxide layer is disturbed.

3. Why do the soap bubbles float above the surface of the liquid in the3L container?

The soap bubbles are floating on the layer of gas produced by the reaction. This gas must be more dense than air (because it stays in the container) and more dense than the soap bubbles (because they float on it).

Activity 10- The Cartesian Diver
Key Concept- Density differences account for the working of the Cartesian diver.
Materials: 2L plastic soda bottle with cap, tall container, dropper, water, food coloring
Procedures

1. Fill the 2L soda bottle almost to the top with water.

2. Fill the tall container with water and add several drops of food coloring.

3. Partially fill the dropper with water so that the dropper floats with its top just at the surface of the water in the container.

4. Place the dropper into the 2L bottle, put the cap on the bottle, and tighten.

5. Gently, press the sides of the 2L bottle until the dropper moves. Observe.

6. Release the pressure on the sides of the bottle and observe.
Questions

1. What happened to the volume of the gas in the dropper when you squeezed the 2L bottle?

The volume of gas in the dropper decreased.

2. What happened to the water level in the dropper when you squeezed the 2L bottle?

The water level in the dropper rose when the 2L bottle was squeezed to occupy the volume lost to the gas in the dropper.

3. What happened to the dropper when the 2L bottle was squeezed? Why do you think that happened?

The dropper sank when the 2L bottle was squeezed. The additional water increased the mass and thus density of the diver until it was more dense than the water around it.

4. What happened to the water level in the dropper when you stopped squeezing the 2L bottle?

The water level dropped again when the pressure on the bottle was released.

5. What happened to the volume of gas in the dropper when you stopped squeezing the 2L bottle?

The volume of gas in the dropper increased when the pressure on the bottle was released.

6. Which phase, gas or liquid, in the 2L bottle changed volume and thus density more in response to pressure when the 2L bottle was squeezed?

The gas phase changed volume and density more in response to the pressure on the system. The decrease in the volume of gas within the dropper was easily visible. While the volume of liquid in the dropper clearly increased, it simple moved in from the 2L bottle.
Activity 11- Dancing Spaghetti
Key Concept- When objects more dense than water are joined to objects less dense than water, the entire unit will float if the overall density of the combination is less than that of water.
Materials: beaker, water, baking soda, vinegar, spaghetti, 1 tsp (5 mL) measure, 1 Tbsp (15 mL) measure
Procedures

1. Fill a clear cup about ¾ full of water. 

2. Add one tsp (5 mL) of baking soda and stir until dissolved.

3. Break a piece of spaghetti into 2-3 cm pieces and add to the cup.

4. Add 1 Tsp (15 mL) of vinegar to the cup. Observe closely.

5. If nothing noticeable occurs after several minutes, add more baking soda and/or vinegar.
Questions

1. Why do you think the spaghetti sank when first added to the container?
The spaghetti is more dense than the water and baking soda solution so it sinks.

2. Why do you think the spaghetti rose to the surface of the liquid?

When the vinegar is added, a chemical reaction occurs that produces a gas. Some of the gas bubbles adhere to the spaghetti. The density of the spaghetti plus gas is less than the density of the water solution so the spaghetti and gas bubbles float up in the solution.

3. Why do you think the spaghetti sank again after rising to the surface?

a. When the spaghetti with attached gas bubbles reaches the surface of the liquid, the gas bubbles burst The spaghetti alone is more dense than the solution, so it sinks. The process is repeated as the spaghetti picks up and loses gas bubbles.
