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Goal:  To explore the concept of density.

Lesson Outline

I.  Introduction

A.  Coke/Diet Coke Density Demonstration

Ask students if they think both will sink, float, or show a difference. Coke sinks and Diet Coke floats.  The density of Coke is higher because of the amount of sugar added to the mixture.

B.  Defining Density

Explain the concept of density to students.

C.  Density Activity

Students calculate the densities of regular coke and diet coke respectively.  Students use marbles and sugar to demonstrate how sugar crystals pack around marbles, mimicking how sugar crystals pack around water molecules.  Students will use an oil and water bottle to demonstrate how liquids of different densities layer.

II.  Demonstration of Experimental Procedure

Divide the class into pairs.  Show the students the marks on the cylinder.  Demonstrate the procedure for adding liquids to the cylinder by tipping the cylinder and pouring down the side.  Go over the observation sheet with the students to make sure they understand they will be adding liquids to their cylinder three times.  Each time they will work with two of the liquids (identified on the observation sheet).

III.   Experiment

Students will test three different sets of liquids to determine the density of each liquid.  Using the results from this experiment, VSVS volunteers will lead a discussion on how all four liquids would layer.  Students will test the class hypothesis by adding the liquids in the order they guessed.

IV.  Plastic Recycling Codes

Students will identify the type of an unknown plastic (PETE or HDPE) using their knowledge of density. 
Materials:

8
oil and water bottles containing a bead

1
clear bucket
2
Coke cans - 1 Diet, 1 Regular
1    Demo Bag containing:



1
cylinder with marks


1
1 oz. bottle containing water with blue food coloring



1
5oz cup
16 
ziploc bags, each containing:




1  cylinder with marks




1  1-oz. bottle containing syrup 




1  1-oz. bottle containing water with blue food coloring




1  1-oz. bottle containing rubbing alcohol with green food coloring



1  1-oz. bottle containing cooking oil 



1  clear 5-oz cup
16 
plastic plates
8
8-oz. jars for waste liquids (pairs will share)
1    container of hand wipes 

1
roll of paper towels
1 
bag containing 10 extra cylinders


1 
bag with 15 2 oz. cups containing 10 marbles and lid
8
teaspoons

8 
jars salt
1 
large ziploc bag as waste container for used cups, used cylinders

1 
small jar with water

1 
small jar with cooking oil

1 
small jar with isopropyl alcohol

1 
small jar with syrup

1 
bag with 4 pieces of “green plastic”

1
bag with 4 pieces of “yellow plastic”

16
Instruction sheets 
32 
Observation Sheets
I.  Introduction
A. Coke/Diet Coke Density: Demonstration


Materials


1 clear bucket

2
Coke cans - 1 Diet, 1 Regular

· Fill the bucket with water.  Place the 2 soda cans next to the bucket. 
· Ask the students what they think will happen when you place the can of Coke in the water.  Accept answers and then place the can of Coke in the water, it should sink.
· Next, ask the students what they think will happen when you place the can of Diet Coke in the water.  Accept answers.  In this case, the can of Diet Coke floats.

· Ask the students about what reasons they can give for why the Coke sinks, but the Diet Coke floats.  Accept reasonable answers (the cans have not been altered in any way).  After a few guesses, tell them that the difference between the two cans are their densities. 

B. Defining Density

· Ask the students whether they know what density is.  Tell them that they can think of density as how much mass there is in a given volume.   
· In math terms, D (density) is equal to mass (m) divided by volume (v):  D = m/v.  Write this equation on the board, along with the definitions of the symbols (D, m, v).
· Sum up the difference between high density and low density with these generalizations:
· High density means there is a lot of material in a given space (volume)
· Low density means there is little material in a given space (volume).
· Draw the following pictures on the board.


                          high density                                            

     low density

Divide the class into pairs.

II. Density Activities
A.  Calculation

As the students saw in part A, two objects (the cans of soda) that have the same volume (382 mL), can have different densities. 

Put the following chart on the board:

Regular Coke





Diet Coke
Volume: 
382 mL.




Volume: 
382 mL.

Mass:
387 g





Mass: 

367 g

· Point out that the volume (or amount of coke in each can) of each can is the same, but the mass (weight) of each can is different.  

· Then ask the students if they can think of a reason for the difference in mass. 

· Share the following explanation with students.

Explanation
The masses of the diet and regular soda are different because regular soda contains 39 g of sugar (14 sugar packets) while diet soda contains none (but does contain artificial sweetener).  Hold up 14 packets of sugar to emphasize how much sugar is in a regular can of soda. 

Using the equation on the board, go through the density calculation with students.    

Regular Coke





Diet Coke
D = 387 g/382 mL





D = 367/382 mL

D = 1.01 g/ml





D = 0.96 g/mL 

B.  Density Activity
Materials

8
containers of salt

8 
teaspoons 

15
2-oz. cups containing 10 marbles and lid

· Give each pair of students 1 2-oz cup of marbles.

· Give each pair of students 1 jar of salt and 1 teaspoon
· Tell the students to remove the lid from the 2-oz. cup and look at the 10 marbles that are in the cup.  In this demonstration, the marbles represent water molecules.

· Have the students pour 2 teaspoons salt into the cup and ask the students what they observe. (The crystals pack in around the marbles, filling in the spaces between the marbles, just as it does in the water.)

· Clean-up: Tell the students to put the lid back onto the 2 oz. cup. 
· Have one of the VSVS team collect all of the 2-oz cups and put them in the “marbles” Ziploc bag.

· Refer back to the high density/low density diagram on the board and have the students understand that since there is more material (mass) in the salt water, the salt water is more dense.
· Share that density is a property of solids, liquids, and gases. We will be exploring the densities of liquids.   

C.  Oil and water bottle:

· Tell the students to look at the oil and water bottles and note that there are 2 layers.  

· Ask the students if they know why there are 2 layers.  The 2 liquids have different densities.  
· Explain that liquids with different densities will not mix with each other.  The densest liquid will always be on the bottom.

· Tell the students to shake the bottle (not too vigorously) and observe that the liquids will separate into the 2 same layers.

· Ask the students where they may have noticed this at home?  Oil and vinegar salad dressings are separated into 2 liquids until shaken.
· If the students ask what the bead is doing in the bottle, tell them it will be explained later in the lesson.
III. Layering Liquids 

A.  Demonstration of Experimental Procedure
Materials


Demo Bag containing:


1
5-oz clear cup



1
plastic plate


1
cylinder 



1
1 oz. bottle containing water with blue food coloring 
· Point out the measuring lines on the side of the cylinders.
· Tell students that they should add the first liquid to the lowest measuring line.  
· Put the cylinder in the 5 oz cup and demonstrate how to add liquid to the cylinder by tipping the cylinder so that it is resting against the slanted edge of the cup.  Then carefully pour the water from the 1 oz bottle down against the inside of the cylinder so that the liquid runs down the side.  After pouring the liquid, the cylinder is set upright again.
· Tell students they are going to be using four liquids – syrup, cooking oil, water, and rubbing alcohol.  Emphasize the importance of being careful to keep everything in the plate.  

· Tell the students that they will add liquids to their cylinder three times (for three trials).  In each trial, they will work with two of the liquids.  It is important for them to follow the procedure listed on their observation sheet, because if alcohol and water are added together, this will not create the effect of layering (see note in Part III below).
· When they have added both liquids to the cylinder, they will then note on their observation sheets how the liquids layered.
· After each combination trial, the liquids are poured out of the cylinder into the waste container (8-oz. jar) and the cylinder is put back into the 5-oz cup.

· Remind the students that dense liquids will sink below less-dense liquids.  Students may ask whether adding the liquids in a particular order will affect the layering.  In all but one case (alcohol and water), it will not. 


B.  Experiment

Materials (for pairs)
1 bag containing



1
cylinder with marks


1
1 oz. bottle containing syrup 



1
1 oz. bottle containing water with blue food coloring



1
1 oz. bottle containing rubbing alcohol with green food coloring


1
1 oz. bottle containing cooking oil 



1 
clear 5-oz cup

1 
plastic plate
1 
8 oz. waste jar – to be shared between pairs
1
hand wipe 
2
Observation sheets
· Hand out the materials to each pair and caution students not to taste any of these liquids.

· Point out the liquids that they will be using in each trial and encourage the students to take turns adding the liquids.

· Circulate the room to help the groups.  Make sure they are emptying the cylinder into the waste jar after each trial.  Any spills of oil or syrup should be cleaned up.

· One of the VSVS team members should empty the waste jars into the 1-liter waste container as soon as pairs finish the experiment.  The solutions can be dumped into a sink if there is one in the classroom.
· Draw a picture of the cylinder on the board, with 4 layers shown.  Ask students if they can guess where each layer would be if all four substances were added?  Guide students through the discussion using the following comparisons.  Make sure to label the layers on the cylinder as the students give the correct answer.  Ultimately, the layers from bottom to top should be syrup, water, oil, alcohol.
· alcohol is less dense than oil
· oil is less dense than water
· water is less dense than syrup

· Therefore, alcohol is less dense than oil is less dense than water is less dense than syrup.  
Tell the students that they will test their hypothesis by adding all 4 liquids to the cylinder.  Before the students start, share the following instructions with the students:
· To be careful not to overfill the cylinder.

· Add the liquids in the order shown on the board, with the bottom layer first (syrup, then water, then oil, and finally alcohol).

· If the hypothesis is correct, the liquids will layer with minimal trouble.  If it is not correct, the liquids will either move locations in the cylinder, or only three layers will be present (this will occur if students put alcohol next to the water).

· Tell the students to write down their observations on the remaining set of lines.

IV.  Plastic Recycling Codes: Demonstration
· Tell the students to look at their oil and water bottles, and notice where the bead is floating.  It will be between the top of the water layer and below the oil.
· Ask the students if they know why the bead is here, rather that on top of the oil or at the bottom of the water?  The density of the bead is more than that of the oil, but less than that of water.

· Tell students to look at their Instruction sheet and find the chart shown below.
· Direct the students’ attention towards the seven triangular symbols on their Instruction sheet.

· Tell the students that there are hundreds of different types of plastic polymers.  Today, the focus will be on two types of recyclable plastics - #’s 1 and 2.  

Explain that each number corresponds to a different type of plastic. 

	Plastic Type
	Symbol #
	Approx. Density
	Used for:

	PETE
	1
	1.37 – 1.26
	Soda Bottles

	HDPE
	2
	1.00 – 0.93
	Milk jugs


Since density is a property of a substance, each type of plastic has a different density.  

· Ask students what will happen if we drop a piece of plastic into a liquid that is more dense than the plastic.  Less dense?

· Drop a piece of each kind of plastic into each jar (water, isopropyl alcohol, corn syrup, and cooking oil).  

· Have students observe what happened to both pieces of plastic.  Is there any jar where the two different pieces of plastic fall to different places?  In the water jar, the PETE should float to the bottom and the HDPE should be on the top.  Ask students if they can identify the type of plastic in the jar using their knowledge of density.

· Since the density of the liquids is known, an estimate of the plastic’s density can be made and identified as either PETE (#1) or HDPE (#2). 
Densities of liquids: 
water 


1.00 g/mL





Isopropyl alcohol
0.87 g/mL






Corn syrup

1.37 g/mL





Cooking oil

0.91 g/mL


· If you haven’t already done so, pour all waste solutions into the 8 oz jars and pour the contents down the sink.  If there is no sink, make sure the lids are screwed on very tightly and put all jars in a large plastic bag.   

· Make sure the bag is sealed. Then put it back in the kit box. 

· We re-use all cups and bottles, so please make sure everything is returned to the box! 

· Please return the kit to the VSVS lab the same day you used it. 

Lesson written by   
Pat Tellinghuisen, Director of VSVS, Vanderbilt University


Dr. Joe Lopez,
 Vanderbilt Center for Science Outreach

Dr. Melvin Joesten, VSVS Faculty Adviser, Vanderbilt University
Heather Day, Program Assistant for VSVS, Vanderbilt University

Vaughn Hetrick, UGTF, Vanderbilt University
Density Observation Sheet

Name __________________________________

Introduction:  High density means there is a lot of material in a given space and low density means there is little material in a given space.  Which of these pictures represents high density, and which represents low density?


____________________                                               ____________________

Using the following chart and equation, calculate the density of Diet Coke and Regular Coke.  The VSVS team will go through this calculation with you on the board.




Regular Coke





Diet Coke
Mass: 
387 g





Mass: 

367 g

Volume:
382 mL





Volume: 
382 mL

        Density:    ____ g/mL                                                      Density:           _____ g/mL

Experiment: The liquids you will test differ in their densities.  As a result, they will form layers with the more dense liquids on the bottom and the less dense liquids on top.  On the lines next to the pictures of the cylinders, write how the liquids layer. 


Trial #1:

Water and oil

Trial #2:

Water and syrup
Trial #3:
Oil and alcohol

From the results of the three trials, what would be the order of layering of the four liquids?  Write down your hypothesis.  You will then observe the actual order.  Was your hypothesis correct?
Hypothesis:                                                                     
Observation:


	Color
	Approximate

Density (g/mL)
	Plastic Type

(number and symbol)
	Where should the plastic be in each jar?
	Can you identify where it came from?

	Green
	1.26 – 1.37
	PETE (#1)
	
	

	Yellow
	0.93 – 1.0 
	HDPE (#2)
	
	


Plastic Recycling Codes:
Density Observation Sheet Answers
Name __________________________________

Introduction:  High density means there is a lot of material in a given space and low density means there is little material in a given space.  Which of these pictures represents high density, and which represents low density?


High Density__________                                              Low Density__________
Using the following chart and equation, calculate the density of Diet Coke and Regular Coke.  The VSVS team will go through this calculation with you on the board.




Regular Coke





Diet Coke
Mass: 
387 g





Mass: 

367 g

Volume:
382 mL





Volume: 
382 mL

        Density:    1.01_ g/mL                                                      
Density:          0.96_ g/mL
Experiment: The liquids you will test differ in their densities.  As a result, they will form layers with the more dense liquids on the bottom and the less dense liquids on top.  On the lines next to the pictures of the cylinders, write how the liquids layer. 


Trial #1:


oil

Water and oil
                                                                                water


Trial #2:

Water and syrup
water
                                                                              syrup

Trial #3:
Oil and alcohol


alcohol


oil

From the results of the three trials, what would be the order of layering of the four liquids?  Write down your hypothesis.  You will then observe the actual order.  Was your hypothesis correct?
Hypothesis:                                                                     
Observation:

 alcohol
alcohol

oil
oil
water
water
syrup
syrup
Plastic Recycling Codes:
	Color
	Approximate

Density (g/mL)
	Plastic Type

(number and symbol)
	Where should the plastic be in the column?
	Can you identify where it came from?

	Green
	1.26 – 1.37
	PETE (#1)
	at the bottom of the water jar.
	soda bottle

	Yellow
	0.93 – 1.0 
	HDPE (#2)
	floating on the top of the water.
	milk jug


Note:  Share the following information with students:  The density for regular coke is only slightly greater than the density of water (1.00 g/mL).  As a result, some regular cokes float; especially older ones which show a slightly expanded lid.  Tests in the lab show that the lid on old cans of regular coke expand so the volume of the can is slightly larger (387 mL) which gives a density of 1.00 g/ml.)





Note:  While this activity is going on, one of the team members should assemble the materials for the next part.





Note: Tell students that spills should be wiped up with a hand wipe.  They should clean up any syrup and oil spills.  When finished, they should make sure that the bottle caps are tight and should also wipe the bottles with the hand wipe! 





For VSVS Members Only.


1.  The liquids will layer in the following order:


			isopropyl alcohol	green 		1st (at the top) - least dense	


			cooking oil		yellowish	2nd


			water			blue		3rd


			syrup			brownish	4th (at the bottom)-most dense


2.  Important.  Alcohol mixes with water, so layering cannot occur with these 2 liquids.





Important!!!  Several team members should collect all the materials from the students and take care of cleaning up while one of the team members discusses conclusions with the students.  It is important to return the kit in good condition.  VSVS lab workers really hate messy oily sugary spills!  Return messy kits at your own risk!





Density = mass/volume  





Density = mass/volume  








