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How Dense RU?
Standards: 3.2.7B, 3.4.7A, 
Introduction and background: Liquids have some of the same properties as solids. One of the same properties is density. As in solids, liquids of lesser density will float on top of liquids of greater density.
Guiding questions: Why is the egg seemingly suspended in the beaker? Why do the liquids separate? Can you get them to combine? Will they stay combined?
Vocabulary: Density: the relationship of weight of a substance to the amount of matter in a given space. It is expressed as mass per unit volume (D=M/V
Materials (for each group of 2 students):  

10 test tubes with caps
5 transfer pipettes

Two large test tubes with caps

Answer key
25 ml of each of the following:

     Canola oil (liquid A)
     Mineral oil (dyed with food coloring) (liquid B)
     91 % isopropyl alcohol (liquid C)
     60 % isopropyl alcohol (made by taking 100 ml of 70% isopropyl alcohol and adding 20ml of water (liquid D)
     Water (dyed with food coloring) (liquid E)
Safety: Although this lab does not involve any safety hazards, proper lab procedures should be followed at all times.

Procedure: Prior to class, teacher should prepare demonstration:

Dissolve 25ml kosher salt into 500 ml water (kosher or pickling salt is used to make a clear solution. Table salt contains additives that will make the water slightly cloudy) Pour into large beaker (or other similarly large container). Place egg into container. Egg will float on salt water because it is now less dense than the salt water. Carefully pour plain water down the inside of the container to desired level. Egg should now appear to be suspended in the water. (we know it is actually floating on the layer of salt water).
Invite students to try to determine why egg is suspended. Possible answers include egg is hard boiled, or warm, or cold, or frozen, or not a real egg. Have examples of all of these to test in another beaker with just plain water. None of these examples will remain suspended – as it is not the properties of the egg that allow it to float. Suggest to students that perhaps it’s not the egg; maybe it’s the liquid. Ask them if it’s possible that liquids can have different densities. Record responses on board. Inform them that they are going to test to see if different liquids have different densities.
Provide each group of students 5 vials of liquids labeled A, B, C, D, and E. Three liquids will be colored by food coloring, one will remain clear and one will have a slight yellow color. 
Using small test tubes, students will methodically test pairs of substances to determine if they mix or remain in layers. Results should be recorded on attached data sheet. Students will then determine which liquid has the greatest density, and be able to arrange them in descending density order based upon their recorded observations.
Data table:  See attached data table
Calculations: See attached data table
Questions:  Which substance is the most dense? Which substance is the least dense? If the alcohols are less dense than water, why do you think that when they mix with water, they do not separate out, like the oils? Knowing what you know now, why do you think the egg was suspended in the beaker?
References: 

http://www.stevespanglerscience.com/experiment/seven-layer-density-column
http://www.exo.net/~donr/activities/Five-Layer_Density_Column.pdf
Credits: Don Rathjen; Exploratorium Teacher Institute; 3601 Lyon St., San Francisco, CA 94123; donr@exploratorium.edu
Data Table

Directions: Use a transfer pipette to add 2 ml of liquid A into a test tube. Use another transfer pipette to add 2 ml of liquid B. Cap test tube. Swirl tube. Note what happens to the liquids: do they mix? Does one float on top or sink beneath another layer? Observe and record your results in the table below. If the two liquids mix, write mix. If one floats on top of another, record the letter of the liquid which is on top in the upper part of the data box, and the letter of the layer which is on the bottom in the lower part of the data box.
	Substance
	A
	B
	C
	D
	E

	A
	
	
	
	
	

	B
	
	
	
	
	

	C
	
	
	
	
	

	D
	
	
	
	
	

	E
	
	
	
	
	


Calculations: Each time a substance is on the BOTTOM of a two-substance combination, give it a score of -1. Each time a substance is on the TOP of a two-substance combination, give it a score of +1. Each time two substances MIX, give each a score of 0.

Example: when adding liquid X to liquid Y, X sinks to the bottom. X should be given a score of -1, and Y should be given a score of +1. When you test liquid Y against liquid Z, Y sinks to the bottom. Y now has a value of -1. Continue until all substances have been tested and assigned a value.
When all combinations have been tested and scored, add up the total score for each substance. The one with the LOWEST score is the MOST DENSE, and the one with the GREATEST score is the least dense. Construct a density column based upon your observations and calculations. Place 3ml of the densest liquid in the large test tube first, followed by 3l ml of the next densest liquid. Continue in this manner until all 5 liquids are arranged in layers.
Based upon your results, you should be able to solve the following logic problem to determine the composition of the layers.

You have just experimented with 5 liquids: water, mineral oil, canola oil, 60% isopropyl alcohol and 90% isopropyl alcohol. Water and oil do not mix, but water and isopropyl alcohols do. The layer between the oils is not water. 91% isopropyl alcohol has been colored blue. Mineral oil cannot be colored with dye. 
Label the diagram below with its corresponding layer. You may color the column if you like.
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