OIL AND WATER DON’T MIX ACTIVITY

NCTM Addenda Series/Grades 9-12

The United States imports nearly 200,000,000 gallons of oil every day of the year.  Unfortunately, some of that oil gets spilled on the way to its destination to be refined into fuel for cars and homes.  When a major oil spill occurs on an ocean or river or lake, the shippers try to recover as much oil as possible.  The recovery is possible because most oil floats to the surface of the water and forms an oil slick.

Do you know the properties of oil and other materials that determine whether they will float or sink in water?

One part of the explanation for “floaters” and “sinkers” is a property of all matter called density.  The density of oil or water, or of any other substances, can be measured with some simple experiments and a linear model of data.

Getting ready:  To compare the density of oil and water, the research group will need some common science equipment—a centigram balance and graduated cylinders for measuring the volume of liquid—a supply of water, and some kind of oil, such as cooking oil or automobile oil.

Collecting the Data:  Use the graduated cylinder and the balance to find the mass of several different volumes of oil and water.  Begin by measuring the mass of the empty cylinder.  Then add oil to the cylinder in amounts of two cubic centimeters, measuring the mass after each addition.  Report the data in the table below.


Equation: ____________________________________

Repeat the measurement of mass for various amounts of water.  Record the data in the table below.


Equation:  __________________________________

Analyzing the Data:  Make a scatter plot for each data set to search for possible patterns.  If the patterns are approximately linear, find the median-fit line and its equation for each data set.

Compare and contrast the patterns in the tables, graphs, and equations.

· How are the [volume, mass] patterns for oil and water most similar and how are they different?

· What do those patterns tell about the properties of the two liquids?

In the linear models relating  volume and mass for oil and water, the slopes of the graphs give the densities of the two liquids.

1.  What are the slopes of the linear models found for [volume, mass] data patterns for oil and 

     water?  What do those numbers tell about the meaning of density?

2.  How do the differences in the densities of oil and water help explain oil slicks formed by oil

     floating on the top of water?

3.  If linear models like y = b + ax are found for the [volume, mass] data patterns, what does the 

     value of a tell in each case?  How could data about density be produced that would give a 

     linear model of the simplest form, y = ax?

4.  Use the models that relate mass and volume to write and solve equations and inequalities 

     matching each of these questions:

(a) What is the mass of 50 cubic centimeters of oil?

(b) How much oil would give a mass of 250 grams?

(c) What volumes of oil would give a mass of at least 500 grams?

5.  A wooden block usually will float in water.  However, a lead weight dropped into water will

     not float.

(a) What does floating or sinking tell about the density of a material in relation to plain 

water?

(b) How would graphs of [volume, mass] data for lead or wood compare with those of oil

and water?

6.  A can of Diet Coke dropped into a pan of warm water will generally float.  A can of regular 

     Coke will generally sink.  Diet Coke poured out of the can into the water will not form a 

      “Coke slick” on the surface of the water.  What does this experiment tell about factors other

      than density that are involved in the formation of an oil slick?

Answers to Oil and Water Don’t Mix Activity

The relationships are generally linear.  Substances with greater density yield graphs with steeper slopes.

1.  The slope tells the rate at which mass increases per unit increase in the volume.  The density 

      is the mass per unit volume of a substance.

2.  Oil is less dense.  It rises to the surface of the water, a more dense substance.

3.  The value of a is the density.  The value of b gives the mass of the empty container.  A model

      with 0 for b could be obtained if the mass of the container were subtracted from the total 

      mass in every measurement.

4.  We will use the model of y = ax + b, where mass, y, is a function of the volume, x, of a 

      substance.  The values of a and b will vary, depending on the substance and the mass of the

      container.  If the mass of the container is subtracted from the total mass in each 

      measurement, then b = 0 and the model becomes y = ax.  The equations and inequalities to

      be solved would be the following:

(a)   y = a[50] + b
(b)  250 = ax + b

(c) ax + b ≥ 500

5.  (a)  Objects that float in water are less dense than water.  Objects that sink in water are more

            dense than water.

     (b)  The graph of [volume, mass] data for lead would have a greater slope than the [volume,

           mass] data for wood.

6.  Coke is soluble in water.  Even though Diet Coke is less dense than water, it will not form a

     Coke slick because it will intermingle with the water molecules.
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