Graphing Density
Target Audience:  10-12 grade Chemistry (but can be adapted for younger students)

NCSCOS Goals & Objectives:

1.04 Identify substances using their physical properties: 
· Melting points

· Boiling points

· Density

· Color

· Solubility
Student Outcomes:

· The student will be able to identify density as a physical property of matter.

· The student will be able to identify substances using density.

· The student will be able to make a scatter plot using Microsoft Excel.

· The student will be able to plot a linear regression line using Excel.

· The student will be able to determine the slope of the linear regression line.

· The student will be able to determine the density of a substance using his/her scatter plot and linear regression line.

· The student will be able to access appropriate resources to find the “known” or “theoretical” density of a substance.

· The student will be able to compare his/her experimental density value with the “known” density value and calculate his/her percent error.

· The student will be able to discuss possible reasons for his/her error.

· The student will be able to determine the density of an unknown substance.

· The student will be able to identify an unknown substance based on its density.

Materials: 
· Lab handouts, 1 per student
· 100-mL graduated cylinders, 1 per 2 students

· triple-beam balances (or electronic balances that will measure to 0.01g), 1 per 4 students

· 100-mL beakers, 1 per 2 students

· access to computers with Microsoft Excel

· CRC Handbook of Chemistry and Physics (or some other reference in which students can look up density information)

· Safety goggles, 1 per student
· An unknown substance of your choice (liquids work better than solids), about 50 mL per 2 students
Instructions:

· Students should be familiar with the equation D = m/V.  If they are not, you should cover it with them prior to completing this activity.

· Students will measure the mass of several different volumes of tap water, combine their data with that of the rest of the class, and plot the data using Excel.  (Specific instructions are on the lab handout.)  I use tap water because it is easy to get, safe to use, and cheap.☺  This is one of the first lab activities I assign during the semester, and many students need a “practice” lab with several safety reminders before they use hazardous chemicals.

· Students will analyze the data using Excel.  (Again, specific instructions are on the lab handout.)  If they have problems, there are some excellent tutorials online.  They should make a scatter plot WITHOUT lines.  Their data should be fairly linear.  They will calculate the linear regression line for their data.  The slope of this line is the density of water.  Students often don’t make this connection, so you may need to drop a few hints.

· Later, assign the lab again using a different substance.  You may choose to use different-sized pieces of a solid to introduce the concept of determining volume by difference, or you may simply choose to use a solution of sodium chloride and have them determine its concentration upon finding the density.  For this part, I simply write the question “What is the density of Unknown A?” on the board and allow students to figure out how to solve the problem.  (I make this assignment as a “lab practical” of sorts, and it counts as a test grade.  I usually reassign the lab several weeks after completing it the first time.)
Differentiating Instruction:

· For students who are up for a little more of a challenge, try asking them to plot the data and determine the linear regression line using gnuplot.
· Students who have weaker computer skills could sit near someone who could help them, or you could allow them to work with their lab partners at the computer.
