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Experiment 2 — Graphing Density

Discussion

Density measures the “compactness” of material. For example, lead has a high density, and
Styrofoam has a low density. Mathematically, this compactness is expressed as mass per unit
volume. In chemistry, we use grams and milliliters: d = g/mL. Density is an intrinsic value; it
does not depend on the amount of sample taken. We will take advantage of this by measuring
the density of various sample sizes and averaging their densities.

Procedure

1. Obtain 5 pieces of the same object and record its name on the data sheet.

2. Weigh each object and record the values on the data sheet.

3. Choose the appropriate size graduated cylinder (smallest size that will hold the object
plus enough water). Add enough water to the graduated cylinder be able to cover your
largest sample. Record the volume to the highest precision (0.1 mL or better).

4. Carefully add the sample to the graduated cylinder. There are two things to watch out
for: breaking the cylinder and splashing water out. Tilting the cylinder and gently
sliding the object in minimize both of these risks. Record the new volume.

5. Repeat with each sample piece. If the sample pieces are small, the pieces can remain in

the graduated cylinder until all sample pieces have been added to the cylinder.

Determine the density of each piece and the average density.

7. Using Microsoft Excel®, graph the cumulative data. Use the largest values of mass and
volume to determine your x and y scales.

@

Excel® Procedure

Note that various versions of Excel® may function a bit differently from the directions outlined
below (which work on department-owned laptop computers):

Book] - Excel

File Ins: Page Layout Formulas Data
[ I 3 = - B2- - = ).. 15 Line ] Slicer
& 2 | : 17 .. . |: —
L J H = ) H - il - - o ~ Jii Column E=F Timeline
PivetTable Recommended Table [lllustrations Add- Recommended ” . PivotChart D )
PivotTables & ins~ Chante R SO Map~ 15 Winy/Loss
Tables Cha Scatter Sparklines Filters ~
Chart 3 - f - — | o
. L | i
A B C D E 1 J K |-
1 .
]
2 Temperature (2C) Volume (L) 7o \ )
3 31.49 25 Babbic
4 92.38 30
o 153.28 35| 80 __.. 9,
[ 214.18 40 -
50
7 275.08 45(| - “
% More Scatter Charts..,
8 335.97 50 fiz_More Scattes Chs N
5 40 »
o
Sheet1 [ 1 3
Ready Average: 110,615 ount: 12 Sum: 1327.38 i3] @ [ - 1 +  100%

Figure 1. Creating a Scatter plot in Excel®.
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Put the title for your x-axis (include units) in one Excel® cell (box). In the cell to the right, put
the title for your y-axis. Using these boxes as headings, input the numeric data (like a table) in
the cells under these titles (each box should contain one number; each row represents one data
point in X,y format). Click and drag your mouse to highlight just the numeric boxes. From the
“Insert” tab, choose a “Scatter” plot. (See example, below.)

Your graph must include a meaningful Chart Title and Axis Titles (with units). These Chart
Elements can be added to your graph by clicking on the “+” icon in the upper right corner of
your graph. Your instructor may request additional Chart Elements.

To add a Trendline, right click on any data point on your graph and choose “Display Trendline”
from the menu that appears. The format trendline pane will appear on the right side of your
screen. Linear should be selected by default. From this pane, you should check the box next to
“Display Equation on chart.” Your instructor may also ask you to check the box for “Display
R-squared value on chart.”
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Data and Calculations for Experiment 2
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Questions

1. Which would work better in this experiment as an unknown solid whose density is to be
determined, wood chips or small quartz rocks? Explain your choice.

2. Why is it best to use a smaller graduated cylinder as opposed to a larger graduated cylinder
for this experiment?

3. How well does the average density from the table and density from the slope of the graph
compare? Which value is closer to the accepted density of your metal in the table below
(from the CRC Handbook of Chemistry and Physics)? Calculate the percent error between
your better value and the accepted value.

Element Accepted Density (g/mL)
Aluminum, Al 2.70
Copper, Cu 8.96
Lead, Pb 11.34
Zinc, Zn 7.14

4. What is the density of a 9.343 gram piece of metal that causes the level of water in a
graduated cylinder to rise from 5.1 to 8.1 mL when the metal is submerged in the water?
Consider significant figures when doing the calculation.
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