Lab:  Determining Density
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Background Information:  Which is heavier, a kilogram of lead or a kilogram of feathers?  This is an old question with a simple answer.  Since both objects have a mass of 1kg, they are equally heavy.  Each feather, however, has less mass than each piece of lead.  So a greater number of feathers are needed to make a kilogram.  And the more feathers there are, the more space they take up.  The space an object occupies is its volume.  So a kilogram of feathers has a greater volume than a kilogram of lead.  The mass of a certain volume of feathers is different from the mass of the same volume of lead.


The mass of a specific volume of an object is called density.  Density can be expressed mathematically as: Density = mass / volume.  Density is a property of all objects.  In this investigation you will learn about this important characteristic.

Purpose:  How can the density of an object be determined?

Materials: 
 triple-beam balance

metric ruler

modeling clay

100-mL graduated cylinder
metal cube

metal rectangle

Procedure:

Part A:  Density of Rectangular Solids

1. Using the balance, determine the mass of each metal solid.  Read the mass of each solid to the nearest 0.1g.   Record your data in Data Table 1.

2. Using the metric ruler, measure the length, height and width of the cube.  Record your data in Data Table 1.

3. Using the metric ruler, measure the length, height and width of the rectangle.  Record your data in Data Table 1.

Part B:  Density of Irregular Solids

1. Separate the large piece of modeling clay into five pieces of different sizes.  Make sure that the mass of the smallest sample is no less than 5 g.
2. Using the balance, determine the mass of each piece of clay to the nearest 0.1g.  Record your data in Data Table 2.

3. The volume of an irregular solid cannot be determined with linear measurement.  Volume must be determined using volume displacement.  First, place some water in a graduated cylinder and read its volume to the nearest 0.1mL; the volume of water needs to be sufficient to cover the modeling clay.  This volume is the initial volume.  Record this volume in Data Table 2.

4. Carefully add a sample of modeling clay in the graduated cylinder, making sure you do not let any water splash out of the graduated cylinder.  Read the new volume to the nearest 0.1mL.  This volume is the final volume.  Record this volume in Data Table 2.

5. Repeat the procedures 2 –4 for the other four samples of clay.  Record your data in Data Table 2.

Data

Data Table 1

	Description of Object
	Material
	Mass (g)
	Length (cm)
	Width (cm)
	Height (cm)

	Bar
	Al
	
	
	
	

	Cube
	Al
	
	
	
	


Data Table 2

	Clay
	Mass (g)
	  Initial Volume 

        (mL)
	Final Volume (mL)

	sample 1
	
	
	

	sample 2
	
	
	

	sample 3
	
	
	

	sample 4
	
	
	

	sample 5
	
	
	


Calculations

1. Calculate the volume of the bar and cube by multiplying the length, width and height.

Volume of Bar =  _________________cm3
Volume of Cube = ______________________ cm3
2. Calculate the density of the bar and cube by dividing the mass by the volume.

Density of Bar = ______________________g/cm3
Density of Cube = ______________________g/cm3

3. Calculate the volume of the clay by subtracting the initial volume from the final volume.  Vfinal – Vinitial = Vclay

Volume of Sample 1 = _________________________mL

Volume of Sample 2 = _________________________mL

Volume of Sample 3 = _________________________mL

Volume of Sample 4 = _________________________mL

Volume of Sample 5 = _________________________mL

Graphing

Using the mass of modeling clay (Data Table 2) and the volume of modeling clay (Calculation #3), construct a graph that illustrates the relationship between the mass and volume of each sample.  Use the y – axis for mass and the x – axis for volume.  Make a line of best fit.

Analysis and Conclusions:  Answer questions on the back of this paper.  Show all your work.

1. The densities of the aluminum cube and rectangle should be the same, at 2.7 g/cm3.  How do the densities of your two samples of aluminum compare?  Account for any differences.

2. Calculate the percent error for your densities of the aluminum cube and rectangle, knowing that the actual density value is 2.7 g/cm3.

3. What is the volume of a solid whose dimensions are 1.0cm ( 6.0cm ( 2.0cm?

4. If the mass of the object in question 2 is 60g, what is its density?

5. Using your graph, determine the volume of a sample of clay that has a mass of 160g.

6. Using your graph, determine the mass of a sample of clay that has a volume of 3 cm3.  Calculate the density of the same sample.

7. Using your graph, determine the volume of a sample of clay that has a mass of 25g.  Calculate the density of the same sample.

The density of water is 1g/mL.  An object will float in water if its density is less than 1 g/mL.  If its density is greater than 1 g/mL, the object will sink.  Given the following substances and their densities, determine whether each substance will float or sink in water.

                                                               Float or Sink?

Aluminum

 2.7 g/mL

Arsenic

 5.7 g/mL

Helium

 0.18 g/mL

Gold

 19.3 g/mL

Mercury

  13.5 g/ml

Neon 

0.89 g/mL

Lithium 

0.53 g/mL

Chlorine

 3.2 g/mL

Uranium 

19.0 g/mL

Potassium 
0.86 g/mL

Cork

0.24 g/ml

Ice

0.92 g/ml

Styrofoam
0.05 g/ml

Gasoline

0.7 g/ml

Corn syrup
1.38 g/ml

Diamond

3.5 g/ml

1. Substance Z has a volume of 50 mL and a mass of 160 g.  Will substance Z float or sink in water?  Show your work.

2. Substance W has a volume of 140 mL and a mass of 112 g.  Will substance W float or sink in water?  Show your work.

