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Mineral Density Testing

 (Adapted from: Is It Fool’s Gold? -A Dense Situation Holt Science and Technology textbook. Chapter 7. p. 618-619).  Definitions are taken from here.
Purpose: To determine the density of rock samples by using a spring balance to measure mass, and water displacement to measure volume.

Lesson Outline

I. Introduction p. 1-2
Discuss the idea that density is another unique property of minerals, as were the physical properties (hardness, luster. streak character, etc.). Density is conventionally described as g/cm2, not g/mL; yet they are the same. Further discussion may include the fact that specific gravity is the ratio of the density of a substance to the density of water. This value would be the same for this experiment because water is being used. The difference is that the specific gravity is without units and density has units of g/mL. After the discussion, VSVS volunteers should give each student one of the instruction sheets and tell them to follow along. You will still need to guide them through the procedure, making sure they understand the instructions.

II. Testing Mineral Density p. 3

Organize the students into 10 groups. Explain that they will be testing common minerals for their mass and volume and recording them to determine their density. After distributing the materials listed under Introduction on p. 2, lead the students through the first test on mineral #6, then let them carry out the test on the other five minerals, followed by discussion of the results. Lead the students in calculating the density for the first mineral #1 by dividing the mass by the volume, then let them carry out calculations on the other five minerals, followed by discussion of the results.

II. Review p. 3-4

After all minerals have been tested and the densities determined, emphasize how the density of each mineral is unique to the mineral and matches the known density fairly well.

Materials: (enough for 10 groups of students)

10 500-mL Graduated Cylinders

10 25-mL Graduated Cylinders

10 Small Plastic Mesh Bags with a rubber band
10 Spring scales

10 Sets of Minerals Labeled #1-#6 from Mineral Lesson

10 Mineral Density Worksheets

10 1 mL pipettes

I. Introduction

Write the following vocabulary words on the board:

Mass, Weight, Volume, Density and Specific Gravity
Ask Students “What is the difference between mass and weight?”

Accept and discuss responses. 

 Mass is the amount of matter that something contains. 

It is measured in kilograms, grams or milligrams.

It is always constant for an object.  

It is measured with a top-loading balance or a spring balance that is calibrated in grams.
Weight is a measure of the gravitational force exerted on an object (usually the

 earth).  

It is measured in newtons (N).

It varies, depending on where it is.  It is measured with a spring scale.

Ask Students “What is Volume?”

Accept and discuss responses

If students don’t bring up cm3 or mL, mention them.

The following may be helpful

· cm3 = mL

· Volume is a three dimensional measurement (length, width, height)


  Height

               Width

   Length

Ask Students “What is density?”

Accept and discuss responses.

Density is the amount of matter in a given space.

It is measured as mass per volume.

If students don’t bring up g/cm3 or g/mL or mass/volume, mention them.

The density of a mineral is unique to that mineral.

Ask Students “What is specific gravity?”
Accept and discuss responses.

The density of water (1g/cm3) is used as a reference point for other substances.


Specific gravity is the ratio of an object’s density to the density of water.

This value would be the same as density for this experiment because water is being used. The difference is that the specific gravity is without units and density has units of g/mL.

Set-up

The class should be divided into 10 groups. Have the teacher assist in organizing the students into groups or request that the teacher have the students grouped prior to your arrival. 

Note: Select one student in each group to be the group’s principal investigator for the first mineral. Different students will then be the principal investigator for each mineral.

1. Distribute the following to each group

1
box of minerals

1
25 mL graduated cylinder

1
500 mL graduated cylinder

1
plastic mesh bag with rubber band
1
spring scale

1
pipette

2. Give each student an instruction and observation sheet.
Tell them that they can follow the directions on the sheet AFTER a VSVS member has shown them how to perform the density test. (You will need to guide them through the procedure, making sure they understand the instruction)

3. Have the students set the materials out in front of them.
4. VSVS members will lead the students through the testing of mineral #6 and have them record the results on their own investigation sheets. Then the students will do the same test on the other five minerals and record the results on their sheets.
When the students are working independently, VSVS volunteers should circulate to monitor and help groups as needed.

II. Testing Minerals

1. Tell the students to adjust the zero of the spring scale PLUS the mesh bag and rubber band, by toggling the metal strip at the top of the scale. 

2. Tell the students to fill the 500 mL gradated cylinder to 500 mL with water and record the water level on the observation sheet.

3. Instruct the students that the mineral should be placed in the plastic mesh bag and secured with the rubber band. Place the bag and mineral on the hook end of the spring scale to determine the mass of the mineral in air and record it on the observation sheet.

4. After the mass of the mineral has been determined in air, tell the students to lower the mineral and mesh bag into the graduated cylinder that is filled with water until the mineral is completely submerged in the water.  
5. Tell the students to observe and record the mass of the mineral in water. 
6. Have the students use the pipette to remove water carefully from the 500 mL graduated cylinder until the water level is again 500 mL,  and place it in the 25 mL graduated cylinder. Record the amount of water removed.  Tell them “This is the volume of the mineral.”
7. Have the students repeat the above for each mineral.  Make sure they replace the water in the 500 mL cylinder to the 500 mL level before testing each new mineral.
8. Calculate the weight in air and the weight in water of each mineral by dividing the masses (in grams) by 10. Record these values on the observation sheet. Calculate the density of each mineral by dividing the mass by the volume and record on the observation sheet.

9. Discuss the results and how they compare to known values and to each other.

III. Review

“What is the difference between mass and weight?”

Mass

-Units: g or kg

-Constant thus density is constant and universal.

-The mass of the mineral changes when placed in water because the force exerted by gravity is less under water and the spring scale is dependent on the force of gravity in air.

Weight

-Units: Newton (N)

-Dependent on gravity so it cannot be used for density measurement.

-Remember how the weight was different in water. This is because the force or gravity is less under water and the spring scale is dependent on the force of gravity in air.

“What is Volume?”

Units cm3 or mL

· cm3 = mL

· Volume is a three dimensional measurement (length, width, height)
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   Length

 “What is density?”

Units g/cm3 or g/mL or mass/volume

The density of a mineral is unique to that mineral.

Specific Gravity

“What is specific gravity?”
Units: None

Specific gravity is the ratio of the density of a substance to the density of water. In this experiment, the specific gravity and density are the same because water has a density of 1 g/mL.  

The difference is that the specific gravity is without unit and density has units of g/mL.

Specific Gravity = 


Weight of Mineral in Air

------------------------------------------------------------------

   


Weight of Mineral in Air – Weight of Mineral in Water
Mineral Density Investigation Observation Worksheet

Name_____________________________________

Beginning Water level (mL) __500 mL.______________

	Mineral
	#1
	#2
	#3
	#4
	#5
	#6

	
	Hematite
	Talc
	Magnetite
	Calcite
	Rose Quartz
	Galena

	Mass in air (g)
	
	
	
	
	
	

	Water removed to 25 mL. cylinder
	
	
	
	
	
	

	 = Volume of Mineral (mL)
	
	
	
	
	
	

	Density of Mineral (g/mL)
	
	
	
	
	
	

	Literature value
	5.25
	2.8
	5.2
	2.7
	2.6
	7.5

	
	
	
	
	
	
	

	Specific Gravity Calculation
	
	
	
	
	
	

	Weight in air (Mass÷10 = N)
	
	
	
	
	
	

	Mass in Water (g)
	
	
	
	
	
	

	Weight in water (Mass÷10 = N)
	
	
	
	
	
	

	Specific Gravity
	
	
	
	
	
	


Mass of Mineral in Air

Density    = 
----------------------------

  
 
    Volume of Mineral

How can the density of a mineral be used to determine its identity?

Why could some samples have densities quite different from the literature value?
Density Data Samples
	Minerals
	#1
	#2
	#3
	#4
	#5
	#6

	Sample 1
	5.2
	2.7
	5
	2
	2.6
	6.3

	Sample 2
	3.8
	2.1
	5.5
	3.2
	2.5
	8.8

	Sample 3
	3
	3.1
	4.6
	2.9
	2.9
	8.3

	Sample 4
	3.1
	3
	5.3
	2.5
	2.7
	7.1

	Sample 5
	3.2
	3.4
	4.7
	3.3
	2.8
	7

	Sample 6
	3.3
	2.4
	3.8
	2.5
	2.6
	7.5

	Sample 7
	3.4
	3.2
	4.5
	3.3
	3.2
	6.4

	Sample 8
	3.3
	3.3
	5.6
	2.3
	2.6
	6.9

	Sample 9
	3.9
	4.2
	5.3
	3.1
	3.3
	6.7

	Sample 10
	2.4
	2.6
	5.3
	3
	2.9
	7.5

	Sample 11
	3.6
	2.8
	6.1
	2.6
	2.8
	6.4

	average
	3.5
	3.0
	5.1
	2.8
	2.8
	7.2

	data range
	2.8
	2.1
	2.3
	1.3
	0.8
	2.5

	Mineral
	Hematite
	Talc
	Magnetite
	Calcite
	Rose Quartz
	Galena

	literature value
	5.25
	2.8
	5.2
	2.7
	2.6
	7.5

	average
	3.5
	3.0
	5.1
	2.8
	2.8
	7.2

	difference
	-1.75
	0.2
	-0.1
	0.1
	0.2
	-0.3


Notes – the minerals used are the same as those in the VSVS Mineral kit.
