Lab: Millikan’s Oil Drop Experiment and Elements of the Periodic Table

Name _________________________, ____________________________ Period_____ Date ______________

Revision 2005
Introduction:


In the early 1900’s (1908-1917) an American physicist named Robert Millikan devised a method of determining the charge on an electron.  This experiment is known as Millikan’s oil drop experiment.  Earlier, an English scientist named J.J. Thomson used a device known as a cathode ray tube to determine the charge to mass ratio of the electron (-1.76x108 C/g).  This would be akin to knowing the mass of a person for every foot of height but not knowing either a person’s height or their mass.  If Millikan could determine the charge on the electron definitively, he could then use that information to also determine the electron’s mass.  Millikan’s experiment consisted of a chamber in which he deposited a fine mist of oil droplets.  Each droplet possessed a negative charge from a source of ionizing X-ray radiation (this caused excess electrons to attach to the droplets.  The chamber also contained electrically charged plates (positive on top and negative on the bottom) that, when the electrical field was increased created a force on the charged particles that cancelled out the force of gravity pulling down on the drop.  The oil drop was literally suspended in mid-air. The force from the electric field was F=Eq where E is the electric field strength and q is the charge on the oil drop.  The force from gravity was F=mg, where m is the mass of the oil drop and g is the acceleration of gravity.  Since the two were equal, then

Eq = mg

Solving for q (the charge on the oil drop) one obtains q = mg/E.  (Millikan used the known density of the oil, and a small telescope to measure the size of the drop in order to determine its mass).


The only complication to the experiment was that there was no way for Millikan to guarantee that each oil droplet only contained one electron worth of charge.  Each drop could have attained 1, 2, 6, or any number of electrons.  Therefore, Millikan tabulated his charge data and had to determine the largest number that would divide evenly into each of the charge values he measured.  This, he took to be the charge on the electron.  In this activity you will perform a similar type of measurement.

Materials:

· A set of capped film containers, each containing various numbers of metal nuts.

· A mass balance (accurate to the tenths place).

Procedure:


The purpose of this experiment is for you to determine the mass of a single metal nut without either directly viewing the nut or knowing how many nuts each container possesses.  The metal nuts are hidden from sight to relate to the fact that Millikan could not see the electrons because they were too small (therefore he could not count them).  Although you will be determining mass instead of charge, the basic idea and method is the same.

1. Carefully measure each capped film container and record the masses in table 1.1.  MAKE ALL MEASUREMENTS ONLY TO THE TENTHS PLACE.

2. Subtract ___________g from each value to account for the mass of the film containers.

3. Analyze each of the adjusted values and determine the largest number that will divide into each of your values evenly.  This should be the mass of one metal nut.

4. Determine how many nuts are in each container.

Table 1.1

	Mass of container
	Mass of Metal Nuts

(Adjusted mass)
	Greatest Common Divisor
	Number of Metal Nuts in Each Container

	1.
	
	
	

	2.
	
	
	

	3.
	
	
	

	4.
	
	
	

	5.
	
	
	

	6.
	
	
	


Work Area:

Follow up:

1. Describe how the activity you performed relates to how Millikan found the charge on the electron (remember the mass of the metal nuts is analogous to the charge on each of the oil drops).

2. If Millikan obtained the following values from his experiment; -4.8066x10-19C, -8.011x10-19C, -9.6132x10-19C, -6.4088x10-19C, what is the charge on an electron?

3. From the ratio given in the introduction (-1.76x108C/g = q/m), and the answer (q) from question 2, determine the mass (m) of the electron (show work below).

In the second half of this activity you will familiarize yourself with some of the elements on the periodic table and categorize them based on different properties.

Procedure:

1. Observe the various elements that have been put out on display.  Fill in table 2.1 based on these observations and your knowledge of the periodic table.

Table 2.1

	Element Name
	Symbol
	Atomic No.
	Atomic Mass
	Group #
	Period #
	Classification (metal, nonmetal, metalloid
	Color
	Brittle/ Malleable
	Conductive

(Y/N?)

	1. Potassium
	
	
	
	
	
	
	
	
	

	2. Magnesium
	
	
	
	
	
	
	
	
	

	3. Copper
	
	
	
	
	
	
	
	
	

	4. Tin
	
	
	
	
	
	
	
	
	

	5. Lead
	
	
	
	
	
	
	
	
	

	6. Silicon
	
	
	
	
	
	
	
	
	

	7. Antimony
	
	
	
	
	
	
	
	
	

	8. Carbon
	
	
	
	
	
	
	
	
	

	9. Sulfur
	
	
	
	
	
	
	
	
	

	10. Iodine
	
	
	
	
	
	
	
	
	


Questions:

1. What similarities do you notice between elements belonging to the same classification?

2. What properties of metalloids do you notice that have characteristics of a) metals and b) nonmetals?

Web Activity:


Go to http://www.webelements.com/webelements/scholar/index.html.  Using the resources and pictures at this site, choose 5 elements (one from each of the following regions: Main group metal, Transition metal, Post-transition metal, metalloid and nonmetal) not used in the above activity and fill in the following information (note that you may have to do some conversions):
	Element Name
	Symbol
	Atomic No.
	Atomic Mass
	Group #
	Period #
	Density g/mL
	Melting Point oC
	Classification (metal, nonmetal, metalloid, etc)
	Color
	Brittle/ Malleable

	1.
	
	
	
	
	
	
	
	
	
	

	2.
	
	
	
	
	
	
	
	
	
	

	3.
	
	
	
	
	
	
	
	
	
	

	4.
	
	
	
	
	
	
	
	
	
	

	5.
	
	
	
	
	
	
	
	
	
	


Questions:

1. Is the color and malleability of each element you chose consistent with the classification for that element?  Explain.
2. Do you notice any trends regarding density and melting point with respect to an element’s position on the periodic table?  Explain.

3. Discuss any other things you noticed or learned from the analysis of these elements and/or the ones you used in the lab activity.
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