Atomic Spectra

Learning Objectives

· To learn the relationship between atomic energy levels and the light emitted by the atom
· To understand how scientists can determine what distant stars are made of
Materials

· Computer simulation -- PhET
· Spectroscope (A spectroscope is a device that separates light into its component colors.)

· Various gas discharge tubes

· Power supply

Introduction

In this activity we will use a computer simulation and view the light emitted by gas tubes to observe and better understand line emission spectra and how they are use to determine the composition of distant stars.

Procedure 1:  Configurable atom 

· Open the PhET “Neon Lights and Other Discharge Lamps.”  

· Use the tab “One Atom” 

· Click on the spectrometer, squiggles, and run in slow motion. 

· Choose “Configurable” as your type of atom and “2 levels.” (This is a pull down on the upper right – the default reads “hydrogen.”)

· Please check out the legend so that you can recognize electrons and visible, ultraviolet or infrared photon.

We will use this “make-believe” atom to study the photons emitted when its electron gets kicked to a higher energy level and then returns to a lower level.  It is important throughout this exercise to distinguish between those electrons that are streaming between the electrodes in the tube and those electrons that belong to specific atom being investigated.

In each of the following, reset the spectrometer between observations and let each observation run for about 20 seconds.  

1. Set energy level 2 midway down the chart by pulling down on the circled number 2.  

· Click on  “continuous” electron production.  

· Adjust the slider on the battery so that the red arrow “energy of collision” lies between energy level1 and energy level 2.   Indicate colors and wavelengths (approximately) of any emitted photons.
· What did you learn from this?

2. Adjust the slider on the battery so that the collision energy lies at or slightly above and energy level 2.

· Indicate colors and wavelengths (approximately) of any emitted photons.  Note: If the photon is not in the visible range, identify it not by “color” but as ultraviolet or “far UV” or “even farther UV” etc. and similarly for infrared (IR). 

3. Move energy level 2 to a higher energy than in steps 1 and 2. Adjust the slider on the battery so that the collision energy lies at or slightly above and energy level 2

· Indicate colors and wavelengths (approximately) of any emitted photons.  
· What do you learn by comparing steps 2 and 3?

4. Formulate two hypotheses based on your observations in steps 1-3 and test these hypotheses.

5. Click on “3 levels.” Adjust the slider on the battery so that the collision energy lies at or slightly above and energy level 3. Indicate the colors and wavelengths of all emitted photons.  Also indicate the energy levels involved for each photon (2 to 1, 3 to 1, etc.)

Procedure 2:  Hydrogen 

Change the atom type to Hydrogen.  The energy levels are now fixed for Hydrogen.  Before observing the spectrum, complete the following:
If the energy of collision is high, hydrogen will emit some photons in the ultraviolet, some in the visible and some in the infrared.   For each of the following level changes, predict UV, IR, or visible:

· 2 to 1

· 3 to 1

· 3 to 2

· 4 to 1

· 4 to 2

· 4 to 3

· 5 to 2

· 5 to 4

· 6 to 1

· 6 to 3

Adjust the slider on the battery so that the collision energy lies at or slightly above and energy level 6.

Check your predictions and complete the table below, indicating UV, IR or the particular color.  If the wavelength is not available for UV or IR, label is far, farther or farthest.  Feel free to add others you may observe.

	Energy Level Change
	UV, IR or color
	Wavelength

	2 to 1
	
	

	3 to 1
	
	

	3 to 2
	
	

	4 to 1
	
	

	4 to 2
	
	

	4 to 3
	
	

	5 to 2
	
	

	5 to 4
	
	

	6 to 1
	
	

	6 to 3
	
	

	
	
	


Procedure 7: Mercury

Change to Mercury, remove “run in slow motion” and adjust the battery to provide energy at or just above level 9.    Let the PhET run for at least a minute and record the colors and wavelengths of the emitted photons.

How does the Mercury spectrum differ from the Hydrogen spectrum?  In particular, if you had to differentiate between the two, what might you look for?

Procedure 8:  Observing Real Spectra

Your instructor will show you how to use a spectroscope to observe various emission spectra.  For each gas tube indicate the colors and approximate wavelengths of the visible photons.

	Gas Tube
	Description of Spectrum (colors, wavelengths)

	A
	

	B
	

	C
	

	D
	


Compare your observations with the PhET spectra for Hydrogen and Mercury. Which of the light tubes is Hydrogen and which is Mercury?
In conclusion…

Summarize what you learned from this activity by:

a. listing the key scientific terms encountered in the activity.

b. constructing a bulleted list that utilizes these key words (and, as needed, words from previous activities) in summarizing what you learned.
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