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(See teacher background information in Flame Tests, Atomic Spectra and Applications Activity)

Introduction:

During this experiment you will make use of a device known as a diffraction grating spectrometer.  A diffraction grating splits a single beam of light into the many colors which it contains.  The colors should be ordered like a rainbow, from blue on one side to red on the other.  The brightness of the image in each color shows you how much light the object is emitting of that color. 

We will be using these diffraction gratings to look at "spectral tubes". These are tubes which contain gases composed of different elements. By plugging these tubes into the wall, we can send electricity through them, which adds energy to the gas. This causes the atoms to become "excited", which is how we describe atoms whose electrons have been raised into high energy levels. After a short amount of time the electrons drop back into lower energy states, releasing a photon to carry off the extra energy. Depending on the number of transitions in each atom and the energy levels in it, photons of different wavelengths and thus different colors are released from each gas. 
Each element has its own unique line spectrum and is thus referred to as the “fingerprint” for a particular element.  The spectra for each element are unique because each element contains differing numbers of electrons and thus different energy levels.  

Think about the following questions as you look at the spectral lines corresponding to each gas:

· Are the lines closely packed, or spread out over many different colors? 

· Are there many lines you can see, or only a few? 

· How do the colors of the lines from each tube relate to the color you see from each tube when you don't look through the gratings?

You will also be observing other light sources to see how their spectra compare to that of the gas tubes. 

Materials:

· gas discharge tube 

· gas filled tubes (hydrogen, helium, neon, argon, mercury, and an unknown) 
· spectroscope/diffraction grating tube (or glasses)
· incandescent light (40W light bulb)

· fluorescent light

· bug light
Procedure:

1. Go to one of the lab stations where a hydrogen gas discharge tube is set up.
2. Turn on the electricity (for no more than 30 seconds) and observe the color given off by the gas. Record your observations in the data table below. If more time for observation is needed, turn off the tube for ~15 seconds and then turn on for another 30 seconds. Do not leave the tube continuously turned on; otherwise, it will burn out the tube.
3. Hold the spectrometer so the diffraction slit is towards the light source and the diffraction grating (window) is towards you. (See diagram below).
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4. Look through the diffraction grating and observe and record the colored lines (spectrum) produced by hydrogen gas.  Record only one set of colors.  Complete the data table below and then draw the color lines in the spectrum boxes that follow.
*Note:  these visible spectral lines represent electron transitions from energy levels 3, 4, 5 and 6 to energy level 2.

For the hydrogen atom, when the electron falls from the third energy level down to the second energy level a red color is emitted.  This should make sense as it is falling the shortest distance which corresponds to the lowest frequency of visible light, which is red.  All other colors observed in the spectrum of hydrogen are a result of electron transitions from other energy levels (4, 5 and 6) to energy level 2.
5. Go to the rest of the lab stations and repeat for each element (helium, neon, argon, mercury) and the unknown.
Data Table:  Line spectra of elements:
	
	       Color of the
      discharge tube
	  Number of different
      colored lines
     in the spectrum

	Hydrogen
	
	

	Helium
	
	

	Neon
	
	

	Argon


	
	

	Mercury


	
	

	Unknown
	
	


Draw a detailed view of the spectra (including approximate wavelengths) observed below:

Hydrogen:


Helium:


Neon:


Argon:


Mercury:


 Unknown:


6. Now investigate a series of general light sources such as indirect sunlight (Never look directly at the sun!), shade, fluorescent lights, a light bulb, etc. and record what is observed in the second data table below. 

7. Draw a detailed view of all spectra observed in the spectrum boxes on the next page.
Data Table:  Spectra of other light sources:

	
	      Color of the
     discharge tube
	    Line or continuous 

      Spectra (or both)? 

	40W Light bulb

(incandescent)
	
	

	 Indirect 

 sunlight
	
	

	Partial shade
	
	

	Fluorescent light


	
	

	Bug light
	
	


Incandescent (40 W light bulb):


Indirect Sunlight:

Partial Shade:


Fluorescent Light:

Bug Light:

Analysis: 

1. What is the difference between a line spectrum and a continuous spectrum?  Provide an example of each.
2. Which light source produced both a continuous and a line spectrum?  

3. Each line in the emission spectrum of the hydrogen corresponds to an electromagnetic radiation with a specific wavelength. Match the 4 observed colors with the following wavelengths: 410 nm, 434 nm, 486 nm, and 656 nm. 

4. How are electrons “excited” in this part of the lab? What happens when the electrons relax?
5. What do the different colors in a line spectrum represent?  Why are the spectra for each element unique?
6. It has been calculated that the observed colors in a hydrogen atom correspond to the relaxation of the electron from a higher energy level to the second energy level. Which color corresponds to 6(2 transition? 5( 2 transition? 4(2 transition? 3(2 transition? Explain your reasoning.
7. Which element produced the largest number of lines?  Which element produced the smallest number of lines?  Explain why elements produce different numbers of spectral lines. 

8. What gas do you think is found in the unknown? Explain your reasoning.
9. Do you notice a similarity in the line spectrum of Mercury and the spectrum observed with the fluorescent bulb?  Explain why this might be.
10. Each element has its own unique line emission spectrum, just like fingerprints. Explain how this technique can be used to determine the elemental composition of stars. 
11. How close were your wavelength measurements to the accepted values of wavelengths for the various gases as listed below?  What factors do you think might have contributed to any differences, and how might they have affected your measurements?
The accepted values and spectra are shown below: (or compare with a spectral chart displayed in your classroom)
	Hydrogen: a simple atom with a simple spectrum. Besides the three lines shown here, you may be able to see another in the blue near 410 nm.
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	Helium: slightly more complex than hydrogen, with one yellow line and a number in the blue.
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	Neon: a very large number of lines in the red give neon signs their distinctive pink colors, but notice the two green lines.
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	Argon: the pastel color of argon is due to a wide range of lines throughout the spectrum.
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	Mercury: the strongest line, at 546 nm, gives mercury a greenish color.
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Some interesting links to websites follow:




Diffraction grating





Diffraction slit





The following links may be of interest:





Glowing Pickle Demo:





� HYPERLINK "http://www.exo.net/~pauld/activities/aaptelectric/glowingpickle.html" �http://www.exo.net/~pauld/activities/aaptelectric/glowingpickle.html�





An excellent site that shows the emission or absorption spectrum of all elements on the 


periodic table: 





� HYPERLINK "http://jersey.uoregon.edu/vlab/elements/Elements.html" �http://jersey.uoregon.edu/vlab/elements/Elements.html�





Emission Spectroscopy of Elements - Simulation:





� HYPERLINK "http://phys.educ.ksu.edu/vqm/html/emission.html" �http://phys.educ.ksu.edu/vqm/html/emission.html�





Absorption Spectroscopy of Elements - Simulation:





� HYPERLINK "http://phys.educ.ksu.edu/vqm/html/absorption.html" �http://phys.educ.ksu.edu/vqm/html/absorption.html�





Rainbow symphony store: (sells diffraction grating glasses, spectrum tubes etc.)





� HYPERLINK "http://www.rainbowsymphonystore.com/scienanded1.html" �http://www.rainbowsymphonystore.com/scienanded1.html�





Hydrogen Energy Level Applet:





� HYPERLINK "http://www.bpreid.com/applets/hel.html" �http://www.bpreid.com/applets/hel.html�
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