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Objectives:
Upon completion of this experiment, you should be able to do the following:

1. Recognize continuous spectra, bright line (or emission) spectra, and dark line (or absorption) spectra

2. Correlate color and wavelength.

3. Understand how spectra can be used to identify materials.

Equipment:
Hand-held Spectroscope




   





Gas Discharge Tubes; Power Source


         
            
    


   
Incandescent Light Bulb



 

Theory:  

Light can come from glowing solids (like a standard incandescent bulb) or from glowing gases (like a fluorescent bulb). In either case, energy from electrons moving in the materials gets converted into light. The energy of light is related to the color of the light – red is low energy light and blue is high energy light. In between are all the other colors of the rainbow: red-orange-yellow-green-blue-indigo-violet (ROYGBIV).
(It is quite possible for the "light" to have too much energy for our eyes to detect. This light beyond violet is called "ultraviolet."  If the light has too little energy for our eyes to detect would be beyond red – known as "infrared". A wall chart in the lab room shows some of the other names given to light outside the visible range.) 

Spectroscopy (spec TROSS co pee): the study of spectra 

Many of you may have seen a spectrum from sunlight shining through a prism or other piece of glass. We will use an instrument (called a spectroscope) that can similarly split light up into its constituent colors. The light source is placed at the back end, near a small slit. By looking through the front of device, the spectrum can be seen, superimposed on a scale calibrated in 10-5 cm or 10-7 m. 

Bright line and dark line (absorption) spectra 

For the molecules of a gas, electrons can be thought of as revolving around the atoms in very specific orbits with very specific energies. Smaller orbits correspond to low energies, whereas larger orbits correspond to higher energies. If an electron goes from one orbit with a higher energy to a second orbit with a lower energy, the extra energy comes out as light. Each orbit can only have a specific energy and is said to be "quantized". The difference in energy between the two levels determines the energy of the light emitted. Similarly, an electron can move from a low energy orbit to a high energy by absorbing light energy. However, only light with just the right amount of energy will be able to make the electron change to the higher energy orbit. 
  


Emission: the electron falls to a lower energy orbit, emitting light 
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Absorption of Light: The incoming light is being absorbed, sending the electron to a higher energy orbit

The amount of energy for each orbit is determined by the specific molecule involved. Each atom or molecule has its own unique set of orbits, each orbit having a unique energy. Since the orbital energies are unique, the differences between the orbits are also unique. Consequently, the colors emitted by each atom or molecule is unique. Each atom has its own atomic fingerprint! By looking at the color of the glowing gas, it is possible to identify materials. A gaseous sample is made to glow, perhaps using heat or electricity, and the spectrum is analyzed to see what colors are present. The spectroscope that you will use today displays these colors as 'lines' on a dark background. In fact, this is a standard technique used in chemistry, medicine, astronomy, and other fields. 

Conversely, if light of just the right wavelength hits a molecule, it can absorb the light. The electron moves up to a higher energy orbit and the light gets absorbed. Only light with exactly the right energy can make the electron change orbits – other energies of light simple pass right by. 

Continuous spectra 

For solids, the atoms are packed closely together and the orbits become all jumbled up. As a result, the electrons can have pretty much any energy. When the electrons are given energy by heating the solid, they have various amounts of energy (unlike the quantized energy for individual molecules) and can lose various amounts of energy. Since various energies means various colors, a glowing solid will have a spectrum with all the colors of the rainbow. 

Activity 1: Spectra from various sources 

Look through the spectroscopes at each of the light sources. Off to the right you should see a spectrum superimposed on a scale. Using colored pencils, record the spectra you see, using the handout that will be available in lab. (The units are 10-5 cm or 10-7 m).  Be sure to include this sheet with your laboratory report.  
CAUTION: The glowing tubes are powered by a 5000V source, which could provide a nasty shock to anyone touching the metal supports! 

Questions 

Answer question #1 using a white, incandescent light bulb.

1. What range of wavelengths corresponds 

to blue? __________________
to green? __________________

to yellow? __________________

{All wavelengths are 10-5 centimeters}
to orange? __________________

to red? __________________

Is there a distinct division between the various colors, or do they simply fade into the next color? 

2. Are the observed spectra for the different sources the same or different?  How does your answer   clarify the saying, "Spectra are like fingerprints." 

 Activity 2: Absorption spectra 


If a material is placed between a light source and the spectroscope, it can absorb some of the light. This results in a dark-line or 'absorption' spectrum. In fact, the colors absorbed by a non-glowing gas are just those emitted by a glowing gas. However, each molecule only has a tiny chance of absorbing the light, so a very long distance of gas would be needed to absorb much of the light. 

The spectrum of our sun (a star) has an absorption spectrum. The hot interior of the sun emits a continuous spectrum, but the cooler gases in the sun's outer layers absorb specific wavelengths. The spectrum below shows just a portion of the solar spectrum. Notice how many lines (wavelengths) are missing!
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Instead of using gases, we will look at colored filters. These also absorb light, but not at such specific energies as a gas. Instead, they tend to absorb light over broad regions of the spectrum. Looking at a continuous source ( white light bulb) with the spectroscope, place each of the colored filters between the light and the spectroscope. Record the spectra on the handout.  

Questions: 

How do these spectra differ from the original continuous spectrum? 

How does the color of the object correspond to the spectrum you observe? 

Interpret the diagram below , which is the spectra of a continuous light source observed after it has passed through a long tube of gas, in terms of what you have just observed. Although it does not photocopy well, the background of this picture a continuous spectrum).
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Follow-up Questions 

  
1 Astronomers are interested in learning about the composition of stars and interstellar gas clouds. Explain how this could be accomplished without having to actually visit the distant stars. What advantages would there be in doing these experiments on the moon? 
  


  

2. Ultraviolet light produced by the sun can be dangerous. Fortunately, very little of this UV light reaches the earth’s surface. What stops the UV light and what are some of the ramifications for astronauts or lunar colonists? 


Atomic Spectra

Light Source:  Incandescent White-light bulb
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Light Source:  Hydrogen
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Light Source: Neon
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Light Source: 
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Absorption Spectrum: Continuous Spectra Through Filters

Red
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Summary of Results:
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