Atomic Emissions Spectra
Investigating the Bohr Model of the Atom

INTRODUCTION:
In 1913, Bohr proposed a new model of the atom in which electrons have stable, defined orbits around the nucleus. Each orbit has a specific amount of energy associated with it, thus we call the electrons quantized.  If we add energy to the atom – if we excite the electrons – we can bump electrons up to the next level.  As the electrons fall back to their more stable level, they emit a pulse of energy which we can see as light.  Each change in level releases a specific amount of energy, so the light we see from this change is constant for each different element – but each element is different from another.
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This means that the color produced by excited atoms is actually a series of discrete emission lines. Each emission describes one quantum path that an electron can take after it absorbs energy. Each element has a unique set of emission lines because each element’s electrons have a unique quantized distribution around the nucleus.

The energy and wavelength of the light is described by the equation E = hc/λ, where λ is the wavelength, h is Planck's constant (6.63 × 10-34 J sec), and c is the speed of light (3.00 × 108 m/sec). If you capture the image of light emitted by an element that has been energized, the color your eyes see can be broken down into a set of emission lines, and the emission lines are mathematically described by the equation shown above.

We can use this information in a variety of ways.  One common use for studying emission spectra is in astronomy.  We can determine the chemical composition of stars by looking at their emission spectra. With a little more information, we can also determine the star’s temperature, mass, density, and even motion. Another similar use is to identify the components of an unknown mixture.

In this experiment, you will use a spectrometer to measure the light emission produced by several gaseous elements as they are energized in tubes. You will use this information to draw comparisons between the various gases that you test, and to identify an unknown gas.

OBJECTIVES
In this experiment, you will
• Measure the emission spectrum of various gaseous elements.
• Characterize the emission spectra produced by various gaseous elements.
• Identify an unknown gas.


MATERIALS
Vernier Spectrometer			Vernier LabQuest 
Vernier SpectroVis optical fiber 		Vernier spectrum tube carousel

PROCEDURE
1. Turn on the LabQuest.
2. Use the USB cable to connect the spectrometer to your LabQuest. Insert the Optical Fiber into the cuvette holder of the spectrometer, matching up the directional arrows.
3. On the LabQuest, tap on the red box that reads “spectrometer” and choose Change Units ► Intensity.
4. Insert the optical fiber into the fiber holder on the spectrum tube carousel.  
5. Rotate (carefully!) the spectrum tube carousel to the first gas listed on your data table (next page), then turn on the carousel power.
6. Use the spectroscope to look at the emission spectrum lines of the gas.  Write down the colors in your data table.
7. Measure the emission spectrum of the first gas. 
a. Click ► Collect.
b. If the graph does not show a series of peaks, check your setup and/or ask for help.
c. When you achieve a satisfactory graph, click ►Collect. 
d. Use the stylus to tap on the first peak on your graph.  At the bottom right of the screen you will see the wavelength (in nm) associated with that peak. Write it down in your data table.  Repeat for all remaining peaks on the graph.
8. Repeat Steps 6-8 with the remaining gas tubes.


DATA TABLE – Emissions Spectra

	Neon
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	Hydrogen
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	Helium
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	Argon
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	Nitrogen
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	Carbon dioxide
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	

	“air” unknown
	Colors:
	
	
	
	
	

	
	Wavelengths:
	
	
	
	
	



DATA ANALYSIS
1. Describe, the emission spectrum of each gas. Emphasize the features of each spectrum that distinguishes it from the other gases that you observed.


2. [bookmark: _GoBack]What is the identity of the unknown “air” sample?  How do you know?
 
3. Choose one emission line from each gas and calculate its energy. If possible, use a wide range of wavelengths. 
a. Convert the wavelength to meters:  1 nm = 1 × 10–9 m
b. Calculate frequency using the equation: c = λν. c is the speed of light (3 × 108 m/s ), λ is the wavelength in meters, and ν is frequency.
c. Calculate the energy of the emission line using the equation: E = hν. The value of h, the Planck constant, is 6.63 × 10-34 J sec.
d. Record the energies in the table below.

	Gas
	Emission line wavelength (nm)
[copy from page 3]
	Emission line wavelength (m)
[= wavelength x 10-9 m]
	Emission line frequency  (s-1)
[= 3x108 / wavelength]
	Emission line energy (J)
[ = 6.63x10-34 x frequency ]

	Neon
	
	
	
	

	Hydrogen
	
	
	
	

	Helium
	
	
	
	

	Argon
	
	
	
	

	Nitrogen 
	
	
	
	

	Carbon dioxide
	
	
	
	

	“air” unknown
	
	
	
	




4. Compare the energies of the different emission lines. Which part of the visible light range possesses the greatest energy?
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