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Session 4:  Atomic  Spectroscopy and the Bohr Model
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Atomic Spectroscopy and the Bohr Model:  Pre-Lab

[image: image1.wmf]
Answer the following questions PRIOR to coming to your lab section.  You will not be allowed to participate in any data-collection until you have shown me your pre-lab and I have graded it.  Please tape or staple the pre-lab on the page opposite to the first page of your write-up; failure to do so will result in losing two points (out of a possible 20).  Show all your work.

1. In this lab you will use a spectrometer to measure the wavelengths of several visible lines emitted from hydrogen gas, a.k.a. the Balmer series.  Sketch and label an energy level diagram for hydrogen, showing the transitions corresponding to the first four lines in the Balmer series (nf = 2).   

2. Equation 1 predicts the relationship between these emitted wavelengths and the n-values of the Balmer lines the lines correspond to.  How can you plot your data ( and ni) as a line, so that the binding energy, Eo, can be determined by the slope and/or y-intercept of that line?  Draw a graph to indicate how you will plot your data to determine Eo.  Be sure to label y-axis, x-axis, slope and y-intercept, and relate them to Equation 1.
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INTRODUCTION

Spectroscopy has played a profound role in 20th century physics.  The interpretation of light emitted by atoms and by molecules provides the major source of information concerning the internal mechanics of atoms and was the impetus that originally led to the development of the quantum theory.  Besides its obvious use in probing atoms, molecules, and solids, spectroscopy is used routinely to study the physics of systems that are otherwise inaccessible for reasons such as distance (as in the case of stars) or extreme temperatures (as in the sun or in laboratory plasmas).  An important step toward the quantum theory was the Bohr model of hydrogen presented in 1913.  This model was later supplanted by a full quantum mechanical treatment of atomic behavior in 1926.  The simplicity of hydrogen has made it the ideal laboratory system for experimental verification of relativistic quantum mechanics as well.  While the resolution of this is experiment is not high enough to observe the relativistic effects, you will confirm the important empirical expressions discovered by Balmer and Rydberg and later derived by Bohr and Schrodinger.

Objectives:

By the end of this session you should be able to:

•
Use the Bohr model to explain the Balmer equation and the Rydberg constant.

•
Measure the ground state energy of hydrogen by using the Bohr model and the wavelengths of the lines in the Balmer Series.  
Theory:

According to Bohr, an electron in an atom can only orbit the nucleus in a circular manner with certain values of angular momentum.  These values correspond to integer multiples of Planck’s constant divided by 
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This condition was later reinterpreted by de Broglie to imply that the electron existed in a standing wave pattern with n full wavelengths along the orbit.  

One implication of Bohr’s assumptions is that the energy can only take on certain discrete values.  (See your text for a full derivation.)  In particular, if the electron’s lowest possible energy is –Eo,
 then the other available energies are:
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In other words,
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are the available energy levels for the electron.  The value for Eo in the Bohr model is 13.6eV.

It is impossible to measure the energy of an electron orbiting an atom directly.  One can measure the energy emitted in the form of light, when an electron drops from a higher energy (higher n) state to one with lower energy (lower n).  Conservation of energy says that the amount of energy emitted in such a transition is simply
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where ni and nf are integers corresponding to the electron’s initial and final states, respectively.  The light that is emitted is in the form of a photon and, therefore, should have a wavelength given by
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where Planck’s constant h = 6.626x10-34Js and the speed of light c = 2.998x108m/s.  These two equations taken together imply that excited atoms should emit light only at discrete wavelengths given by
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This is essentially the formula discovered in part by Balmer, Paschen and others, if you let the Rydberg constant 
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Experiment:

Because of hydrogen’s simple atomic structure (a nucleus plus one electron), Bohr’s model applies directly. We have spectrometers that will allow you to measure 
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 and hence, the wavelength of four or five different hydrogen emission lines.  With a few assumptions, you will be able to infer Eo, the ground state energy of the hydrogen atom.

Measurement:
The Gaertner-Peck spectrometer available for this investigation consists primarily of a diffraction grating, which spreads light out into its constituent wavelengths, and a movable telescope which provides very precise angular measurements.  You may recall that the angle 
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 to which the diffraction grating disperses light of wavelength 
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 is given by
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where m is the order of the image (the number of times the image has been repeated between 
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), and d is the spacing between grooves on the grating and is indicated on the apparatus.  Hence, to find 
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you can measure 
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As you make your measurements, consider (and implement and record) ways of dealing with the following:

•
When looking directly at the slit, the telescope is not calibrated to read exactly at 180º.

•
For each line, there are multiple orders available for you to measure.  How can you most accurately measure the wavelength using data from all the orders?

•
The slit image is wider than the telescope crosshairs.  How will you line them up consistently?

Your spectrometer should have a label indicating G, the number of grooves per millimeter for its diffraction grating.  How will you use this number to determine the value of d needed in your calculations?

Assumpions:

Make the following assumptions:

1)  You will be looking at lines in the “Balmer series”, i.e. nf  = 2 for all the lines you will observe.

2)  The lines you will see correspond to the first several lines in the Balmer series, i.e. ni = 3, 4, 5, 6, ...

Analysis and results:

Using the method you worked out in the prelab, determine a value for the binding energy Eo (including an estimate of uncertainty).  Compare this with the accepted value of 13.6eV (recall that 1eV = 1.602x10-19J).  

Questions:

1)  How can you use your data fit to verify that this is in fact the Balmer series with nf = 2? If you were looking for the nf = 1 lines of H, would you expect to find them in the IR or in the UV?
2)  Would you expect that the Bohr model to work for neutral He?  Why or why not?  What would you expect for the spectrum if the lamp used He+ instead of He?  

� Here we have taken its energy to be 0 when it is completely free from the atom, and negative when it is in any bound state.  Thus Eo is exactly how much energy is needed to completely liberate the electron from the nucleus if it starts in its lowest energy state.
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