[footnoteRef:1] [1:  John Gleder, U. of Oklahoma] 

Question: Do all electrons in the same level have the same energy?

One important conclusion we reached based on the first ionization energy experimental data is that electrons in higher shells require less energy to remove the electron. We have experimental data that relates energy required to remove an electron depending on the shell the electron occupies. (An electron in which shell requires more energy to remove? An electron in the second shell or the fourth shell?) An interesting question we could ask, that can not be answered from the experimental data of the first ionization energy is, do all electrons in the same shell require the same amount of energy to remove? We can answer this question if we look at photoelectron spectroscopy (PES) data for the atoms.

In a photoelectron spectroscopy experiment any electron can be ionized when the atom is excited. Like the first ionization only one electron is removed from the atom, however in this experiment it can be any electron, not just the electron that requires the least amount of energy.

Examples of photoelectron spectra data are available at http:// www.chem.arizona.edu/chemt/Flash/photoelectron.html. Open this web page. To display the first spectrum, click on hydrogen in the periodic table.

1. The label on the x-axis is energy and the units are in megajoules. What is the label on the y-axis?



2. What is interesting about the photoelectron spectrum for hydrogen and the first ionization energy for hydrogen? 



3. Helium is next, but before looking at its photoelectron spectrum;
a.  how many electrons does helium have in its first shell? 

[bookmark: _GoBack]
b. Can you predict what the PES would look like if the same amount of energy is required to remove either of the electrons? If the amount of energy required to remove either electron is different? 


4.     Look at the PES and describe what you see and the conclusion(s) you reached? (Note: be sure to comment about the relative energy of the peak(s) in the PES for He and the PES for H.)	

5.    The next element is lithium. 
a. How many electrons does lithium have and what shells do those electrons occupy?


b. Before looking at the PES for lithium predict what you believe the spectrum would look like? Note: you do not have to predict the exact energies of each electron but you can make reasonable estimates based on the first ionization energy for lithium and the PES for helium.


6. The next element is beryllium.
a. How many electrons does beryllium have and what shells do those electrons occupy?


b. Before looking at the PES for beryllium predict what you believe the spectrum would look like? Note: you do not have to predict the exact energies of each electron but you can make reasonable estimates based on the first ionization energy for beryllium and the PES for lithium.

           The next element is boron.
c. How many electrons does boron have and what shells do those electrons occupy?

d. Before looking at the PES for boron predict what you believe the spectrum would look like.


e. Describe the experimental PES for boron. Briefly describe how to interpret the PES for boron.



7. Predict what changes in the PES you would expect to see going from carbon to neon? Look at the PES for these second period elements.

8. 
Answer the following questions after looking at the PES for hydrogen through neon.
a. Would you agree or disagree with the following statement? Explain.
 ‘The electrons in the second shell all have the same energy.’

b. How many ‘subshells’ are found in the second shell? How many ‘subshells’ are found in the first shell?

c. How many electrons are in each subshell in the second shell? In the first shell?

d. Moving systematically from lithium to neon;
i. How many electrons are in the first shell?

ii. what happens to the energy required to remove an electron in the first shell moving from left to right in the second period? Support your observation with a meaningful explanation.


iii. What happens to the energy of the electrons in the outer most shell?

9. Look at the PES for the elements in the third period (sodium – argon) and briefly describe your observations. Any surprises? Briefly explain your observations.



A notation has been agreed upon for writing an electron configuration to identify the location of the shell and subshell of each electron in an atom. Shells are labeled with a number; 1, 2, 3, etc. and subshell are labeled with letters; s, p, d, and f. Every shell contains an s subshell.

10. Write the complete electron configuration for the first ten elements in the periodic table?


11. Look at the PES for potassium, calcium and scandium. Something very interesting happens when we look at the PES for scandium which has not occurred in any element prior to scandium. Briefly explain.

12. If one electron is removed from scandium, which electron (identify the shell and subshell) requires the least amount of energy to remove?
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