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I. Background
A. Review: Atomic Models

1. Thomson = plum pudding model
2. Rutherford = planetary model

B. First, a bit about light...
1. Light has wave-like motion.
2. A wave has two important characteristics:

                 a. frequency (# of waves per unit time)
                 b. wavelength (how long a wave is)
C. The Electromagnetic Spectrum (p. 120)
Weakest (long)  

Strongest (short) 
              1. Higher the frequency, the shorter the wavelength.
              2. Higher the frequency, the higher the energy.
D. But sometimes, light is emitted from matter.
          1. Quantum: Minimum amount of energy gained or lost by an atom.
             2. Photoelectric Effect: when a certain frequency of light (quantum) is shined on a metal, 

electrons will be ejected.
                 a. Certain colors are emitted by certain metals.
             3. Thus, light also has properties of particles, (known as photons)
E. Thus, Electrons behave as particles AND waves!

II. Atomic Emission Spectra
A. Bohr found that certain elements gave off certain frequencies of light.  
B. He concluded that electrons exist on distinct energy levels.
C. This only works for hydrogen. 
D. Line spectra of various elements:
E. How Bohr Found His Model...
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F.   Light is emitted by electrons when they move across energy levels
     1.  Electrons jump levels when “excited” by the absorption of energy.
     2.  When they fall back to their “ground” state, they release the absorbed energy in the form of 

light.
     3. Because elements have different amounts of electrons, different elements produce different 

colors when excited. 

III. Quantum Models
A.  Heisenberg’s Uncertainty Principle : It is impossible to know the EXACT position and momentum 

of an e- at any given instant.
      1. Probability and Orbitals
          a.  Atomic orbital – a region around the nucleus where an e- with given energy is likely to be 

found.
         b.  These orbitals predict where e- can be found 90% of the time.
         c.  There are 4 types of orbitals. 
  Orbital   Shape    # of suborbitals    max # e-'s

  s            sphere                1                       2
  p           dumbbell              3                       6 
  d        mostly clovers         5                      10
  f               crazy!                7
 
  14

B.   Electron Configurations
        1. Using orbitals, we can give electrons an “address.” 
        2. Your map is the periodic table 
        3. Orbitals:  
                                 s-block (far left)
    p-block (far right)
    d-block (middle)
    f-block (bottom)
       4. The number in front of the orbital type is also known as the Principal Quantum              

Number (a.k.a. Row number)
       5.   How to write Electron Configurations
            a.  Locate the element (on the periodic table)
           - Oxygen
            b.  Calculate the amount of electrons the element has (one box=one electron).
           - 8 e-
                ii. NOTE: If there is a charge, make sure you subtract it!
            c.  From left to right, list each orbital that you pass before getting to your element
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                - 1s 2s 2p
          d.  For each orbital you pass, write the amount of boxes in each orbital as a superscript of 
each house.
     - 1s2 2s2 2p4

          e.  Check that the sum of the superscript numbers match the number of electrons from step 2.
     - 2+2+4=8
Examples: Write the electron configurations of elements and ions.
• Nitrogen: 1s2 2s2 2p3 
• Magnesium:1s2 2s2 2p6 3s2

• Ca2+:1s2 2s2 2p6 3s2 3p6

       6. d-block electrons are in a lower (row minus 1) energy level.
       7. f-block electrons are even lower (row minus 2)!
       8.   Electron Configuration Diagram
 1s2

 2s2  2p6

 3s2  3p6    3d10

 4s2  4p6   4d10  4f14

  5s2  5p6  5d10  5f14

  6s2  6p6  6d10  6f14

  7s2  7p6  7d10  7f14

• The order: 1s2 2s2 2p6 3s2 3p6 4s2 3d10 4p6 5s2 4d10 5p6 6s2…
        9. Shortcut Using Noble Gases
            a. Use the noble gas preceding the element in question. 
            b. You can use the symbol for that noble gas as a replacement for that noble gas's electron 

configuration.
      Practice: Use the shortcut to rewrite the electron configurations we did for the daily activity
C. Orbital Diagrams
       1. Diagrams used to show the electrons and the energy levels they occupy in an atom.  
       2. Lines are used to represent the different orbitals.  
       3. Electrons are represented by half-arrows.
       4. Electron Principles (helps to answer how to draw them)
            a.  First, draw lines representing the number of suborbitals present in each orbital.
            b.  Aufbau Principle: e-'s are added one at a time to the lowest energy orbital until all the e-’s 
are accounted for.   

    i. Start from the lowest energy orbital first.
    ii. You can’t move to the next orbital until the orbital below it is filled.

            c.   Hund’s Rule: All suborbitals have at least one e- before filling up with another e-. 
                 i. place an e- in each box (spread them out!)
            d.  Pauli Exclusion Principle: Each suborbital can hold only 2 e-'s, each having an opposite 

spin.
                 i. once all the boxes in the orbital have one e- and you still have e-'s left, fill the half-filled 

suborbitals with a second e- (downward facing arrow).
D.  Excited vs. Ground State
       1. All the electron configurations we have been writing have been for ground state atoms.
       2. If an orbital isn't filled when it should be, the atom is excited.
       3. If an orbital has more electrons than it can hold, the configuration is wrong.
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