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One quantum number wasn’t enough to model the electrons in an atom


n is the principal quantum number


 	 	 allowed values are the whole numbers starting a 1


l is the Angular momentum quantum number


	 	 allowed values are the from n - 1 to 0 in whole number increments


ml is the magnetic quantum number


	 	 allowed values are the from -l to l in whole number increments


ms is the spin quantum number


	 	 allowed values are - 1/2 or +1/2 

Orbitals and Quantum Numbers (n, l, and ml) Section 2.2.2

36

cmasi

cmasi

cmasi

cmasi

cmasi
5 3d orbital



The Aufbau Principle 
1. Start at the lowest quantum level and fill up 

2. Pauli exclusion principle 

3. Hund’s Rule of Multiplicity--Multiplicity is the number of unpaired e–'s + 1 

4. Exchange Energy/Exchange Interaction 

The Aufbau Principle Section 2.2.3
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A quantum mechanical effect that exists between identical particles 

Particles aren't actually changing positions - it is more about what happens if they were to change 
positions. If there would be no change, then with respect to that exchange the the change is 
symmetric. Symmetrical exchange for electrons spin states means that there is spacial 
component of the wave function is antisymmetric. There is slightly more distance between 
particles that have antisymmetry spacial wave functions than those with symmetric spacial 
wave functions. Thus, lower E. 

The Aufbau Principle: Exchange Energy/Exchange Interaction Section 2.2.3
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Exchange energy is NOT the exchanges between all possible arrangements (states). 
Rather, it is the number of possible exhanges of electrons in a single state; thus,

1 2 3 123

12 3

1 23

1 exchanges with 2

1 exchanges with 3

2 exchanges with 3



1. start in lowest quantum levels 
2. Pauli exclusion principle 
 --- no two electrons in an atom or molecule can have identical quantum 

numbers 
3. Hund’s Rule of Multiplicity 
 --- multiplicity is the number of unpaired e–‘s + 1 

--- the lowest energy state for electrons in degenerate orbitals is the one 
with the highest multiplicity 

 --- electrons only pair after all degenerate orbitals have been half filled 
4. Exchange interaction 

--- spin aligned electrons in degenerate orbitals are lower in energy 
than those that aren't spin aligned 

Rationalizing electron configurations/Factors affecting the energy of the electron 

Penetration and effective nuclear charge 

Πc = coulomb repulsion  
 - bad 
 - number of paired electrons 

Πe = exchange energy 
 - good in the case of parallel electrons in degenerate 
orbitals in an atom 
 - number of exchanges that can be made and produce 

identical electron configurations 

The Aufbau Principle Section 2.2.3
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Penetration and effective nuclear charge 
 

Factors affecting the energy of the electron Section 2.2.3
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Penetration and effective nuclear charge 

https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Inorganic_Chemistry_(LibreTexts)/02%3A_Atomic_Structure/
2.02%3A_The_Schrodinger_equation_particle_in_a_box_and_atomic_wavefunctions/2.2.04%3A_Shielding accessed 9/15/2023  

Factors affecting the energy of the electron Section 2.2.3
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https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Inorganic_Chemistry_(LibreTexts)/02%3A_Atomic_Structure/2.02%3A_The_Schrodinger_equation_particle_in_a_box_and_atomic_wavefunctions/2.2.04%3A_Shielding
https://chem.libretexts.org/Bookshelves/Inorganic_Chemistry/Inorganic_Chemistry_(LibreTexts)/02%3A_Atomic_Structure/2.02%3A_The_Schrodinger_equation_particle_in_a_box_and_atomic_wavefunctions/2.2.04%3A_Shielding




Energy Level Diagrams and Rationalizing Electron Configuration: Be, C, and N Section 2.2.3
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Energy Level Diagrams and Rationalizing Electron Configuration: Cr and Mn Section 2.2.3
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