Electron Configuration and Quantum Numbers
OBJECTIVES:

16. State the Aufbau principle.
17. Determine and describe the electron configurations of atoms in terms of main energy levels and sublevels.

The Aufbau Principle states that electrons will first occupy the orbital with the lowest potential energy, which is closest to the nucleus, before filling up orbitals with higher energy levels.  Electrons will occupy orbitals in order of increasing potential energy.  Orbitals closer to the nucleus have a lower potential energy because they allow the negative electrons to be closer to the positive nucleus.  The Aufbau series is a list that arranges the atomic sublevels in order of increasing potential energy.
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The distribution of electrons among the orbitals of an atom is called the electron configuration.  This describes where an electron is found and what energy it possesses.  An atomic orbital is a region around the nucleus of an atom where an electron with a given energy is likely to be found.  The first orbital can hold a maximum of 2 electrons.  After that, each orbital may hold up to a maximum of 8 electrons.  The number of electrons in each orbital is represented by the electron configuration.    

Energy Level

The principle quantum number (n) has integral values: 1, 2, 3, …  It defines the size and energy of the orbital in which the electron belongs to.  As n increases, the orbital becomes larger and the electron spends more time farther from the nucleus.  This also means higher energy for the electron, because the electron is less tightly bound to the nucleus.  The number of electrons in each level are summarized in the following table:

	n
	Number of electrons

	1
	2

	2
	8

	3
	18

	4
	32


To determine the maximum number of electrons in a particular energy level, use the formula 2n2, where n is the energy level.
Each energy level has sublevels, which are further divided into orbitals.  Each orbital can hold a maximum of two electrons that are spinning in opposite directions.  

When electrons populate the lowest energy orbitals available, the atom is said to be in its ground state.  The ground state is the most stable, lowest energy state of the atom.  It is the way atoms normally exist.  Electrons are also distributed following a certain order.  The lowest levels must be filled before an electron can go up to a higher energy level.

Sublevels

An energy level is made up of many energy states that are closely grouped together.  These states are sublevels.  The number of sublevels for each energy level equals the value of the principle quantum number of that level (the first energy level has 1 sublevel, the second energy level has 2 sublevels, the third energy level has 3 sublevels…).  The lowest sublevel in each level is named s, the second is p, the third is d, and the fourth is f.

Energy levels do not correspond to the orbital levels of the electrons.  The same energy level can be found in different orbitals.  There is overlapping of the sublevels within the levels.  The effect is that the atom has lower overall energy in the 4s sublevel than in the 3d sublevel.

Orbitals

Any s sublevel may contain 1 pair of electrons; any p sublevel may contain 3 pairs of electrons; any d sublevel may contain 5 pairs of electrons; and any f sublevel may contain 7 pairs of electrons.  Each pair in a given sublevel has a different place in space.  This space occupied by 1 pair of electrons is called an orbital.  

Order of Electron Filling (s, p, d notation: 1s2 2s2 2p6 3s2 3p6 3d2 4s2)
1s 2s 2p 3s 3p 4s 3d 4p 5s 4d 5p 6s 
The electron configuration of an atom is a shorthand statement for describing the location of the electrons by sublevel.  Following the energy level, the sublevel is written, followed by a superscript that indicates the number of electrons. 
Ne: 1s2 2s2 2p6

Cl: 1s2 2s2 2p6 3s2 3p5

C: 1s2 2s2 2p2

Cu: 1s2 2s2 2p6 3s2 3p6 4s2 3d9
Analogy to the Concept of Energy Levels
An analogy to the concept of energy level is a person walking up a flight of stairs, where the steps continually get smaller as they go up. 
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As the person proceeds up the steps, he changes his position and hence his potential energy. Each step of the staircase corresponds to a different energy level. Whe the person puts his foot on a step, he is at the energy level of that step. He cannot put his foot in between the steps, therefore, he cannot be at an "in-between" energy. 

The person here is like the electrons. Likewise, the energy of the electrons can only have specific energy values associated with the energy levels. 
