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Recitation 5

Quantum numbers

Every electron localized in an atom can be described by four quantum numbers. The Pauli Exclusion
Principle tells us that no two electrons can share the exact same set of quantum numbers

Principal quantum number

The principle quantum number, n, represents the energy level of the electron, much like the n used in the
Bohr model. Energy is related to the principle quantum number by

13.6 eV
E = − , n > 0

n2

Orbital angular momentum quantum number

The orbital angular momentum quantum number, l, provides information about the shape of an orbital.
Unlike the description of early models of the atom, electrons in atoms don’t orbit around the nucleus like
a planet around the sun. However, they do have angular momentum, and the shape of the probability
cloud around the nucleus depends on the value of the angular momentum. The magnitude of the angular
momentum is related to the orbital angular momentum quantum number byp

L = h̄ l(l + 1), 0 ≤ l ≤ n − 1

The orbital angular momentum quantum numbers correspond directly to letters commonly used by chemists
to describe the orbital subshells: for example, l = 1 corresponds to the s orbitals, which are spherical:

Images of orbitals from B. A. Averill and P. Eldredge, 
General Chemistry. License: CC BY-NC-SA. Source: 
Open Textbook Library.

l = 2 corresponds to the p orbitals, which are lobed: Visualizations of the higher orbitals, like the d (l − 2)

and f (l = 3) can be found in Chapter 6 of the Averill textbook.

Magnetic quantum number

The magnetic quantum number, m, distinguishes the orbitals available within a subshell. The projection of
the angular momentum onto the z-axis is related to the magnetic quantum number by

Lz = mh̄, −l ≤ m ≤ l
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Spin quantum number 
The spin quantum number, ms, gives the spin angular momentum of each electron. Each electron can either 
be spin up or spin down. The magnitude of the spin is either +1/2 (spin up) or −1/2 (spin down). The 
magnitude of the angular momentum associated with spin is p

|S| = h̄ s(s + 1) 

and the spin projection onto the z-axis is given by 

Sz = sh̄ 

The restriction on the allowed values of spin is 

1 
s = ± 
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Example: What is the electronic configuration of carbon? Write out the quantum numbers for each electron. 

Carbon has six valence electrons. We’ll start filling up the quantum numbers by following the rules above. 
Starting with n = 1, the only possible value of l is l = 0, since 0 ≤ l ≤ n − 1. When l = 0, m must also be 0. 
There are two possible spins that could go with these quantum numbers. There aren’t any more available 
quantum numbers with n = 1, so we must go up to a higher shell. For n = 2, the lowest energy state 
corresponds to the lowest magnitude of angular momentum, l = 0, which again requires m = 0. 

For the last two electrons, we have to remember Hund’s rule. Every orbital in a subshell must be singly 
occupied with electrons of one spin before adding electrons of the other. So the l = 1 electrons must have 
different values of m, but the same value of ms. The quantum numbers are summarized in the table below. 

n l m ms 

1 0 0 1/2 
1 0 0 -1/2 
2 0 0 1/2 
2 0 0 -1/2 
2 1 0 1/2 
2 1 -1 1/2 
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