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14.3.2: p Orbitals

Orbitals with total angular momentum quantum number [ =1 are called p orbitals. Remember that [ must always be less than n.
As such, the first shell has no p orbitals; it only has s orbitals. This means that you can only put two electrons (with opposite spin)
in the first shell. In the second shell, you can put eight total electrons. You can put two electrons in the 2s orbital, and six in the 2p
orbital. Why six? For [ =1, there are three possible values for m, the quantum number that indexes the z component of angular
momentum: m =1, m =0, and m = —1. Below is three plots showing what the 2p orbitals look like.
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What we’ve drawn here is a surface of constant probability. In reality, the p-orbitals aren’t hard shells, as this picture would seem to
indicate. Rather, just as with the s-orbitals, they’re fuzzy, with higher probability towards the “center” of the distribution which
may not be at the origin!) and less probability away from it. As a way of visualizing this, the plots below show a cut in the  — z
plane of the three orbitals depicted above:

m=20

Notice that the m = +1 and m = —1 2p orbitals look identical. If you imagine rotating the plot around a vertical axis through the
center of the plot, both of those orbitals look like two lobes, one over the other. The m = 0 orbital looks different, however. If you
imagine rotating it around a vertical axis, you get an orbital that looks like a thick donut.

The p orbitals for higher values of n get more interesting. Just as the s orbitals become versions of themselves nested inside each
other, the same thing happens with the p orbitals. Below are the three 3p orbitals:

https://phys.libretexts.org/@go/page/56940



https://libretexts.org/
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://phys.libretexts.org/@go/page/56940?pdf
https://phys.libretexts.org/Bookshelves/Quantum_Mechanics/Advanced_Quantum_Mechanics_(Kok)/14%3A_Atomic_Orbitals/14.3%3A_Visualizing_Orbitals/14.3.2%3A_p_Orbitals

LibreTextsw

10

10
5
z(A) g 10 z &) g
10 5 -10
-10 10
0
5 z (&) 5
5
y@& © y@a ©
5 10 - . 10 5
) o 5 0x
10 == 10 y (&) 51010 10
10 5
x (A

This page titled 14.3.2: p Orbitals is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Pieter Kok via
source content that was edited to the style and standards of the LibreTexts platform.
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