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Resonance

Describe the 3 types of resonance

We previously discussed a different kind of resonance, which is the tendency of some systems, such as the strings of instruments, to
vibrate easily at particular frequencies. Now we will talk about quantum mechanical resonance. First, it may be easier to
understand if you think about Fourier analysis. Perhaps you have heard before that any function can be written as a sum of sin and
cos waves, like this:

When we try to find wavefunctions for real chemical systems, it is too complicated to find an exact solution like the solutions for
single hydrogen atoms. Instead, we usually describe the real wavefunction ψ(x,y,z,t) using series of functions (call them φ(x,y,z,t))
like a Fourier transform.

Often the functions φ  used to build the real wavefunction ψ are the hydrogen wavefunctions we talked about before, including s, p,
d, and f orbitals in each shell. There is a principle that says that if you choose the coefficients (a ) so that the energy of the total
wavefunction is minimized, those are the best coefficients that get closest to the real wavefunction ψ. In other words, real life finds
the lowest possible energy (highest stability), so the lowest energy we can find is the closest to the real thing. If we imagine a
system that might be described by φ  or φ ,

we can calculate the ratio a:b that minimizes the energy of ψ. If a:b is very big, φ  is a good description of the system (at least
compared to φ ). If a:b is very small, φ  is a good description. If a:b is close to 1, then the real system is somewhere in between.
The system is described as resonating between the two states. This doesn't mean that it alternates between them. It's like the
difference between blue and yellow stripes (alternating between colors), and green (resonance, a mix of blue and yellow). The
energy calculated for the combination will be lower than either single energy, and this difference is called the resonance energy.

An example, O , depicting how a resonating structure is not alternating between two similar structures, but is actually one structure
at a lower energy state than either of the two similar structures.

We can use different Lewis structures to represent the trial wavefunctions φ. For instance, imagine the formation of a bond
between a H atom and a H  ion (H nucleus). We can consider 2 trial wavefunctions corresponding to the following structures:

Structure 1: H • H

Structure 2: H • H

If we calculate energy as a function of distance between the nuclei, for either structure 1 or structure 2 we don't predict a bond
to form (instead, we expect the nucleus and atom to repel each other). If we allow resonance between structure 1 and structure
2, then we find that at a certain distance, 1.06 Å, the energy is a minimum. This means a bond can form. The resonance
between the 2 structures means that the electron spends time near both nuclei. Since it has to move back and forth (very
quickly, but maybe in a random motion, we don't know exactly), it must spend more of its time between the nuclei. When it is
between them, we can expect that both nuclei are attracted to the electron, so it holds them together in a bond.
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Ionic Resonance in H  

In the hydrogen molecule, we can use a similar model. We use the 2 structures H (1) • H (2) + H (2) • H (1) (where H  and H
are the 2 nuclei, and 1 and 2 are the electrons) to represent the normal covalent bond, H—H. We get closer to the experimental data
when we include the ionic structures [H ][:H ] + [:H ][H ]. At the normal bond length, the Coulomb attraction between the
ions makes these structures stable enough to contribute about 2% to the full description of the molecule.

An ionic structure for H  would be one hydrogen atom having both electrons while the other atom has no electrons.

Ionic Resonance in Other Bonds 
Ionic resonance structures are much more important in cases where the bond is between different elements. For instance, in HF, we
expect the structure [F ][H ] to be very important, perhaps as important as H—F, because F pulls much harder on electrons. We
will keep discussing this in the next sections.

Outside Links 
Khan Academy: Resonance (12 min)
Khan Academy: Resonance and dot structures (6 min)

Contributors and Attributions 

Emily V Eames (City College of San Francisco)

Resonance is shared under a CC BY license and was authored, remixed, and/or curated by LibreTexts.

2

A B A B A B

A
+

B
–

A
–

B
+

2

– +

https://libretexts.org/
https://creativecommons.org/licenses/by/4.0/
https://chem.libretexts.org/@go/page/53417?pdf
http://www.youtube.com/watch?v=6XOm3Km7r30
http://www.youtube.com/watch?v=bUCu7bPkZeI
https://www.ccsf.edu/Info/Dir/cgi-bin/ccsfdirs.pl?words=Eames,%20Emily%20V%20%20%20%20&type=2&Semester=5&Year=2016
https://chem.libretexts.org/Bookshelves/General_Chemistry/General_Chemistry_Supplement_(Eames)/Valence_Bond_Theory/Resonance
https://creativecommons.org/licenses/by/

