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1.3: Resonance Structures

In the case that more than one reasonable (plausible) Lewis structure can be drawn for a species, these structures are called
resonance structures or resonance contributors. Resonance structures can be either equivalent or non-equivalent.

Equivalent Resonance Structures

Let’s consider the example of carbonate anion, CO5%",
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three Lewis structures are obtained by following arrow in different color

Figure 1.3a Versions of the carbonate anion Lewis structure

By following Step 6 in the Lewis structure drawing procedure, the double bond can be built between the central C and any of the
terminal O’s to generate three structures, and they all look “the same”. However, they are not really identical (or same), they are
just equivalent. Each structure is called a resonance structure, and they can be connected by the double-headed resonance arrow.
There are total three equivalent resonance structures for CO32', and the actual structure of CO32'is the hybrid of the three resonance
contributors.
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three equivalent resonance contributors of carbonate anion
Figure 1.3b Three equivalent resonance contributors of carbonate anion
The arrows used here to connect between resonance structures is the “resonance arrow*, which has double arrow heads.
Resonance structures have to be connected using resonance arrows.

Since the resonance structures are equivalent, they are all in the same level of energy and have the same stability, so they make the
same contributions to the actual structure of CO52". This is supported by the experimental evidence that all the carbon-oxygen
bonds in CO52- are the same bond length, which is longer than a regular double bond but shorter than a single bond. As a result of
the resonance structures, the two negative charges in CO42" are not localized on any oxygen atoms, but are spread evenly among all
three oxygen atoms, and is called charge delocalization. Because of charge delocalization, each oxygen atom has two-thirds of a
full negative charge. Charge delocalization helps to stabilize the whole species. The stability a species gains from having charge
delocalization through resonance contributors is called resonance stabilization effect. The greater the number of resonance
contributors, the greater the resonance stabilization effect, and the more stable the species is.

The actual structure of the carbonate anion is a combination of all the three equivalent resonance structures, that can be called a
hybrid. What does the actual structure look like, and can we draw one structure on paper to show the actual structure? The actual
structure can not be shown with a conventional Lewis structure, because the regular Lewis structures do not include partial charges,
and there is two-thirds of a full negative charge on each oxygen atom in CO3%". An attempt to show the hybrid structure can be by
using dashed lines to show that the bond between carbon and oxygen is somewhere between a single and double bond, and each
oxygen atom has partial charges.

o

O

S g

Figure 1.3c Dashed lines drawn on the CO3 molecule Lewis structure to show the actual structure and partial charges
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The delocalized charges can also be represented by the calculated electrostatic potential map of the electron density in the CO3*"
anion. In an electrostatic potential map, regions with different charges are shown in different colours. More specifically, colours
trending towards red means higher negative charges, while colours trending toward blue means more positive charge (the colour
system generated by different softwares might not be same, but will follow the same trend). In the electrostatic potential map of
carbonate anion below, the same shade of red of all three oxygen atoms indicate the equal charge distribution at the three oxygen
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Figure 1.2d The electrostatic potential map of carbonate anion

atoms.

Exercises 1.5

Draw all the equivalent resonance structures for following species. Include any non-zero formal charges in the structures.

e O zmolecule
e nitrate anion NO 3~
o chlorate anion ClO 5.

Answers to Practice Questions Chapter 1
Non-equivalent Resonance Structures

Resonance structures can also be non-equivalent. For the example of OCNT, there are three non-equivalent resonance structures,
depending on how the multiple bonds are formed in Step 6 of the Lewis structure drawing procedure.
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Figure 1.3e Three non-equivalent resonance structure contributors of OCN-
For non-equivalent resonance structures, the bonding and charge distributions are different, so they are in different energy levels.

Some are more stable (better) resonance structures than others. The guidelines for comparing the relative stability between non-
equivalent resonance structures are (the lower the energy, the more stable the structure is and vice versa):

o The structure with complete octets is usually more stable, except in the cases in section1.2.4 “Exceptions to Octet Rule”.

o The structure involving the smaller formal charges is more stable.

o Negative charges should be preferentially located on atoms with greater electronegativity, and positive charges should be
preferentially located on atoms with less electronegativity

e Charge separation decreases the stability (increases the energy).

By applying the rules above, we can predict that for OCN™, structure 3 is the least stable one since it has the highest formal charges.
For both structures 1 and 2, the formal charge is “-1”. It is more preferable for negative formal charges to be on oxygen, the more
electronegative atom; therefore structure 2 is the most stable one.

Exercises 1.6
Draw all of the resonance structures for azide anion, N3~, and indicate the most stable one.
Answers to Practice Questions Chapter 1

This page titled 1.3: Resonance Structures is shared under a CC BY-NC-SA 4.0 license and was authored, remixed, and/or curated by Xin Liu
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