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UNIT 4: CHEMICAL BONDING

4.5.5 Resonance Structures

Bridging the gap between theoretical Lewis models
and experimental physical realitu.



Why One Lewis Structure Can Be Inadequate T‘%
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* Forces electrons into rigid, localized bonds. « Spectroscopy reveals perfect symmetry,
* Predicts unequal bond lengths. « Electrons are delocalized across the molecule.
* Cannot reflect intermediate properties. « Measured bond lengths are identical.

The Paradox: What happens when the theoretical drawing predicts unequal bonds, but the laboratory measures perfect symmetry?



The Ozone Case Study A
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Bond Length Spectrum

[ 0=0 (121 pm) ] Measured Length: 128 pm [ 0-0 (148 pm) ]

[ The measured oxygen-oxygen bonds in 03 are perfectly identical. They are intermediate between a ]

pure single and a pure double bond, making representations I and II individually false.
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Defining the Resonance Hybrid
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Canonical Forms

 Represented by standard Lewis structures.
« Must have identical nuclei positions.
« Exist purely as theoretical models on paper.
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Resonance Hybrid

+ The actual, physical structure of the molecule.
 Atrue, weighted blend of all valid canonical forms.
* Energy is lower (more stable) than any single form.

Real Entity
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Resonance is invoked whenever a single Lewis structure cannot accurately describe a molecule’s observed properties.
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Carbonate lon (C05;%)

A standard Lewis structure forces one C=0 double bond and two C-O single bonds,

predicting asymmetry.
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Experimental findings prove all three carbon-to-oxygen bonds are
exactly equivalent. The true ion is a unified hybrid of forms I, II, and lII.




Carbon Dioxide (CO,) L

Bond Length Spectrum

C=0 (110 pm) Experimental: 115 pm C=0(121 pm)
Form | Form |l Form |l
O=C=0 1 O 120 -
O O O O
‘ Formal Charges: 0=0, C=0, 0=0 ‘ Formal Charges: 0'1—C+‘EOJJ Formal Charges: 0*'=C-0"

The measured 115 pm bond length implies a character intermediate between a double and triple bond.

Canonical forms with formal charge separation are required to explain the hybrid’s true dimensions.




g SUMMARY

Key Takeaways & Misconceptions

TopAll

The Core Rules Myths Busted

1. Stabilization: The energy of the 1. Not an Equilibrium: The molecule
resonance hybrid is mathematically does NOT rapidly switch back and
lower than any single canonical forth between forms (this is not
structure. tautomerism).

2. Averaging: Resonance averages the 2. No Real Existence: Canonical forms
bond characteristics (lengths, orders, are purely theoretical tools on paper;
and energies) completely across the the molecule only ever exists as the
molecule. singular, stable hybrid.
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The mathematical difference between the theoretical energy of the most

nesonance-Energy = stable canonical form and the actual measured energy of the hybrid.
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