When the Blueprint Falls

The limitation of the Lewis Structure in mapping physical reality

The Drafting Table

H-Cl Bond Length:
127 pm (Theoretical)

H— CI

Bond Angle: 180°

| Bond Length:
Z7 pm (Thoorelical)
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Lewis dot structures provide a fundamental

picture of covalent bonding and the octet rule.
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A drawing is just a model.

For certain polyatomic molecules, a
single Lewis structure contradicts
experimentally determined
parameters, such as bond lengths
and energies.

When the model breaks against

empirical data, the model must evolve.




The Ozone Anomaly

Empirical data contradicts the single-structure model.

Theoretical Draft

Predicted:

121 pm & 148 pm
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The anomaly:
Ozone doesn't have
one short bond and

one long bond. It has
two perfectly equal
Intermediate bonds.

Built Reality

Observed: Observed:
128 pm
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The Theoretical Bridge: Canonical Forms

Bracketing reality when a single drawing Is insufficient.
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Resonance Arrow

Similar Energy

Both structures possess
comparable energy states.

ldentical Nuclel

The positions of the atomic
nuclei do not change.
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( Theoretical Only

They represent bonding and
non-bonding electron pairs, not
actual physical states.
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The Resonance Hybrid

The actual, physical reality of the delocalized molecule.
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Bond Averaging:

The resonance hybrid
averages the bond

characteristics,
perfectly explaining
the uniform 128 pm

bond length.

TopAll

Physical Reality:
This hybrid is the only
real structure. The
molecule exists
constantly in this
blended state.




Application: The Carbonate lon P

Mapping symmetry in polyatomic ions. TopAll

5 Canonical Structure 1 4 Canonical Structure 2

= 2- r
O- . e
!0 Experimental findings show all three C-0
R | bonds in carbonate are completely
P LN O—— Resonance Hybrid .
oC equivalent. Resonance perfectly
56’;:':_:}65‘ accounts for this three-way symmetry.
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Dispelling Resonance Misconceptions é%

What the resonance hybrid is not.

X Myth +/ Reality

They have absolutely no real
physical existence; they are
limitations of our drawing tools.
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Canonical forms are real, physical |
variations of the molecule.

The molecule rapidly “flips” or The molecule exists permanently
alternates between different and constantly as a single, static
canonical forms over time. hybrid structure.
Resonance is a state of There is no mixture of different
equilibrium between isomers, like molecules. There is only one

tautomerism. unique molecule.



Revision Frame: Resonance Structures

The blueprint for molecular delocalization.

When Models
Break

Resonance is required
whenever a single Lewis
Lewis structure fails to
accurately describe a
molecule's
experimentally
determined parameters
parameters (like
uniform bond

lengths).

Canonicalvs. , «
Hybrid '

Canonical Forms («):

Theoretical structures with|

identical nuclei positions
and similar energies.

Resonance Hybrid: The

singular, physical reality

of the molecule blending
the canonical forms.
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System
Stabilization

Resonance averages
bond characteristics
across the molecule. The
resulting hybrid
structure has lower
energy than any of its
theoretical canonical
components, resulting in
resulting in increased
molecular stability.
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