Chemical Resonance



\/Focus on the current concept of chemical
resonance, not what is has been known as.

\/Try to avoid detailed mathematical extraction
of chemical resonance from wave function.




Quantum Chemistry

Wave function is the main concern
@ of quantum chemistry:
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Chemical resonance

Lone pair

Wave function analysis BIG BANG




7 Q: What would happen if there were no
big bang?

A Absolutely nothing! All we need, are
guantum observables!

A: Quantum mechanics would not help us

to understand chemistry and/or predict
chemical reactions!

/ A: It accelerates computation of the

molecular wave function and/or guess

molecular properties with no calculation
at all.



Ethane internal rotation
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Who cares what is going on in the electronic structure
when all information is available from the molecular

wave function?



Why ethane prefers staggered form?

As part of such studies, we have evaluated the effect of several
alloying metal elements on the critical current behaviour of the
MgB; material. Although the T, of MgB; remains unaffected by
these elements (Fig. 4a), we notice significant alterations of critical
current behaviour in these metal-containing MgB, samples as
indicated in Fig. 3 (J, versus H curves) and Fig. 4b (J, versus
temperature curves). The Fe addition appears to be least dam-
aging, whereas the Cu addition causes J. to be significantly
reduced by 2-3 orders of magnitude with a slightly increased
field dependence of J.. These data clearly show that the inherently
weak-link-free MgB; material is not necessarily exempt from
‘weak-link-like behaviour’, and any contamination of MgB, by
foreign metal atoms on alloying or cladding needs to be carefully
avolded or controlled. (|
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Hyperconjugation not steric
repulsion leads to the staggered
structure of ethane

Viojislava Pophristic & Lionel Goodman

Wright and Rieman Chemistry Laboratories, Rutgers University, New Brunswick,
New Jersey 08903, USA

Many molecules can rotate internally around one or more of their
bonds so that during a full 3607 rotation, they will change between
unstable and relatively stable conformations. Ethane is the text-
book example of a molecule exhibiting such behaviour: as one of
its two methyl (CH:) groups rotates once around the central
carbon—carbon bond, the molecule will alternate three times
between an unstable eclipsed conformation and the preferred
staggered conformation. This structural preference is usually
attributed to steric effects'"; that is, while ethane rotates towards
an eclipsed structure, the electrons in C—H bonds on the different
C atoms are drawing closer to each other and therefore experience
increased repulsion, introducing a rotation barrier that destabi-
lizes the eclipsed structure®®, Stabilization of the staggered struc-
ture through rotation-induced weakening of the central C-C
bond"™ and hyperconjugation”™™ has been considered to be
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Why ethane prefers staggered form?
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Figure 2 Torsional angle dependencies of energy of real ethane (solid line) and a
hypothetical ethane with exchange repulsion absent (dashed ling).
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Unconventional interaction in biphenyl
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Acceleration of computation

Complete active space (CAS) requires wise definition
of the active spase as CAS(n,m), where n and m
refers to n-th and m-the CMO, respectively.

CAS/NBO requires lower n and m values, where
NBOs are chosen for active space.

Higher efficiency
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Just dive Into resonance !

(An example of vibrational resonance)
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Soldiers break stride on a bridge

In April 1831, a brigade of soldiers marched in step
across England's Broughton Suspension Bridge.
According to accounts of the time, the bridge broke
apart beneath the soldiers, throwing dozens of men
Into the water.

After this happened, the British Army reportedly sent
new orders: Soldiers crossing a long bridge must
"break stride," or not march in unison, to stop such a
situation from occurring again.
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Free expansion of ideal gas

An ideal gas expands irreversibly in vacuum:

DS = nRIn \é
Vl

where V2 > V1.

How quantum mechanics adopt free expansion in terms
of entropy?

von -Neumann Entropy (also known as Shannon entropy):

S=-trcag(PIn P)

It measures deviation from pure state (not applicable for
our discussion). 15



Particle in 1D Box

Expansion of the box:
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The energy is lowered by 25%. Stabilized by expansion!
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Bonding in hydrogen molecule
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What would happen if there were no nucleus?
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Linear Variation
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Degenerate perturbation
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