
1 

Chemical Resonance 
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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.  
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Quantum Chemistry  

Wave function is the main concern 
of quantum chemistry:  

Analysis  

Computation  

Ǹ 
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Computation  

Single determinant  

Many determinant  

Hartree-Fock, Semi-emperical, 

Density Functional Theory,é 

Configuration interaction, 

Coupled Cluster, é 
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Analysis  

Physical Observables  

Chemical Concepts  

Bond Length, Energy, Multipole 

Moments, Polarizability, é 

??? 
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Wave function analysis BIG BANG !  

Lone pair  

Chemical resonance  
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Q: What would happen if there were no 

big bang?  

A: Absolutely nothing! All we need, are 

quantum 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.  
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Ethane internal rotation  

Who cares what is going on in the electronic structure 
when all information is available from the molecular 
wave function?  
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Why ethane prefers staggered form?  
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Why ethane prefers staggered form?  
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Unconventional interaction in biphenyl  

Classical  chemical picture  What critical points show 
in the context of QTAIM  
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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 
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An ideal gas expands irreversibly in vacuum:  

where V2 > V1.  

How quantum mechanics adopt free expansion in terms 
of entropy?  

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

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

What would happen if there were no nucleus? 

hartreeT 76.0Ĕ=ðà hartreeT 61.0Ĕ=ðà
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Linear Variation 

aa sasa cc 11 ϫϫϫ +=



19 

Degenerate perturbation  


