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Abstract

Abstract

“ Intramolecular strain” or *“ Intramolecular repulsion” can provide help in our
understanding of molecular structures and properties. Most chemists have intuitive
feelings about the concept of them: what it is or how certain reactions will behave
under its influence. There have been numerous approaches in the probe and
decomposition of intermolecular interactions. But in general these approaches are
inapplicable to intramolecular interactions. Moreover, although the c-¢ and lone pair
—lone pair repulsion are general knowledge, n-r repulsion has not been well
recognized. As an important multi-configurational method, ab initio VValence bond
(VB) theory is well-known for its deep chemical insight and its ability to capture the
nature of chemical bonding. In this dissertation, we applied the simplest variant of VB
theory, the block-localized wave function (BLW) method, to intramolecular repulsion
and resonance. In addition, the BOVB method has been devised by Hiberty et al. with
the aim of keeping the compactness of wave fuctions and the accuracy of the
calculated energies. And we used it to study the V state of ethylene at the end of this
paper.

In Chapter 1, the research backgrounds of intramolecular repulsion and the V

state of ethylene and the valence bond methods were briefly reviewed.

In Chapter 2, to explain Rogers’ claim about the zero (or destabilizing)
conjugation in 1,3-butadiyne (or in 2,3-butanedione and cyanogen), we proposed and
validated a new concept, intramolecular multi-bond strain, which refers to the
repulsion among = bonds. The z-n repulsion is quantified with B4H,. And the results

revealed that it is even larger than the c-o repulsion in BoHa.

In Chapter 3, to further illuminate the intramolecular multi-bond strain, we used
the BLW and DFT methods to examine the z-x repulsion in substituted benzenes.
And the NCI (Noncovalent Interactions) approach developed by Yang and co-workers

has been employed to demonstrate it. In this work, we demonstrated and proved the



Abstract

significant repulsion in nitrobenzene. The concept of n-n repulsion can explain why

the carbon-nitrogen bond in nitrobenzene is longer than in aniline.

In Chapter 4, the BLW and DFT methods were employed to examine how the
repulsion and resonace between the lone pair or & electrons on the substituents and the
n electrons on protonated imidazole rings affect the tautomerism of it. The calculated
resonance energies and the HOMA values suggested: (1) The larger conjugation
between the substituents and the rings in 4H- imidazolium when the electron releasing
substituents are attached (2) The decrease of conjugation in the rings of
1H-imidazolium caused by the repulsion between the lone pairs of the electron
releasing substituents and the rings stabize the nonaromatic 4H- imidazolium. In

addition, the solvent effect has also been studied in this work.

In Chapter 5, the adjacent lone pair (ALP) effect in pyrazole, imidazole,
1,2,4-1H-triazole was studied. Here, the ALP effect can be viewed as c-c repulsion.
The general consensus so far for the cause of the ALP effect is the repulsion between
the adjacent lone pairs. In this work, we used the BLW method to derive the strictly
localized orbitals to check the lone pair—lone pair repulsion. Our results revealed that
the 7 conjugation and the electrostatic attraction are two major factors for the ALP
effect. And further electrostatic potential analysis and intramolecular energy

decomposition have also been employed to support this conclusion.

In Chapter 6, the ground state and first singlet excited state of ethylene, so-called
N and V states, respectively, were studied by means of modern VB methods. In the
MO framework, the o dynamic correlations should be included by elaborate
strategies. These methods are generally successful, but lead to long configuration
expansions that are treated by multi-reference variational or perturbative methods. In
this work, four VB structures in the (2, 2) space are already capable of taking care of
on dynamic correlations by means of the breathing orbital effect. Another outcome of
this work is the evidence for the importance of VB structures displaying an

asymmetric w covalent bond as an essential component of the V state of ethylene.
Keywords: Intramolecular repulsion, V state of ethylene, VB theory
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Figurel.l. The tautomerism of protonated imidazoles.
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