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Abstract: 

The Complete Active Space Self-Consistent Field calculations offer a definition of a set of molecularly 

optimized valence mono-electronic functions and a basis of Orthogonal Valence Bond (OVB) 

configurations. However this variational description misses important dynamical correlation effects, 

affecting both the energy and the weights of the various OVB components. The dynamical polarization 

effects induce for instance an increase of the weight of the ionic VB components. The mapping of these 

dynamical correlation effects into an effective OVB Hamiltonian is not straightforward, but would be 

useful for the production of reliable model Hamiltonians, making possible the treatment of large 

systems. The present work takes benefit of a solution proposed to the multi-parentage problem in Multi-

Reference Coupled Cluster methods to define in a rational way dressed OVB Hamiltonians. A test study 

on the F2 molecule shows that the dynamical correlation not only diminishes the energy difference 

between the neutral and ionic configurations, but also the interaction between them. 

I) Introduction 

Understanding the physical nature of the chemical bond was the initial major target of Quantum 

Chemistry. The work of Heitler and London on the H2 molecule [1] offered a first answer, and initiated 

the well-known Valence-Bond description of the molecular wave function. The conceptual benefit of the 

VB representation of the electron population is clear. The VB method was initially expressed in terms of 

the atomic orbitals of the free atoms and treats correctly the dissociation of the chemical bonds. It 

allows one to identify the leading distributions of the electrons in the molecule, in particular, for non-

polar bonds, those which maintain the neutrality of the atoms, and which are called covalent, or neutral. 

This represents a major conceptual advantage. It rapidly appeared that the ionic VB components, where 

some atoms have lost electrons to the benefit of other atoms, had to be introduced in the wave function 

to reach a better agreement with experimental bond energies [2]. Then it was recognized that one could 

not keep the minimal basis set of the valence occupied atomic orbitals, and that one should offer some 

flexibility of the valence orbitals in the molecule. As an important refinement one may quote the idea 

that the atomic orbitals might be different for the various VB components, leading to the so-called 

Breathing Orbital VB description (BOVB) [3-5]. This treatment introduces the dynamical polarization 

effects, i.e. the response of the electrons, even those which do not participate directly to the bond, to 

the fluctuation of the field created by the active electrons when they go from a neutral to an ionic 

component. More recently the quantitative importance of other dynamical correlation effects was 

recognized and recent developments in non-empirical VB methods [6] are the non-orthogonal 

counterparts of the popular post mean-field MO-based methods.  
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