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Role of Kinetic Energy in Covalent Bond
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EDITORIAL NOTE

Lowering of the electron Kinetic Energy (KE) upon initial
encounter of radical fragments has long been cited because the
primary origin of the covalent bond supported Ruedenberg’s
pioneering analysis of H”and H;and likely generalization to
different bonds. KE changes throughout the initial encounter
equivalent to bond formation for a spread of various bonds; the
results demand a re-evaluation of the role of the KE. Bonds
between heavier parts, like H;C-CHs, F-F, H;C-OH, H3C-SiH3,
and F-SiF; behave within the opposite due to H? and H,, with
KE typically increasing on conveyance radical fragments along
(though the energy
stabilizing).

overall amendment is considerably

The origin of this distinction is Pauli's repulsion between the
electrons forming the bond and core electrons. These results
highlight the of

interference (or resonance) because of the origin of chemical

elemental role constructive  quantum
bonding. Variations between the states distinguish one form of
bond from another. The covalent bond is at the very heart of
chemistry, as bond strengths verify most of the enthalpy part of
the natural philosophy driving forces for reactions, and key

options of molecular structure and properties.

During a quantum image, the bond was originally viewed and
remains typically mentioned and instructed, as being static in
origin. This was supported the virial theorem: for a (negative)
bond energy AE, the negatron mechanical energy (PE or V)
changes (decreases) by AV = 2AE; double the maximum amount
because the negatron mechanical energy (KE or T) will increase
(AT=—AE) in a precise quantum calculation at the equilibrium
pure mathematics. Extra support comes from the actual fact that
charge accumulates within the internuclear region of a bond
relative to the superposition of free atom densities. H' and H,
that despite the correctness of the virial theorem, roughly sixty-
six of the separation energy is related to constructive quantum
interference that lowers the KE. Kinetic Energy lowering

happens via delocalization of the electrons’ wave function across
each center in Is atomic orbitals. This method sets up an
associate degree imbalance between KE and relative to the virial
theorem, resulting in a secondary impact, orbital contraction,
within which the orbitals contract toward the nuclei, and
raising KE. This impact is most simply seen by optimizing
the shape of a spherical H 1s performs as bond length.

For the last nearly 50 years, this KE-lowering paradigm has been
wanted to make a case for the quantum origin of covalent bonds
via extrapolation from H*%and H,. However, the terribly robust
assumption that the results for atomic number 1 are universal to
different covalent bonds deserves scrutiny by various approaches.
Here tend to use a stepwise variational Energy
Decomposition Analysis (EDA) supported completely localized
molecular orbitals to indicate that the generalization is, in fact,

we

not universally true all told paradigms.

The EDA was designed not with the aim of separating KE and V
but partitioning the overall interaction energy, AEINT, into well-
defined elements on the bond-forming path. As all intermediate
states during this theme want to calculate energies are valid,
spin-pure wave functions, following the EDA’s development we
tend to were prompted to analyze the role of KE on the bond-
forming coordinate. Within the course of developing the
ALMO-EDA for chemical bonds, a term indicating the energy
lowering thanks to orbital contraction was developed. This
technique quantitatively recovers the results mentioned higher
than for H;, and conjointly disclosed orbital contraction to be
important for all bonds between atomic number 1 and different
atoms or teams that were examined. Astonishingly the, orbital
contraction contributes nearly nothing to the bonds between
heavier atoms and groups. This was attributed to the presence of
core electron pairs in such cases, which includes important
orbital contraction, to repulsion between the getting valence and
core electrons. We tend to utilize the ALMO-EDA technique to
demonstrate that the model within which chemical bond
formation is driven by KE lowering isn't universally true for all
covalentbonds.
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