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A Theoretical Proposal of a Controlling Factor for the Stabilization of Molecules by Energy Decomposition Analysis
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Abstract

The stabilization of molecules is deeply related to the rear-
rangement of covalent bonds in chemical reactions. A one-
body electronic density is a widely used physical quantity in
describing the rearrangement of covalent bonds. The calcu-
lated results of a one-body electronic density are efficiently
analyzed through energy analysis. This analysis identifies the
controlling factors in the stabilization of molecules in chemi-
cal reactions, regardless of molecular size or complexity.

A one-body electronic density is decomposed into two
terms: the electronic sharing density (ESD) and the electronic
contraction density (ECD). ESD represents the electron den-
sity from covalent bonds. Thus, the kinetic and the Coulomb
interaction energy terms in the adiabatic potential energy
were decomposed into the ESD and the ECD terms. This way
of energy decomposition analysis of the adiabatic potential
energy is crucial for unveiling the origin of the stabilization of
molecules in the formation of covalent bonds.

In this report, theoretical calculations for the formation of
a covalent bond in a hydrogen molecule were carried out
using Born-Oppenheimer molecular dynamics. The energy
decomposition analysis above was applied, and this identi-
fied a controlling factor that governs the stabilization of mol-
ecules in the formation of a covalent bond in a hydrogen
molecule.
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Fig. 1 Time dependence of relative distance R,,(t)-R:,(t) (red line) and its
velocity Rzz(t)—.‘?u(t) (green line).
Units are fs for time, Bohr for relative distance (left vertical axis)
and Bohr/fs for relative velocity (right vertical axis).
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Fig. 2 Color coded contours.
A1 and A2 (left panel): ESD pi(x, y, z; {R}) and B1 and B2 (right panel):
ECD p<(x, y, z {R}), on molecular plane with different times t = 0.0
fs and 4.5 fs. Horizontal and vertical axes are x and z, respectively.
Time is expressed in unit of fs. Color codes are indicated at the
bottom of each panel in a.u..
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Fig.3 A1: Adiabatic potential E.({R(t)}), A2: E.({R(t))-V,,{R()}), and
A3: Coulomb energy between nuclei V,,,({R(®)}) as a function of time.
Time is in units of fs, and the vertical axes are in a.u..
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Fig. 4 Al: Atomicinternal energy E<"({R(t)}), A2: electronic kinetic energy
of sharing term Tz ({R(1)}), A3: Coulomb energy between ESD and
nuclei Vi ({R(t)}), and A4: Coulomb energy between electrons
(V) R(®)}) as a function of time. The horizontal axes are in units of
fs, and the vertical axes are in a.u..
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Fig. 5 Each component of Vg ({R(t)}) in Eq. (14).

Coulomb energy v ({R(t)}); =1,/ =2 (blue-dashed),and /=2, /=1
(pink-dashed). Coulomb energy vi,({R(t)}); | = 1 (red-dashed) and

| =2 (green-dashed).
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