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ReaxFF system energy. The key concept behind
the ReaxFF potential, which underlies the dynamic
creation and breaking of bonds, as well as the
calculation of energy and forces between atoms, is bond
order. Bond order can be understood as a chemical
bond order, but if it were real number. The bond order
for each pair of atoms, 𝑖 and 𝑗, is calculated based on
the distance between them. After that, an adjustment
is made to obtain an adjusted bond order, which is then
used in the calculation system’s energy. The formulas
for calculating bond order are provided in the original
article on the potential [1] and are not included here for
brevity. The calculated bond order is used to determine
whether there is a chemical bond between two atoms.
If the value of the bond order between atoms 𝑖 and 𝑗,
denoted as BO𝑖,𝑗 , is greater than a certain threshold
value, it is considered that a bond exists between them.
If the value is below the threshold, it means that there
is no bond between the two atoms. The threshold value
can be adjusted for different pairs of atoms, depending
on their types. The presence or absence of a connection
between atoms is not required for calculating energy
and forces. However, it is essential to study the system
of atoms at each point in time, identify molecules
within it, and track their movements and changes.

The energy of a system of atoms, modeled using the
ReaxFF potential, can be generally written as:

𝐸system = 𝐸bond + 𝐸over + 𝐸under + 𝐸angular + 𝐸tors+

+𝐸specific + 𝐸vdWaals + 𝐸Coulomb, (S1)

where each of the terms is the sum of all atoms or
pairs/triples/fours of atoms and denotes:

𝐸bond – bond energy. In fact, the total energy of each
bond in each molecule.

𝐸over and 𝐸under – the energy that regulates the
coordination number of each atom. This energy
introduces a penalty into the system if some atom
has an excessive (over-coordination) or insufficient
(under-coordination) number of bonds compared to
the optimal number. Accordingly, 𝐸over grows rapidly
when the coordination number of an atom exceeds
the optimal value and quickly becomes zero when
the coordination number is lower than the optimum.
𝐸under, on the other hand, grows rapidly with an
insufficient number of bonds and is practically zero for
optimal or excessive numbers.

𝐸angular – valence angles energy. In fact, the total
energy of each bond angle in each molecule. The bond
angle is defined as the angle between two bonds in the
molecule.

𝐸tors – torsion angles energy. In fact, the total
energy for each torsional angle between the four atoms
in each molecule. This contribution to energy is not
significant when modeling water, although it still has
some relevance when modeling the H3O+ ion and the
complex ions formed from H3O+ and OH− ions, such
as the Zundel cation H5O+

2 . In addition to the bond
order, the energy of a torsional angle also depends on
the value of two valence angles, which are multiplied by
the sine of these angles. The energy for a torsional angle
is zero if the two valence angles in the triplet of atoms
that form it are equal to 0 or 𝜋.

𝐸specific – this contribution to the energy includes
all specific contributions from the system under
consideration. In the general formula of ReaxFF
potential this term is kept in its original form and is not
further broken down. In the original paper on ReaxFF
[1] the potential was tuned for hydrocarbons, so the
specific energy included two terms: penalties for the
stability of double-bonded hydrocarbons and the energy
of conjugated systems. The specific contributions that
are relevant for water modeling are treated separately.

𝐸vdWaals – Van der Waals interaction energy between
all pairs of atoms in a system. This energy contribution
does not depend on the bond order between atoms,
but only on the distance between them. To calculate
the Van der Waals energy, the expression with a near-
zero screening factor is used. This means that the
standard formula for Van der Waals energy changes
smoothly near zero distance, so that at 𝑟 = 0, the
energy is constant. This is done to prevent a sharp
increase in the energy of interaction between atoms
that become close to each other during a molecular
dynamic calculation. This means that a huge repulsive
force will not appear, and two atoms that are nearby
will not fly apart at a high speed, which could lead
to the non-physical avalanche-like destruction of the
system due to subsequent numerical errors associated
with the finite integration step. Even if we exclude the
possibility of such destruction, the accidental bringing of
atoms close together followed by high-speed scattering
is still unphysical. The finite integration step is used,
which means that there is a non-zero probability for


