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Calculation of Solid-Liquid Interfacial Energy between Water and OH-Terminated Silica
by Thermodynamic Integration
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In this study, we calculated the solid-liquid work of adhesion between OH-terminated silica and water liquid by using
the thermodynamic integration (TI) as the second step to understand the effects of flexible silanol group on wetting. We
used the phantom-wall scheme as one of the TI methods, in which a wall only exerting repulsive force on the liquid was
quasi-statically lifted up to strip off the liquid from the solid surface. The interfacial free energy, potential energy and

entropy were successfully calculated.
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Fig. 1 (Left) bird-eye view of the simulation system of the interface
between OH-terminated silica and water film, and (right)
geometry of water and silica models with charge values.
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Fig. 2 Schematic of the thermodynamic integration. Red line
represents the phantom wall interacting only with the fluid
molecules. The phantom wall is set far from the liquid in the
system of interest in the left as the initial state, so that the solid-
liquid interfacial energy can be evaluated. The phantom wall is
quasi-statically moved up toward the final state in the right, in
which the liquid film is completely stripped from the solid
surface so that the solid-liquid interaction vanishes. The initial
and final states are related to the phantom wall position through
a parameter as 4 = 1 and 0, respectively.
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Fig. 3 Relation between Hamiltonian derivative per area (OH/0A)/A
and parameter A for the thermodynamic integration. The
Hamiltonian derivative equal to zero at A = 0 takes positive
values and converges again to zero at A =1 because the phantom
wall has only repulsive interaction with the water molecules.
Change in the free energy per area is calculated by integrating
(OHIOAY/A , which corresponds to the work of adhesion of solid-
liquid interface, i.e., minimum work required to strip the liquid
film off the solid surface.
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Fig. 4 Work of adhesion Waa, and solid-liquid interaction energy
(~=UsL)/A ploted for various OH termination ratio with the area
density pQH. The change in entropy corresponds to the value,
(~UsLY/A—Wadn. It shows that Wadn, (—UsL)/A are significantly
different due to the entropy effects. As OH termination ratio
increases, OH effect on wettability and the change in entropy are
increase.
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