
(system-specific) higher accuracy compared to implicit solvent models.[21] Typically, water at
metal surfaces interacts via near-chemisorption, featuring a pronounced preference for ”top” sites
(i.e., the water oxygen atom sits on top of a metal atom, not in a ”hollow” site), an effect that
is not possible to capture via standard pair-wise atom-centered functional forms.[22] Therefore,
we have developed the GAL functional form, originally fitted for flat surfaces[18] and later ex-
tended to rough surfaces and nanoparticles.[23] The combination of accurate force fields and
QM/MM simulations has been demonstrated to yield semi-quantitative agreement between sim-
ulations and experiments for capturing solvation effects of aromatic molecules on Pt(111)[24].
Achieving similar agreement with implicit solvents is difficult and requires system-dependent
parameter tuning.[25]

Following our previous work on neutral surfaces[21, 24] we have recently extended our hy-
brid QM/MM method to electrified surfaces.[26] Our scheme treats the electrified metallic sur-
face, where the active sites is located, using quantum mechanics (QM) methods (i.e., DFT),
while the surrounding solvent molecules and electrolyte ions are described by molecular me-
chanics (MM), i.e., a force field. The two subsystems interact via electrostatic embedding.[26]
Briefly, a first DFT computation defines the geometry and partial charges of the QM subsys-
tem. Then, a molecular dynamics simulation of the solvent/electrolyte is performed from which
the average charge distribution is extracted.[27, 28, 29] Finally, the MM charge distribution is
used for a second DFT computation to simulate the presence of the solvent at the QM level.[26]
For now, our scheme purely relies on electrostatic embedding, in contrast to very recent more
advanced schemes that also account for Pauli repulsion, but that have not yet been applied to
metallic surfaces.[30]
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Figure 1: Schematic picture of the experimentally derived[31, 32] information on the potential dependent phase-transition
of pyridine on Au(111). The experimentally measured transition potential is indicated by the grey area.

Most computational investigations in the field of electrified interfaces target electrocatalysis,
where formal electrochemical steps (typically proton coupled electron transfers, PCET) are con-
sidered most important.[33, 34] While GC-DFT and solvent effects play non-negligible roles in
electrocatalysis,[35, 36, 7] the energetics of electrochemical steps is dominated by the energy
of the added/removed electron during the PCET step. This basic potential dependence is con-
veniently described by the computational hydrogen electrode (CHE) or the linear Gibbs energy
relationship (LGER).[37] These methods are incapable of describing decoupled electrochemi-
cal steps, e.g., when a protonation step precedes the electron-transfer as observed for different
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