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I. EFFECT OF THE FIELD ON THE ADSORPTION ENERGY

In the main text, we report the adsorption energy F.qs calculated as
Eads = Eisol + Eclean - Efulla (1)

where Fig, Faean and FEpy denote the energies of an isolated water molecule, clean Pd
surface and the surface with a water molecule adsorbed, respectively, all three relaxed in the
electric fields of the same strength. In addition to that, we report here the values of E9,

calculated against the zero-field gas-phase reference as follows:

Ee?ds - Ei(;ol + Eclean - Efullu (2)

where Fean and Epy are as defined before, while E?

o) 1S the energy of an isolated molecule

with no external field applied. This data is given in Table S1 and Fig. S1.

TABLE S1. Adsorption energies E2, at different electric field strengths relative to the zero-field

reference.
El. field (V/A) -0.74 | -0.44 | -0.29 | -0.15 | -0.07 ‘ No field ‘ 0.07 ‘ 0.15 ‘ 0.44 ‘ 0.74
Egds (eV) ‘ 0.612 ‘ 0.478 ‘ 0.450 ‘ 0.460 ‘ 0.469 ‘ 0.481 ‘ 0.497 ‘ 0.515 ‘ 0.618 ‘ 0.762
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FIG. S1. Adsorption energies E°

ads

calculated by the Expression 2 at different electric field strengths.

II. MODE-RESOLVED ZPE EFFECT ON THE DISSOCIATION BARRIER

We show the contributions to the ZPE from individual vibrational modes of the adsorbed
water molecule in table S2.

In order to see more clearly how the shifts of the vibrational modes contribute to the
total zero point energy (ZPE) effect on the reaction barrier, we calculate a cumulative ZPE

difference between the reactant and the transition state as follows:

AZPE (w) _ Z hw;I‘S . Z hw;ni’ (3)

cumul 2 2
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tively. We show AZPE (w) in figure S2.

cumul

ini
7

where w!® and w

are the normal modes of the transition state and the reactant, respec-

One can see that despite multiple shifts of the individual modes, all the ZPE differences
between the most distant electric field values of + and —0.74 V/A below 1000 em™" cancel

out, ending up with almost equal ZPE contribution to the barrier.

III. ESTIMATE OF TUNNELING CROSSOVER TEMPERATURES

We estimate tunneling crossover temperature as T, = hw'®/(27kp), where w™ is the
imaginary frequency of the unstable mode at the transition state. The results are given in

Table IT of the main text. For comparison, in Ref. [1], a value of T,=142 K for the dissociation
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FIG. S2. Cumulative contribution of the vibrational modes to the total ZPE effect on the barrier

of water dissociation, calculated by Eq. 3.

of water on Pd(111) was reported, with a different exchange-correlation functional.

[1] Y. Cao and Z.-X. Chen, Theoretical studies on the adsorption and decomposition of H20 on
Pd(111) surface, Surface Science 600, 4572 (2006).
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