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Supporting Information

S1: Location of Charge in the Potential-dependent MD Simulations

The electrified Pt(111)
∣∣water interface models have been built either by establishing a certain free

charge density on the Pt surface (σPt1L) corresponding to a certain potential (E ≤ 0.5 V) or by follow-
ing a structure−potential-relation and setting up the thermodynamically stable adsorbate composition
on the surface (E ≥ 0.65 V). In the double layer potential region, the free charge density corresponds

Potential [V]
∑

qPt [e] (a) σPt1L [µC · cm−2] ions

0.1 −20 −10.31 12 K+

0.25 −10 −3.19 4 K+

0.37 10 9.71 8 F-

0.44 20 16.44 18 F-

0.5 30 22.94 24 F-

σM [µC · cm−2]

0.65 1.35
0.75 −1.15
0.8 −5.77 6 K+, 6 F-

0.9 −8.61 8 K+, 8 F-

0.95 −9.94 10 K+, 10 F-

1.0 −9.94 10 K+, 10 F-

(a) The sum of the atomic charge of the 1200 Pt atoms in the systems
must equal

∑
qPt during the whole simulation.

Table 1: Parameters for establishing the electrified models of the Pt(111)
∣∣interfaces: Charges imposed

on the platinum slab (
∑

qPt) for the respective potential and the obtained charge densities σPt1L or
σM, complemented by the number of ions in the system.

to a certain surface charge and charge distribution in the platinum slab. In Table 1, the charges im-
posed on the platinum slab in total are specified. Note, that the complete charge has been predefined,
while the local atomic environment of the platinum and the surrounding water determine the atomic
charges (within the slab and especially on the Pt surface layer) and the resulting charge density is
connected to an electrode potential. In this sense, σPt1L is then compensated by counterions to ac-
count for charge neutrality of the double layer. This is visualized exemplary in Fig. 1 for a simulated
potential of 0.25 V. Here, however, needs to be noted that some simulation cells are not charge neutral,
as the number of ions does not equal the charge on the platinum slab. This arises due to the fitting
of the number of ions to compensate the free charge density σPt1L rather than the charge within the
platinum slab. Altogether, the most realistic courses of the double layer charge were obtained with the
systems defined in table 1, besides, ReaxFF is capable of handling charged systems without limitations.

In the surface oxidation potential region, no charge restraints need to be imposed on the system
and the simulation cells are charge neutral. To establish the electrode potential, the experimentally
observed and thermodynamically stable compositions of oxygenated adsorbates are installed on the
platinum surface. Therefore, the respective number of ions (both K+ and F-) to match the free surface
charge density σM are added to the system, see table 1. Also, the adsorbates on the Pt(111) surface
and the H2O molecules in the liquid carry charge: If OH∗ is present on the surface, it is partially
charged with −0.16± 0.03 e along with atomic oxygen O∗ carrying a partial negative charge of −0.3 e.
Those are compensated by a negligible mean charge on the H2O molecules in the water environment
of around 0.005 e. Negligible because hydrogen bonding induces partial charging of up to ±0.05 e on
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water molecules.

Figure 1: The course of the continuous charge with increasing distance from the Pt(111) surface (dz,Pt)
is shown. On the left, the curve starts with the platinum surface charge density, the peaks correspond
to the layer of adsorbed water, then, subsequently, neutrality is reached at ∼12 Å.

S2: Determination of the Double Layer Capacitance

In the double layer potential region, the surface charge density of the platinum surface (σPt1L) serves
as linker to the electrode potential in our simulations, see Fig. 2. From these MD simulations, the
double layer charge Cdl has been determined (see Fig. 1). The differential double layer capacitance
Cdl is calculated as

Cdl =
Qdl

dV
(1)

and shown in Fig. 2. Measurements of the double layer capacitance as obtained from electrochemical
impedance experiments show a maximum around 0.3 V, which can be reproduced with our ReaxFF
MD simulations.

S3: Ordering within the Layer of Adsorbed Water

The intermolecular H2O∗−H2O∗ distance distribution, measured via the O−O distances, can give
valuable insights into the ordering within the layer of adsorbed water. Comparing the potential-
dependent distance distribution with the discrete distances appearing in a perfectly ordered, hexagonal
hydrogen-bonded water network enables drawing conclusions regarding the degree of ordering of the
H2O∗ on the platinum surface. In Fig. 3 (left), the distributions for the intermolecular H2O∗ distances
are compared for a representative double layer potential (0.37 V) and a surface oxide potential (0.95 V).
In the subsequent wetting layer, corresponding to H2O molecules above the depleted region in 4−6.5 Å
distance to the Pt surface, no characteristic peaks for discrete hexagonal distances can be detected.
Thereby, independent of the potential, no ordering is observable within the water layers beyond the
depleted region.

The distance distributions for the layer of adsorbed water molecules for 0.75 V and 0.8 V are dis-
played in Fig. 4, complemented by those for the remaining potentials investigated between 0.1 V and
0.5 V in Fig. 5.
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Figure 2: The free charge density on the Pt(111) surface in dark blue and the obtained double layer
capacitance for the Pt(111)

∣∣water interface in orange marks are shown. The horizontal lines show the
potential range dV for calculation of Cdl. The filled one-humped form is based on Ref. T. Pajkossy,
D. Kolb, Electrochimica Acta 2001, 46, 3063.

Figure 3: Distributions of the oxygen-oxygen in-plane distance (x,y direction) for the adsorbed H2O∗

at the Pt(111) surface (left) and for H2O within 4 − 6.5 Å distance to the Pt(111) surface (right)
for two electrode potentials. The gray bars correspond to O−O distances calculated from an ideal
hexagonal water network, adsorbed on Pt(111). The blue and orange bars have been obtained from
and averaged over five independent MD-simulations.
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Figure 4: Distributions of the oxygen-oxygen in-plane distance (x,y direction) for the adsorbed H2O∗

at the Pt(111) surface for electrode potentials of 0.75 V and 0.8 V. The gray bars correspond to O−O
distances calculated from an ideal hexagonal water network, adsorbed on Pt(111). The blue and orange
bars have been obtained from and averaged over five independent MD-simulations.
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Figure 5: Distributions of the oxygen-oxygen in-plane distance (x,y direction) for the adsorbed H2O∗ at
the Pt(111) surface for electrode potentials of 0.1 V, 0.25 V, 0.44 V and 0.5 V. The gray bars correspond
to O−O distances calculated from an ideal hexagonal water network, adsorbed on Pt(111). The blue
and orange bars have been obtained from and averaged over five independent MD-simulations.
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