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Figure 1. Scheme of the orientation of the interfacial water molecules as the dipoles at the electrode surface depend on the applied potential. a) The
interfacial water molecules tend to orient with the hydrogens toward the electrode surface when the electrode is negatively charged. b) At the PME, the
interfacial water layer has the highest disorder in the EDL. c) At the PZC, there is no excess charge on the electrode surface. However, the oxygen atoms
of the water molecules tend to point toward the electrode surface due to the specific interaction between the oxygen atom and the (uncharged) metal
surface. d) When the electrode is positively charged, the interfacial water molecules tend to orient with the oxygen toward the electrode surface. Grey
circles represent adsorbed species (e.g., intermediates) at the electrode surface.

As shown in Figure 1, the electrode surface charge varies with
the applied potential, and the potential of zero charge (PZC) rep-
resents the specific potential where no excess charge exists on the
electrode surface (Figure 1c). The PME is often closely related to
the PZC but occurs at a slightly more negative potential.[25] This
shift arises from strong directional interactions between the oxy-
gen atoms of the interfacial water molecules and the d-orbitals
of the transition metal surface.[27] A more negative potential is
required to offset this specific interaction and achieve maximal
disorder in the EDL.
While PME has been extensively measured using laser-

induced current transient (LICT) techniques,[28–31] a predictive
theoretical framework based on first-principle calculations has
remained elusive. In this work, we introduce a computational
approach that combine ab initio molecular dynamics (AIMD)
simulations with the generalized computational hydrogen elec-
trode (GCHE) framework[32–35] to predict PME values. By system-
atically examining the effects of electrolyte composition, cation
identity, and pH, we demonstrate that our method accurately
reproduces experimentally observed PME shifts for Au and Pt
electrodes.[12,26,36]

Two studies by X. Ding et al.[26,36] as well as a study by T.
K. Sarpey et al.[12] on PME measurements serve as the experi-
mental validation of our computational model. In the first study,
Ding et al. examined how alkali metal (AM) cations influence the
PME positions on a polycrystalline platinum (Ptpc) electrode, cor-
relating PME shifts with cation hydration energies and catalytic
activities.[36] They further investigated the pH dependence on the
PME position of polycrystalline gold (Aupc) electrodes in contact
with either 0.5 M Na2SO4 or K2SO4, revealing two significantly
different pH dependencies. Sarpey et al.[12] extended this analysis
by measuring PME of Aupc in contact with mixed Na2SO4/K2SO4

electrolytes, demonstrating catalytic tunability of the oxygen re-
duction reaction (ORR).
While modeling PZC remains an active area of research,[37–42]

a thorough PME study using ab initio grand canonical ap-
proaches has, to our knowledge, yet to be reported.[43] Our
study aims to fill this gap in research and advance the
understanding of the electrochemical interface in the con-
text of the PME. Our study seeks to shed light on the in-
tricate interplay between atomic-scale structure and electro-
catalytic properties, providing valuable insights for the con-

tinuous development of high-performing electrochemical de-
vices.

2. Results and Discussion

To systematically predict the PME, we developed a computational
framework based on ab initio molecular dynamics (AIMD) simu-
lations, combined with the GCHE approach. This method allows
us to determine the stability of different interface compositions
and predict the PME as an emergent property of the electrochem-
ical system. Our approach is schematically shown in Figure 2.
AIMD simulations are performed using density functional

theory (DFT) to capture the dynamic behavior of the electrochem-
ical interface at a finite temperature. The interfacial system is
modeled with explicit water molecules and AM cations to repli-
cate experimental conditions. An ensemble of interface struc-
tures is generated from which the work functions and associated
energetics are sampled. For each interface composition, a normal
distribution is fitted with the work function as an order param-
eter, as a result, yielding a hypothetical PME. To establish if the
PME of each work function distribution is probable, themost sta-
ble interface composition at a given potential is calculated from
the sampled energetics. If the work function distribution of the
composition falls within this potential region, the peak of the
work function distribution, �̄e− , is considered a possible PME.
In the model, the PME is constant on the standard hydro-

gen electrode (SHE) potential scale because the work function
is linked directly to the reversible hydrogen electrode (RHE) and
SHE by

eURHE = �e− − �SHE + 2.303kBT ⋅ pH (1)

where �SHE is the work function of the electrode at pH = 0 and
USHE = 0 V.[44,45] Since the equation imposes constrains on the
macroscopic interface, it is expected to hold in the limit of large
unit cells. While unit cell size effects were not explicitly evaluated
in this study, we assume that the chosen unit cell is sufficiently
large to capture the essential electrochemical interface behavior,
making the unit cell representable for the interface as a whole.
Here, a 3 × 4 unit cell with three atomic layers is used, with 24
mobile water molecules above the surface. To maintain constant
water density throughout the simulation, an additional hexagonal
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Figure 2. An overview of the methodology for obtaining the possible PMEs. a) Snapshot of an AIMD simulation plotted with the Hartree potential
(black, solid line) and the Fermi level (green, dashed line). The work function is the difference between the vacuum level on the right side and the Fermi
level. The boundary conditions are periodic in the plane and nonperiodic, with a dipole correction[51] out of the plane. b) GCHE phase plot of a model
system. Each line corresponds to the interface composition labeled. Each data point is a snapshot in the MD simulation. The work function means, �̄,
are additionally marked for each composition with the dashed lines. If the mean of the work function distribution is in an energetically favorable potential
window, it is regarded as a possible PME; otherwise, it is denoted with parentheses. c) Histogram of calculated work functions obtained directly from the
AIMD sampling. A normal distribution is fitted from which the PME is obtained as the distribution peak. The water dipole orientations are exemplified
with the black arrows. C+ designates the cation in question (e.g., 1 C+ is one cation in question). d) The absolute derivative of the Boltzmann-weighted
mean from the Pourbaix plot in (b) as a function of potential, resulting in an interface composition plot. The work function distribution peaks that are
possible PMEs are marked with dashed lines.

layer of six water molecules is placed on top. The computational
details are further described in Section S1 (Supporting Informa-
tion).
From the AIMD simulations, the work function can be ob-

tained from the planar-averaged electrostatic potential and the
Fermi level, EF , using

�e− =
⟨
EH

(
zmax

)⟩
− EF (2)

EH (z) = ∫
x,y
EH (x, y, z) dx dy (3)

where EH(x, y, z) is the electrostatic potential, which is calculated
for each structure by DFT. The planar-averaged electrostatic po-
tential of an image of an AIMD simulation is shown in Figure 2a.
In addition, the xy-plane electrostatic potential profiles at three
representative z-coordinates – the Pt surface, the fixed interfacial
water layer, and the vacuum, region where the work function is
sampled – are provided in Figure S1 (Supporting Information),
demonstrating the negligible variation across the plane.
The net dipole moment of the water layer is the result of the

integrated dipole moment in the direction normal to the surface,
which is influenced by the orientation of watermolecules, by elec-
tronic countercharges, and by the positions of ions. If all config-
urations of the electrolyte molecules can be produced in a rep-
resentative manner, the AIMD simulation, without any external
charge, should result in a normal distributionwith thework func-
tion as the order parameter, from which we obtain the PME as
the mean. In this study, we found that such a normal distribu-

tion is obtained with 1200 steps. Accordingly, all PME analyses
presented here and in the SI are based on the last 1200 snap-
shots of each AIMD trajectory. Such a work function distribution
is shown in Figure 2c. As seen in the Supporting Information
(Figure S2, Supporting Information), the work function distribu-
tion converges within a relatively brief period, indicating reorien-
tation occurs often and with negligible energy barriers.
As schematically shown in Figure 2c by the arrows, there are

only a few microstates for which all water dipoles point in a spe-
cific direction. In contrast, there are many microstates in which
the dipoles of the water molecules approximately cancel perpen-
dicular to the surface. Consequently, the peak of the distribution
indicates which macrostate of the net dipole moment has the
highest multiplicity and, therefore, provides a statistical defini-
tion of the PME.
The PME is thus closely related to the most probable work

function value, since this corresponds to the configuration with
the largest number of interfacial water dipole arrangements. This
statistical interpretation captures the entropic origin of the PME.
However, whether the most probable work function indeed con-
stitutes the PME of a given interface composition must also be
consistent with the system’s thermodynamics. To account for
this, we evaluate the energetics of the sampled states within the
GCHE framework, which ensures that the PME corresponds not
only to the entropic maximum but also to an interface composi-
tion that is thermodynamically accessible at the given pH.[32,34]

Within the GCHE, explicit simulations of the interface can be
evaluated in a phase diagram at a specified pH value, since the
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potential and chemical potential of the interface species are ex-
pressed by work function and the associated energetics.

ΔEGCHE

(
n, x, �e− , pH

)
= E

(
n, x, �e−

)
− ⟨E ( {n, x} = 0)⟩

− x
(
�C+(aq) + kBT ⋅ log

([
C+

]))
− n

1

2
�◦

H2

− n
(
�SHE − �e− − 2.303kBT ⋅ pH

)
(4)

The energy, ΔEGCHE , is a function of the number of protons
n added to or subtracted from the cell, the number of cations x
in the interface region, the work function, the cation concentra-
tion [C+], and pH. In this study, x = {0, 1, 2} and n = {−6 ⋅ ⋅ ⋅ 6}
with the unit cell consisting of 12 surface atoms, but these val-
ues could vary depending on the investigated system. � denotes
the chemical potential of the cation in question, C+(aq), and H2

(g) at standard conditions, obtained from calculations and ther-
modynamic tables.[46] kB is the Boltzmann constant, T is the ab-
solute temperature, and ⟨E( {n, x } = 0)⟩ is the reference energy.
The energetics of the cations are referenced to the most stable
oxide of the cation in question,[47] as an attempt to mimic the
positive charge of the cation in the interface.[48] Setting the ener-
getics of the AM cations is discussed in Section S2 (Supporting
Information).
This approach allows us to evaluate the most stable structures

in a Pourbaix interface diagram at a given potential,[49] as exem-
plified in Figure 2b. For any given potential, electrolyte composi-
tion, pH, and electrode, the structural properties can be weighted
as Boltzmann-weighted means, allowing us to determine the
probable interfacial structures. In Figure 2d, the most stable in-
terface compositions are plotted as the absolute derivative of the
Boltzmann-weightedmeans as a function of work function. If the
peak of the work function distribution falls within the potential
window in which the interface compositions is the most stable,
the mean is regarded as a possible PME.
In general, DFT calculations of quantities such as energy bar-

riers and binding energies are subject to inherent errors.[50] A
binding energy error would lead to a vertical shift of each com-
position line in Figure 2b. However, because our approach re-
lies on DFT energies only to assess the relative stability of inter-
face compositions – and not their absolute values – the impact of
such errors is mitigated. Moreover, the PME is determined by the
mean work function of 1600 MD iterations, making it less sen-
sitive to numeric inaccuracies. If we were to include more water
molecules in the simulations, the resulting work function distri-
bution would become sharper, while preserving the mean value.
While this method is inherently more robust than direct DFT-
calculated quantities, its accuracy still depends on DFT correctly
identifying the most stable interfacial composition at a given po-
tential.
One approach to determine PME experimentally is to use

the LICT technique.[29–33,40–42] In this method, a short-time laser
pulse induces a small heating of the interface under potential
control. This thermal probing shifts the interface toward a higher
entropy microstate. The following relation explains the shift;

�U

�Tq

=
�ΔS

�qT
(5)

where q is the surface charge on the electrode, and U is the elec-
trode potential. This is derived for an ideal polarizable electrode
from the electrocapillary equation.[29,52] (Equation 4) is used to
identify the potential of zero potential transient, which translates
into the PME. Using a potentiostat and a three-electrode setup,U
can be assumed to be constant, and (Equation 4) translates into a
current transient, where the current relaxation is monitored as
the system returns to its starting temperature and initial EDL
state. Current transient peaks with a negative sign are observed
if the electrode surface is negatively charged at that specific po-
tential. In contrast, the current transient peaks are positive if the
surface is positively charged. As a result, at the PME, the relax-
ation peaks are minimal, as the initial and final states are close
to one another in terms of the interface order.

2.1. Catalytic Activity: Influenced by the Potential of Maximum
Entropy

In their study on Ptpc, X. Ding et al. demonstrated how the
presence of the AM cation in the electrolyte impacts the activi-
ties of ORR and the hydrogen evolution reaction (HER).[26] The
activity results from the study are summarized in Figure 3a,b,
where the HER and ORR activities are displayed versus the mea-
sured PME values for Ptpc. It was observed that by changing
the AM cations in the electrolyte from Li+ toward Cs+, the PME
values were specifically shifted further away from the thermo-
dynamic equilibrium potential of the HER (0.00 V vs RHE),
as seen in Figure 3a. Consequently, this shift results in a de-
crease in the HER activity. Conversely, when changing the AM
cations from Li+ toward Cs+, the PME values approach the
thermodynamic equilibrium potential of the ORR (1.23 V vs
RHE), which leads to an increase in the ORR activity. This trend
is illustrated in Figure 3b. These findings highlight a strong
correlation between the HER and ORR activities on Ptpc and
the degree of order in the EDL. Besides, Huang et al. studied
the cation-dependent HER/hydrogen oxidation reaction (HOR)
activity as well and came to a similar conclusion, attributing
the change to the structure-making and, respectively, structure-
breaking properties of those ions, referring to the Marcus-Hush-
Chidsey formalism.[53] Nevertheless, the effect of the AM cations
on the electrocatalytic reactions on Ptpc may be explained quali-
tatively and quantitatively by the PME.
This further demonstrates how the properties of the AM

cations have a significant impact on the structure of the EDL. It
is plausible to assume that the loss of interfacial order for higher
hydration energies at potentials close to the HER’s onset poten-
tial results in an increase in HER activity. Lower hydration ener-
gies, on the other hand, result in a loss in interfacial order at a
potential far from the HER potential, which in turn increases the
activity toward the ORR. These results strongly suggest that the
EDL structure at the interface is affected by interactions between
cations and water molecules and results in a different degree of
order at the same potential. As a result, the nature of the cations
can control the PME’s location and, consequently, influence the
electrocatalytic activities.
In Figure 3c,d, a linear relationship between the PME values

and the hydration energy of the AM cations is shown. Measure-
ments of PMEs of Aupc are also included in Figure 3d. These
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Figure 3. Overview of experimental findings from ref. [26] displayed with computationally modeled PMEs at pH = 6. a) The potential required for a
current density of −5 mA cm−2 of Ptpc against the PME value of the studied AM cation. b) The half-wave potentials of Ptpc versus the PME values in
the case of the associated AM cations. These results imply that the HER activity gets enhanced by AM cations with higher hydration energies, whereas,
for the ORR, we find the reverse trend. These experimentally measured PME values are co-plotted with computationally modeled PME values (open
symbols) for (c) Pt(111) and (d) Au(111). In (c), the PME values exhibit a linear trend with the hydration energies in reasonable agreement with modeled
PMEs. For Au(111), a similar agreement is shown in (d).

are extracted from an additional study by X. Ding et al.[36] Also
provided are computed work function peak positions for both
Pt(111) (Figure 3c) and Au(111) (Figure 3d). This demonstrates
how the EDL is significantly influenced by the AM cations’ iden-
tity and how the cation in question affects the structure of the
EDL. Interestingly, as shown for Pt in Figure 3c, a linear rela-
tionship is revealed when plotting the PME values against the
hydration energy of the AM cations. In Figure 3d, a straight line
is drawn between the PME values of Au to suggest a probable
trend.
To enable the comparison with experimentally measured PME

values for Aupc and Ptpc in Figure 3, AIMD simulations were
performed for Au(111) and Pt(111) facets in contact with an in-
terfacial region containing up to two AM cations, of which the
work function distribution have been plotted in SI for Au(111)
(Figures S3 and S4, Supporting Information) and for Pt(111)
(Figures S5 and S6, Supporting Information). Simulations con-
taining three cations were found to be unstable and are thus not
considered. The labels in Figure 3c,d indicates the cations and
associated work function peaks. For pH 6, the most stable inter-
face compositions were obtained by grouping the work function
in bins of size 4 meV, and subsequently, Boltzmann-weighed the
GCHE energy for the different interface compositions in each
bin. In general, the experimentally determined PMEs fall within
the proximity of at least one work function distribution. For both
Pt(111) and Au(111) surfaces, the calculated work function dis-
tributions suggest two AM cations in the interface with only a
minor quantity of *H or *OH adsorbed near the PMEs. In con-
trast to Au, where the PME is in a region with adsorbed *OH, the
estimated work function distributions indicate that *H should be
adsorbed on Pt in the vicinity of the PME.

The offset in the modeled work function peak positions may
be due to the consideration of only even-numbered *Hadsorption
onAu(111). The impact of *Hcoverage onwork function peak po-
sition is explored in the SI for the different AM cations on Pt(111)
(Figure S4, Supporting Information) and Au(111) (Figure S5,
Supporting Information). In general, only a slight change is ob-
served. In addition, different compositions of the modeled in-
terface could have the same charge but different configurations,
e.g., pure water is equal in charge to adsorbed *H and *OH
but could energetically be more stable and possibly change the
work function peak position.How different coverages of *OHsig-
nificantly alter the work function peak position is summarized
in Figures S6 and S7 (Supporting Information) for Pt(111) and
Au(111), respectively.

2.2. pH and Cation Effects on the Potential of Maximum Entropy
of Au(111)

To further validate the computationalmethod for predicting PME
values, the study of Aupc electrodes in 0.5 m Na2SO4 and 0.5 m
K2SO4 by X. Ding et al.

[36] was modeled at various pH values.
The experimentally measured PMEs are shown as black markers
in Figure 4b for Na+ and in Figure 4d for K+ at comparable pH
values.
For Aupc in the 0.5 m Na2SO4 solutions (Figure 4b), the PME

values gradually move toward more positive potentials with in-
creasing pH. However, for the Aupc electrode in 0.5 m K2SO4

electrolytes (Figure 4d), a rapid change in PME position is ob-
served when changing the pH from 4 to 6. This indicates that a
slight change in pH within this pH region can have a significant
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Figure 4. Calculated and experimentally measured PMEs as a function of pH. a) and c) show interface compositions of Au(111) in contact with an
electrolyte containing 1.0 m Na+ (a) or 1.0 m K+ (c) at pH 6. In general, AM cations are present in the interface in this potential range. As the potential is
shifted toward more positive values, *OH starts to adsorb. The possible PMEs are marked as vertical lines for the composition as labeled. In (b) and (d),
the possible PMEs are co-plotted with experimental PMEs (black markers) as a function of pH. The square and circle black markers signify experimental
data obtained using electrolytes saturated with different gases.

impact on the EDL structure. X. Ding et al. hypothesized that spe-
cific adsorption, such as *OH and sulfate adsorption, could result
in phase transitions and interfacial water rearrangements in the
EDL,[54] which consequently would shift the PME location. They
also noted an effect depending onwhether the carrier gas is Ar- or
O2-saturated, which was not included in the current simulations
for simplicity.
The interface composition plots in Figure 4a,c, show the com-

position of interfaces containing 1.0 m Na+ (Figure 4a) and K+

(Figure 4c), respectively, at pH 6. These composition plots, which
are derived from Pourbaix diagrams, demonstrate how the cov-
erage of *OH increases with more positive potentials in both
Na+- and K+-containing electrolytes. To systematically explain the
abrupt changes in the PME location and EDL structure observed
experimentally, the stable work function distributions were sam-
pled as a function of pH in Figure 4b,d.Within theGCHE, chang-
ing the pH shifts the energetics of the associated interface com-
positions, and the work function distributions move accordingly
on the RHE scale. As a result, peaks of the work function distri-
bution, �̄e− , that were previously unlikelymay now become stable
and probable in certain potential regions.
The computationally modeled work function distributions are

co-plotted with the experimental PMEs in Figure 4b for Na+ and
Figure 4d for K+. At specific pH values, multiple work function
distributions are found to be stable in both electrolytes. However,
these findings are not supported by the experimental results. For
the Na+-containing system in acidic conditions (Figure 4a,b), the
model suggests the work function distribution corresponding to

2 Na+ cations with 1 *OH adsorbate can account for the experi-
mentally observed PMEs. As the pH increases, a continuous shift
is predicted, with 3 *OHbecoming themost stable adsorbate cov-
erage in this potential range.
In the K+-containing electrolyte (Figure 4c,d), a second proba-

ble work function distribution emerges around pH 5 as the pH
changes from acidic to neutral conditions. This distribution cor-
responds to an interface composition with 2 K+ cations and 4
*OH adsorbates. The specific adsorption of sulfate with varying
degrees of protonation was also considered in the AIMD sim-
ulations, but they were not found to be stable. In contrast, the
adsorption of *OH appears to explain the abrupt shift in experi-
mentally measured PMEs and supports that K2SO4 and Na2SO4

cannot be treated as equivalent supporting electrolytes, as their
EDL properties at the same pH are significantly different, which
can impact the electrocatalytic activity, as shown in Figure 3a,b.

2.3. Observations of Multiple Potentials of Maximum Entropy

Our analysis of the PME reveals the possibility that an interface
system can exhibit multiple PME values. In a recent study, Sarpey
et al. investigated the effects of mixing 0.5 m Na2SO4 and 0.5 m
K2SO4 electrolytes in contact with an Aupc electrode at pH 8, re-
porting a quasi-linear shift in PME.[12] In Figure 5a, we reproduce
their original analysis for comparison.
However, a closer examination of the underlying LICT mea-

surements suggests that this quasi-linear trendmay oversimplify
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Figure 5. Calculated and measured PME values for mixtures of 1.0 m Na+ and 1.0 m K+ in various ratios. a) Depicts the combined PMEs as a function
of AM cation concentration, adapted with permission from ref. [12] In (b), the PMEs of (a) are separated into individual PME values (black markers)
and co-plotted with calculated PMEs as a function of cation concentrations. The LICT sweep of 1.0 M K+ is represented in (c), with permission from ref.
[12] PME per sweep is given by the negative to positive zero-crossing of the sweep, highlighted with the dashed lines. Since the pH of 8 is constant, the
PME positions are not subjected to change.

the complexity of the system. If we analyze the two individual
LICT data sets separately, instead of averaging the PMEpositions,
we observe that for 1 M K+, two distinct PME values emerge.
This observation is further supported by the LICT sweep data pre-
sented in Figure 5b, which clearly shows two potentials where the
current density, j, transitions from negative to positive.
To gain deeper insights, we have represented the calculated

work function distributions as a function of Na+ and K+ con-
centrations in Figure 5c, alongside the experimental unaver-
aged LICT measurements. In the GCHE framework, the AM
cation concentration is modified by adjusting the concentration
in (Equation 5). Our analysis suggests that Na+ cations are typi-
cally stable in the interface only when K+ is absent from the elec-
trolyte. As the K+ concentration increases, the Na+ states become
unstable, leading to the emergence of PME values associatedwith
the presence of two K+ cations in the interface.
We have also included AIMD simulations of systems with 1:1

ratios of Na+ and K+ cations in our analysis. However, the inter-
face energies for these mixed-cation systems were found to be
less favorable than those involving two identical cations. Due to
limitations in our simulation setup, particularly the system size
and number of atoms, our analysis is constrained to the 1:1 cation
ratio. It is, however, plausible that other cation ratios could be
more energetically favorable, potentially stabilizing mixed-cation
states in the interface.
Comparing the computational PME values to the experimental

measurements in Figure 5c, we find that they generally agree. As
the K+ concentration increases, the Na+ cations disappear from
the interface, resulting in PME values corresponding to config-
urations involving 2 K+ + 3 *OH, as well as an additional PME
associated with 2 K+ + 4 *OH. However, as the K+ concentration
approaches 25% 1 m, a slight discrepancy emerges between the
calculated and experimental work function distributions. While
simulations of multiple cation ratios and states between 2 *OH

and 3*OH adsorbates would in principle provide a more com-
plete picture, such calculations are computationally prohibitive
with the present AIMD setup, as they would require larger cell
sizes and extensive sampling to ensure adequate statistics. In-
stead, we focus on the 1:1 Na+/K+ mixture, which represent the
most competitive case for cation in the interface. Intermediate ra-
tios are expected to yield PME values interpolating between the
Na+- and K+-dominated limits, such that the essential physics is
already captured by the 1:1 mixture. Indeed, comparison with ex-
periment (Figure 5c) supports this interpretation, although small
deviations may arise from the finite-size limitations of the simu-
lations or form additional phenomena such as interfacial cation
segregation; rather than forming a homogeneous mixture, the
cations may preferentially cluster into spatially distinct Na+- or
K+-rich interfacial domains. Such segregation would lead to an
apparent linear combination of PME values when measured ex-
perimentally. On the other hand, the large error bars of the exper-
imental values at the ratio 1:0 as well as the large discrepancy of
the two distinct experimental datasets at 0:1 might also indicate
the overall rather high instability of the real-world system rais-
ing the possibility of measurement errors. Furthermore, as the
K+ concentration reaches 1 m, a second PME value appears in
the LICTmeasurements near the configuration of 2 K+ + 4 *OH.
Again, a discrepancy is noted, likely due to the inability of our
systems to capture states between 4 *OH and 5 *OH adsorbates.
In summary, the identification of multiple PMEs within a sin-

gle electrolyte composition suggests that multiple stable config-
urations may exist for distinct ion concentrations, challenging
the traditional assumption of a single global PME per system.
Moreover, considering the work of Sarpey et. al.[12] and present
results, it can be assumed that several PMEs may exist, but only
one of them coincides with the PZC, as the PME is a function
of specific adsorption for certain systems. This finding under-
scores the need for a more nuanced understanding of the com-
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plex interplay between ions, adsorbates, and work function at the
metal/electrolyte interface.

3. Conclusion

This study introduces a robust computational framework inte-
grating AIMD simulations in the GCHE framework to predict
the PME at electrochemical interfaces. By bridging atomic-scale
modeling with experimental validation, we provide a predictive
tool for understanding the fundamental relationship between in-
terfacial structure, electrolyte composition, and electrocatalytic
properties.
A key finding of this work is the identification ofmultiple PME

values in mixed-cation systems, an insight that was further sup-
ported by the reanalysis of experimental data. This discovery chal-
lenges the traditional assumption of a single global PME per sys-
tem, revealing that under certain electrolyte compositions, mul-
tiple stable configurations can exist, each corresponding to a dis-
tinct PME value, whereof one of the PMEs coincides with the
PZC.
Moreover, our findings underscore the significant impact of

alkali metal cations on PME positions and the resulting elec-
trocatalytic activity, particularly for the HER and ORR. By ac-
curately quantifying interface compositions at measured PMEs,
our method offers a powerful tool for unraveling complex elec-
trochemical environments and guiding the rational design of
catalyst-electrolyte interfaces.
The computational approach developed in this study not only

aligns with experimental findings but also extends the capability
to explore and predict the behavior of electrochemical interfaces
at the atomic scale. This advancement paves the way for more
precise control and optimization of electrochemical processes,
contributing to the development of next-generationmaterials and
devices for sustainable energy applications.
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