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Abstract

Corrosion is one of the most complicated phenomena in physical chemistry.

In electrocatalysis, including water electrolysis and fuel cells, corrosion of

electrodes is often triggered by catalyzed interfacial reactions. However, re-

searchers are only now beginning to unravel the mechanistic interplay be-

tween electrocatalytic activity and electrochemical stability of electrode ma-

terials. Here, we review recent efforts in the area of computational electro-

catalysis of water splitting to obtain atomic-scale insights into the degrada-

tion pathways of anode and cathode materials. This knowledge is crucial for

the rational design of corrosion-resistant catalysts for both fresh- and sea-

water electrolysis, as well as for the choice of operating conditions. We also

stress that computational modeling of elementary steps of electrode corrosion

is pertaining not only to materials stability, but also to electrocatalytic be-

havior since activity and stability of catalysts are intimately but nontrivially
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coupled.

Keywords: water splitting, electrocatalysts, activity, stability, reaction

mechanisms.

1. Introduction

Corrosion is a classic problem in electrochemistry. In electrocatalytic

applications, either to convert environmentally relevant small molecules such

as H2O, CO2, O2, and N2 into energy carriers and value-added chemicals

or to carry out more complex organic electrosynthesis, electrodes are known

to corrode.[1–4] Previous experimental studies have provided a great deal of

knowledge about electrocatalytically driven corrosion under both reductive

and oxidative reaction conditions. However, it is only recently that we have

started building atomic-scale connections between activity and corrosion of

electrocatalysts. In this regard, quantum-mechanical based simulations are

well poised to bring complementary mechanistic insights.

While corrosion is clearly not limited to electrochemical water splitting

systems, water is the most common media for a variety of reactions in elec-

trocatalysis. Therefore, it is typical that electrochemical reduction reactions

would compete with the hydrogen evolution reaction (HER) at the cathode,

whereas oxidative processes would compete with the oxygen evolution reac-

tion (OER) at the anode. Given the significance of electrochemical splitting

of water as a promising energy conversion technology, most research efforts

so far have focused on unveiling degradation mechanisms for this process.

Therefore, in this opinion we will focus on electrode corrosion driven by wa-

ter electrolysis especially discussing recent theoretical progress in developing
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our basic understanding of associated reaction mechanisms.

Figure 1 schematically illustrates a multitude of the interfacial processes

occurring during electrocatalytic water splitting at both anode and cath-

ode sides. These include surface oxidation/hydrogenation, metal dissolu-

tion/precipitation, surface restructuring, and catalyzed reactions along dif-

ferent reaction pathways. Their interrelated nature and nontrivial depen-

dences on control parameters such as electrode potential and solution pH

make simulations a formidable task and require consideration of model sub-

processes such as a specific OER mechanism or a single-species dissolution

event. However, recent progress in coupling first-principles simulations with

machine learning approaches is bringing a better understanding of the col-

lective behavior of complex catalytic interfaces.[5–8]

One of the reasons for a limited theoretical understanding of electrocat-

alytically triggered corrosion mechanisms is that the majority of computa-

tional studies so far has focused on evaluating the OER activity rather than

stability. Moreover, this has been almost exclusively done for model surfaces

neglecting structural and chemical evolution of the catalyst’s surface dur-

ing the OER. However, it is established that dynamic surface-state changes

including corrosion during catalyzed reactions largely determine both the

mechanism and kinetics of the overall catalytic processes.[4, 9–14] From an

experimental perspective, the challenge is to detect highly reactive and thus

short-lived reaction intermediates at complex electrode/electrolyte interfaces.

Therefore, it is important to perform dedicated theory-experiment investi-

gations to interrogate corrosion mechanisms that will also shed light on the

catalytic activity of materials. It is also worth pointing out that currently
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Figure 1: Schematic illustration of possible interfacial processes, occurring during water

splitting at the anode (left) and cathode (right). Dark yellow, red, gray, and pink colors

stand for Ir, O, Pt, H, respectively. Dark blue represents the alkali metal cation. Abbre-

viations AEM, LOM, HER are used for the adsorbate evolving mechanism, lattice oxygen

mechanism, and hydrogen evolution reaction, accordingly.

there are no universal theoretical frameworks for evaluating electrochemical

stability except Pourbaix diagrams. While this approach, based solely on

equilibrium thermodynamics, can be used to analyze thermodynamic driv-

ing forces of materials instability, it is however far from sufficient and cannot

provide atomistic information about electrode corrosion mechanisms under

electrocatalytic conditions.

In this opinion, we will review recent progress in the area of compu-

tational first-principles modeling aimed to unveil atomic-scale mechanisms

of electrode corrosion triggered by electrocatalytic water splitting reactions.

These computational efforts will be discussed in close connection with avail-

able experimental investigations. Here, we are primarily concerned with no-
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ble metal-based materials as one of the most active and stable water-splitting

catalysts. In the following, we will first concentrate on anodic corrosion oc-

curring under oxidative reaction conditions and then cathodic corrosion will

be discussed. In the end, we will provide some conclusions and outlook.

2. Anodic Corrosion

Electrode corrosion under oxidative reaction conditions has been the pri-

mary focus of prior investigations. As a result, anodic corrosion is much

better studied than cathodic corrosion that will be discussed in the next

section. Nevertheless, our basic understanding of the mechanistic relation-

ship between electrocatalytic surface processes and corrosion mechanisms

remains rather limited even for anodic processes. Under anodic polarization

the metal electrode becomes oxidized forming a metal-oxide surface layer

that promotes metal dissolution into the electrolyte in the form of positively

charged ions. However, how the mechanism and kinetics of this process

depend on the magnitude and the nature (constant, dynamic) of electrode

polarization, composition of the electrode and electrolyte is the subject of

ongoing research.

In the context of oxygen electrocatalysis, a recent thermodynamic analysis

revealed a fundamental and universal correlation between the OER activity

and the corrosion of metal oxides.[15] Specifically, it was demonstrated that

any metal oxide becomes thermodynamically unstable under the OER con-

ditions irrespective of solution pH due to instability of the oxygen anions

in the metal oxide lattice. It was shown that under OER conditions, the

thermodynamic driving force for the OER via the lattice oxygen mechanism
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(LOM) is equal or even more negative than that for the oxygen evolution

from the electrolyte at a fixed electrode potential. It should be pointed out

that the participation of lattice oxygen atoms in the OER is not taken into

account in purely equilibrium Pourbaix stability diagrams. In previous years,

the LOM has been mostly analyzed as an alternative to the conventional ad-

sorbate evolving mechanism (AEM) in light of the OER activity.[16, 17] To

this end, the established computational hydrogen electrode (CHE) approach

is employed to estimate theoretical OER overpotentials.[18] However, the

mechanistic role of the LOM in electrochemical stability of OER catalysts

remains unclear.

Although the LOM does lead to the breaking of lattice metal-oxygen

bonds, this mechanism does not automatically imply catalyst degradation.

This is because other factors including the kinetics of lattice oxygen partici-

pation and metal dissolution should be also analyzed.[2, 19] For instance, by

employing isotope labelling with atom probe tomography, online electrochem-

ical and inductively coupled plasma mass spectrometry, it was revealed that

the LOM results in faster degradation and dissolution of Ir species in elec-

trochemically formed hydrous IrOx catalysts than in rutile IrO2 under OER

conditions.[20] In the SrIrO3 OER electrocatalyst, amorphization was found

to be initiated by the lattice oxygen redox that promotes coupled Sr2+ and

O2− diffusion facilitating further structural reorganization.[21] The involve-

ment of lattice oxygen in the OER was also proposed to be a source of struc-

tural reorganization triggering metal dissolution in Ba0.5Sr0.5Co0.8Fe0.2O3−δ.[22]

On the other hand, despite experimentally detected substantial dynamic lat-

tice oxygen exchange during the OER for epitaxial LaNiO3 thin films, no
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significant deterioration of surface crystallinity was observed.[23]

In a recent concept article, Exner critically discussed the correlation be-

tween the AEM and LOM pathways, and catalyst instability.[19] Given that

the theoretical work of Binninger et al. is purely thermodynamic,[15] the

main emphasis was put on the role of OER kinetics. To this end, the free-

energy diagram approach involving an overpotential-dependent activity de-

scriptor Gmax(η) was applied. The purpose of Gmax(η) is to mimic kinetic

effects by evaluating the free-energy difference between the intermediate with

smallest and highest free energy as a function of the applied overpotential.[24]

The suggested approach, however, also requires the knowledge of the activ-

ity of the metal ions as a result of metal dissolution into the solution during

the LOM. This can significantly influence the competition between the LOM

and AEM pathways. It was conceptually demonstrated that although the

LOM is competitive with the AEM at low activities of dissolved M4+, the

AEM should become more energetically favorable (i.e., lower Gmax(η)) as the

concentration of metal ions in the electrolyte increases. It should be noted,

however, that the AEM pathway may also trigger dissolution of metals, e.g.,

at defective sites.[25] Therefore, it is likely that the concentrations of metal

ions in solution due to both OER mechanisms should be considered when

constructing a more complete model of metal-oxide instability.

It is also worth briefly discussing recent studies focusing on identifica-

tion of the overall mechanism of metal dissolution that is triggered by the

OER. For example, a series of experimental investigations aimed to unveil

transition-metal dissolution pathways in the state-of-the-art Ir- and Ru-based

OER electrocatalysts. As early as in 1984, Kötz et al. employed ex situ X-
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ray photoelectron spectroscopy (XPS) to examine IrO2 films and proposed

a reaction path for O2 evolution and corrosion of IrO2 as schematically de-

picted in Figure 2a.[26] More recent studies based on inductively coupled

plasma mass spectrometry (ICP-MS) have been especially instrumental in

pinpointing the mechanistic correlation between the OER and metal dissolu-

tion pathways.[20, 27, 28] This approach enabled observation of common

intermediates of oxygen evolution and dissolution products during water

electrolysis.[27] On the basis of the obtained data, at least three possible

dissolution pathways of Ir-based catalysts were proposed depending on the

nature of the electrode material (metallic Ir and its oxides) and applied po-

tential.

To complement these experimental efforts, a number of studies employed

DFT calculations to monitor the formation of reaction intermediates dur-

ing the dissolution of transition metals from the metal-oxide surface into

the aqueous solution. For instance, in a recent study[29] Ir dissolution at

the IrO2(110)/water interface was investigated using AIMD simulations in

conjunction with thermodynamic integration. It was revealed, in agreement

with prior experiments,[27] that the adsorbed IrO2OH dissolution interme-

diates are thermodynamically stable in a relatively broad potential range

transforming into either Ir(VI) as IrO3 species at higher or Ir(III) as Ir(OH)3

species at lower anodic potentials, respectively. The found dissolution mech-

anism is illustrated in Figure 2b. Similar first-principles simulations were

undertaken to model Ru dissolution from rutile RuO2 surfaces.[32–34] For

example, the Ru dissolution mechanism from RuO2(110) facet derived from

DFT simulations[32] turned out to be consistent with a previously pro-
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Figure 2: Proposed electrochemical cycles for the OER and corrosion of the IrO2 (upper

panel) and RuO2 (lower panel) electrodes. Figures (a) and (c) represent experimentally

hypothesized mechanisms, while figures (b) and (d) show the pathways with correspond-

ing reaction intermediates as obtained from first-principles simulations. Reprinted with

permissions from Refs. [26, 29–31]

posed mechanism[30, 35] involving the transformation of the surface-bound

RuO2(OH)2 intermediate via RuO3OH into aqueous RuO4 as the final dis-

solution product (see Figure 2c,d). Overall, it appears that despite a num-

ber of approximations involved in these modeling studies, they provide ex-

tremely valuable information about dissolution mechanisms that is not avail-

able from thermodynamic Pourbaix diagrams. This includes critical insights

into the formation, evolution, stability and reactivity of metastable disso-
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lution intermediates.[29, 32–34, 36, 37] Future studies should go beyond

single-event analyses based on enhanced sampling techniques by incorporat-

ing coupled interfacial processes during the OER such as surface oxidation,

restructuring and metal dissolution. In this regard, recent advancements in

the area of deep machine learning tools capable of efficient sampling multiple

rare events in many-body systems hold great promise.[8, 38]

Materials doping is a common strategy to modify the properties of elec-

trocatalysts. Doping can be employed not only to tune catalytic activity of

an electrode, but also to enhance its electrochemical stability. For example,

it was experimentally demonstrated that mixing IrO2 with TiOx in a wide

composition range results in much improved electrochemical stability under

the OER conditions.[39] The underlying reason for this result is that TiO2 is

thermodynamically stable under highly acidic and oxidizing conditions of the

OER.[40] Importantly, it was found that mixtures containing 40-50 at.% of

Ir exhibit OER reactivity comparable to thermally prepared IrO2 with very

low metal dissolution as indicated by the ICP-MS measurements. Specifi-

cally, the S-number of 1.5·106 for Ir0.5Ti0.5Ox is close to 9.2·105 reported for

thermally grown IrO2. Qualitatively similar results for the activity-stability

characteristics were obtained for Ti-doped RuO2.[41] It was found that Ti

substitution of up to 20 at.% improves stability and lowers Ru dissolution.

DFT calculations showed that the AEM on Ru sites is the most favorable

reaction pathway. By using AIMD simulations it was also demonstrated that

Ru dissolution becomes less favorable (higher kinetic barriers) as the concen-

tration of Ti dopants increases, in agreement with experimental observations.

Recently, the role of electrolyte chemistry including the effects of redox-
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inactive "spectator" species on electrocatalytic activity has been gaining

growing attention. However, modeling studies taking into account the effects

of solution pH, electrolyte composition and solvent dynamics in materials

degradation pathways are not that common. For example, it was previ-

ously demonstrated that the competition between surface restructuring and

reoxidation kinetics as a response to the ongoing OER process should play

an important role in the electrochemical stability of electrodes.[36, 42] The

mechanistic role of electrolyte chemistry in electrode corrosion becomes of

central practical significance in applications such as seawater electrolysis.

Given the scarcity of freshwater resources in the world, direct electrolysis

of seawater, which is one of the most abundant resources on Earth, repre-

sents an appealing strategy for green hydrogen production.[43, 44] However,

this technology faces a number of challenges among which are severe elec-

trode corrosion, the competition between the oxygen and chlorine evolution

reactions at the anode, and precipitation of insoluble alkali-earth hydroxides

and carbonates. It is established that abundant Cl− species in seawater solu-

tions can lead to the undesired formation of metal-chloro complexes on both

the cathode and anode accelerating electrode corrosion.[45] Recent compu-

tational efforts brought some valuable information about the Cl−induced

initiation of materials corrosion. For example, a series of theoretical works

focused on unveiling fundamental mechanisms responsible for the breakdown

of some passivating oxide layers such as Al2O3 and Cr2O3.[46–48] In the

case of Al2O3 interfaces, it was shown through DFT thermodynamics calcu-

lations that electrochemical insertion of Cl− from solution into pre-existing

oxygen vacancies could be energetically favorable depending on the oxide
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structure, the presence of grain boundaries and applied voltage.[47] How-

ever, such modeling studies focusing on water-splitting electrocatalysts are

still quite rare. Nevertheless, these mechanistic investigations are necessary

for the rational design of corrosion-resistant electrodes and development of

corrosion-mitigation strategies in seawater electrolysis. For instance, it was

experimentally demonstrated that in situ-generated polyanion-rich passivat-

ing layers formed at the NiFe/NiSx/Ni anode are responsible for repelling of

Cl− anions thus enhancing corrosion resistance of the electrode.[43] Overall,

strategies that impede adsorption of Cl− appear to hinder the destructive Cl−

ingress into the electrode structure.[49] Yet, recent DFT calculations revealed

a strong correlation between the O and Cl chemisorption enthalpies indicat-

ing a fundamental challenge for the design of stable and selective seawater

electrocatalysts. The existence of such a scaling relationship complicates the

decoupling of water and chlorine oxidation processes.[50, 51]

3. Cathodic Corrosion

Corrosion of electrodes occurring under reductive potentials is much less

understood than anodic corrosion. This is in part due to the phenomenon

of cathodic protection observed by H. Davy back in 1824. The idea behind

cathodic protection is to avoid metal oxidation by making it thermodynam-

ically unfavorable via reducing the electrochemical potential of the metal.

This can be achieved, e.g, by connecting the metal to be protected to a more

electropositive sacrificial metal that will undergo preferential corrosion. Nev-

ertheless, at sufficiently negative electrode potentials the protected metal will

still suffer from cathodic corrosion.
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While being known for more than a century since its first observation

by F. Haber in 1898, cathodic corrosion has started attracting an increasing

attention only in the past decade. This interest has been driven by both fun-

damental reasons and interesting practical applications of cathodic corrosion

such as synthesis of nanocatalysts with highly controlled morphology. Here,

we refer to a nice recent overview of the topic.[52] In this section, we aim to

briefly discuss recent theoretical progress in understanding the atomic-scale

mechanisms underlying cathodic corrosion.

It was revealed in experiments that not only the electrode nature, but also

the electrolyte composition have substantial effects on the cathodic corrosion

rates and the resulting morphologies of nanoparticles.[52–55] For example,

it was demonstrated that corrosion of Pt, Rh, and Au in LiOH, NaOH,

and KOH solutions becomes more pronounced at higher cation concentra-

tions and when changing the electrolyte from LiOH to KOH.[56] Therefore,

it was suggested that electrolyte cations should play an important role in

cathodic corrosion phenomenon. In addition, since cathodic corrosion was

not observed in the absence of water, it was proposed that both cations and

hydrogen species may adsorb on the metal surface and possibly form ternary

metal hydrides as metastable dissolution intermediates.[52, 56]

In a previous DFT study, it was determined that alkali metal cations

can indeed compete with hydrogen species from water for adsorption sites at

sufficiently negative electrode potentials.[58] For example, it was found by

computing cation adsorption equilibrium potentials across a number of fcc

metals that specific cation adsorption is most favorable on Pt(111) but may

also occur on other metals with the overall order of Pt(111) > Pd(111) >
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Figure 3: a) Modified Pourbaix diagram for platinum, including the cathodic corrosion

region. b) Computational phase diagram for surface platinum hydrides. Reprinted with

permissions from Refs.[52, 57]

Ni(111)> Ag(111), Au(111). In a more recent DFT investigation, cathodic

corrosion of Pt was modeled in a more direct way by simulating Pt disso-

lution into the electrolyte from the (111) surface covered by both H and Li

species under constant-potential conditions.[59] To this end, constant Fermi-

level ab initio molecular dynamics (AIMD) simulations in conjunction with

the thermodynamic integration method were employed. This approach en-

abled the observation of how cathodically dissolving Pt species are evolving

at the electrode/electrolyte interface under experimentally relevant condi-

tions of constant potential. The study revealed the formation of metastable

Pt hydrides stabilized by alkali cations at the interface as cathodic corrosion

intermediates. These Pt dissolution intermediates were found to be stabilized

in the uncommon for Pt aqueous chemistry negative oxidation state making

them extremely reactive. Indeed, it was shown that these intermediates can

discharge at the interface by reacting with solution H2O molecules to yield
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H2. It was also shown that at more cathodic potentials the oxidation state

of Pt atoms of the dissolving intermediates becomes more negative and the

thermodynamic driving force to produce H2 gets much greater. It should be

pointed out, however, that this study employed a model Pt(111) surface con-

sidering only underpotential deposited hydrogen (Hupd). It was sufficient to

demonstrate conceptually that ternary Pt hydrides can form under cathodic

polarizations, but the study could not provide insights into how the chemical

composition of these corrosion intermediates can vary depending on reaction

conditions.

In another DFT based investigation the formation of multilayer (sub)surface

hydride structures on Pt(111) was analyzed from a thermodynamic point of

view.[57] Such high-density Pt surface hydride phases are indeed expected to

form under strongly reducing conditions of cathodic corrosion. However, ex-

perimentally it is challenging to decipher the level of surface hydrogenation

since cathodic corrosion starts at more negative potentials than the onset

of the HER. In this work, thermodynamic stability of a variety of possible

Pt surface hydride structures up to 4 ML of hydrogen as a function of elec-

trode potential was analyzed based on DFT calculated stability diagrams

(see Figure 3b). Onset potentials for their formation from clean Pt(111)

were obtained using the computational hydrogen electrode (CHE) method.

To make the model more tangible, the authors had to ignore a few key fac-

tors such as the presence of adsorbed alkali cations, dynamic H-driven surface

restructuring and the role of explicit electrode potential. Nevertheless, the

study provided further atomistic insights into the mechanism of cathodic cor-

rosion. For instance, the formation of a remarkably stable phase containing
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3 ML of atomic hydrogen was suggested as a possible precursor for cathodic

corrosion. Further investigations are necessary to fully disentangle various

factors affecting cathodic corrosion mechanisms from both thermodynamic

and kinetic points of view.

4. Conclusions and Outlook

In this contribution, we discussed a series of recent investigations aimed

to gain mechanistic insights into corrosion of cathode and anode materials

under the conditions of electrocatalytic fresh- and seawater splitting. Al-

though such studies, both experimental and computational, fall far behind

current efforts focusing on catalytic activity, they are critical for our fun-

damental understanding of the complex interplay between mechanisms of

corrosion and electrocatalytic reactions. We would like to stress that despite

widespread use of Pourbaix diagrams for the analysis of thermodynamic sta-

bility of electrode materials, further atomic-scale insights are necessary for

a comprehensive understanding of aqueous corrosion from both thermody-

namic and kinetic standpoints. In this regard, first-principles based compu-

tational techniques offer a way to examine such reactions by modeling ele-

mentary steps at electrocatalytic interfaces under well controlled conditions.

We also suggest that future computational investigations should go beyond

modeling of isolated reaction events and account for the collective dynamic

nature of reacting/corroding interfaces. This will help uncover complex in-

terrelationships between various interfacial subprocesses. Recent advances

in combining DFT and machine learning methods, for example, to overcome

limitations related to efficient sampling of multiple metastable states, show
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particular promise in this respect. Also, we believe that more studies should

be devoted to understanding the effects of electrolyte chemistry on electro-

chemical stability of electrodes similar to recent investigations focusing on

how electrolyte species modify electrocatalytic activity.

Acknowledgement

We acknowledge funding support from the National Science Foundation

(NSF) through the NSF CAREER award (Grant No. CBET-1941204). This

research used resources of the National Energy Research Scientific Computing

Center, a DOE Office of Science User Facility supported by the Office of

Science of the U.S. Department of Energy under Contract No. DE-AC02-

05CH11231, as well as the Holland Computing Center at the University of

Nebraska-Lincoln.

References

[1] S. Cherevko, S. Geiger, O. Kasian, N. Kulyk, J.-P. Grote, A. Savan,

B. R. Shrestha, S. Merzlikin, B. Breitbach, A. Ludwig, K. J. Mayrhofer,

Oxygen and hydrogen evolution reactions on ru, ruo2, ir, and iro2 thin

film electrodes in acidic and alkaline electrolytes: A comparative study

on activity and stability, Catalysis Today 262 (2016) 170 – 180, electro-

catalysis. doi:https://doi.org/10.1016/j.cattod.2015.08.014.

URL http://www.sciencedirect.com/science/article/pii/

S0920586115004940

[2] E. Fabbri, T. J. Schmidt, Oxygen evolution reaction—the enigma in

water electrolysis, ACS Catalysis 8 (10) (2018) 9765–9774. doi:10.

18

Jo
urn

al 
Pre-

pro
of

http://www.sciencedirect.com/science/article/pii/S0920586115004940
http://www.sciencedirect.com/science/article/pii/S0920586115004940
http://www.sciencedirect.com/science/article/pii/S0920586115004940
https://doi.org/https://doi.org/10.1016/j.cattod.2015.08.014
http://www.sciencedirect.com/science/article/pii/S0920586115004940
http://www.sciencedirect.com/science/article/pii/S0920586115004940
https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acscatal.8b02712


1021/acscatal.8b02712.

URL https://doi.org/10.1021/acscatal.8b02712

[3] T. Wirtanen, T. Prenzel, J.-P. Tessonnier, S. R. Waldvogel, Ca-

thodic corrosion of metal electrodes – how to prevent it in electroor-

ganic synthesis, Chemical Reviews 121 (17) (2021) 10241–10270, pMID:

34228450. arXiv:https://doi.org/10.1021/acs.chemrev.1c00148,

doi:10.1021/acs.chemrev.1c00148.

URL https://doi.org/10.1021/acs.chemrev.1c00148

[4] E. Kolle-Görgen, G. Fortunato, M. Ledendecker, Catalyst stability in

aqueous electrochemistry, Chemistry of Materials 34 (23) (2022) 10223–

10236. arXiv:https://doi.org/10.1021/acs.chemmater.2c02443,

doi:10.1021/acs.chemmater.2c02443.

URL https://doi.org/10.1021/acs.chemmater.2c02443

[5] A. Mistry, A. A. Franco, S. J. Cooper, S. A. Roberts, V. Viswanathan,

How machine learning will revolutionize electrochemical sciences, ACS

Energy Letters 6 (4) (2021) 1422–1431, pMID: 33869772. arXiv:

https://doi.org/10.1021/acsenergylett.1c00194, doi:10.1021/

acsenergylett.1c00194.

URL https://doi.org/10.1021/acsenergylett.1c00194

[6] C. Zhou, H. T. Ngan, J. S. Lim, Z. Darbari, A. Lewandowski, D. J.

Stacchiola, B. Kozinsky, P. Sautet, J. A. Boscoboinik, Dynamical study

of adsorbate-induced restructuring kinetics in bimetallic catalysts using

the pdau(111) model system, Journal of the American Chemical Society

144 (33) (2022) 15132–15142, pMID: 35952667. arXiv:https://doi.

19

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acscatal.8b02712
https://doi.org/10.1021/acs.chemrev.1c00148
https://doi.org/10.1021/acs.chemrev.1c00148
https://doi.org/10.1021/acs.chemrev.1c00148
http://arxiv.org/abs/https://doi.org/10.1021/acs.chemrev.1c00148
https://doi.org/10.1021/acs.chemrev.1c00148
https://doi.org/10.1021/acs.chemrev.1c00148
https://doi.org/10.1021/acs.chemmater.2c02443
https://doi.org/10.1021/acs.chemmater.2c02443
http://arxiv.org/abs/https://doi.org/10.1021/acs.chemmater.2c02443
https://doi.org/10.1021/acs.chemmater.2c02443
https://doi.org/10.1021/acs.chemmater.2c02443
https://doi.org/10.1021/acsenergylett.1c00194
http://arxiv.org/abs/https://doi.org/10.1021/acsenergylett.1c00194
http://arxiv.org/abs/https://doi.org/10.1021/acsenergylett.1c00194
https://doi.org/10.1021/acsenergylett.1c00194
https://doi.org/10.1021/acsenergylett.1c00194
https://doi.org/10.1021/acsenergylett.1c00194
https://doi.org/10.1021/jacs.2c04871
https://doi.org/10.1021/jacs.2c04871
https://doi.org/10.1021/jacs.2c04871
http://arxiv.org/abs/https://doi.org/10.1021/jacs.2c04871
http://arxiv.org/abs/https://doi.org/10.1021/jacs.2c04871


org/10.1021/jacs.2c04871, doi:10.1021/jacs.2c04871.

URL https://doi.org/10.1021/jacs.2c04871

[7] C. C. Price, A. Singh, N. C. Frey, V. B. Shenoy, Efficient catalyst

screening using graph neural networks to predict strain effects on ad-

sorption energy, Science Advances 8 (47) (2022) eabq5944. arXiv:

https://www.science.org/doi/pdf/10.1126/sciadv.abq5944, doi:

10.1126/sciadv.abq5944.

URL https://www.science.org/doi/abs/10.1126/sciadv.abq5944

[8] Y. Zhou, Y. Ouyang, Y. Zhang, Q. Li, J. Wang, Machine learning as-

sisted simulations of electrochemical interfaces: Recent progress and

challenges, The Journal of Physical Chemistry Letters 14 (9) (2023)

2308–2316, pMID: 36847421. arXiv:https://doi.org/10.1021/acs.

jpclett.2c03288, doi:10.1021/acs.jpclett.2c03288.

URL https://doi.org/10.1021/acs.jpclett.2c03288

[9] T. Li, O. Kasian, S. Cherevko, S. Zhang, S. Geiger, C. Scheu, P. Felfer,

D. Raabe, B. Gault, K. J. J. Mayrhofer, Atomic-scale insights into sur-

face species of electrocatalysts in three dimensions, Nature Catalysis

1 (4) (2018) 300–305. doi:10.1038/s41929-018-0043-3.

URL https://doi.org/10.1038/s41929-018-0043-3

[10] X. Liu, M. Gong, S. Deng, T. Zhao, T. Shen, J. Zhang,

D. Wang, Transforming damage into benefit: Corrosion engi-

neering enabled electrocatalysts for water splitting, Advanced

Functional Materials 31 (11) (2021) 2009032. arXiv:https:

//onlinelibrary.wiley.com/doi/pdf/10.1002/adfm.202009032,

20

Jo
urn

al 
Pre-

pro
of

http://arxiv.org/abs/https://doi.org/10.1021/jacs.2c04871
http://arxiv.org/abs/https://doi.org/10.1021/jacs.2c04871
https://doi.org/10.1021/jacs.2c04871
https://doi.org/10.1021/jacs.2c04871
https://www.science.org/doi/abs/10.1126/sciadv.abq5944
https://www.science.org/doi/abs/10.1126/sciadv.abq5944
https://www.science.org/doi/abs/10.1126/sciadv.abq5944
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/sciadv.abq5944
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/sciadv.abq5944
https://doi.org/10.1126/sciadv.abq5944
https://doi.org/10.1126/sciadv.abq5944
https://www.science.org/doi/abs/10.1126/sciadv.abq5944
https://doi.org/10.1021/acs.jpclett.2c03288
https://doi.org/10.1021/acs.jpclett.2c03288
https://doi.org/10.1021/acs.jpclett.2c03288
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpclett.2c03288
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpclett.2c03288
https://doi.org/10.1021/acs.jpclett.2c03288
https://doi.org/10.1021/acs.jpclett.2c03288
https://doi.org/10.1038/s41929-018-0043-3
https://doi.org/10.1038/s41929-018-0043-3
https://doi.org/10.1038/s41929-018-0043-3
https://doi.org/10.1038/s41929-018-0043-3
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202009032
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202009032
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/adfm.202009032
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/adfm.202009032


doi:https://doi.org/10.1002/adfm.202009032.

URL https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.

202009032

[11] A. R. Akbashev, Electrocatalysis on oxide surfaces: Fundamental chal-

lenges and opportunities, Current Opinion in Electrochemistry 35 (2022)

101095. doi:https://doi.org/10.1016/j.coelec.2022.101095.

URL https://www.sciencedirect.com/science/article/pii/

S2451910322001600

[12] Z. Zhang, Z. Wei, P. Sautet, A. N. Alexandrova, Hydrogen-induced re-

structuring of a cu(100) electrode in electroreduction conditions, Jour-

nal of the American Chemical Society 144 (42) (2022) 19284–19293,

pMID: 36227161. arXiv:https://doi.org/10.1021/jacs.2c06188,

doi:10.1021/jacs.2c06188.

URL https://doi.org/10.1021/jacs.2c06188

[13] D. Cheng, Z. Wei, Z. Zhang, P. Broekmann, A. N. Alexan-

drova, P. Sautet, Restructuring and activation of cu(111) under

electrocatalytic reduction conditions, Angewandte Chemie In-

ternational Edition 62 (20) (2023) e202218575. arXiv:https:

//onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202218575,

doi:https://doi.org/10.1002/anie.202218575.

URL https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.

202218575

[14] M. Vitale-Sullivan, K. A. Stoerzinger, Interplay of surface and

subsurface contributions in electrocatalysis, Current Opinion in Elec-

21

Jo
urn

al 
Pre-

pro
of

https://doi.org/https://doi.org/10.1002/adfm.202009032
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202009032
https://onlinelibrary.wiley.com/doi/abs/10.1002/adfm.202009032
https://www.sciencedirect.com/science/article/pii/S2451910322001600
https://www.sciencedirect.com/science/article/pii/S2451910322001600
https://doi.org/https://doi.org/10.1016/j.coelec.2022.101095
https://www.sciencedirect.com/science/article/pii/S2451910322001600
https://www.sciencedirect.com/science/article/pii/S2451910322001600
https://doi.org/10.1021/jacs.2c06188
https://doi.org/10.1021/jacs.2c06188
http://arxiv.org/abs/https://doi.org/10.1021/jacs.2c06188
https://doi.org/10.1021/jacs.2c06188
https://doi.org/10.1021/jacs.2c06188
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202218575
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202218575
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202218575
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202218575
https://doi.org/https://doi.org/10.1002/anie.202218575
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202218575
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202218575
https://www.sciencedirect.com/science/article/pii/S2451910323000455
https://www.sciencedirect.com/science/article/pii/S2451910323000455


trochemistry 39 (2023) 101252. doi:https://doi.org/10.1016/j.

coelec.2023.101252.

URL https://www.sciencedirect.com/science/article/pii/

S2451910323000455

[15] T. Binninger, R. Mohamed, K. Waltar, E. Fabbri, P. Levecque, R. Kötz,

T. J. Schmidt, Thermodynamic explanation of the universal correlation

between oxygen evolution activity and corrosion of oxide catalysts, Sci-

entific Reports 5 (1) (2015) 12167, **This works demonstrates that

metal oxides become thermodynamically unstable under oxygen evolu-

tion conditions regardless of pH due to the instability of oxygen anion

within the lattice.

[16] A. Grimaud, O. Diaz-Morales, B. Han, W. T. Hong, Y.-L. Lee, L. Gior-

dano, K. A. Stoerzinger, M. T. M. Koper, Y. Shao-Horn, Activating lat-

tice oxygen redox reactions in metal oxides to catalyse oxygen evolution,

Nature Chemistry 9 (5) (2017) 457–465. doi:10.1038/nchem.2695.

URL https://doi.org/10.1038/nchem.2695

[17] N. Zhang, Y. Xiong, Lattice oxygen activation for enhanced elec-

trochemical oxygen evolution, The Journal of Physical Chemistry C

127 (5) (2023) 2147–2159. arXiv:https://doi.org/10.1021/acs.

jpcc.2c08514, doi:10.1021/acs.jpcc.2c08514.

URL https://doi.org/10.1021/acs.jpcc.2c08514

[18] J. K. Norskov, J. Rossmeisl, A. Logadottir, L. Lindqvist, J. R. Kitchin,

T. Bligaard, H. Jónsson, Origin of the overpotential for oxygen reduction

at a fuel-cell cathode, The Journal of Physical Chemistry B 108 (46)

22

Jo
urn

al 
Pre-

pro
of

https://doi.org/https://doi.org/10.1016/j.coelec.2023.101252
https://doi.org/https://doi.org/10.1016/j.coelec.2023.101252
https://www.sciencedirect.com/science/article/pii/S2451910323000455
https://www.sciencedirect.com/science/article/pii/S2451910323000455
https://doi.org/10.1038/nchem.2695
https://doi.org/10.1038/nchem.2695
https://doi.org/10.1038/nchem.2695
https://doi.org/10.1038/nchem.2695
https://doi.org/10.1021/acs.jpcc.2c08514
https://doi.org/10.1021/acs.jpcc.2c08514
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.2c08514
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.2c08514
https://doi.org/10.1021/acs.jpcc.2c08514
https://doi.org/10.1021/acs.jpcc.2c08514
https://doi.org/10.1021/jp047349j
https://doi.org/10.1021/jp047349j


(2004) 17886–17892. arXiv:https://doi.org/10.1021/jp047349j,

doi:10.1021/jp047349j.

URL https://doi.org/10.1021/jp047349j

[19] K. S. Exner, On the lattice oxygen evolution mechanism: Avoiding

pitfalls, ChemCatChem 13 (19) (2021) 4066–4074. arXiv:https:

//chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/

cctc.202101049, doi:https://doi.org/10.1002/cctc.202101049.

URL https://chemistry-europe.onlinelibrary.wiley.com/doi/

abs/10.1002/cctc.202101049

[20] O. Kasian, S. Geiger, T. Li, J.-P. Grote, K. Schweinar, S. Zhang,

C. Scheu, D. Raabe, S. Cherevko, B. Gault, K. J. J. Mayrhofer, Degrada-

tion of iridium oxides via oxygen evolution from the lattice: correlating

atomic scale structure with reaction mechanisms, Energy Environ. Sci.

12 (2019) 3548–3555. doi:10.1039/C9EE01872G.

URL http://dx.doi.org/10.1039/C9EE01872G

[21] G. Wan, J. W. Freeland, J. Kloppenburg, G. Petretto, J. N. Nelson,

D.-Y. Kuo, C.-J. Sun, J. Wen, J. T. Diulus, G. S. Herman, Y. Dong,

R. Kou, J. Sun, S. Chen, K. M. Shen, D. G. Schlom, G.-M. Rig-

nanese, G. Hautier, D. D. Fong, Z. Feng, H. Zhou, J. Suntivich, Amor-

phization mechanism of sriro3 electrocatalyst: How oxygen redox ini-

tiates ionic diffusion and structural reorganization, Science Advances

7 (2) (2021) eabc7323. arXiv:https://www.science.org/doi/pdf/

10.1126/sciadv.abc7323, doi:10.1126/sciadv.abc7323.

URL https://www.science.org/doi/abs/10.1126/sciadv.abc7323

23

Jo
urn

al 
Pre-

pro
of

http://arxiv.org/abs/https://doi.org/10.1021/jp047349j
https://doi.org/10.1021/jp047349j
https://doi.org/10.1021/jp047349j
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202101049
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202101049
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202101049
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202101049
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202101049
https://doi.org/https://doi.org/10.1002/cctc.202101049
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202101049
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202101049
http://dx.doi.org/10.1039/C9EE01872G
http://dx.doi.org/10.1039/C9EE01872G
http://dx.doi.org/10.1039/C9EE01872G
https://doi.org/10.1039/C9EE01872G
http://dx.doi.org/10.1039/C9EE01872G
https://www.science.org/doi/abs/10.1126/sciadv.abc7323
https://www.science.org/doi/abs/10.1126/sciadv.abc7323
https://www.science.org/doi/abs/10.1126/sciadv.abc7323
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/sciadv.abc7323
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/sciadv.abc7323
https://doi.org/10.1126/sciadv.abc7323
https://www.science.org/doi/abs/10.1126/sciadv.abc7323


[22] E. Fabbri, M. Nachtegaal, T. Binninger, X. Cheng, B.-J. Kim, J. Durst,

F. Bozza, T. Graule, R. Schäublin, L. Wiles, M. Pertoso, N. Danilovic,

K. E. Ayers, T. J. Schmidt, Dynamic surface self-reconstruction is the

key of highly active perovskite nano-electrocatalysts for water splitting,

Nature Materials 16 (9) (2017) 925–931. doi:10.1038/nmat4938.

URL https://doi.org/10.1038/nmat4938

[23] J. Liu, E. Jia, K. A. Stoerzinger, L. Wang, Y. Wang, Z. Yang, D. Shen,

M. H. Engelhard, M. E. Bowden, Z. Zhu, S. A. Chambers, Y. Du, Dy-

namic lattice oxygen participation on perovskite lanio3 during oxygen

evolution reaction, The Journal of Physical Chemistry C 124 (28) (2020)

15386–15390. arXiv:https://doi.org/10.1021/acs.jpcc.0c04808,

doi:10.1021/acs.jpcc.0c04808.

URL https://doi.org/10.1021/acs.jpcc.0c04808

[24] K. S. Exner, A universal descriptor for the screening of elec-

trode materials for multiple-electron processes: Beyond the thermo-

dynamic overpotential, ACS Catalysis 10 (21) (2020) 12607–12617.

arXiv:https://doi.org/10.1021/acscatal.0c03865, doi:10.1021/

acscatal.0c03865.

URL https://doi.org/10.1021/acscatal.0c03865

[25] A. Zagalskaya, V. Alexandrov, Role of defects in the interplay between

adsorbate evolving and lattice oxygen mechanisms of the oxygen evolu-

tion reaction in ruo2 and iro2, ACS Catalysis 10 (6) (2020) 3650–3657.

arXiv:https://doi.org/10.1021/acscatal.9b05544, doi:10.1021/

24

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1038/nmat4938
https://doi.org/10.1038/nmat4938
https://doi.org/10.1038/nmat4938
https://doi.org/10.1038/nmat4938
https://doi.org/10.1021/acs.jpcc.0c04808
https://doi.org/10.1021/acs.jpcc.0c04808
https://doi.org/10.1021/acs.jpcc.0c04808
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.0c04808
https://doi.org/10.1021/acs.jpcc.0c04808
https://doi.org/10.1021/acs.jpcc.0c04808
https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.0c03865
http://arxiv.org/abs/https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.0c03865
https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544
http://arxiv.org/abs/https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544


acscatal.9b05544.

URL https://doi.org/10.1021/acscatal.9b05544

[26] R. Kötz, H. Neff, S. Stucki, Anodic iridium oxide films: Xps studies of

oxidation state changes and o2 evolution, Journal of The Electrochemical

Society 131 (1) (1984) 72. doi:10.1149/1.2115548.

URL https://dx.doi.org/10.1149/1.2115548

[27] O. Kasian, J.-P. Grote, S. Geiger, S. Cherevko, K. J. J. Mayrhofer,

The common intermediates of oxygen evolution and dissolution re-

actions during water electrolysis on iridium, Angewandte Chemie

International Edition 57 (9) (2018) 2488–2491. arXiv:https:

//onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201709652,

doi:https://doi.org/10.1002/anie.201709652.

URL https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.

201709652

[28] A. Lončar, D. Escalera-López, S. Cherevko, N. Hodnik, Inter-

relationships between oxygen evolution and iridium dissolu-

tion mechanisms, Angewandte Chemie International Edition

61 (14) (2022) e202114437. arXiv:https://onlinelibrary.

wiley.com/doi/pdf/10.1002/anie.202114437, doi:https:

//doi.org/10.1002/anie.202114437.

URL https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.

202114437

[29] A. Zagalskaya, V. Alexandrov, Mechanistic study of iro2 dissolution dur-

ing the electrocatalytic oxygen evolution reaction, The Journal of Phys-

25

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544
https://doi.org/10.1021/acscatal.9b05544
https://dx.doi.org/10.1149/1.2115548
https://dx.doi.org/10.1149/1.2115548
https://doi.org/10.1149/1.2115548
https://dx.doi.org/10.1149/1.2115548
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709652
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709652
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201709652
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201709652
https://doi.org/https://doi.org/10.1002/anie.201709652
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709652
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201709652
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202114437
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202114437
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202114437
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202114437
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.202114437
https://doi.org/https://doi.org/10.1002/anie.202114437
https://doi.org/https://doi.org/10.1002/anie.202114437
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202114437
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.202114437


ical Chemistry Letters 11 (7) (2020) 2695–2700, * This computational

study investigates the Ir dissolution mechanism from IrO2(110) in the

range of applied voltage, providing comparison with available experi-

mental data.

[30] R. Kötz, H. J. Lewerenz, S. Stucki, Xps studies of oxygen evolution

on ru and ruo2 anodes, Journal of The Electrochemical Society 130 (4)

(1983) 825. doi:10.1149/1.2119829.

URL https://dx.doi.org/10.1149/1.2119829

[31] K. Klyukin, K. M. Rosso, V. Alexandrov, Iron dissolution from goethite

(α-feooh) surfaces in water by ab initio enhanced free-energy simula-

tions, The Journal of Physical Chemistry C 122 (28) (2018) 16086–

16091. arXiv:https://doi.org/10.1021/acs.jpcc.8b03743, doi:

10.1021/acs.jpcc.8b03743.

URL https://doi.org/10.1021/acs.jpcc.8b03743

[32] K. Klyukin, A. Zagalskaya, V. Alexandrov, Role of dissolution interme-

diates in promoting oxygen evolution reaction at ruo2(110) surface, The

Journal of Physical Chemistry C 123 (36) (2019) 22151–22157, * This

computational work provides insights on the coupling between corrosion

and OER in RuO2.

[33] A. S. Raman, A. Vojvodic, Providing atomistic insights into the disso-

lution of rutile oxides in electrocatalytic water splitting, The Journal

of Physical Chemistry C 126 (2) (2022) 922–932. arXiv:https://doi.

org/10.1021/acs.jpcc.1c08737, doi:10.1021/acs.jpcc.1c08737.

URL https://doi.org/10.1021/acs.jpcc.1c08737

26

Jo
urn

al 
Pre-

pro
of

https://dx.doi.org/10.1149/1.2119829
https://dx.doi.org/10.1149/1.2119829
https://doi.org/10.1149/1.2119829
https://dx.doi.org/10.1149/1.2119829
https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.8b03743
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.8b03743
https://doi.org/10.1021/acs.jpcc.1c08737
https://doi.org/10.1021/acs.jpcc.1c08737
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.1c08737
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.1c08737
https://doi.org/10.1021/acs.jpcc.1c08737
https://doi.org/10.1021/acs.jpcc.1c08737


[34] F. Hess, H. Over, Coordination inversion of the tetrahedrally coor-

dinated ru4f surface complex on ruo2(100) and its decisive role in

the anodic corrosion process, ACS Catalysis 13 (5) (2023) 3433–3443.

arXiv:https://doi.org/10.1021/acscatal.2c06260, doi:10.1021/

acscatal.2c06260.

URL https://doi.org/10.1021/acscatal.2c06260

[35] E. Fabbri, A. Habereder, K. Waltar, R. Kötz, T. J. Schmidt, De-

velopments and perspectives of oxide-based catalysts for the oxygen

evolution reaction, Catal. Sci. Technol. 4 (2014) 3800–3821. doi:

10.1039/C4CY00669K.

URL http://dx.doi.org/10.1039/C4CY00669K

[36] S. Czioska, A. Boubnov, D. Escalera-López, J. Geppert, A. Zagalskaya,

P. Röse, E. Saraci, V. Alexandrov, U. Krewer, S. Cherevko, J.-D. Grun-

waldt, Increased ir-ir interaction in iridium oxide during the oxygen

evolution reaction at high potentials probed by operando spectroscopy,

ACS Catalysis 11 (15) (2021) 10043–10057. arXiv:https://doi.org/

10.1021/acscatal.1c02074, doi:10.1021/acscatal.1c02074.

URL https://doi.org/10.1021/acscatal.1c02074

[37] W. Liu, Z. Duan, W. Wang, Water oxidation-induced surface reconstruc-

tion and dissolution at the ruo2(110) surface revealed by first-principles

simulation, The Journal of Physical Chemistry C 127 (11) (2023) 5334–

5342. arXiv:https://doi.org/10.1021/acs.jpcc.2c08884, doi:10.

1021/acs.jpcc.2c08884.

URL https://doi.org/10.1021/acs.jpcc.2c08884

27

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1021/acscatal.2c06260
https://doi.org/10.1021/acscatal.2c06260
https://doi.org/10.1021/acscatal.2c06260
http://arxiv.org/abs/https://doi.org/10.1021/acscatal.2c06260
https://doi.org/10.1021/acscatal.2c06260
https://doi.org/10.1021/acscatal.2c06260
https://doi.org/10.1021/acscatal.2c06260
http://dx.doi.org/10.1039/C4CY00669K
http://dx.doi.org/10.1039/C4CY00669K
http://dx.doi.org/10.1039/C4CY00669K
https://doi.org/10.1039/C4CY00669K
https://doi.org/10.1039/C4CY00669K
http://dx.doi.org/10.1039/C4CY00669K
https://doi.org/10.1021/acscatal.1c02074
https://doi.org/10.1021/acscatal.1c02074
http://arxiv.org/abs/https://doi.org/10.1021/acscatal.1c02074
http://arxiv.org/abs/https://doi.org/10.1021/acscatal.1c02074
https://doi.org/10.1021/acscatal.1c02074
https://doi.org/10.1021/acscatal.1c02074
https://doi.org/10.1021/acs.jpcc.2c08884
https://doi.org/10.1021/acs.jpcc.2c08884
https://doi.org/10.1021/acs.jpcc.2c08884
http://arxiv.org/abs/https://doi.org/10.1021/acs.jpcc.2c08884
https://doi.org/10.1021/acs.jpcc.2c08884
https://doi.org/10.1021/acs.jpcc.2c08884
https://doi.org/10.1021/acs.jpcc.2c08884


[38] F. Noe, S. Olsson, J. Köhler, H. Wu, Boltzmann genera-

tors: Sampling equilibrium states of many-body systems with

deep learning, Science 365 (6457) (2019) eaaw1147. arXiv:

https://www.science.org/doi/pdf/10.1126/science.aaw1147,

doi:10.1126/science.aaw1147.

URL https://www.science.org/doi/abs/10.1126/science.

aaw1147

[39] O. Kasian, T. Li, A. M. Mingers, K. Schweinar, A. Savan, A. Ludwig,

K. Mayrhofer, Stabilization of an iridium oxygen evolution catalyst by

titanium oxides, Journal of Physics: Energy 3 (3) (2021) 034006. doi:

10.1088/2515-7655/abbd34.

URL https://dx.doi.org/10.1088/2515-7655/abbd34

[40] C. Spöri, J. T. H. Kwan, A. Bonakdarpour, D. P. Wilkinson,

P. Strasser, The stability challenges of oxygen evolving cat-

alysts: Towards a common fundamental understanding and

mitigation of catalyst degradation, Angewandte Chemie In-

ternational Edition 56 (22) (2017) 5994–6021. arXiv:https:

//onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201608601,

doi:https://doi.org/10.1002/anie.201608601.

URL https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.

201608601

[41] J. F. Godinez-Salomon, F. Ospina-Acevedo, L. A. Albiter, K. O. Bai-

ley, Z. G. Naymik, R. Mendoza-Cruz, P. B. Balbuena, C. P. Rhodes,

Titanium substitution effects on the structure, activity, and stability of

28

Jo
urn

al 
Pre-

pro
of

https://www.science.org/doi/abs/10.1126/science.aaw1147
https://www.science.org/doi/abs/10.1126/science.aaw1147
https://www.science.org/doi/abs/10.1126/science.aaw1147
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/science.aaw1147
http://arxiv.org/abs/https://www.science.org/doi/pdf/10.1126/science.aaw1147
https://doi.org/10.1126/science.aaw1147
https://www.science.org/doi/abs/10.1126/science.aaw1147
https://www.science.org/doi/abs/10.1126/science.aaw1147
https://dx.doi.org/10.1088/2515-7655/abbd34
https://dx.doi.org/10.1088/2515-7655/abbd34
https://doi.org/10.1088/2515-7655/abbd34
https://doi.org/10.1088/2515-7655/abbd34
https://dx.doi.org/10.1088/2515-7655/abbd34
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201608601
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201608601
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201608601
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201608601
http://arxiv.org/abs/https://onlinelibrary.wiley.com/doi/pdf/10.1002/anie.201608601
https://doi.org/https://doi.org/10.1002/anie.201608601
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201608601
https://onlinelibrary.wiley.com/doi/abs/10.1002/anie.201608601
https://doi.org/10.1021/acsanm.2c02760
https://doi.org/10.1021/acsanm.2c02760


nanoscale ruthenium oxide oxygen evolution electrocatalysts: Experi-

mental and computational study, ACS Applied Nano Materials 5 (8)

(2022) 11752–11775. doi:10.1021/acsanm.2c02760.

URL https://doi.org/10.1021/acsanm.2c02760

[42] I. Evazzade, A. Zagalskaya, V. Alexandrov, On the role of in-

terfacial water dynamics for electrochemical stability of ruo2 and

iro2, ChemCatChem 14 (21) (2022) e202200932. arXiv:https:

//chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/

cctc.202200932, doi:https://doi.org/10.1002/cctc.202200932.

URL https://chemistry-europe.onlinelibrary.wiley.com/doi/

abs/10.1002/cctc.202200932

[43] Y. Kuang, M. J. Kenney, Y. Meng, W.-H. Hung, Y. Liu, J. E. Huang,

R. Prasanna, P. Li, Y. Li, L. Wang, M.-C. Lin, M. D. McGehee, X. Sun,

H. Dai, Solar-driven, highly sustained splitting of seawater into hydro-

gen and oxygen fuels, Proceedings of the National Academy of Sciences

116 (14) (2019) 6624–6629. arXiv:https://www.pnas.org/doi/pdf/

10.1073/pnas.1900556116, doi:10.1073/pnas.1900556116.

URL https://www.pnas.org/doi/abs/10.1073/pnas.1900556116

[44] M. L. Frisch, T. N. Thanh, A. Arinchtein, L. Hager, J. Schmidt,

S. Bruckner, J. Kerres, P. Strasser, Seawater electrolysis using all-pgm-

free catalysts and cell components in an asymmetric feed, ACS Energy

Letters 8 (2023) 2387–2394.

[45] F. Zhang, L. Yu, L. Wu, D. Luo, Z. Ren, Rational design

of oxygen evolution reaction catalysts for seawater electroly-

29

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1021/acsanm.2c02760
https://doi.org/10.1021/acsanm.2c02760
https://doi.org/10.1021/acsanm.2c02760
https://doi.org/10.1021/acsanm.2c02760
https://doi.org/10.1021/acsanm.2c02760
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202200932
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202200932
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202200932
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202200932
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202200932
http://arxiv.org/abs/https://chemistry-europe.onlinelibrary.wiley.com/doi/pdf/10.1002/cctc.202200932
https://doi.org/https://doi.org/10.1002/cctc.202200932
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202200932
https://chemistry-europe.onlinelibrary.wiley.com/doi/abs/10.1002/cctc.202200932
https://www.pnas.org/doi/abs/10.1073/pnas.1900556116
https://www.pnas.org/doi/abs/10.1073/pnas.1900556116
http://arxiv.org/abs/https://www.pnas.org/doi/pdf/10.1073/pnas.1900556116
http://arxiv.org/abs/https://www.pnas.org/doi/pdf/10.1073/pnas.1900556116
https://doi.org/10.1073/pnas.1900556116
https://www.pnas.org/doi/abs/10.1073/pnas.1900556116
https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://www.sciencedirect.com/science/article/pii/S2589597421000551


sis, Trends in Chemistry 3 (6) (2021) 485–498. doi:https:

//doi.org/10.1016/j.trechm.2021.03.003.

URL https://www.sciencedirect.com/science/article/pii/

S2589597421000551

[46] K. O. Sarfo, P. Murkute, O. B. Isgor, Y. Zhang, J. Tucker, L. Árnadót-

tir, Density functional theory study of the initial stages of cl-induced

degradation of α-cr2o3 passive film, Journal of The Electrochemical So-

ciety 167 (12) (2020) 121508. doi:10.1149/1945-7111/abb381.

URL https://dx.doi.org/10.1149/1945-7111/abb381

[47] K. Leung, First principles, explicit interface studies of oxygen vacancy

and chloride in alumina films for corrosion applications, Journal of

The Electrochemical Society 168 (3) (2021) 031511. doi:10.1149/

1945-7111/abe7a5.

URL https://dx.doi.org/10.1149/1945-7111/abe7a5

[48] A. Sundar, G. Chen, L. Qi, Substitutional adsorptions of chloride at

grain boundary sites on hydroxylated alumina surfaces initialize lo-

calized corrosion, npj Materials Degradation 5 (1) (2021) 18. doi:

10.1038/s41529-021-00161-w.

URL https://doi.org/10.1038/s41529-021-00161-w

[49] L. Yu, J. Xiao, C. Huang, J. Zhou, M. Qiu, Y. Yu, Z. Ren, C.-W. Chu,

J. C. Yu, High-performance seawater oxidation by a homogeneous multi-

metallic layered double hydroxide electrocatalyst, Proceedings of the Na-

tional Academy of Sciences 119 (18) (2022) e2202382119. arXiv:https:

//www.pnas.org/doi/pdf/10.1073/pnas.2202382119, doi:10.1073/

30

Jo
urn

al 
Pre-

pro
of

https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://doi.org/https://doi.org/10.1016/j.trechm.2021.03.003
https://doi.org/https://doi.org/10.1016/j.trechm.2021.03.003
https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://www.sciencedirect.com/science/article/pii/S2589597421000551
https://dx.doi.org/10.1149/1945-7111/abb381
https://dx.doi.org/10.1149/1945-7111/abb381
https://doi.org/10.1149/1945-7111/abb381
https://dx.doi.org/10.1149/1945-7111/abb381
https://dx.doi.org/10.1149/1945-7111/abe7a5
https://dx.doi.org/10.1149/1945-7111/abe7a5
https://doi.org/10.1149/1945-7111/abe7a5
https://doi.org/10.1149/1945-7111/abe7a5
https://dx.doi.org/10.1149/1945-7111/abe7a5
https://doi.org/10.1038/s41529-021-00161-w
https://doi.org/10.1038/s41529-021-00161-w
https://doi.org/10.1038/s41529-021-00161-w
https://doi.org/10.1038/s41529-021-00161-w
https://doi.org/10.1038/s41529-021-00161-w
https://doi.org/10.1038/s41529-021-00161-w
https://www.pnas.org/doi/abs/10.1073/pnas.2202382119
https://www.pnas.org/doi/abs/10.1073/pnas.2202382119
http://arxiv.org/abs/https://www.pnas.org/doi/pdf/10.1073/pnas.2202382119
http://arxiv.org/abs/https://www.pnas.org/doi/pdf/10.1073/pnas.2202382119
https://doi.org/10.1073/pnas.2202382119
https://doi.org/10.1073/pnas.2202382119


pnas.2202382119.

URL https://www.pnas.org/doi/abs/10.1073/pnas.2202382119

[50] R. B. Wexler, E. A. Carter, Oxygen-chlorine chemisorption scaling for

seawater electrolysis on transition metals: The role of redox, Advanced

Theory and Simulations (2022) 2200592 * According to this DFT study,

there is a strong correlation between the chemisorption enthalpies of O

and Cl, which implies that the transition metals being examined will

likely oxidize both water and Cl- in a non-selective manner.

[51] K. S. Exner, T. Lim, S. H. Joo, Circumventing the ocl versus ooh

scaling relation in the chlorine evolution reaction: Beyond dimensionally

stable anodes, Current Opinion in Electrochemistry 34 (2022) 100979.

doi:https://doi.org/10.1016/j.coelec.2022.100979.

URL https://www.sciencedirect.com/science/article/pii/

S2451910322000448

[52] T. J. Hersbach, M. T. Koper, Cathodic corrosion: 21st century insights

into a 19th century phenomenon, Current Opinion in Electrochemistry

26 (2021) 100653, **This review discusses some recent discoveries re-

lated to cathodic corrosion hypothesizing the mechanism of cathodic

corrosion process.

[53] Y. I. Yanson, A. I. Yanson, Cathodic corrosion. I. Mech-

anism of corrosion via formation of metal anions in aque-

ous medium, Low Temperature Physics 39 (3) (2013) 304–

311. arXiv:https://pubs.aip.org/aip/ltp/article-pdf/39/3/

31

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1073/pnas.2202382119
https://doi.org/10.1073/pnas.2202382119
https://www.pnas.org/doi/abs/10.1073/pnas.2202382119
https://www.sciencedirect.com/science/article/pii/S2451910322000448
https://www.sciencedirect.com/science/article/pii/S2451910322000448
https://www.sciencedirect.com/science/article/pii/S2451910322000448
https://doi.org/https://doi.org/10.1016/j.coelec.2022.100979
https://www.sciencedirect.com/science/article/pii/S2451910322000448
https://www.sciencedirect.com/science/article/pii/S2451910322000448
https://doi.org/10.1063/1.4795002
https://doi.org/10.1063/1.4795002
https://doi.org/10.1063/1.4795002
http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/304/16059201/304_1_online.pdf
http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/304/16059201/304_1_online.pdf


304/16059201/304\_1\_online.pdf, doi:10.1063/1.4795002.

URL https://doi.org/10.1063/1.4795002

[54] A. I. Yanson, Y. I. Yanson, Cathodic corrosion. II. Properties of

nanoparticles synthesized by cathodic corrosion, Low Temperature

Physics 39 (3) (2013) 312–317. arXiv:https://pubs.aip.org/

aip/ltp/article-pdf/39/3/312/16059396/312\_1\_online.pdf,

doi:10.1063/1.4795197.

URL https://doi.org/10.1063/1.4795197

[55] M. M. Elnagar, L. A. Kibler, T. Jacob, Metal deposition and electro-

catalysis for elucidating structural changes of gold electrodes during ca-

thodic corrosion, Green Chem. (2023) –doi:10.1039/D3GC01614E.

URL http://dx.doi.org/10.1039/D3GC01614E

[56] T. J. P. Hersbach, I. T. McCrum, D. Anastasiadou, R. Wever,

F. Calle-Vallejo, M. T. M. Koper, Alkali metal cation effects in

structuring pt, rh, and au surfaces through cathodic corrosion, ACS

Applied Materials & Interfaces 10 (45) (2018) 39363–39379, pMID:

30351902. arXiv:https://doi.org/10.1021/acsami.8b13883, doi:

10.1021/acsami.8b13883.

URL https://doi.org/10.1021/acsami.8b13883

[57] S. Hanselman, F. Calle-Vallejo, M. T. M. Koper, Computational de-

scription of surface hydride phases on Pt(111) electrodes, The Journal

of Chemical Physics 158 (1), *This DFT-based thermodynamic inves-

tigation analyzes the formation of surface multilayer hydride structures

32

Jo
urn

al 
Pre-

pro
of

http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/304/16059201/304_1_online.pdf
http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/304/16059201/304_1_online.pdf
https://doi.org/10.1063/1.4795002
https://doi.org/10.1063/1.4795002
https://doi.org/10.1063/1.4795197
https://doi.org/10.1063/1.4795197
http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/312/16059396/312_1_online.pdf
http://arxiv.org/abs/https://pubs.aip.org/aip/ltp/article-pdf/39/3/312/16059396/312_1_online.pdf
https://doi.org/10.1063/1.4795197
https://doi.org/10.1063/1.4795197
http://dx.doi.org/10.1039/D3GC01614E
http://dx.doi.org/10.1039/D3GC01614E
http://dx.doi.org/10.1039/D3GC01614E
https://doi.org/10.1039/D3GC01614E
http://dx.doi.org/10.1039/D3GC01614E
https://doi.org/10.1021/acsami.8b13883
https://doi.org/10.1021/acsami.8b13883
http://arxiv.org/abs/https://doi.org/10.1021/acsami.8b13883
https://doi.org/10.1021/acsami.8b13883
https://doi.org/10.1021/acsami.8b13883
https://doi.org/10.1021/acsami.8b13883
https://doi.org/10.1063/5.0125436
https://doi.org/10.1063/5.0125436


on Pt(111) relevant to cathodic corrosion. (2023).

URL https://doi.org/10.1063/5.0125436

[58] J. N. Mills, I. T. McCrum, M. J. Janik, Alkali cation specific adsorption

onto fcc(111) transition metal electrodes, Phys. Chem. Chem. Phys. 16

(2014) 13699–13707. doi:10.1039/C4CP00760C.

URL http://dx.doi.org/10.1039/C4CP00760C

[59] I. Evazzade, A. Zagalskaya, V. Alexandrov, Revealing elusive intermedi-

ates of platinum cathodic corrosion through dft simulations, The Journal

of Physical Chemistry Letters 13 (13) (2022) 3047–3052, *This theo-

retical study employs constant-potential ab initio molecular dynamics

simulations considering the explicit solvent and reveals the formation of

ternary metal hydrides as cathodic corrosion intermediates.

33

Jo
urn

al 
Pre-

pro
of

https://doi.org/10.1063/5.0125436
http://dx.doi.org/10.1039/C4CP00760C
http://dx.doi.org/10.1039/C4CP00760C
https://doi.org/10.1039/C4CP00760C
http://dx.doi.org/10.1039/C4CP00760C


Annotated references: 

* of special interest 

[29] Zagalskaya, A.; Alexandrov, V. Mechanis=c Study of IrO2 Dissolu=on during the Electrocataly=c 
Oxygen Evolu=on Reac=on. The Journal of Physical Chemistry LeMers 2020, 11, 2695{2700, PMID: 
32188249. 

This computa-onal study inves-gates the Ir dissolu-on mechanism from IrO2(110) in the range of 
applied voltage, providing comparison with available experimental data. 

 

[32] Klyukin, K., Zagalskaya, A., & Alexandrov, V. (2019). Role of dissolu=on intermediates in 
promo=ng oxygen evolu=on reac=on at RuO2 (110) surface. The Journal of Physical Chemistry C, 
123(36), 22151-22157. 

This computa-onal work provides insights on the coupling between corrosion and OER in RuO2. 

 

[50] Wexler, R. B.; Carter, E. A. Oxygen-Chlorine Chemisorp=on Scaling for Seawater Electrolysis on 
Transi=on Metals: The Role of Redox. Advanced Theory and Simula=ons n/a, 2200592. 

According to this DFT study, there is a strong correla-on between the chemisorp-on enthalpies of 
O and Cl, which implies that the transi-on metals being examined will likely oxidize both water 
and Cl- in a non-selec-ve manner. 

 

[55] Evazzade, I., Zagalskaya, A. and Alexandrov, V., 2022. Revealing Elusive Intermediates of 
Pla=num Cathodic Corrosion through DFT Simula=ons. The Journal of Physical Chemistry LeMers, 
13(13), pp.3047-3052. 

This theore-cal study employs constant-poten-al ab ini-o molecular dynamics simula-ons 
considering the explicit solvent and reveals the forma-on of ternary metal hydrides as cathodic 
corrosion intermediates. 

 

[57] Hanselman, S., Calle-Vallejo, F. and Koper, M., 2023. Computa=onal Descrip=on of Surface 
Hydride Phases on Pt(111) Electrodes. The Journal of Chemical Physics, 158, p. 014703. 

This DFT-based thermodynamic inves-ga-on analyzes the forma-on of surface mul-layer hydride 
structures on Pt(111) relevant to cathodic corrosion. 

 

 

 

Jo
urn

al 
Pre-

pro
of



** of outstanding interest 

[15] Binninger, T.; Mohamed, R.; Waltar, K.; Fabbri, E.; Levecque, P.; Kotz, R.; Schmidt, T. J. 
Thermodynamic explana=on of the universal correla=on between oxygen evolu=on ac=vity and 
corrosion of oxide catalysts. Scien=fic Reports 2015, 5, 12167. 

This works demonstrates that metal oxides become thermodynamically unstable under oxygen 
evolu-on condi-ons regardless of pH due to the instability of oxygen anion within the laMce. 

[52] Hersbach, T. J.; Koper, M. T. Cathodic corrosion: 21st century insights into a 19th century 
phenomenon. Current Opinion in Electrochemistry 2021, 26, 100653. 

This review discusses some recent discoveries related to cathodic corrosion hypothesizing the 
mechanism of cathodic corrosion process. 

 

Jo
urn

al 
Pre-

pro
of



Declaration of interests 
  

☐ The authors declare that they have no known competing financial interests or personal relationships 
that could have appeared to influence the work reported in this paper. 
  

☒ The authors declare the following financial interests/personal relationships which may be considered 
as potential competing interests: 
 

Vitaly Alexandrov reports financial support was provided by University of Nebraska-Lincoln. 

 

Jo
urn

al 
Pre-

pro
of


