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Electrolyte components which are typically not considered to be directly involved into 

catalytic processes at solid-liquid electrified interfaces often demonstrate significant or even 

drastic influence on the activity, stability and selectivity of electrocatalysts. While there has 

been certain progress in the understanding of these electrolyte effects, lack of experimental 

data for various important systems frequently complicates a rational design of new active 

materials. Modern proton-exchange membrane (PEM) electrolyzers utilize Pt- and Ir-based 

electrocatalysts which are among the very few materials which are both active and stable 

under the extreme conditions of water splitting. We use model Pt(111) and Ir-oxide films 

grown on Ir(111) electrodes and explore the effect of alkali metal cations and sulfate -anions 

on the hydrogen evolution and the oxygen evolution reactions in acidic media. We 

demonstrate that sulfate anions decrease the activity of Ir-oxide towards the oxygen 

evolution reaction while Rb+ drastically promotes hydrogen evolution reaction at the Pt(111) 

electrodes as compared to the reference HClO4 electrolytes. Issues related to the activity 

benchmarking for these catalysts are discussed. 

1. Introduction 

Water electrolysis is nowadays of particular interest for both 

fundamental science and energy applications. The former uses 

hydrogen and oxygen evolution reactions as model processes to 

improve the understanding of electrified solid/liquid interfaces. 

On the other hand, hydrogen has been proposed as a promising 

fuel for sustainable energy provision.[1-5] For these applications 

energy conversion devices such as proton-exchange membrane 

(PEM) electrolyzers have been under development for 

decades.[6-12] They have advantages over other types of 

electrolyzers, such as a more compact design, higher production 

rates, and a greater efficiency.[3,13] 

The key issue in the electrochemical decomposition of water, 

particularly using PEM electrolyzers, is that the overall energy 

losses during the electrocatalytic production of hydrogen large-

ly depend on the choice of the electrode materials. The identi-

fication and implementation of new active and stable electro-

catalysts is, therefore, of paramount importance for this techno-

logy. The state-of-the-art electrocatalyst for the cathodic hydro-

gen evolution reaction (HER) in acidic media is Pt, being very 

close to the top of the theoretical activity “volcano” plot.[14] 

While this reaction is nowadays considered as “less deman-

ding” as compared to the anodic oxygen evolution reaction 

(OER), still high loadings of Pt are used in PEM electrolyzers 

(normally between 0.5 and 1 mg/cm2 [3,15]); and further work to 

develop more active materials is necessary. In turn, the most 

active electrocatalysts for OER in acidic media are Ir- and Ru-

oxides.[16-18] Ruthenium-based catalysts show the lowest OER 

overpotential among the oxides, but they suffer from strong 

corrosion under reaction conditions.[15] Therefore iridium 

oxides, stable in acidic media at the OER potentials, with 

slightly lower activity, are known as the state-of-the-art OER 

catalysts for e.g. PEM electrolyzers.[19]  

While the electrode material and its surface structure are con-

sidered to be of primary importance to improve the perfor-

mance of electrolyzers, the resulting electrode activity appeared 

to be also dependent on the electrolyte composition.[20-26] For 

instance, hydrogen evolution, particularly in alkaline media, 

depends on the nature of the alkali metal cations.[20,27] Similarly, 
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it has been found that the OER activity is significantly influ-

enced by the electrolyte composition in alkaline[28] as well as in 

acidic sulfuric media.[29] Evidently, the contribution of the elec-

trolyte should be evaluated in each particular case to improve 

the performance of the PEM electrolyzers and gain further in-

sight into the origin of these effects. Despite certain progress 

has been made in understanding of the role of the electrolyte 

composition, many catalytic phenomena at the electrified inter-

face related to the electrolyte side are poorly understood, partly 

due to a lack of experimental data on model systems. 

In this work, we use two model electrodes, namely Pt(111) 

and iridium oxide thin films grown at the surface of Ir(111) 

single crystals in order to demonstrate how relevant specific 

changes in the electrolyte composition influence the electroche-

mical water splitting. Particularly, we show that species that are 

not directly involved in the processes, such as sulfate anions for 

the OER and Rb+ for the HER, drastically change the activity of 

the state of the art Pt and iridium oxide electrocatalysts in 

acidic media. Accordingly, issues related to the activity bench-

marking and understanding of these catalytic materials are dis-

cussed.  

 

2. Experimental 

Experiments were performed in an electrochemical cell 

described in detail elsewhere.[30,31] Prior to the experiments, all 

glassware was cleaned with 0.01 M HF solution followed by 

subsequent multiple rinsing with ultrapure water. HER and 

OER experiments were performed using Pt(111) and Ir(111) 

single crystals, respectively, with a sample diameter of 5 mm, 

surface roughness of 30 nm, and orientation that is better than 

0.1° (Mateck, Germany). The preparation and characterization 

of Pt(111) electrodes prior to each experiment under hanging 

meniscus configuration was described in detail elsewhere.[30-32] 

Ir(111) was annealed in the electrochemical cell by means of 

inductive heating at 1200°C ± 25°C for 10 min under 

H2(10%)/Ar flow and cooled in the same atmosphere. The 

thermal treatment was performed using an inductive heater with 

an automatic timer controller (20–80 kHz, 15KW - EQ-SP-

15A, MTI, USA). A Hg/HgSO4 electrode and a Pt wire 

(GoodFellow, Germany) were used as reference and counter 

electrodes, respectively. Working electrolytes were prepared 

using H2SO4 (Merck, Suprapur, Germany), HClO4 (Merck, 

Suprapur, Germany) and Rb2SO4 (99.98%, Sigma Aldrich, 

Germany), Cs2SO4 (99.99%, Sigma Aldrich, Germany), and 

K2SO4 (99.99%, Sigma Aldrich, Germany). All potentials were 

converted and are referred to the reversible hydrogen electrode 

(RHE) scale. 

The electrodes were immersed into the electrolytes under the 

potential control at 0.05 V vs RHE. The electrochemical res-

ponse was measured by means of cyclic voltammetry (CV) at a 

scan rate of 50 mV/s in Ar-saturated solutions (Ar 5.0, Air 

Liquide, Germany), in oxygen-saturated solution (OER) (O2 

5.0, Air Liquide, Germany) or in hydrogen-saturated solution 

(HER) (H2 6.0, Air Liquide, Germany). For HER, and OER 

measurements, the working electrode was rotated at 1600 rpm 

and 800 rpm, respectively, using a Gamry RDE 710 rotating 

disk electrode (RDE) equipment. Electrochemical impedance 

spectroscopy (EIS) measurements were performed to allow for 

iR-correction. The probing frequencies were varied between 30 

kHz and 100 Hz with a 5 mV amplitude of the probing signals 

for HER, between 3 kHz and 100 Hz with 10 mV probing 

signal amplitude for OER. Prior to HER and OER experiments, 

the quality of the Pt(111) and Ir(111) surfaces was assessed via 

their characteristic CVs in H2SO4 and HClO4 electrolytes. The 

Ir(111)/oxide surfaces were always freshly prepared starting 

from the Ir(111) surface followed by the oxidation of the 

surface in an anodic scan. Anodically formed iridium oxide 

films (AIROF) were grown via potential cycling between 1.575 

V and 0.7 V vs RHE until stable CVs were obtained. This 

procedure produces stable voltammograms for the OER in the 

O2-saturated electrolytes. See schematic presentation of the 

protocol used in this study in Figure 1. 

 

 
 

Figure 1. Schematic diagram of the protocol used to investigate non-
covalent interactions in HER and OER. 

3. Results and Discussion 

3.1. Characterization of Pt(111) and Ir(111) single crystal 

electrodes 

To ensure the benchmark quality of the model surfaces, 

characteristic CVs for Pt(111) (Figure 2A) and Ir(111) (Figure 

2B) electrodes in Ar-saturated H2SO4 and HClO4 electrolytes 

were recorded.  

For both electrodes, it is possible to judge the quality of the 

surface and cleanliness of the electrolyte by examining 

positions and shapes of the voltammetric peaks. For the Pt(111) 

electrodes, typical well-documented sharp “butterfly” peaks 

due to either reversible hydroxide adsorption between ~0.6 V 

and ~0.8 V (in HClO4), or (bi)sulfate adsorption between ~0.35 

V and ~0.6 V (in H2SO4) can be clearly seen (Figure 1A). 

Figure 1B, in turn, shows typical CVs recorded for the Ir(111) 

surface in 0.1 M HClO4 and in 0.1 M H2SO4 solutions, 

facilitating comparison with literature data. Again, the overall 

shape of the CVs is very close to previously reported ones.[33-37] 

The characteristic current spikes that can be seen in the region 

between ~0.05 V and ~0.15 V for H2SO4 solutions with the 

charge involved in the adsorption process of ~240 μC/cm2 were 

documented earlier.[33,34] These spikes likely correspond to a 

monolayer bonded to the on-top sites of the Ir(111), which is in 

good agreement with the theoretical value of 252 μC/cm2 

corresponding to a hydrogen adlayer with a 1:1 ratio of *H to Ir 

atoms involving a one-electron-transfer reaction at an ideal 

Ir(111)-(1x1) surface.[33] The current understanding is that 

during the anodic sweep, sulfates replace some of the hydrogen 

adatoms and cover the Ir(111) surface until the oxidation 

process of the Ir(111) starts to occur. STM measurements have 

shown that sulfates form an ordered √3x√7 structure.[333,37] A 

reversible *OH adsorption process can be seen in the CV 
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recorded in 0.1 M HClO4. The larger width of the peak is 

associated with the *OH adsorption process (a hump if 

compared to the spike observed in the same solution with 

Pt(111)) and the absence of symmetry to the potential axis in 

the CV indicates that the kinetics of the adsorption is slower 

than on Pt(111). 

(A) 

 
(B) 

     
Figure 2. Characteristic CVs in H2SO4 and HClO4 electrolytes for (A) 
Pt(111) and (B) Ir(111) single crystal electrodes. The electrochemical 

characterization of Pt(111) and Ir(111) single crystal electrodes reveal 

close to the state-of-the-art surface quality. 
 

3.2. Hydrogen evolution reaction 

In an electrolyzer, the activity of metal catalysts for the catho-

dic reaction (2H+ + 2e- = H2) can in principle be described 

using a *H-binding adsorption energy descriptor. HER takes 

place at potentials which are more negative than the potential of 

zero charge for Pt; therefore, anions are not expected to be 

specifically adsorbed on the surface. For example, in HClO4 

perchlorate anions do not specifically adsorb on the Pt surface 

in a wide potential window.[38] On the other hand, and as can be 

seen in Figure 2A, in H2SO4 solutions the (bi)sulfate layer is 

desorbed from the surface at ~0.3 V vs RHE, i.e. well more po-

sitive than the potential of the onset of the HER. As can be seen 

in Figure 3, after iR correction the CVs of the Pt(111) elec-

trodes reveal similar HER activity in both H2-saturated 0.05 M 

H2SO4 and 0.1 M HClO4 electrolytes. Therefore, one can con-

clude that the nature of the anions (either sulfate or perchlorate) 

as well as the ionic strength of the electrolyte do not 

significantly affect the HER and hydrogen oxidation reaction 

(HOR) under the given experimental conditions.  

In contrast, the presence of cations, such as alkali metal ions, 

can significantly influence these two reactions as well as the 

base voltammetry of Pt(111) electrodes. Figure 4 shows charac-

teristic CVs of Pt(111) in 0.05 M H2SO4, and 0.05 M H2SO4 + 

0.05 M Me2SO4 (Me = K+, Rb+, Cs+), particularly to compare 

the shape and area of the *H adsorption/desorption region. Ac-

cording to physico-chemical properties, the group of alkali 

metals can be divided into subgroups, where K+, Rb+, and Cs+ 

belong to the same subgroup. In fact, there are large changes in 

atomic and ionic parameters between Na+ and K+ and 

comparably small changes between K+, Rb+, and Cs+.[39,40]  

The Pt(111) electrode gives rather symmetrical cyclic 

voltammograms in K+, Rb+, and Cs+-containing electrolytes, 

which are however different. The “butterfly” peaks, assigned to 

the disorder/order phase transition, are shifted towards more 

positive potentials with increasing atomic weight of the alkali 

metal cation. An additional check of whether this is caused by 

surface roughening can be performed afterwards in pure 

sulfuric acid; it is possible to restore the voltammogram similar 

to that as shown in Figure 4 for H2SO4, suggesting that no 

significant damages were introduced to the surface. As shown 

in [27], cations do affect e.g. the HOR in alkaline solutions. In 

Figure 4, CVs for the case of K2SO4 and Rb2SO4 show no 

significant difference in the *H adsorption/desorption region 

whilst in the case of Cs2SO4 there is a slight negative shift in 

the onset of the *H adsorption/desorption, likely due to 

adsorption of Cs+ ions similar to the effect reported earlier.[22]  

 

(A) 

 
(B) 

 

Figure 3. (A) RDE voltammograms of polycrystalline Pt electrodes in 

H2 saturated 0.05 M H2SO4 and 0.1 M HClO4 electrolytes. Dotted line 
shows a theoretical curve for the HOR under diffusion control 

calculated using Nernst equation, similar to ref [41]. (B) Chrono-

amperograms taken at -0.06 V, 1600 r.p.m., in H2 saturated 0.1 M 
HClO4 comparing the activity of Pt(polycrystalline) and Pt(111) to-

wards HER. 
 

As mentioned above, the spikes describing the (bi)sulfate 

adsorption region are affected by the nature of the cation. 

According to [42] the positive potential shift with increasing 

atomic number and concentration of the alkali cation (Me+) can 

be attributed to the substitution of H+ by Me+ in the hypothetic 

reaction described by the adsorption equilibrium of Me+ + 

SO4
2- ↔ Me+–SO4(ad) + 2e- and the concomitant breaking of 

the hydrogen-bond structure formed between the adsorbates. 

The shift in the potential peak is accompanied by a decrease of 

its height due to the breaking of the ordered √3x√7 structure. 

The decrease in the spike height is visible in particular in the 

case of Rb2SO4. It is therefore evident from the CVs in Figure 4 

that when the surface is charged negatively with respect to the 

solution and anions are adsorbed at the surface, alkali metal 

cations can perturb the adsorbed layer via electrostatic 

interactions.  
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However, upon the addition of alkali cations, processes taking 

place at potentials more negative than the potential of zero 

charge of Pt(111) can be also affected. One example is shown 

in Figure 5, in which linear sweep voltammograms in the 

potential range of HOR and HER reactions in 0.05 M H2SO4 + 

0.05 M Me2SO4, (Me = K+, Rb+, Cs+) are shown. Changes in 

the HER activities upon the variation of alkali metal cations in 

solution do not follow the trend of the increasing radii and 

hydration enthalpies and entropies of the alkali metal 

cations.[39] At a given current density of e.g. 2 mA/cm2, the 

overpotential increases in the order Rb+ > Cs+ > K+. Despite 

common properties of these cations in the electrolytes, the Rb+ 

drastically increases the activity of the Pt(111) electrode. 

 

 
Figure 4. Cyclic voltammogramms at Pt(111) electrodes in Ar-

saturated 0.05 M H2SO4 and 0.05 M H2SO4 + 0.05 M Me2SO4, (Me = 
K+, Rb+, Cs+); scan rate 50 mV/s. 
 

 

 
Figure 5. iR-corrected RDE-voltammograms characterizing 

HER/HOR on Pt(111) and polycrystalline Pt in H2 saturated 0.05 M 

H2SO4 and in 0.05 M H2SO4 + 0.05 M Me2SO4, (Me = K+, Rb+, Cs+), 

as indicated in the Figure (scan rate 50 mV/s). See also activities for 
polycrystalline Pt and Pt(111) and in H2SO4 and HClO4 in Figure 1 for 

comparison. 
 

Surprisingly, it can be noticed that the activity for both HER 

and HOR in Rb+ containing electrolyte at a Pt(111) electrode is 

almost exactly the same as the activity at the polycrystalline Pt 

electrode. This result suggests that tuning of the electrolyte 

composition could potentially be as an effective strategy as 

changing of the electrode surface properties to achieve 

improved electrocatalytic performance. While further detailed 

investigations are necessary, we can speculate that non-

specifically adsorbed Rb+ ions cause a destabilization of the 

quasi-ordered water molecule layer at the surface where H+ is 

located in the double layer, thus changing the energy barrier 

necessary to reduce H+ to *H. An additional however unlikely 

contribution to this destabilization could be due to the β− decay 

of the 87Rb isotope which is always present in natural sources 

of Rb.  

3.3. Oxygen evolution reaction 

The effect of the electrolyte composition was also investi-

gated for the OER at model Ir-oxide electrodes. Iridium oxide 

thin films were electrochemically grown on the Ir(111) surface. 

Anodically formed iridium oxide films (AIROF) were grown 

by means of potential cycling between 1.575 V and 0.7 V vs 

RHE until stable CVs were obtained. The lower potential limit 

was selected to avoid aging, occurring when the oxide film is 

reduced at negative potentials.[43] The mechanism of the Ir-

oxide growth has been investigated in detail before.[44-47] The 

basis of the widely accepted hypothesis is that anodic oxidation 

of noble metals is believed to take place on the surface of the 

non-oxidized iridium electrode via chemisorption of OH 

radicals and O atoms. According to [48] a monolayer of *OH on 

the surface of iridium forms at potentials between 1.1 and 1.2 V 

(SHE) in sulfuric acid solution, whereas a monolayer of *O 

atoms forms between 1.4 to 1.5 V (SHE). 

The effect of the anion on the oxidation process occurring at 

the Ir(111) surface can be clearly seen in the oxidation peak of 

the first voltammogram (Figure 6). The sulfate anions at the 

interface hinder the oxidation of the metallic surface shifting 

the peak to more positive potentials.  

 

 
Figure 6. Peak associated with the formation of an oxide monolayer 

on Ir(111). Scan rate 50 mV/s, O2-saturated solutions. 
 

One of the characteristic voltammetric features of anodically 

grown thin films of Ir-oxide is associated with the change in the 

oxidation state of Ir during the anodic scan. The pre-peaks 

shown in Figure 7 are associated with the following reaction:[43] 

 

(IrO2·nH2O)5 + 5e- + 7H3O
+ + 2(X-) ↔ 

[Ir5O3(OH)7·5nH2O]2+(X-)2 + 7H2O                                (1) 

 

where X- is the anion present in solution. 

Based on electrochemical quartz crystal microbalance 

(EQCM) measurements the influence of the anion on the 

stoichiometry of the Ir(III)/Ir(IV) conversion reaction was con-

firmed.[47] In this process, both protons and anions are expelled 

from the oxide during oxidation (and injected during 

reduction), while the ratio between them is determined by the 

pH value and the ionic strength. As can be seen in Figure 6 the 

sulfate anion also influences this process significantly.  

Sulfate-anions shift the potential at which the redox 

transformations occur presumably due to their stronger affinity 

to the surface. Particularly, the presence of sulfate anions on 

AIROF has been suggested using results obtained via XPS.[49]  
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In acidic medium, the following classic simplified reaction 

scheme (Eqs. 2, 3 and 4) was proposed for the OER on active 

oxide electrodes:[50]  

 

S + H2O → S-OHads + H+ + e-                                               (2) 

S-OHads →  S-Oads + H+ + e-                                                  (3) 

2S-Oads → 2S + O2                                                                 (4) 

 

where S is the active site at the oxide surface. Investigations 

have been carried out on the effect of the pH value in different 

electrolytes (such as phosphate and sulfate). The pH depen-

dence on the OER exhibited a traditional behavior of 59 mV 

per pH unit.[51] The effect of different anions in solution on the 

rate of OER has also been investigated using sulfuric, 

perchloric, and phosphate solutions on polycrystalline samp-

les.[52] However, since the comparison for the OER has been 

performed in solutions with effectively different pH values a 

direct comparison is difficult. 

 

(A) 

 
(B) 

 
Figure 7. (A) Anodic and (B) cathodic voltammetric peaks associated 
with the redox transformations according to Eq. 1. Scan rate 50 mV/s, 

O2-saturated solution. 
 

As can be seen in Figure 8, SO4
2- ions, which are present in the 

electrolyte, significantly hinder the OER, as expected from the 

discussion above. 

Figure 9 compares the activities obtained in this work and 

those which are reported as state-of-the-art in the literature and 

obtained under similar conditions (anodic growth of the oxides) 

for Ir-oxides. The outcomes are not compared to the literature 

activities measured extensively using iridium oxide 

nanoparticles because of the high uncertainty related to the 

estimation of their real electrochemically active surface area. 

However, the highest activity obtained for these kinds of 

samples at lower overpotentials is also indicated in the Figure. 

As can be seen from Figure 8, the data obtained for the Ir(111)-

oxides in perchloric acid reveal their remarkably high OER 

activity among the most active extended Ir catalytic surfaces. 

 
Figure 8. OER activities of Ir-oxide thin films in HClO4 and H2SO4 at 

pH = 1 (the curves are iR-corrected). 
 

 

 

 
Figure 9. Tafel plots comparing the geometrical current densities vs 

overpotential for the OER on Ir-oxide films. Green and black lines 
show data adapted respectively from [53] (OER on AIROF measured in 

0.5 M H2SO4) and from [54] (OER on polycrystalline Ir measured in the 

first scan in deaerated 0.1 M HClO4). Red and blue lines: OER 
activities measured in this work for AIROF in 0.1 M HClO4 and 0.05 

M H2SO4, respectively. The purple spot corresponds to Ir-oxide pow-

ders measured in [16] in 1 M H2SO4. 

 

4. Remarks on the electrolyte composition effect 

on HER and OER 

Electrode surface structure and composition as well as 

electrolyte components contribute to the unique properties of an 

electrified interface that gives rise to complex metal–ion 

interactions, which consequently determine the minimal 

overpotential at which the electrocatalytic reactions can take 

place. The focus of electrocatalysis nowadays is to find 

relatively simple relationships describing interactions between 

the reaction intermediates and the electrode surface, while there 

is a certain lack of understanding of the influence of the so-

called “spectator species”. Recent experimental observations, 

however, suggest that their influence has been often 

underestimated if not ignored. While there have been 

indications that it would be possible to describe those 

interactions with simple descriptors[28,55] such as, for instance, 

the hydration energy, observations of the catalytic activity of 

model electrodes in acidic media largely suggest that the 

situation is perhaps more complex. This situation is somehow 

similar to the reactions whose trends are understood in alkaline 

media (e.g. HOR)[27,28] but their understanding in acidic media 

seems to be much more difficult.[29] Therefore, further 

extensive experimental and theoretical investigations of model 
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surfaces to assess the dependence of catalytic properties on the 

metal/electrolyte interface properties are highly needed. It 

should be noted that classical heterogeneous catalysis in most 

of the cases does not experience direct influence of such non-

covalent interaction effects. Therefore, identification of the 

origin of such effects requires efforts from different branches of 

physico-chemical sciences.  

To further underline the particular importance of the 

electrode/electrolyte interface properties, one can note as a 

methodological issue that solutions of HClO4 are often used as 

model electrolytes in electrocatalysis because of their 

presumably weak interaction with the electrode surface. 

However, for example, in PEM electrolyzers HClO4 is not the 

most relevant medium, and the extensive use of Nafion® as 

proton-conducting membrane arises questions about the 

influence of sulfonate groups on the efficiency of the system. In 

fact, the adsorption of sulfates plays an important role 

concerning the electrocatalytic properties. State-of-the-art cata-

lysts are nearly at the top of the activity volcano plots, and the 

evaluation of their electrocatalytic properties has to be 

performed using different solutions, often relevant for practical 

applications. A different electrolyte composition can in fact 

mislead the evaluation of reaction kinetics and overpotentials. 

Further insight into the interaction processes will enable the 

design of more active nanoparticles, especially taking into 

account the high cost of Ir and Pt.  

In the case of Pt(111) it has been shown that complex 

interactions of Cl-, HSO4
- and SO4

2- anions with the interface 

and cations present in solution affect the mechanism and 

kinetics of various reactions.[26,56,57] The effect of the electrolyte 

on the specific adsorption of the intermediates such as *OH, 

*O, and *H at Pt in acidic sulfuric media has primary been 

studied.[58,59] Nonetheless, as it has been shown in this work, 

the effect of the non-covalent interaction between cations and 

sulfates on tuning the activity of the Pt have to be considered in 

the design of electrocatalytic systems with better performance. 

 

5. Summary and conclusions 

ClO4
- and SO4

2- anions are spectators of the HER and HOR 

on Pt(111) and do not affect the electrocatalytic activity of the 

catalysts. Perchlorate and (bi)sulfate are not adsorbed in the 

relevant potential range for the reactions, and the voltammo-

grams for the HOR coincide with the theoretically calculated 

ones using Nernst equation and assuming  diffusion control. 

Alkali metal cations do influence HER and HOR on Pt(111) 

surfaces. In particular HER and HOR activities in Rb+ ions 

containing electrolytes at a Pt(111) electrode are almost exactly 

the same as the activity at the polycrystalline Pt electrode.  

Perchlorate and sulfate anions have an impact on the 

oxidation process of Ir(111) and on the OER on AIROF. Speci-

fic adsorption of sulfate ions on Ir(111) hinders the oxidation of 

the metallic surface thus shifting the reaction to more positive 

potentials. Sulfates also decrease the AIROF activity towards 

OER if compared to the reaction performed in a solution 

containing non-specifically adsorbed perchlorate anion. 
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