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Abstract: The efficiency of electrolysis is reduced due to
the sluggish oxygen evolution reaction (OER). Besides
catalyst properties, electrocatalytic activity also depends
on the interaction of the electrocatalyst with the electro-
lyte. Here, we show that the addition of small amounts
of Li+ to Fe-free NaOH or KOH electrolytes activates
NiFeOOH for the OER compared to single-cation
electrolytes. Moreover, the activation was maintained
when the solution was returned to pure NaOH.
Importantly, we show that the origin of activation by Li+

cations is primarily non-kinetic in nature, as the OER
onset for the mixed electrolyte does not change and the
Tafel slope at low current density is ~30 mV/dec in both
electrolytes. However, the increase of the apparent Tafel
slope remains lower at increasing current densities in the
presence of Li+. Based on electrochemical quartz crystal
microbalance and in situ X-ray absorption spectroscopy
measurements, we show that this reduction of non-
kinetic effects is due to enhanced intercalation of
sodium, water and hydroxide. This enhanced electrolyte
penetration facilitates the OER, especially at higher
current densities and for increased catalyst loading. Our
work shows that mixed electrolytes where distinct
cations can have different roles provide a simple and
promising strategy towards improved OER rates.

Introduction

Hydrogen production through alkaline water electrolysis has
been a mature industrial-scale process for many decades.
Despite its maturity, the technology remains relatively
energy inefficient, which is a major bottleneck for the energy
transition in the chemical industry, which will require vast
volumes of green hydrogen as a feedstock. The efficiency of
water splitting is limited by the kinetically sluggish oxygen
evolution reaction (OER), which is the complementary
reaction to hydrogen evolution. Under alkaline conditions,
Ni1� xFexOOH has been reported as one of the most active
catalysts for the oxygen evolution reaction,[1] both as
synthesised catalyst or as the in situ phase formed for any
nickel-based catalyst in an electrolyte that has not been
made iron free. These catalysts are layered double hydrox-
ides (LDH), in which the oxyhydroxide phase has interca-
lated cations, anions and water in between the oxyhydroxide
layers.[2] To improve electrocatalytic performance, many
different catalyst compositions and morphologies have been
investigated.[3] However, in addition to the catalyst proper-
ties, the optimization of the electrolyte is a promising but
understudied route to improve OER activity. Electrolyte
properties such as pH,[4] iron impurities[5] and the choice of
cation have a marked effect on the observed OER activity.
Interestingly, when these parameters are combined, the
effect on the activity is not additive, but rather follows a
poorly understood pattern. For example, in Fe-free electro-
lyte, the cation-dependent activity trend is CsOH>KOH�
NaOH>LiOH,[6] whereas in Fe-saturated electrolyte the
trend is KOH�NaOH>CsOH>LiOH.[5a] This highlights
the need for a better understanding of the origin of electro-
lyte effects to fully exploit them.
Another enigmatic, but promising direction for tuning

electrolyte properties is the use of mixed electrolytes
containing multiple species. For instance, a mixed electrolyte
with NaCl has shown to improve electrolyte “break-in” at
moderate pH, which improves the activity.[7] Although
studies on mixed electrolytes are scarce, some interesting
observations were also made for NiFe batteries, which also
use nickel oxyhydroxide (NiOOH) electrodes. In NiFe
batteries, electrolyte cations intercalate into the oxyhydr-
oxide upon charging and are expelled upon discharging.[8] It
has been found that the addition of LiOH to the KOH
electrolyte improves the capacity of these NiFe batteries,[9]

as well as their coulombic efficiency.[10] Furthermore, the
addition of LiOH to the electrolyte results in an improve-
ment in the reversibility of the Ni redox peaks.[11] The
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improved reversibility of the Ni redox peaks has been
related to more facile interlayer hydroxide diffusion.[12] For
the so-called battolyser setup, which is a combination of a
NiFe battery and a water electrolyzer in a single system, the
overall cell potential was found to be lower with a 6.45 M
KOH electrolyte mixed with 0.05 M LiOH, compared to
6.5 M KOH.[11] However, the exact nature of these mixed-
electrolyte effects is not yet understood.
To capture the origin of the Li+-promotion in mixed

electrolytes and harness it for the OER, we studied the
effect of mixing small amounts of LiOH with (Fe-free)
NaOH and KOH electrolytes for the OER on NiFeOOH at
a constant bulk pH. We observed that the addition of LiOH
resulted in significantly increased activity. More specifically,
the addition of Li+ reduced the non-kinetic contribution to
the OER overpotential as evidenced by the mitigation of the
increase in apparent Tafel slope values at increasing current
densities. Using electrochemical quartz crystal microbalance
(eQCM) and X-ray absorption spectroscopy (XAS), the
improved activity can be related to increased mass inter-
calation into the porous catalyst layer. This increase is due
to a more pronounced sodium and water/hydroxide uptake
in the porous catalyst layer in the presence of a small
amount of Li+. This increased electrolyte penetration results
in more accessible redox-active sites, as shown by a more
pronounced Ni4+ signal at relevant OER potentials. Our
work shows how the optimization of the electrolyte–
electrode interface is a promising approach to improve
electrocatalytic performance of a given electrocatalyst, and
how for OER this optimization is dictated by the accessi-
bility of the porous catalyst. This research opens new
strategies wherein distinct cations can have different roles to
optimize electrocatalytic performance.

Results and discussion

Figure 1A shows the CVs of NiFeOOH in 0.1 M XOH
(LiOH, NaOH, KOH and CsOH), for an electrodeposited
catalyst (Ni80Fe20OOH) produced with the following catho-
dic electrodeposition conditions: 5 s at � 8 mA per cm2 per
real gold surface area (� 8 mA/cm2Au). The cathodic deposi-
tion conditions used here are similar to those previously

reported for this common OER catalyst.[13] Under the
applied anodic potential the material will reconstruct into γ-
NiFeOOH,[14] similar to Co(Fe)OOH.[15] The mass increase
during the deposition of the catalyst layer was followed with
eQCM (Figure S1) and the resulting morphology of the
catalyst layer was analysed with SEM (Figure S2). More-
over, ICP-MS was used to confirm that the final catalyst
layer indeed contained approximately 80% nickel and 20%
iron (Supporting Information Table 1). To confirm that the
electrolytes are sufficiently iron free, NiOOH was electro-
deposited and cycled in the electrolyte to check for (lack of)
iron contamination, as shown in Figure S3. The data show
that in Fe-free 0.1 M XOH electrolyte, the activity follows
the order of Cs>K�Na>Li (Figure 1A), as reported
previously.[6] The reason for this cation effect is still under
debate. It has been hypothesized to be caused by local
cation/OH� concentration,[6b] by differences in bulk pH[16] or
by a direct promotion of the active site.[6a] To ensure the
effect measured here is not due to differences in bulk pH,
the solutions were carefully prepared by controlling the pH.
The pH was measured by titration (Supporting Information
Table 2) because the pH of LiOH cannot be measured
accurately using a glass pH meter.[16] Furthermore, day-to-
day changes were avoided by performing measurements on
the same day on the same setup with freshly electro-
deposited NiFeOOH catalysts for each electrolyte.
When LiOH, the least active single-cation electrolyte,

was mixed in small amounts with NaOH (10 mM LiOH,
90 mM NaOH), the activity increased while the pH was
constant (Figure 1B). Furthermore, LiOH added to KOH,
again for a total of 0.1 M XOH, has a similar effect
(Figure 1C). The optimum Li+ concentration was deter-
mined to be at ~10 mM LiOH (Figure S4). Besides the
improved activity, the nickel oxidation occurs slightly faster
(as shown by a faster initial increase in current), while the
nickel reduction peak does not change significantly. The
differences in Ni oxidation behaviour were more pro-
nounced at increasing scan rate, which shows the reduced
limitation for Ni oxidation in Na90Li10OH compared to
NaOH (Figures S5 and S6). Differences in the nickel
oxidation peak potential were also observed in pure LiOH,
NaOH, KOH and CsOH (Figure 1A) and for different pH,
as also observed in earlier research.[11, 12] Interestingly, the

Figure 1. (A) CVs of freshly deposited NiFeOOH in 0.1 M LiOH, NaOH, KOH and CsOH, (B) CVs of freshly electrodeposited NiFeOOH layers
measured in 0.1 M NaOH and 0.1 M Na90Li10OH, (C) CVs of freshly electrodeposited NiFeOOH layers measured in 0.1 M KOH and 0.1 M
K90Li10OH. All CVs were recorded at 10 mV/s, 2500 RPM and 100% iR corrected (85% in situ, 15% manually afterwards).
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addition of LiOH to CsOH does not seem to have the same
effect as observed for NaOH and KOH (Figure S7).
To study if this Li+ promotion effect applies over a

wider pH range, experiments were performed in both
0.05 M and 0.5 M XOH showing that the Li+ promotion
effect is still observed at the same Li+ concentration of
10 mM Li+ (Figure S8). Moreover, the activity in pure
NaOH was maintained after Li+ activation and was similar
to that in Na90Li10OH (Figure S9). The (semi-)permanent
change of the Li+ activation was also found in the
battolyser, where the effect was observed up to 30 cycles
after switching back from 6.45 M KOH+0.05 M LiOH to
6.5 M KOH.[11] This non-reversibility presents the opportu-
nity for pre-activation treatments, although the long-term
stability without LiOH in the electrolyte has not been
evaluated here. Improved activity was also observed after
switching electrolytes from NaOH to Na90Li10OH using the
same catalyst layer (Figure S10), demonstrating that the Li+

promotion effect is robust and reproducible. Moreover,
LSVs were taken on a high speed RDE at 4000 RPM to
higher current density, showing the robustness of the Li
activation effect up to 250 mA/cm2geo and during 3 minutes
of chronopotentiometry (CP) at 100 mA/cm2geo, which con-
firms that the activity enhancement is not due to the
dynamic nature of CVs or LSVs (Figure S11).
Insight into the exact nature of the Li+ activation effect

can be obtained from the Tafel slope values at low current
densities before non-kinetic effects have a large effect,[17] as
well as from the onset of OER activity. To extract the Tafel
slope at low current densities, the majority of the Ni
oxidation contribution was removed by a CV� CA-LSV
program. In this approach, a CV is recorded to a potential
just positive of the Ni oxidation peak (1.525 V vs. RHE) and
scanned back to a potential just prior to nickel reduction
(1.455 V vs. RHE), next a CA is performed at that potential
for 10 s (1.455 V vs. RHE) after which a LSV is taken into
the OER potential region (the procedure is provided in

Figure S12). In Figure 2A, the LSV shows a similar activity
at low current density (<2 mA/cm2geo) in both electrolytes
and from this LSV the Tafel slopes were computed over
small intervals (20 mV). The Tafel slopes were then plotted
vs. the average current density, as shown in Figure 2B. In
this Figure, it can be observed that at low current densities
the Tafel slope value is ~30 mV/dec, similar to KOH,[17] for
both NaOH and Na90Li10OH. However, the increase in
(apparent) Tafel slope was strongly reduced with Li+ in
solution. This increase in (apparent) Tafel slope has
previously been related to non-kinetic effects, such as
bubble formation and mass transport effects inside the
catalyst[17] or in the external electrolyte.[18] Internal mass
transport effects are more likely here than bubble formation,
as bubble formation and release for both electrolytes at
constant current are quite similar (Figure S13). The onset of
the OER and the Tafel slope of ~30 mV/dec at low current
density do not change significantly between the electrolytes.
Therefore, Figure 2 strongly suggests that the addition of
small amounts of Li+ does not have an intrinsic effect on the
OER kinetics, such as a change in Tafel slope value due to a
different rate-determining step or an earlier onset due to
changes in the energetics of the reaction intermediates.
Rather, it helps to mitigate the non-kinetic limitations at
increasing current densities. We emphasize that there is
currently no simple model that can explain Tafel slope
behaviour shown in Figure 2B, though it is clear that mass
transport effects that are difficult to remove play an
important role.
To further investigate the nature of the ion-electrode

interactions, eQCM measurements were performed. Ni-
FeOOH takes up mass via intercalation during the oxidation
of nickel and expels mass during reduction.[2d,19] An increase
in mass in eQCM is shown as a decrease in ~frequency.
This mass increase is strongly dependent on the cation
identity and scales with the cation molar mass, as is shown in
Figure S16. Interestingly, the total intercalated mass is larger

Figure 2. (A) 100% iR corrected LSV measured at 5 mV/s and 2500 RPM with reduced Ni oxidation contribution (bubble releases combined with iR
correction cause the spike features in the LSV), (B) corresponding Tafel slope behaviour, computed over 20 mV intervals and plotted vs. the
average current between 0 and 20 mA/cm2

geo. The increase in the apparent Tafel slope is strongly reduced in the mixed electrolyte, but initially it is
~30 mV/dec for both electrolytes. Zoomed-in LSVs on the low current density region and corresponding Tafel slope values are shown in Figure S14
and a similar plot but for KOH and K90Li10OH is shown in Figure S15.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2024, 63, e202318692 (3 of 8) © 2024 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2024, 18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202318692 by H

elm
holtz-Z

entrum
 B

erlin Für, W
iley O

nline L
ibrary on [23/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



in 0.1 M Na90Li10OH compared to 0.1 M NaOH (Figure 3),
even though the average cation mass has decreased when
10% of the Na+ has been replaced with Li+. Hence, the
presence of LiOH in the solution results in enhanced mass
intercalation within the layered NiFeOOH structure.
Although, the NiFeOOH LDH layer might not be rigid
enough for the Sauerbrey equation to be valid for determin-
ing the precise mass change,[20] the relative mass change can
still be qualitatively compared when assuming both layers
will have a similar rigidity. Furthermore, the contribution of
specific species cannot be disentangled with eQCM, for
example, carbonate species that are likely present in the
LDH could also be intercalated or expelled upon Ni
reduction or oxidation. However, the most reasonable
explanation for the observation in Figure 3 is that the
presence of Li+ enhances the intercalation of Na+ as the
mass increase scales with the cation molar mass for the pure
electrolytes and Li+ has a low mass (Figure S16).
To elucidate which species are intercalating into the

porous catalyst layer, and what further implications this has
for the catalyst electronic structure and local environment,
in situ XAS was performed at the Na K-edge, O K-edge and
Ni L-edge. As shown in previous work, the spectral features
of the Na K-edge can be used to dynamically track the
sodium intercalation into the catalyst. Furthermore, in
agreement with previous measurements, we see a fair
amount of intercalated sodium prior to nickel oxidation (e.g.
at 1.0 V).[21] Figure S17 shows that the sodium signal tracks
the nickel oxidation and reduction features, similar to what
is observed for the eQCM measurements, thus linking the
mass change observed in eQCM to Na+ intercalation
observed by XAS.[21] Important to note is that the XAS
signal at the start and end of the potential cycle have the
exact same value (similar to eQCM). This shows that the
beamline was sufficiently stable to compare the absolute

XAS signals between different spectra, as we will do in the
analysis below.
To confirm that the increase in mass intercalation in

0.1 M Na90Li10OH is also caused (at least in part) by Na+,
the sodium K-edge spectra in the different electrolytes were
compared at 1.0, 1.45 and 1.7 V (not iR corrected). First
0.1 M NaOH was used, after which the electrolyte was
switched to 0.1 M Na90Li10OH, upon which it was returned
to 0.1 M NaOH again. The spectra (Figure 4) show that in
Na90Li10OH there is an increased uptake of sodium cations
within the porous catalyst layer, even though there is 10%
less Na+ in solution. The increased sodium uptake is in
agreement with the eQCM measurements shown in Figure 3,
and confirms that Na+ intercalation is boosted by the
presence of small amounts of Li+ in the electrolyte. This
increase in the Na+ signal is observed for all measured
potentials. When the electrolyte was changed back to
NaOH, the increase in Na+ uptake is observed to be
maintained, in agreement with the non-reversible increase in
OER rate seen after treatment in 0.1 M Na90Li10OH (Fig-
ure S9). This non-reversible increase in activity was indeed
reproduced during the in situ XAS experiment, as shown
Figure S18. When the electrolyte was returned to pure
NaOH the sodium signal is slightly higher compared to
Na90Li10OH, probably as there is more Na

+ in solution, and
the Li+ induced change in the catalyst was maintained.
Complementing the Na K-edge data, the oxygen K-edge

was measured. This signal allows us to probe the lattice
oxygen species of the NiFeOx as well as water and/or OH

�

present in the porous catalyst layer. Note that the water and
hydroxide signals cannot be disentangled, although water is
expected to be present in much higher concentration. In
Figure 5, the intensity of the water/hydroxide peak (535–
545 eV) is observed to increase for Na90Li10OH, showing the
more pronounced presence of H2O and OH

� in the catalyst.

Figure 3. eQCM and CV in 0.1 M NaOH (blue) and Na90Li10OH (green), showing increased mass intercalation for the Na90Li10OH electrolyte. The
potential has not been corrected for the ohmic drop.
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This increase in water/hydroxide is not much dependent on
applied potential, which could be another indication that the
signal mostly comes from water. This shows that the
addition of LiOH improves the electrolyte penetration into
the porous catalyst layer, which can probably be related to
the increased activity as shown in Figures 1 and 2. Here,
again, the Li+ effect is (semi-)permanent, as shown by the
more pronounced H2O/OH

� signal when the electrolyte was
changed back to 0.1 M NaOH, where the H2O/OH

� peak
intensity is still considerably more pronounced than with the
initial NaOH measurement. For the M� O species the
intensity becomes lower with higher water and hydroxide
intercalation. This can be explained as a result of the
expansion of the metal oxide film due to the electrolyte
penetration which equates to a smaller amount of metal-

oxide being present within the probing depth of the X-rays.
That this effect is not caused by catalyst detachment was
confirmed with the Ni L-edge as shown in Figure S19.
In Figure 6, the nickel L-edge spectra are shown for the

different electrolytes. In the lower part of the figure, the
references are provided for Ni in the 2+ , 3+ or 4+

oxidation states. It can be observed that during and after
using Na90Li10OH as electrolyte, there is a pronounced
increase in the Ni4+ peak at 1.7 V (not iR corrected) relative
to Ni2+. We relate this to the higher accessibility of redox
active sites with (and after) 0.1 M Na90Li10OH as the
electrolyte, due to the improved electrolyte penetration as
shown in Figures 3, 4 and 5. Again, it is observed that Li+

can induce a (semi-)permanent change in the catalyst. To
make sure that these changes between the electrolytes

Figure 4. (A) Na K-edge spectra (absolute intensity) showing increased Na+ intercalation with Na90Li10OH compared to pure NaOH. Changing the
electrolyte back to 0.1 M NaOH shows even more Na+, indicating that this increased sodium uptake is caused by a (semi-)permanent change in
the catalyst layer, (B) bar graphs of the integrated sodium XAS signal in the different electrolytes. The current recorded during these measurements
are given in Figure S18.

Figure 5. Oxygen K-edge spectra (absolute intensity), with more pronounced water/hydroxide intercalation with 10 mM LiOH in solution, as
observed by the strongly increased signal intensity between 535 and 545 eV. The lattice oxygen species are shown and discussed in Figure S20.

Angewandte
ChemieResearch Articles

Angew. Chem. Int. Ed. 2024, 63, e202318692 (5 of 8) © 2024 The Authors. Angewandte Chemie International Edition published by Wiley-VCH GmbH

 15213773, 2024, 18, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/anie.202318692 by H

elm
holtz-Z

entrum
 B

erlin Für, W
iley O

nline L
ibrary on [23/04/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



observed here did not occur as a result of catalyst detach-
ment, the absolute intensities of the Ni spectra at 1.0 V were
compared, and no significant degradation was observed
during the XAS measurements (Figure S19). Similar to the
increased Ni oxidation states, more reactive oxygen
species[22] were observed in the O K-edge spectra when
normalised to the lattice oxygen peak at 531.1 eV, which we
again relate to the improved electrolyte accessibility (Fig-
ure S20).

To further confirm that the improved activity is due to
improved transport in the catalyst layer, a catalyst with ~4×
lower mass loading was measured and compared, as a
catalyst with very low loading should be much less limited
by electrolyte penetration. On this layer the effect of LiOH
promotion of the OER is much smaller, which is consistent
with the Li+ activation being related to the electrolyte
penetration (Figure 7). It can be observed that at low
current density the differences in OER activity are negli-
gible, but at increasing current density some slight OER

Figure 6. Ni L-edge XAS measurements (absolute intensity) at 1.7 V vs. RHE (not iR corrected) in NaOH, Na90Li10OH and NaOH again, below the
reference spectra are given for Ni in 2+ , 3+ or 4+ oxidation states.[23] More Ni4+ is observed with and after Na90Li10OH.

Figure 7. (A) LSVs of NiFeOOH layers with two different loadings, 2.5 s � 4 mA/cm2
Au and 5 s � 8 mA/cm2

Au in 0.1 M NaOH and Na90Li10OH at
2500 RPM, (B) LSV of the same experiment but with the current normalised to the charged passed during electrodeposition (Qdep), to estimate the
specific current density.
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promotion with Li+ in solution might still be observed.
When the current density is normalised to the geometric
current density, the low loading catalysts will already have a
much higher specific current density at the same geometric
current density. Therefore, in Figure 7B the current has
been normalised to the total charge passed during the
electrodeposition, which is related to the amount of
deposited catalyst. Therein, it can be appreciated how at
roughly similar specific current densities the Li+ activation
effect is much more pronounced for higher loadings. For
industrial applications, usually high loadings and high
current densities (0.5–2 A/cm2

geo) are used, so improving
transport within the catalyst layer will definitely be benefi-
cial there.
With the nature of the Li+ activation clarified, it can

now be seen in the context of the wider efforts to improve
the diffusion through the interlayer spacing of the LDH
materials. It is most likely that the interlayer distance of the
LDH, here considered the “pore”, has to expand to
accommodate the measured sodium, water and hydroxide,
although a direct measurement of the interlayer distance has
not been performed. Such efforts into improving interlayer
diffusion are motivated by the observation that limited
diffusion through LDH layers is detrimental for the electro-
chemical response of NiOOH[12] and decrease the stability of
the NiFe LDH at increasing current density.[24] The stability
of bulkier NiFe LDH is worse due to decreasing local pH
(more acidic), resulting in increased catalyst dissolution.[24]

To mitigate the effects of OH� transport limitations within
the oxyhydroxide, efforts have been made to increase the
interlayer distance of the LDH layers by intercalation of
different anions,[2c, 25a] organics[25] or by the exfoliation of the
layers.[26] However, most anions tend to be replaced by
carbonate when exposed to CO2 in the air,

[25b] and might not
be very useful for application. Here, we have shown that
mixed electrolytes containing Li+ in combination with other
cations offer an alternative strategy.
Our observations may also shed light on the role of

lithium in catalysts where lithium was incorporated during
the synthesis. An example of this is Fe-substituted LiNiO2,
which has been reported to be an active OER catalyst.[27]

LiNiO2 has recently been reported to be more active than
NiOOH, and to become more active when Fe is added to
the partially delithiated LiNiO2.

[28] The addition of Li during
the catalyst synthesis has also been shown to increase the
activities of (Li)CoFeO2

[29] and (Li)IrOx.[30] We may spec-
ulate that the in situ structure of these catalysts during OER
operation is in fact quite similar to the one observed here,
with the Li+ serving as a “pore-opener”. If that is correct,
then similar results could be obtained for these materials by
the addition of Li+ to the electrolyte instead of during the
synthesis. Li+ as an additive in the anolyte could facilitate
active site accessibility and therefore improve electrocatalyst
performance, while avoiding issues with leaching.
More generally, our data shows that in mixed electro-

lytes, different cations can have different roles. While the
details of the Li enhancement may require further research,
we postulate that lithium acts as a pore-opener in NiFeOOH
LDH. On the other hand, too much lithium adversely affects

the OER activity at the active sites (see Figures 1A and
Figure S4). Hence, another cation is needed to serve as the
main counter ion for the OH� used in the reaction. As a
result, an optimum is found for a low Li+ concentration in
combination with larger quantities of Na+ or K+ (Fig-
ure S4). This concept of different ions cooperating to
achieve optimal performance highlights the potential of
mixed electrolytes in electrocatalysis and could be extended
to a large range of catalysts and reactions.

Conclusion

In conclusion, we have shown that the addition of small
amounts of Li+ to Fe-free NaOH or KOH electrolytes,
while keeping the pH constant, activates NiFeOOH for the
oxygen evolution reaction (OER). This effect is robust and
reproducible, under various synthesis and experimental
conditions. The OER onset is similar and the initial Tafel
slope value is 30 mV/dec in both NaOH and Na90Li10OH
electrolytes, showing no change in the kinetics or rate-
determining step. However, the increase in apparent Tafel
slope remains lower with increasing current density, which
indicates that the activation is related to the mitigation of
non-kinetic effects. eQCM and in situ XAS experiments
demonstrated the origin of the Li+ activation effect by
showing that more sodium, water and hydroxide are present
in the porous catalyst layer when Li+ is present in the
electrolyte. We propose that this superior electrolyte pene-
tration into the porous catalyst layer results in an increased
amount of accessible sites, which results in increased Ni4+

sites at relevant OER potentials. More generally, our work
shows that cations can have different roles in mixed electro-
lytes: Li+ induces pore opening, but Na+ or K+ cations are
still required for high activity. Importantly, the Li+ promo-
tion effect becomes more pronounced for higher mass
loading and at increasing current densities, which are
relevant conditions for industrial electrolyzer systems. Our
work shows how the specific tailoring of the electrolyte
composition to the electrocatalyst can be an important
strategy to optimize electrocatalytic performance.
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