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Oxygen Evolution Reaction Hot Paper

Non-Kinetic Effects Convolute Activity and Tafel Analysis for the
Alkaline Oxygen Evolution Reaction on NiFeOOH Electrocatalysts

Onno van der Heijden, Sunghak Park, Jordy J. J. Eggebeen, and Marc T. M. Koper*

Abstract: A large variety of nickel-based catalysts has
been investigated for the oxygen evolution reaction
(OER) in alkaline media. However, their reported
activity, as well as Tafel slope values, vary greatly. To
understand this variation, we studied electrodeposited
Ni80Fe20OOH catalysts with different loadings at varying
rotation rates, hydroxide concentrations, with or without
sonication. We show that, at low current density
(<5 mA cm� 2), the Tafel slope value is �30 mVdec� 1

for Ni80Fe20OOH. At higher polarization, the Tafel slope
continuously increases and is dependent on rotation
rate, loading, hydroxide concentration and sonication.
These Tafel slope values are convoluted by non-kinetic
effects, such as bubbles, potential-dependent changes in
ohmic resistance and (internal) OH� gradients. As best
practise, we suggest that Tafel slopes should be plotted
vs. current or potential. In such a plot, it can be
appreciated if there is a kinetic Tafel slope or if the
observed Tafel slope is influenced by non-kinetic effects.

Introduction

The oxygen evolution reaction (OER) is a much studied and
important reaction for the greenification of the chemical
industry, as it is the complementary process for both
hydrogen evolution and CO2 reduction. This reaction can be
performed in both acidic and basic conditions, with acidic
conditions having the advantage of being compatible with
the more efficient proton exchange membrane (PEM)
electrolyser. However, iridium based oxides are preferred as
catalysts due to their unique stability in harsh acidic
conditions, but the scarcity and cost of iridium limits its
large-scale application.[1] For alkaline conditions, nickel
based catalysts are often preferred as they are relatively
abundant, cheap and show good activity. In the past decade
it has become increasingly clear that the nickel catalyst itself

is not so active, but the iron impurities present in the
electrolyte that adsorb and deposit in the catalyst result in
strongly improved OER activity.[2] Iron can also be co-
deposited with nickel, increasing the activity further.[3]

Usually, these OER catalyst layers are not very well defined
and they are prone to change during cycling. For NiFe based
materials, this usually results in a γ-NiFeOOH layered
double hydroxide (LDH) as the active phase.[4]

In literature, a large multitude of nickel-based catalysts
has been prepared and compared. However, benchmarking
OER catalysts is a challenge, as it is difficult to determine an
accurate electrochemical surface area (ECSA) and an
evaluation of intrinsic activity requires an accurate ECSA
rather than just the geometric area.[5] Therefore, the over-
potential at 10 mA per geometric cm2 (10 mAcm� 2

geo) is
often used as an activity benchmark.[6] As a result, high
geometric activity is often a consequence of a mere increase
in ECSA and not (always) due to an enhancement of
intrinsic activity.[7]

Another important activity metric that is often reported
is the Tafel slope. The Tafel slope describes how the current
responds to changes in potential, and is usually reported in
mV dec� 1. An advantage of using the Tafel slope as a metric
is that the Tafel slope value does not depend on the surface
area, which is, as mentioned, notoriously difficult to
determine. Since low Tafel slopes lead to a rapidly
increasing activity with potential, low Tafel slopes are often
taken as a characteristic of a highly active catalyst. More-
over, it is well known that mechanistic information can be
extracted from certain “cardinal” values of the Tafel slope
when certain conditions are fulfilled.[8] These conditions
include the absence of mass transfer limitations,[9] fully
compensated for ohmic resistances[10] and a potential- and
time-independent accessible surface area. For OER, Tafel
slopes are often reported by fitting (multiple) linear regions
in the Tafel slope plot. Two linear regions are often
observed; the second higher current density region with a
higher Tafel slope is often ascribed to a change of the rate
determining step,[11] or to pseudocapacitive charging.[12] The
magnitude of these reported (single or double) Tafel slope
values varies strongly between papers, while the elemental
composition of the catalysts is often the same or very
similar, as tabulated in multiple reviews.[13] For NiFe LDHs
of different loading, obtained with different deposition
methods and with different promoters, the Tafel slope
values tabulated in these reviews range from 27 to
71 mV dec� 1 in similar electrolytes. For the interpretation of
reported catalyst activity metrics it is essential to understand
why this discrepancy exists.
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To shine light on this issue of the strong variation in
observed Tafel slopes, we study here the OER Tafel slope
on electrodeposited Ni80Fe20OOH layers with different
loadings on a rotating disk electrode (RDE), over a wide
potential range, at different rotation rates (1000–
2900 RPM), and with or without sonication in 0.05–0.2 M
KOH. Rotation and sonication are used primarily to
suppress concentration gradients and facilitate bubble
detachment. To follow the evolution of the Tafel slope, it is
plotted over a small range (5 or 20 mV) vs. the average
current or potential. We find that, at low current density
(<5 mAcm� 2), the Tafel slope value is �30 mVdec� 1 at all
studied pH values, whereas at high current density there is
an increase in Tafel slope value that is strongly dependent
on bubble removal efforts, such as rotation and sonication,
and on the hydroxide concentration. This increase in Tafel
slope is most likely caused by both internal and external
bubble formation blocking surface area, a resulting increase
in ohmic resistance, and (internal) OH� concentration
gradients. Catalyst layers of different loadings show diver-
gent Tafel slope values for the same potential regions, which
indicates how loading strongly affects the reported
metrics,[14] even though the assumption for the Tafel slope is
that it does not change with loading. Therefore, we only
consider the converging Tafel slope value of 30 mV dec� 1 at
low current density as a “fundamental” kinetic Tafel slope
value, while the other (higher) Tafel slope values at higher
current density are convoluted by non-kinetic effects.

As best practise, we propose plotting the Tafel slope
value over small potential intervals (e.g., 20 mV) vs. the
average current or potential, preferentially for different
catalyst loadings, for all gas evolving and potentially
diffusion limited processes.[15] In this way, fundamental Tafel
slope values can be separated from apparent Tafel slope
values and a fairer and more rational activity comparison
can be made between different catalyst/electrolyte combina-
tions.

Results and Discussion

Bubbles can exist as large bubbles on the catalyst and as
micro or nanobubbles trapped inside the catalyst layer.[16]

The formation of oxygen bubbles can block part of the
surface area of the porous catalyst, impede diffusion through
the layer, affect the concentration (gradient) of reactant
(i.e., hydroxide) and product at the interface and result in a
supersaturation overpotential.[17] The release of bubbles
induces local mass transport. The stability of large bubbles
on the surface of the catalyst should depend strongly on the
rotation rate, while small microbubbles inside or even on
the layer should not, or much less.[17a]

In Figure 1, 100 % iR corrected linear sweep voltammo-
grams are shown (5 mVs� 1) of an electrodeposited catalyst
layer prepared with a cathodic deposition current of
4 mAcm� 2

Au for 5 s. As can be observed, there is a strong
dependence of the current density on the rotation rate of
the rotating disk electrode (RDE) from 1000 and
2900 RPM. At larger current densities the effect of bubbles

can be observed by the current fluctuations (Figure 1A).
Strikingly, the influence of rotation rate is already present at
low current density (<10 mAcm� 2), as shown in Figure 1B.
The difference between 2500 and 2900 RPM is small and
higher rotation rates would probably not suppress the
current fluctuations much further.

Usually, Tafel slopes are determined by fitting (multiple)
linear region(s) in a plot of the potential vs. the log of the
current density (Figure 1C). In this plot, there is a similar
slope at low current density, while with increasing current
density very different slopes could be fitted for the different
rotation rates. Clearly, this variance in Tafel slope values
does not relate to a fundamental rate determining step
anymore. Nevertheless, such slopes would still have quite
high R2 values, but they have limited meaningfulness in
terms of mechanistic interpretation. Such possible misinter-
pretations as a result of fitting apparent linear regions in
Tafel plots are further explored in Figure 7.

To separate potentially fundamental Tafel slopes from
different non-kinetic processes, we propose plotting the
Tafel slope value over small intervals against the average
current density. In Figure 1D, the Tafel slope values
(obtained over a range of 20 mV) are plotted against the
average current density. In this plot, it can be clearly
observed that the Tafel slope converges to the same value at
low current density while a continuous increase is observed
at higher current density, depending on the rotation rate. No
horizontal (single or double) Tafel slope region can be
observed under these conditions (LSV with 5 mV s� 1 in
0.1 M KOH). When the contribution of the Ni oxidation
peak is mostly removed, a small horizontal Tafel slope
region of �30 mV dec� 1 can be found, as shown in Fig-
ure 1F. So, initially (<5 mA cm� 2) the Tafel slope is
�30 mVdec� 1, after which there is a continuous increase in
Tafel slope value due to non-kinetic effects.

To illustrate the behaviour of large bubbles on this
catalyst, the system was studied with chronopotentiometry
measurements at 35 mA (or �179 mAcm� 2

geo) with different
rotation rates. As expected, the uncompensated potential to
achieve this current density is lower for increasing rotation
rates, as shown in Figure 2A. It can be clearly observed that
the bubble accumulation and detachment are dependent on
the rotation rate. For low rotation rates the current
oscillation amplitude is large and the frequency of bubble
release is low. However, for higher rotation rates, the
amplitude is lower and the frequency is higher.

In Figure 2B, (85% iR compensated) LSVs are shown in
which the rotation rate is increased manually for a short
time. This short increase is used to remove the bubbles that
are attached to the electrode. Next the rotation rate is
returned to their previous stable value of 1000, 1500 and
2500 RPM. As can be observed, for 1000 and 1500 RPM this
short increase in rotation rate coincides with a bubble
release and therefore a sharp increase in current. After this
interruption, the bubbles accumulate again, reducing the
measured current density, before the next increase (as
marked with an asterisk). In between the large amplitude
current increases, there are also some small fluctuations/
oscillations. These oscillations are caused by spontaneous
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smaller bubble releases. This experiment further confirms
the effect external bubbles can have on activity at medium
to high current densities.

Furthermore, the ohmic resistance of the system can
increase with increasing potential due to bubbles on- and
inside the layer, as well as bubbles altering the electrolyte
path.[17b] To study this effect, impedance was measured at

Figure 1. (A) 100% iR corrected LSVs with rotation rates ranging from 1000 RPM to 2900 RPM, (B) zoomed in LSVs diverging at low overpotential
with different rotation rates, (C) potential E vs. log J (Tafel plot), (D) Tafel slope vs. average current density (Tafel slope obtained over a 20 mV
interval). (E) CV-CA-LSV procedure to remove most of the Ni oxidation peak, (F) the Tafel slope vs. average current density (Tafel slope obtained
over a 5 mV interval, smaller interval is possible due to the lower noise level at low current density) showing Ni oxidation, initial Tafel slope value
of �30 mVdec� 1 and the onset of non-kinetic effects. Continuous Tafel slope without Ni oxidation plots are shown in Figure S1.

Figure 2. (A) Bubble formation and detachment at 35 mA (�179 mAcm� 2geo) from 1000 to 2900 RPM as observed by fluctuations in the
uncompensated potential, (B) short manual rotation increases to show bubble release with 1000 RPM, 1500 RPM and 2500 RPM as stable rotation
rates. Current spikes that hit the 2500 RPM LSV are induced by a brief increase in rotation rate (and are marked with an asterisk); smaller
oscillations are caused by spontaneous bubble releases. LSVs are 85% iR compensated to clearly show the vertical current spikes with bubble
releases.
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different potentials. It was found that the ohmic resistance is
not only dependent on potential, but it also depends on
rotation rate, i.e., it is dependent on the presence of bubbles.
The increase in ohmic resistance is minimal at high rotation
rate compared to the large increase in ohmic resistance
observed at low rotation rate (Figure S2 and S3). Often
ohmic resistance is measured at open circuit potential
(OCV) and this increase in ohmic resistance with potential
will affect the Tafel slope analysis. As the above mentioned
non-kinetic effects influence each other, it is complicated to
separately study them, and their effect on the Tafel slope
analysis is mostly measured as a whole.

Besides large and small bubbles on- and inside the
catalyst layer and the related changes in ohmic resistance,
OH� gradients could exist in the porous LDH material at
increasing current density.[18, 19] As internal diffusion is not
altered with external convection, internal OH� gradients will
not depend on rotation rate.[20] As has been described
extensively, alkaline OER on Ni based materials is strongly
pH dependent.[21] To investigate the influence of the
hydroxide concentration, LSV and Tafel slope analysis were
performed in 0.05, 0.1 and 0.2 M KOH (Figure 3). It was
found that the activity increases with increasing pH, as
expected; at low current density the Tafel slope values seem
to converge to the earlier observed �30 mV dec� 1 for the
different pH values. The increase in Tafel slope is faster for
lower hydroxide concentration clearly showing its impact on
the non-intrinsic effects that influence the Tafel slope.
Further CVs and Tafel slope plots at different pH values are
shown in Figure S4 and Figure S5.

To further elucidate non-intrinsic effects on “apparent”
Tafel slope values, these effects were studied on layers of
different loading. All different layers were produced by
electrodeposition with varying times with a current of either
4 or 8 mAcm� 2

Au. After activation the active phase will be
transformed to γ-NiFe LDH,[4] however the layers might
have a slightly different morphology. To compare these
layers in a fair manner they were all measured on the same
day under the same conditions, because day-to-day variation
can be a problem for the reproducibility, e.g., differences in
bubble accumulation and release can be introduced by how
far the rotator is inserted in solution (Figure S6).

LSVs (100 % iR corrected) were recorded with different
rotation rates on 4 distinct catalyst layers obtained with
cathodic deposition charges of 4.6, 20, 40 and 100 mC
(deposition current ×time). As is shown in Figure 4, the
rotation rate dependence of the geometrical current density
is quite different for the different loadings. On the thinner
layers, there is a relatively large difference in the different
rotation rates (1000–2900 RPM). For the thicker layers, the
rotational dependence becomes less signifcant. Besides that,
the thinner catalyst layers (Figure 4A–B) show clear bubble
formation and release, with large current oscillations at
lower rotation and higher frequency of release at higher
rotation rates. The thicker catalyst layers (Figure 4C–D)
show only limited current oscillations associated with bubble
release and only with small amplitudes. This could tenta-
tively be explained by the differences in external to interal
surface ratio, with thinner layers having less porosity and
ECSA. It has been previously shown for H2 evolution that
different arrays of CoS2 result in different bubble behaviour,
whereas on large microwires bubbles are depinned, prevent-
ing large bubbles from forming on the top surface when
compared to nanowires and flat surfaces.[22] The comparison
of the LSV response of different loadings at constant
rotation rates is given in Figure 5, where different activities
with respect to geometrical current density were obtained
based on the rotation rate used.

The different layers were further analysed at the
maximum rotation rate, i.e., 2900 RPM, as it is the least
limited by the formation of large bubbles on its surface. In
Figure 5A, the LSVs are shown, from which it can be
observed that initially the activity increases with increasing
loading. At higher current density the thinner layers are
relatively less affected by non-kinetic effects. The catalyst
layer with the highest loading still remains the most active at
the highest current density measured, however, that might
change at even higher current density. In Figure 5B, we
show how the Tafel slope values fitted to different regions in
the traditional Tafel plot would strongly change with
increasing current density for all layers.

Therefore, the Tafel slope values (obtained over a small
potential region of 20 mV) are plotted against the average
potential E and average current density J (Figure 5C and
D). Strikingly, the plots of the Tafel slopes vs. the potential

Figure 3. (A) 100% iR compensated LSVs with different KOH concentrations of 0.05, 0.1 and 0.2 M. (B) The Tafel slope values with different
hydroxide concentration vs. the average current density. Further CV, LSV and Tafel slope plots for the different KOH concentrations are given in
Figure S4 and Figure S5.
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show that the thinner layers (which have a lower geometric
current density) show lower Tafel slopes at similar over-
potentials. It shows how the loading used, combined with
the potential range scanned, has a profound effect on the

obtained Tafel slope for a given catalyst material. However,
when the Tafel slope is plotted vs. the geometric current
density the difference between the layers is much smaller.
At low current density, the Tafel slope value of all loadings

Figure 4. 100% iR compensated LSVs to show the rotation dependence (1000–2900 RPM) on the NiFeOOH layers with increasing loading obtained
with different deposition charges (4.6, 20, 40 and 100 mC respectively from A to D).

Figure 5. (A) 100% iR compensated LSVs with different loadings at 2900 RPM, (B) potential E vs. log J (Tafel plot), (C) Tafel slope values vs. the
potential (Tafel slope obtained over 20 mV intervals), (D) Tafel slopes values vs. the geometric current density (Tafel slope obtained over 20 mV
intervals). Tafel slope values at low overpotential or current density can still be convoluted due to Ni oxidation current.
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converge to a similar Tafel slope value of 30–50 mVdec� 1.
However, no horizontal Tafel slope vs. E or J region can be
observed under these conditions. A Tafel slope obtained
from a linear region in Figure 5B would be some relatively
arbitrary average of the different Tafel slope values in
Figure 5C and D, depending on the chosen range. Further
analysis of these layers with CV and integration of the nickel
redox charge can be found in Figure S8.

The above results illustrate that a fundamental study of a
catalyst layer in gas evolving reactions including the
reporting of the Tafel slope requires thorough analysis of
the system. Similar issues with non-kinetic influences on
Tafel slope analysis have been observed in fuel cell research,
where thick catalyst layers exhibit mass transfer
limitations.[23] Different Tafel slope values have been found
as a function of potential for IrOx/MnOx OER catalyst in
chloride containing solution.[15a] The kind of Tafel slope plot
shown in Figure 1D and F, Figure 3B, Figure 5C and Fig-
ure 5D can help in establishing the kinetic meaningfulness
of the Tafel slope analysis. Hence, Tafel slope values should
be plotted against potential or current density to analyse if
there is a continuous change in Tafel slope caused by non-
kinetic effects, e.g., bubble formation, ohmic resistance
change and mass transport limitations, or if there is an
intrinsic change in the catalyst activity, caused by e.g., a
change in rate determining step or as a response to
pseudocapacitive charging. True Tafel slope values can be
found as horizontal regions in these Tafel slope plots or can
be estimated by the converging value at the least limiting
conditions.

As has been described previously, non-intrinsic effects
(such as bubbles) have an important influence on measured
activity and Tafel slope analysis. Another method to
facilitate bubble detachments, including smaller gas bubbles,
is sonication. In literature, sonication has been shown to
improve the OER activity of the catalysts, as well as the
apparent stability.[16, 24] It is essential to differentiate the
effect of sonication from the effect of the increase in
temperature. Therefore, measurements are performed at a
higher scan rate of 20 mVs� 1 in the same sonication bath
and on the same catalyst. Increasing the scan rate reduces
the number of peaks associated with bubble releases, but
increases their amplitude (further details on scan rate
dependence are given in Figure S9). Besides that, a higher

scan rate results in an increase in the Ni oxidation current,
so that the Tafel slope is convoluted by Ni oxidation current
up to a higher current density (�20 mAcm� 2

geo). Rotation
rate was set at 2900 RPM, deposition conditions were 5 s at
4 mAcm� 2

Au, the bath temperature was measured to be
30 °C during these measurements (Figure 6). This increase in
electrolyte temperature will increase the activity and lower
the onset potential compared to room temperature
(�20 °C).

As can be observed in Figure 6A, the OER onset does
not change by using sonication. The Tafel slope for both
layers is initially close to 30 mV dec� 1, after which it sharply
increases with increasing current density without sonication,
but stays significantly lower with sonication. However, at
high current density, strong current oscillations caused by
bubble release are still observed (Figure S10). To make sure
the measured activity is not due to changes to the catalyst
layer, a LSV was directly measured after the sonication
measurement and an activity that is similar to the LSV
without sonication in Figure 6 was observed (Figure S10).
These experiments provide further evidence of how non-
kinetic effects on the surface cause this increase in Tafel
slope. It shows that the removal of bubbles is essential for
proper Tafel slope analysis, already at low to medium
currents (<50 mAcm� 2

geo), which can be partially accom-
plished by sonication.

Interestingly, when plotting the Tafel slope over the full
current range for the 2900 RPM with sonication, we still do
not observe a large horizontal region in the Tafel slope plot,
i.e., a constant Tafel slope value (Figure 6B). This shows
that even when the non-kinetic effects induced by bubbles
are suppressed more effectively, there are still non-kinetic
processes occurring inside the catalyst layer that will
influence the Tafel slope analysis. This could also be caused
by OH� mass transfer limitations inside the porous catalyst
layer, which are not affect by sonication.

To illustrate how different Tafel slopes can be assigned
for the same catalysts, but under slightly different condi-
tions, different ‘linear’ regions were fitted at different
rotation rates. In Figure 7 Tafel slopes were fitted between
0.5 and 1.05 log J with rotation rates of 1000 RPM,
2000 RPM and 2900 RPM for an electrodeposited
Ni80Fe20OOH layer for 5 s at 8 mAcm� 2

Au. In literature,
rotation rates between 1500–2500 RPM are common when a

Figure 6. (A) 100% iR compensated LSVs with and without sonication, (B) Tafel slope vs. the current density with and without sonication.
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RDE setup is used. By identifying (apparent) linear Tafel
slope regions, very different kinetic data can be extracted
for the same catalyst in the same electrolyte, with Tafel
slopes still having quite high R2 values. Therefore, the R2

value is not a good metric for the meaningfulness of the
obtained Tafel slope.

It is for this reason that we strongly advocate to make
“Tafel slope plots” instead of Tafel plots, as in Figures 1D,
1F, 3B, 5C, 5D and 6B. If a (change in) Tafel slope is truly
kinetically meaningful, this must show up as a horizontal
region in such a plot, as illustrated in Figure 8.

In literature, low Tafel slopes in the range of 30–
50 mV dec� 1 have been reported for large surface area

catalysts, as high surface area catalysts (if conductive and
accessible) will already have a high geometric current
density while the specific current density is still low and will
be less limited by the discussed effects. For example, an
active OER catalyst was reported with exfoliated layers, for
which the Tafel slope was found to be 40 mV dec� 1 over a
large current and potential region.[25] Furthermore, a hier-
archically structured three dimensional NiFeOOH catalyst
on Ni foam was reported with Tafel slope values of 33 and
28 mV dec� 1 (in 0.1 M and 1 M KOH respectively).[26] 34 and
44.1 mVdec� 1 Tafel slopes were also reported for other
NiFeOOH layers on Ni foam.[27] Pulse deposited Ni-
(Fe)OOH layers were reported with a Tafel slope of 37�
3 mV dec� 1.[28] Cu nanowires shelled with NiFeOOH have
shown a Tafel slope of 27.8 mVdec� 1.[29] High surface area
NiFe LDH on carbon nanotubes (CNT) were reported with
a Tafel slope of 35 and 31 mVdec� 1 in respectively 0.1 and
1 M KOH.[30] Increasing the base concentration will reduce
hydroxide mass transfer limitations and will thereby delay
(but not remove) non-kinetic effects. This will result in a
lower Tafel slope as also shown in Figure 3 (for both
Refs [26, 30]), but at higher current density the Tafel slope
will still increase.

Besides catalyst synthesis methods to avoid bubble
blocking and diffusional effects, sonication and magnetism
have also been used to promote bubble removal and mass
transport. The Tafel slope was found to be 41.7 mV dec� 1

under the optimal magnetic field.[31] Other techniques for
advancing bubble detachments have been presented.[32]

Usually the Tafel slope values are reduced, but the onset is
not changed significantly, showing the immense opportunity
of bubble removal and effective mass transport for energy
efficiency, as well as its importance for the reported activity
metrics. For industrial purposes, suppressing bubble accu-
mulation leads to a more efficient cell, as has been shown
recently by the capillary fed water electrolysis cell.[33]

In summary, many Tafel slopes and activity assessments
reported for the OER are “apparent”, as has been shown by
the combination of the above discussed literature with the
results presented in this paper. Different synthesis methods,
bubble removal and mass transport increasing strategies
significantly influence current responses for the OER, which
shows the influence of non-kinetic effects on Tafel slope
analysis. It appears that the Tafel slope, when not limited by
non-kinetic effects, converges to 30 mV dec� 1 for
Ni20Fe80OOH in 0.05–0.2 M base and then continuously
increases with increasing current. We recommend that
claims of improved intrinsic activity of nano-porous electro-
catalysts should be accompanied by a Tafel slope plot that
indicates the absence of non-kinetic effects.

Conclusion

We have shown that the large variety of reported Tafel
slopes on the same catalyst material are likely caused by
(loading dependent) bubble formation within and on the
catalyst layer, resulting changes in ohmic resistance and
(internal) OH� gradients. We demonstrated that initially

Figure 7. Tafel slope regions that could be defined between 0.5 and 1.05
log J (2–11.2 mA or 10–57.1 mAcm� 2geo) with 1000 RPM, 2000 RPM and
2900 RPM on an electrodeposited catalyst (5 s at 8 mAcm� 2Au).

Figure 8. Schematic representation of how a kinetically meaningful Tafel
slope (e.g., rate determining step change resulting in a Tafel slope of
first 40 mVdec� 1 and then 120 mVdec� 1) can be differentiated from a
non-kinetic Tafel slope in a Tafel slope plot vs. potential or current
density.
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(<5 mAcm� 2
geo) the Tafel slope for Ni80Fe20OOH in 0.05–

0.2 M KOH is �30 mVdec� 1, while at increasing current
densities there is a continuous increase in Tafel slope value
that depends on the hydroxide concentration, rotation rate,
loading and sonication. We show that such non-kinetic
effects can already play a role at low current density
(<10 mAcm� 2

geo), something that may come as a surprise
for a reaction that would normally not be considered as
being hindered by mass-transport limitations. No second
Tafel slope region is observed and there is no indication for
a change in rate determining step. As best practise, we
propose that Tafel slopes should be plotted in Tafel slope
plots. In such a plot, the Tafel slope is determined over
small potential regions and plotted vs. the (average) current
or potential, preferably for different loadings. From a Tafel
slope plot, kinetically meaningful Tafel slope values can be
determined from a horizontal Tafel slope region or by a
region converging to a meaningful value under condition
where mass transfer effects and bubble formation can
effectively be ruled out. This approach is essential for any
gas evolving or potentially mass transport limited reaction,
especially when using less well-defined nano-porous catalyst
layers instead of flat surfaces.
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Non-Kinetic Effects Convolute Activity and
Tafel Analysis for the Alkaline Oxygen
Evolution Reaction on NiFeOOH Electro-
catalysts

We studied NiFeOOH catalysts for the
alkaline oxygen evolution reaction (OER)
with different loading, varying rotation
rate, hydroxide concentration and with
and without sonication. We show that
the Tafel slope initially is �30 mVdec� 1

for NiFeOOH in 0.05–0.2 M KOH, and
at higher polarization the Tafel slope
continually increases due to bubbles,
potential-dependent changes in ohmic
resistance, and (internal) OH� gra-
dients.
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