Downloaded via UNIV OF TEXAS AT AUSTIN on December 5, 2023 at 22:47:06 (UTC).
See https://pubs.acs.org/sharingguidelines for options on how to legitimately share published articles.

AC

Energy
Eiié

http://pubs.acs.org/journal/aelccp

Navigating iR Compensation: Practical
Considerations for Accurate Study of Oxygen
Evolution Catalytic Electrodes

Cite This: ACS Energy Lett. 2023, 8, 4323-4329

I: I Read Online

ACCESS |

[l Metrics & More ’

Article Recommendations |

Q Supporting Information

sated resistance (R,) between the working and reference

electrodes results in an electrostatic potential drop called
iR potential drop, where i is a measured current.”” This iR
potential drop skews the applied potential, meaning the
potential set by the electrochemist is not the true applied
potential. Thus, iR compensation needs to be performed to
study the potential-dependent electrochemical behavior
precisely. There are three commonly used methods for iR
compensation: (1) positive feedback (PF), (2) current
interrupt (CI), and (3) post-iR compensation after electro-
chemical analysis (Post).”* For the R, measurement,
alternating current (AC) technique-based electrochemical
impedance spectroscopy (EIS) analysis, either automatically
by software or manually, is used for PF and Post compensation
methods. On the other hand, direct current (DC) technique-
based current interruption is used for the CI compensation
method (see Supporting Note 1 for details about the R,
measurement and iR compensation methods).’

However, despite the common use of the aforementioned
compensation methods, there is a potential risk of performing
inaccurate iR compensation that may lead to misleading
results. This risk can arise from a lack of understanding of the
underlying concepts and experimental and analytical method-
ologies involved in these compensation methods. Numerous
studies and reviews have been conducted to address the
concerns related to iR compensation. These studies focus on
topics such as the identity of R, and i,”° measurement and
selection of R,,”® minimization of R,,” overcompensation of iR
potential drop,” ambiguity about the degree of iR compensa-
tion,® inconsistent results from different iR compensation
methods,” and data processing for post iR compensation.’

Nevertheless, the practical application of iR compensation,
in terms of accurate measurement and interpretation of R,
selection of an appropriate iR compensation method, and
understanding their effects on electrochemical analyses, as
depicted in Figure 1, remains a challenging task. This is
primarily due to the complexity of various electrochemical
systems. Depending on factors such as the specific electro-
chemical reaction (e.g, water electrolysis and CO, electrol-
ysis), electrode properties (e.g., composition and structure),
and experimental conditions for electrochemical testing (e.g.,
electrolyte, cell design, applied potential, and operating

In a three-electrode electrochemical system, uncompen-
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current), the physical identity of R, and its compatibility
with a particular iR compensation method can vary
significantly.

The three-electrode alkaline oxygen evolution reaction
(OER) system presents several unique characteristics that
should be considered when applying iR compensation. First,
alkaline OER electrocatalysts based on 3d-transition metals
(e.g, Ni, Co, and Fe) commonly form hydrous metal
(oxy)hydroxides (MO,H,) during the OER.”™"* These
MO,H, phases typically exhibit low electrical conductivity
and become more conductive after the anodic redox reaction
(M?**/M3*).> In addition, the solution resistance, which
conventionally represents R, remains constant and relatively
small (around 2 Q) due to the highly jonic conductive
electrolytes (e.g, 1 M KOH) and the short distance between
the working and reference electrodes.” Accordingly, the
resistance on the working electrode side can become a
relatively significant component of R, compared to other
electrochemical systems with significant solution resistance
(e.g, CO, reduction in 0.1 M KHCO,).* Considering these
factors, R, in the alkaline OER system can consist of four main
components, as illustrated in Figure la: (1) solution resistance,
(2) gas bubble-induced solution resistance at the catalyst/
electrolyte interface (Ryyppie), (3) electron transport resistance
through the electrode (R,), and (4) contact impedance
(Z.ontact) at the electrode holder/substrate or substrate/catalyst
interface.”®'* Furthermore, the R, components originating
from the working electrode (Z . yuew Rew and Rpgppe) can
change dynamically depending on the electrode properties and
electrochemical testing conditions.”'® Here, note that the R, of
the electrode consisting of a porous or completely electrolyte-
permeable catalyst layer on the substrate does not include the
R, throu§h the catalyst layer, but only through the
substrate.””"*

In this Viewpoint, we study the iR compensation for the
alkaline OER system as a case study. We aim to identify the
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Figure 1. Schematic illustration depicting (a) the components of R, in a three-electrode electrochemical system for a gas-evolving catalytic
electrode, (b) methods used for R, measurement and iR drop compensation, and (c) the reaction of interest for electrochemical analysis:
either redox reaction of the electrode or electrocatalytic reaction (e.g., OER).

experimental pitfalls that can arise when applying iR
compensation to the study of catalytic electrodes. First, we
discuss several cases in which the same catalytic electrode
exhibits different OER activity depending on the methods used
for R, measurement and iR compensation. To understand the
underlying causes behind this issue, we investigate the roles of
different R, components in iR compensation depending on the
electrode properties and electrochemical testing conditions.
Furthermore, we demonstrate that the results obtained from
potentiodynamic analysis of the electrode’s redox reaction can
vary depending on the method and degree of iR compensation.
These variations are attributed to a change in the actual scan
rate near the redox peak during potentiodynamic analysis and
the occurrence of electron -rapping phenomena within the
electrode. Lastly, we provide practical guidelines on how to
correctly measure and interpret the R, value and how to select
the proper iR compensation method for studying the redox
reaction and electrocatalytic activity of the electrode.
Inconsistent Electrocatalytic Activity Due to Incorrect
or Varying R,. To investigate the influence of iR
compensation on electrochemical analyses of catalytic electro-
des, we conducted experiments using Ni and Co-based catalyst
films on conductive substrates, such as fluorine-doped tin oxide
(FTO) glass, Ni foil, and Ni foam. Details of these prepared
electrodes are summarized in Table S1. Moreover, different
types of electrode holders (e.g., alligator clip, Ti clip, and Pt
clip) were used to connect the electrodes to the potentiostat
(Figure S1). Cyclic voltammetry (CV) tests using Ni-based
electrodes with distinct properties (e.g., presence or absence of
contact impedance, varying R, and redox peak distortion)
were conducted in a 1 M KOH electrolyte (Figure 2a—d). The
CV curves presented in each panel of Figure 2 were obtained
from the same catalytic electrode but employing different
methods and degrees of iR compensation. The abbreviation
“CI” represents the current-interrupt method with 100% iR
compensation. On the other hand, “PF 100%”, “PF 85%”, and
“PF 70%” denote the positive feedback method with iR
compensation degrees of 100%, 85%, and 70%, respectively.
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Additionally, “No iR” indicates the absence of iR compensa-
tion.

The formation of an insulating oxide layer on either the
electrode holders or substrates can lead to poor contact at the
electrode holder/substrate interface, resulting in the develop-
ment of contact impedance. In Figure 2a, CV curves of the
NiO,H,/FTO electrode connected with an alligator clip
highlight a potential problem for iR compensation caused by
the contact impedance at the electrode holder/substrate
interface. Interestingly, despite both the CI and PF 100%
utilizing full iR compensation, different OER activities were
obtained; CI exhibits higher OER activity than PF 100%.
Additionally, when comparing CI with PF 100%, noticeable
differences in the shape and peak current density of the redox
peaks corresponding to the Ni**/>* anodic redox reaction at
approximately 1.36 V were observed, which will be further
discussed in a later section. To gain insight into the observed
differences in OER activity, the R, values employed for iR
compensation during the CV were examined by analyzing the
slope of the uncompensated potential drop (V,,) versus current
density (), as shown in Figure S2. The R, value employed for
CI (R,¢) was 7.51 Q cm?, which is higher than the 6.83 Q
cm® value for PF 100%. These results demonstrate that
different R, values modified the iR compensation and
influenced the measured OER activity.

The discrepancy in R, values between PF and CI arises from
the fact that R, measurement methods, which are EIS (either
automatic or manual) and current interruption for PF and CI,
respectively, are affected by the contact impedance at the
electrode holder/substrate interface differently. The contact
impedance can be detected through EIS, appearing as a
semicircle on the Nyquist plot or a peak in the Bode phase plot
in the high-frequency region (10*-—10° Hz), in addition to
those related to faradaic reactions (e.g., OER or redox reaction
of the electrode) in the low-frequency region (Figures S3 and
S4). Note that the contact impedance is challenging to detect
at nonfaradaic potentials (e.g, open-circuit potential) or
potentials where fast faradaic reactions (e.g, Ni**/** redox
reaction) occur, but it becomes evident at potentials where
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Figure 2. CV curves of Ni-based electrodes in 1 M KOH electrolyte at a scan rate of 10 mV/s employing different methods and degrees of iR
compensation. (a) NiO,H,/FTO: contact impedance, constant R,, and redox peak distortion for CI; (b) NiO,H,/FTO: no contact
impedance, constant R, and redox peak distortion for CI; (c) nanoporous NiO,H,/Ni foam: no contact impedance, varying R,, and redox
peak distortion for CI; and (d) Ni foil: no contact impedance, constant R,, and no redox peak distortion for CI.

slow faradaic reactions (e.g,, OER) occur. Further details about
the contact impedance at the electrode holder/substrate
interface, including its experimental identification, origin,
how to avoid it, equivalent circuit representation, and different
shapes, can be found in the Supporting Notes 2.1—2.4 and
Figures S3—S18. As shown in Figure S11, manual EIS analysis
conducted at appropriate potentials can not only measure R,
correctly but also provide two different R, values by
distinguishing the contact impedance: R, g5, (6.83 Q cm?®)
at 268.4 kHz, excluding the contact impedance, and R, g5,
(7.69 Q cm?) at 2.659 kHz, including the contact impedance.
Moreover, the R, value measured from the automatic EIS
(R4 aut0) for PF 100% in Figure S2 was equivalent to the R, g5
(see Supporting Note 2.5 for cautions about EIS-based R,
measurement in the presence of contact impedance).

The DC technique-based current interruption method is
typically used to measure the series resistance in an
electrochemical system, which corresponds to the R, g,
from EIS analysis. However, we observed that R,¢; (7.51 Q
cm’) was overestimated compared to R, g, (6.83 Q cm?).
This overestimation of R, ¢; can be attributed to the presence
of a small contact capacitance at the electrode holder/substrate
interface, resulting in a small RC time constant for the contact
impedance, which is not sufficiently large compared to the
current interruption sampling time (fymping) (see Supporting
Note 2.6, Figure S19, and Table S2 for a detailed explanation
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regarding the failure of CI in the presence of contact
impedance at the electrode holder/substrate interface).
Therefore, we recommend exercising caution when employing
the CI method in the presence of contact impedance to ensure
accurate iR compensation.

Figure 2b shows the CV curves of the NiOxHy/ FTO
electrode without contact impedance at the electrode holder/
substrate interface. The electrode was connected with a new/
polished alligator clip to ensure good contact at the electrode
holder/substrate interface. The CI and PF 98% exhibited
almost identical OER activity, and their corresponding R,
values were almost identical: R, (6.06 Q cm?) and R, g1
(6.10 Q cm?) (Figures S20 and S21). This result indicates that
the CI method evaluates the OER activity accurately in the
absence of contact impedance (Figure S21). Additionally,
similar to the case of the NiO,H,/FTO electrode with contact
impedance (Figure 2a), the differences in the shape and peak
current density for Ni**/3* redox reaction peaks were observed
in Figure 2b, implying that the contact impedance is not
responsible for the observed redox peak difference between CI
and PF. However, we noticed the formation of contact
impedance after OER testing (Figure S$22). This newly
developed contact impedance may originate from the
substrate/catalyst layer interface, caused by poor adhesion of
the NiO,H, catalyst layer to the FTO substrate after the OER
testing. On the other hand, the self-supported electrode (Ni—
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CV), which possesses better adhesion between the catalyst
layer and the substrate, did not develop contact impedance
even after the OER testing (see Supporting Note 2.7 and
Figures $23—S25).

The contact impedance at the substrate/catalyst interface
and its impact on iR compensation was further explored by
investigating the NiO,H,/Ni foil electrode before and after
peeling off the NiO,H, catalyst layer from the Ni foil substrate
(see Supporting Note 2.7 and Figures $26 and S27). However,
unlike the contact impedance at the electrode holder/substrate
interface, the contact impedance at the substrate/catalyst
interface did not cause an overestimation of R, ¢; compared to
R,pis (Figure S28). This is due to the sufficiently large
capacitance and RC time constant at the substrate/catalyst
interface, in contrast to the small capacitance and RC time
constant at the electrode holder/substrate interface (see
Supporting Note 2.7 and Table S3). In summary, contact
impedance can occur at both the electrode holder/substrate
interface and the substrate/catalyst interface, before and after
the OER testing. The contact impedance can result in two
different R, values, namely R, g, and R, g, (Figures S11,
S13, S16, and S22). Moreover, depending on its unique
characteristics (i.e, RC time constant relative to tsamphng), the
contact impedance can lead to either inaccurate or accurate iR
compensation when using the CI method.

Certain components of R, from the working electrode, such
as Ry and Ry can vary with the applied potential and
operating current during OER testing. The CV curves in
Figure 2c of the nanoporous NiO,H,/Ni foam electrode,
which has a large surface area and high operating current
density, demonstrate the effect of varying R, on iR
compensation and the measured OER activity. When applying
PF 100% with R, gs values measured at different potentials
(0.924 and 1.630 V, which are below and above the Ni**/3*
anodic redox reaction potential, respectively), PF 100%
(RyE15,0924v) exhibited higher activity compared to PF 100%
(RyEis,1.630v)- This difference in activity was attributed to the
smaller R, 51,6307 (140 Q cm?) compared to R, gis0.904v
(1423 Q cm?), as indicated by the EIS Nyquist plots in
Figure S29b,c. This discrepancy in R, ;s values occurs due to
the change in R, of the catalyst layer, which becomes
detectable for sufficiently thick catalyst layers. Specifically, the
electrical conductivity enhancement of NiOOH (Ni**) at
1.630 V leads to a decrease in R, compared to the insulating
Ni(OH), (Ni**) at 0.924 V.">'° (see Supporting Note 3.1 for
details about the electrode properties of the Nanoporous
NiO,H,/Ni foam related to the R, measurement).

Moreover, despite the absence of contact impedance (as
shown in Figure S29b,c), CI exhibited significantly higher OER
activity (655 mA/cm?®) compared to PF 100% (438.7 mA/
cm?) at 1.65 V. The higher OER activity of CI compared to PF
100% (R, gis,1630v) is attributed to the higher R, at OER
potentials compared to R, g5 1630v- The plots of V,, versus j in
Figure S30 show the variation of R,c; depending on the
current density region. R, ¢y at potentials below the OER onset
potential was 1.40 © cm’, which is the same as R, g5 g30v-
However, as the OER current density increased, R, ¢; increased
to 1.45 and 1.49 Q cm® due to the accumulation of oxygen
bubbles (Ryype) during the OER. Here, it is noted that
potential-dependent EIS analysis can detect the variation in Ry,
but not the varying Ryp.. On the other hand, the current
interruption can detect the varying Ry but not the varying
R, although R, ¢ reflects the R, of the MOOH active phase
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instead of the R, of M(OH), (see Supporting Note 3.2 for
details about characteristics and limitations of EIS and current
interruption for measuring the varying R,). The above results
indicate that even slight differences in R, values, such as 0.023
Q cm? due to varying R, and 0.09 Q cm? due to varying Ryupbier
can lead to significant differences in OER activity at high
operating current densities. Therefore, it is crucial to exercise
caution and choose the proper method and condition for R,
measurement and iR compensation (such as EIS at a specific
applied potential or CI at a specific operating current density)
based on the specific purpose of evaluating electrocatalytic
performance (whether to include R, or Ry in R, for iR
compensation), especially for catalytic electrodes with large
surface area and high operating current density.

Additionally, we examined a Ni foil electrode, which consists
of a thin NiO,H, catalyst layer on the surface of a Ni foil
substrate and does not exhibit any contact impedance. This
electrode was used as a control sample without any issues with
the iR compensation method. In this case, CI and PF 100%
showed identical OER activity, R, value, and shape and current
density of the redox peak (Figure 2d and Figure S31).
Furthermore, the R, variation by potential-dependent R, or
current density-dependent Ry, was not observed in the Ni
foil electrode. This lack of R, variation can be due to the thin
thickness of the NiO,H, catalyst layer, which possesses good
electron transport properties, and the low operating current
density, which does not lead to severe bubble accumulation
near the electrode.

Inaccurate Redox Peak Analysis Due to Scan Rate
Variation and Electron Trapping. The analysis of redox
peaks for the electrode’s redox reaction provides critical
information about electrode properties, such as composition
and crystal phase of the catalyst layer, variations in the
coverage of reaction intermediate with applied potential,
electrochemical reversibility of the redox reaction, whether
the redox reaction is surface reaction-controlled or diffusion-
controlled, and the number of electrochemically active redox
sites.”'>'"~'? Therefore, it is important to investigate the
potential impact of iR compensation on the redox peak analysis
to understand the aforementioned electrode properties
accurately. Unfortunately, these considerations have often
been overlooked in previous studies on iR compensation.

As demonstrated in Figure 2 and Figure S12, the shape and
peak current density of redox peaks can be influenced by the
degree of iR compensation and post-iR compensation method
employed. However, the redox charge, which often serves as an
indicator of the electrochemically active surface area of the
catalytic electrode,””” is expected to remain consistent
regardless of the degree and method of iR compensation.
Figure 3a and Figure S32 compare the redox charge for the
Ni*/**anodic redox reaction (Q,) of the NiO,H,/FTO
electrode in Figure 2a when different methods and degrees
of iR compensation are employed. The Q, values for PF 100%,
PF 85%, No iR, and Post 100% were nearly identical, as
expected, despite the different shapes and peak current
densities of their redox peaks. On the other hand, the Q,
value for CI (7.97 mC/cm?) was 1.36 times higher than that of
the other iR compensation methods. Moreover, CI exhibited a
distinct redox peak shape and higher peak current density
compared to PF 100% despite both methods utilizing the same
100% iR compensation.

The distinct redox peak properties of CI compared to PF
100% can be attributed to the variation in the actual scan rate
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Figure 3. Electrochemical analysis of redox charge when employ-
ing different methods and degrees of iR compensation. (a) Q, of
the NiO,H,/FTO electrode in Figure 2a and (b) Q, and Q. of the
nanoporous NiO,H,/Ni foam electrode in Figure 2c.

during the potentiodynamic analysis (e.g,, CV) relative to the
set scan rate. Figure S33 displays the plot of applied potential
versus time during the CV analysis, where the slope represents
the actual scan rate. While PF and No iR exhibited a constant
slope of 10 mV/s, matching the set scan rate, CI showed a
variation in the actual scan rate near the redox peak, which can
change or even distort the shape of the redox peak.
Furthermore, the actual scan rate of CI increased up to a
maximum of 19.1 mV/s (Figure S33b), which can result in a
higher redox peak current density (j,) according to the
relationship, Jp (scan rate)b, where 0.5 < b < 1.”" The effect
of the varying actual scan rates on the redox peak analysis was
confirmed by comparing the anodic j,, (j,,) of CI measured at a
set scan rate of 10 mV/s with j,, of PF 85% at 20 mV/s. Figure
S34 demonstrates that CI (10 mV/s) and PF 85% (20 mV/s)
exhibited identical redox peak current density due to their
similar actual scan rates of approximately 20 mV/s. Therefore,
it can be concluded that the distinct redox peak properties of
Cl, such as a different redox peak shape, overestimated j, and
Q,, as well as a higher b-value in Figure S36, are a result of the
variation in the actual scan rate near the redox peak, which was
also observed in a previous report.”

To investigate the origin of the variation in the actual scan
rate for CI, control experiments were performed by changing
the set scan rate and employing other OER catalysts with
different electrical conductivity, such as CoO,H,, and
NiCoO,H,. The results revealed that the variation in the
actual scan rate for CI becomes more pronounced for more
insulating materials and at higher scan rates (see Supporting
Note 4.1, Figures S35—S39, and Table S4 for details). Based
on the results of the control experiments and the working
principle of CI, the variation in actual scan rate is likely caused
by the fluctuation of the uncompensated voltage (V) near the
redox peak during current interruption (Figures S37b,d, S38¢/f,
and S39¢,f). This V, fluctuation can occur due to the in situ
variation of the capacitance of the catalyst layer before and
after the M>"/* redox reaction, which is caused by the
difference in electrical conductivity between M(OH), and
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MOOH (see Supporting Note 4.2 and Figures S37—S39 for a
detailed discussion).l(”1 Hence, we note that OER catalysts,
which are basically oxide-based materials with poor con-
ductivity and conductivity-switching properties during the
redox reaction, can potentially encounter the issue of redox
peak distortion caused by the varying actual scan rate when
using CI for potentiodynamic analysis.

Furthermore, we investigated the impact of iR compensation
on the redox charge of practical OER catalytic electrodes with
large surface area (i.e., high redox charge). In Figure 2,
different methods and degrees of iR compensation were
employed for the Nanoporous NiO,H,/Ni foam electrode, and
the resulting Q, and cathodic redox charge for Ni**/>* redox
reaction (Q.) values were calculated and compared in Figures
S40—S42 and Figure 3b. CI exhibited higher Q values
compared to PF 100%, which can be due to the actual scan
rate variation for CI, as shown in Figure S43. Unexpectedly,
however, PF 100%, PF 70%, No iR, and Post 100% yielded
different Q values, in contrast to the identical Q, values
observed for the NiO,H,/FTO electrode. A trend was
observed where the Q value decreased when using a lower
degree of iR compensation during the CV analysis: PF 100% >
PF 70% > No iR =~ Post 100%.

According to a previous report, catalytic electrodes with
poor electron transport through thick catalyst layers may
experience an electron trapping phenomenon, where portions
of the redox active sites exposed to the electrolyte are not
effectively utilized.'® This electron trapping phenomenon can
occur in the Nanoporous NiO,H,/Ni foam electrode due to its
large surface area and thick catalyst layer, decreasing the
measurable redox charge during the CV analysis. Our results
suggest that a higher degree of iR compensation alleviates the
electron trapping phenomenon, resulting in greater utilization
of the redox active sites and consequently increasing the
measurable amount of redox charge. This finding highlights the
influence of the degree of iR compensation on the measurable
amount of redox charge, particularly for catalytic electrodes
with large surface areas and high redox charge.

Summary and Recommendations. While applying iR
compensation may seem simple, our investigation reveals that
its correct implementation in real experiments can be more
complex and challenging than initially anticipated. In this
Viewpoint, we demonstrate that the electrocatalytic activity
and redox peak properties of OER catalytic electrodes can vary
depending on the methods and conditions used for R,
measurement, as well as the type and degree of iR
compensation employed. The potential pitfalls of iR
compensation can occur due to the unique characteristics of
the electrochemical system under investigation, which
distinctly influence each R, measurement and iR compensation
method. Thus, to ensure the proper application of R,
measurement and iR compensation as well as accurate
interpretation of iR-compensated electrochemical data, we
propose a recommended procedure along with critical factors
to consider, which are outlined in Figure 4.

First, it is crucial to understand how each R, measurement
method is affected by the electrode properties and electro-
chemical testing conditions for the correct measurement and
interpretation of R,. This understanding will help distinguish
the distinct roles of R, components (e.g, Z.onaw Rey and
Rywpe) in the measured R, value (see Supporting Note S for
more details). Next, when selecting the appropriate type and
degree of iR compensation, it is critical to assess whether
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R, measurement methods
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(1) Contact resistance (or impedance)
(2) Electron transport resistance
(3) Bubble-induced resistance
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(1) PF, Cl, Post
(2) Full, Partial
1 check
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(1) Different OER activity
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(1) R, value

(2) R, measurement method
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(4) EIS at OCP and OER potentials

(5) Type and degree of iR compensation

Figure 4. Recommended procedure and critical factors to consider
for practical iR compensation for the study of OER catalytic
electrodes.

variations in electrocatalytic activity, R, values, or redox peak
properties are observed depending on the specific type and
degree of iR compensation employed. Finally, it is essential to
report comprehensive details regarding R, measurement and iR
compensation, including iR compensation and R, measure-
ment methods, electrochemical conditions, such as the applied
potential for EIS and the operating current during current
interruption, as well as the R, value used for iR compensation.
Additionally, regardless of the R, measurement and iR
compensation methods used, performing and reporting the
potential-dependent EIS analyses are recommended to
determine the presence of contact impedance or potential-
dependent R, variations in the electrochemical system. In
Supporting Note 6, we present specific recommendations and
cautions related to iR compensation based on our data-driven
findings. These recommendations cover the appropriate R,
degree of iR compensation, and iR compensation method.
This Viewpoint provides essential electrochemical method-
ologies to interpret the meaning of the measured R, value and
assess the suitability of the iR compensation method chosen.
These methodologies include potential-dependent EIS, (scan-
rate dependent) CV, and data analysis techniques for
determining the actual scan rate (from the slope of applied
potential versus time) and R, (from the slope of V, versus j)
during CV analysis. These methodologies for iR compensation
enable direct evaluation of the catalytic electrode without
additional control sample preparation, which can enhance the
practicality of the iR compensation process. Furthermore, our

4328

investigation provides potential explanations for issues
observed in previous studies utilizing the CI method, such as
a higher R, ¢; value compared to R, g5 despite the absence of in
situ variation in solution resistance,”"** or the distortion of
redox peak shapes during CV analysis.”” The insights and
methodologies for iR compensation presented in this View-
point are broadly applicable to the study of electrodes in
electrochemical energy technologies, including electrocatalysis,
batteries, and supercapacitors.
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