
Fuel cell electrocatalsis : oxygen reduction on Pt-based nanoparticle
catalysts
Vliet, D.F. van der

Citation
Vliet, D. F. van der. (2010, September 21). Fuel cell electrocatalsis : oxygen reduction on Pt-
based nanoparticle catalysts. Faculty of Science, Leiden University. Retrieved from
https://hdl.handle.net/1887/15968
 
Version: Corrected Publisher’s Version

License: Licence agreement concerning inclusion of doctoral thesis in the
Institutional Repository of the University of Leiden

Downloaded from: https://hdl.handle.net/1887/15968
 
Note: To cite this publication please use the final published version (if applicable).

https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/license:5
https://hdl.handle.net/1887/15968


Chapter 2

of Correcting for the
Resistance in Model
Oxygen Reduction

On the Importance
Uncompensated Ohmic
Experiments of the
Reaction

When measuring the current due 10 the oxygen reduction reaction (ORR) and

hydrogen oxidation reaction (HOR) on Pt and Pt alloys in aqueous electrolyte, it is

important to take care of two major sources of error that arc relatively easy to

correct for. First, when measuring ORR voltammetry, adsorption processes are

superimposed on the current. Second, the system resistance causes an Ohmic drop

that may have a profound eITect on the measured curves, especially at the higher

currents close to the diffusion limiting current. More importantly, wc show that it
also influences the kinetic part of the potential curve in such a way that the Tare!
slope may be determined incorrectly when failing to correct for Ohmic drop.

Finally, because electrolyte resistance lowers with increasing temperature, failure to

compensate for Ohmic drop may lead to erroneous conclusions about the

temperature-dependent activity of a catalyst as well as the corresponding actIvation

energies.

The eonlenls or lhis ehllpler have been published: D. van dn Vliel, 0.5. Slrmenik, C. Wang, V.R.
Stamcnkovic, N.M. Markovic and MT.M. Kopcr, J Electromwl. Chem. 647 (2010) 29
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Chap/er 2

2.1 Introduction

With development of renewable energy and eleaner transportation high on the
world's priority list, significant amount of work has been invested in the

development of low·temperaturc polymer electrolyte fuel cells Ill. In order to find

better catalysts for these cells, various groups are using the Rotating Disk Electrode

(ROE) method to investigate Hydrogen Oxidation (HOR) [2] and Oxygen

Reduction (ORR) reactions [3-8], as rotating disk electrodes allow control of the

contribution ofdiffusion limitation to the current [9]. In order to compare thc ROE

measurements with actual membrane electrode assembly (MEA) fuel cell stack

testing, one needs to be aware of all effects that can inOuence ROE results. This

ineludes the effect of active surface area determination, as explained in 1101,

adsorbing anions, capacitive currents and solution resistance. In MEA tests it is

common practice to compensate the measured ORR activity for lR-drop, but in

model ROE experiments it is usually assumed that the electrolyte is sufficiently

conductive, and that the currents measured arc low enough, to make the

contribution of solution resistance negligible.

The effect of the cell geometry on the uncompensated Ohmic drop due to solution

resistance has been studied extensively in the past. (Sce 111-27J and references

therein) It is elcar from these repons that the geometry and placing of the Luggin

Habcr capillary l28J is crucial in reducing measurement errors due to the

inhomogeneous current density distribution, Ohmic resistance and shielding of the

electrode by the capillary. Since Haber's introduction of the Luggin-Haber

capillary, it is well known that the capillary introduces a small, often negligible,

Ohmic drop 1281. The elassic work of Pontarelli et al 114-171 focuses on the
capillary's geometry and placing. They derived that the optimal position of the

capillary is through the middle of the electrode from behind 1141, but that location is

impractical in current cell designs, especially those for single crystal work and
rotating di~k elcctrode~_ A~ a good alternative they suggested a elosed-top capillary

pressed firmly to the electrode, with a tiny opening to the side close to the electrode

[14, 15]. Again, this geometry is impractical in ROE experiments, due to the

fTiction it would generate between disk and capillary. This geometry may also

disturb diffusion and now patterns, shielding part of the electrode. Barnartt

describes in detail the open Luggin-Haber capillary placed in front of the electrode,

at a preferred distance of at least 4 times the capillaries' radius, provided
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ExperimeJlls ofthe Oxygen Redllclion ReoClion

corrections are made for IR-drop in case of low conductivity or high current
densities 1181. This also implies that, ideally, the outer diametcr of the capillary is
as thin as possible, as wide capillaries are useful only at relatively low current
densities in solutions of high conductivity l19J. Furthermore, he notcs that in
situations of forced convection (such as with a RDE) the capillary tip may alter the
hydrodynamic now. J.E.Harrar et al determined that the optimal position of the
capillary is on the line of minimum separation between working and counter

eleetrodes [12].
Ln this communication, wc will show that under rather standard conditions using a
popular commercial ROE setup, failure to correct for the Ohmic resistance can

impact substantially on the interpretation of kinetic measurements of the ORR. In
rotating ring-disk electrodes (RRDE) there will also be an effect of coupling of the
potential fields of ring and disk [29], where the individual potential fields of disk

and ring are superpositioned thereby causing a coupling resistance. Only disc
electrodes were used in this work, so the potential field coupling could not be

verified, and will not be further discussed; the interested reader is referred to the
detailed work of Dorfel et of. l29J.

2.2 Experimental

All measurements were performed in HCl04 solutions, prepared by diluting
concentrated perchloric aeid (70%. JT Baker Ultrex I1) with ultrapure water (Milli
Q gradient; 18.2 M.Q resistivity; 4 ppb total oxidisable carbon) to obtain the desired

concentration. Concentrations used arc 0.1 M, O.5M and 1.0M HClO,f. The
potentiostat used was a computer-controlled Autolab PGSTAT 30 with ECD, Scan
Gen, FL20 and FRA (impedance) modules. The electrode assembly consisted of a
Pine AFASR rotator with matching Pine electrode shaft. The electrode tips are
custom made with disk inserts of Pt and Glassy Carbon of6 mm diameter. GC disks
were polished (Buehler microcloth) to a shiny finish with 0.05flm as finishing
polish prior to depositing nanoeatalysts.
The 5 nm Pt/C (supplied by TKK, Tokyo, Japan) is deposited by depositing a drop

of a sonicated, catalyst-containing suspension onto the GC disk assembled in the
collet. In a slow Ar-now (Airgas, UHP 99.995%) the drop of water is allowed to
evaporate, leaving the catalyst deposited on the GC disk. The suspension is made in
sueh a way that 22 fll of the suspension deposited on a 6 mm GC disk gives a
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Chap/er 2

loading of 18 J.tgPt Cll\lisk·
1

. Polycrystalline Pt disks are annealed by inductive
heating before insertion in the collet. The induction heater setup was used to anneal
the crystal for to minutcs at -1900 K in an Ar/H1 atmosphere (Linde Gas, 4.82%
hydrogen, high purity).
All cells arc of in-house design. A salt bridge connects the main compartment of the
cell through the Luggin-Haber Capillary with the reference electrode. A AglAgCI
reference was used for all experiments; the potentials in this paper are all reponed

versus the reversible hydrogen electrode (RH E). The position of the Luggin-Habcr
capillary, with an ouler diameter of2 mm, is as close to the working electrode as
possible without gcnerating a shielding effect. This shielding effect appears when

the capillary is placed closer to the electrode than 2 times the capillary's outer
diameter 118], but for practical purposes can be assumed minor until the distance
approaches I time the outer diameter of the capillary [15]. Therefore, in our cell, the

distance of the Luggin-Haber capillary to the working electrode was typically on
the order of 5 to IQ mm, perpendicular to the exposed surface of the working

electrode. This is a common location of the capillary in a standard eleetroehemieal
cell used by numerous groups l2, 5, 6, 10, 30-35J. The counter electrode was placed
in a separate compartment as wcll, with thc opening to the compartment I cm to the

side of the Luggin-Haber capillary.
Initial blank cyclic voltammctry was measured with the electrode immersed in
deoxygenated eleetrolytc. (Argon; Airgas, research grade plus; 99.9999%) Prior to
measuring the oxygen reduction reaction the cell was saturated with oxygen

(Airgas, research grade, 99.999%). ORR measurements are recorded with the
electrode rotating at 1600 rpm. IR correction during thc measurement was done by

positive feedback l13, 241; i.e. the resistance was determined by impedance at a
potential which just exhibited diffusion limiting current for the ORR, and was

assumed constant during the measurement. A correction voltage proportional to the
current was applied during the measurement. Overcompensation for resistance

during the measurement of cyclic voltammetry can be quickly noted as the potential
will stan to oscillate.

2.3 Results and discussion

2.3.1 IR-Drop

The uneompensatcd resistance can be determined by measuring the high-frequency
impedance at operating conditions. Popkirov reported that the uncompensated
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resistancc can vary during an experimenl f241, and may even become a function of
the current, e.g. through a passivating inlermediate that can temporarily increase
electrode resislance[24I. This issue can become imporlanl especially when research
moves away from noble metals as catalysIs [4J. Similarly, Ihe resistance can
increase in dilute solutions as the difTusion limiting current is approached, due to
depiction of charge carriers [23 j. In current ORR research, electrolyte concentration
usually is 0.1 M or higher, with non-passivating (Pt based) catalysts, so the Ohmic

resistance is not expected to change during a measurement.

The insert in figure 2.IA shows the Nyquist plot of an impedance measurement

on a Pt disk in our assembly. The mean potential was chosen to be within the

diffusion limiting regime for the ORR in an oxygen salurated elcctrolyle 10

include any resistance induced by the measurement of the ORR. A potential

amplilude of 10 mV was applied with frequencies starting at 10kHz and ending

wilh I Hz on a logarithmic scale. The figure shows a vertical plol with a

minimum in Ihe imaginary part at 2500 Hz. From Ihc rcal component value of

Ihe impedance al Ihe minimum of the Nyquist plot, the Ohmic resistance of the

syslem can be dcduccd to be 28.5 .0.., with a possible error of aboul 0.2 .0.. The

value of Ihis rcsistance is virtually independent of the type of catalysl we use (it

deviates by up to 4 Ohm in any given experiment of this kind) and thus is a

good representation of a typical value for the solution resislance. Carbon

supported nanocatalysts exhibit slightly higher values (an average 34 Q

compared to 2R .0. for polycrystalline Pt) of the resistance due to a small contact

resistance in the catalyst layer. Hanging meniscus experiments [34, 35], as

generally used for single-crystals, usually have a higher resistance as well due

10 the longer distance bet\'1een capillary and electrode. Higher resistance for

bead-type single crystals usually does not induce a higher Ohmic drop, unless

Ihe surfacc area of these crystals and the corresponding currents become large,

such as with single-crystal disks of 5 135] mm,6 mm 130, 361 or larger in

diamelcr.
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Figure 2.1 A shows the effect of both the I'esistance and the capacitive CUlTents on the
meaSUl'ement of the HOR and ORR, The black gl'aph shows the measured cun'ent as
obtained from an expel'iment without m drop correction. The red graph shows the current
obtaincd with m-compcnsation during the measuremcnt. Thc blue graph is the blank cyclic
voltammogl'am (no I'otation) fOl' this sample, Expel"imental conditions: Pt/C Snm, I'oom
tcmperature, 0.1 M HCI04• Scan rate 20 mV S·l, 1600 rpm for HOR and ORR curves; no
I"otation fOl' the blank CV.The insel·t shows the impedance measurement llt 0.68V vs. RHE
in oxygcn-saturated O.lM HCI04 at room temperature. Amplitude 0.01 V. Rangc 1 Hz
through 10kHz in a logarithmic scale. Rotation 1600 rpm.
Part B shows the effcct of m-compensation on the ORR curves COI'l'ccted for capacitivc
current. The insert shows the cffcct of IR-drop on the mcasured Tafcl slope. Mcasul'ed in
oxygen-Slltul'llted 0.1 M HCI04 llt room temperatuI'e with 1600 rpm rotation.
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Figure 2.2, A and B show the geometJ·y of the plane electrode model and disk electJ'ode
model, respectively. In the plane model the counter electrode is of the same shape and size of
the working electrode separated by a finite distance d. The diametel' of the disk was chosen
to be 6 mm; the planar electI'odes wel'e calculated with the same surface area as the disk.
The disk model of Newman [11] assumes the counter electrode is at infinity. The arrows in
both graphs reprcsent thc ficld lines. Part C shows thc apparcnt resistanccs predictcd by
both models and the values l'etJ"ieved fl"om OUI' expe.-iments in O,lM HCI04, equations al'e
Iistcd in the text.

Solution resistance is caused by a combination of low electrolyte concentration and

temperature as well as the distance of the Luggin capillary to the surface of the

working electrode. However, even if the capillary is brought close to the disk, we

find that a significant Ohmic resistance remains, as illustrated in table 2.1. This

effect has been observed and calculated before [11,15,37], concluding the potential

drop increases rapidly until the capillary is brought to about 0.5 mm from the

electrode, after which i remains essentially constant. Newman's model [11] shows

clearly that, for a 0.1 M copper sulfate solution, even when the probe of the
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reference electrode is only balf a millimeter from tbe surface of tbe electrode, tbe

resistance is by no means negligible. Tbe electrode and cell geometry cause a

spberieal distribution of current and potential lines, leading to an increase in tbe

apparent resistance which levels off at large distances, as illustrated in figure 2.2. At

infinite distance, Ncwman's geometry gives a resistance of

R = 1I(4oK)

where a is the radius of the disk and K is the electrolyte conductivity. For

intermediate distances d, tbe resistance can be estimated according to tbe procedure

outlined by Newman [Ill- From his equations for a three dimensional system, a

model equation can be derived where tbe Luggin capillary is placed exactly in line
with the electrode surface:

R = (211ac.) tan· l (d / a)

Figure 2.2 compares, for a 0.1 M HCI04 solution witb an estimated conductivity of
JPO.035 (ohm emrl,[38] the resistance calculated from Newman's model with the

resistance between two equally sized disk electrodes:

wbere d is tbe distance between the electrodes and A is tbeir area. Tbis planar model
was chosen to mimic the situation whcre thc countcr clectrodc would be small, and

the reference measurement placed directly at this counter electrode. From this

figurc it can be eoncludcd tbat Newman's model agrees with our experimental

situation remarkably well, especially when compared to the planar electrode model.
The higher values obtained from experiments can be explained in several ways,

such as slightly lower conecntration of the electrolyte, lower actual temperaturc in

the cell, shielding effects by the Luggin-Haber capillary at very short distances, or

contact resistances in the disk assembly setup. The reason for the discrepancy

between model and experiments at short distances of tbe Luggin capillary is not

known precisely, but is assumed 10 relate to non-distance related resistanees, such

as contact resistance. As is illustrated in table 2.1 and 2.2, tbe uncompensated

resistance decreases with both increasing temperature and base electrolyte

concentration. However, when the concentration is increased from 0.5 to 1.0 M, this

does not seem to affect tbe measured resistance very much; botb values arc equal
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within their standard deviation. Likely the supporting electrolyte is sufficiently

abundant that the reduction in resistance due to increased conductivity is very small

compared to the residual uncompensated resistive contributions, the exact origin(s)

of which remains somewhat elusive. Still, in a model experiment using electrodes

of standard size (6 mm diameter), even at such high concentrations and

temperatures the contribution of the Ohmic drop needs to be taken into account

because the values of resistance will lead to a significant potential drop at the

diffusion limiting current for the ORR. For a 28.5 Q resistance the half-wave

potential measured with diffusion limiting current of 1.6 mA is 23 mV lower than

the actual potential on the disk, while for a lower IR-drop of II Q it is still a

significant shift of 9 mV. These shifts have to be taken into account since they

cause a considerable error in the measurement, as will be shown in the next section.

I

Distance (mm) Resistance at 293 K (il) Resistance at 330K (il)

Table 2.1, dependence of Ohmic resistance as measured with impedance on distance of the
Luggin capillal)' from the surface of the electrode. Stand31'd deviMions al'e listed as errors.
Electrolyte used was O.IM HCI04, impedance spectroscopy was measured at 1600 rpm in
oxygen-saturated electrolyte and the solution resistance determined from the minimum in
thN 'tlt

2

10

15

20

28.1 ± 1.0

28.5 ± 0.2

29.4 ± 0.2

30.4 ± 0.8

15.5 ± 0.8

16.5 ± 0.2

18.4 ± 0.3

I

Concentration HCI04 Resistance at 293 K (il) Resistance at 330K (il)

(M)

Table 2.2, Resistance measured in Impedance meaSUl'ements fOl' diffel'cnt concenh'ations of
electrol)'te. Standard deviations arc listed as crrors. Impedancc spectroscopy was mcasured
at 1600 I'pm in oxygcn-saturated clcctrolytc and thc solution resistance detcl'mined from the

. th N . t lot

0.1

0.5

1

28.5 ± 0.2

11 ± 1.0

11.5 ± 1.2

16.5 ± 0.2

5.5 ± 0.6

7.0 ± 1.3
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2.3.2 Consequences on data interpretation

2.3.2.1 Influence of adsorption processes
The first source of error in dctcrmining thc activity of a high surface area eatalyst

for thc Oxygcn Reduction Rcaction (ORR) comes from the current due to

adsorption processcs at thc elcctrodc. Underpotential deposited hydrogen (Hupd) and

oxidc formation proccsses are taking place during the measurement of the ORR and

their current contributions are superimposed on the ORR curve 1391. This is

illustrated in figure 2.1A. The figure shows the curve for a high surface area pt/C·

catalyst, deposited on Glassy Carbon (GC) in black, as measured in an oxygen

saturated solution at 1600 rpm with a scan rate of 20 millivolts per second. Also
shown in this graph, in blue, is the blank eyelie voltammetry of this sample. The

Hupd featurcs at potcntials lower than 0.4 V arc clearly visible in the ORR curve.

The oxide plateau at potentials higher than 0.8 V is less obvious, but the oxide

reduction peak is again clearly visible at 0.75V in the cathodic sweep. When the

scan ratc is lowcrcd, the influence of this capacitive current is reduced, but the

influence of impurities is simultaneously increased. iL is then obvious a more

accurate curvc will bc obtained if the ORR curve can be corrected for the capacitive

current from adsorption processes while keeping the scan rate high enough to

minimize the eITeet of impurities. The HOR curves shown in the figure are

measured on a similar catalyst and exhibit clear Hupd features. The contribution of

adsorption on the eurve ean be neglected if the active surface area is small enough,

in case of single crystals for example (see e.g. in 1401 where such adsorption
features arc absent). However, for nanocatalysts, high surface area is an intrinsic

property of the catalyst and cannot be avoided. Therefore, proper corrections must

be applied to eliminate the error induced by adsorption processes. The average

contribution 10 Ihe ORR current from adsorption processes is a function of the

surface area and oxide adsorption, ranging from 0.6% for a Pt(lll) electrode to 30

50% for high surface area Pt nanoparticles as determined from our experiments. A

second way to dcal with capacitive currents on high surface area catalysts has been

proposed before 1411, in which the scan rate can be substantially lowered (to 5 mV
S·l) to minimize the contribution of capacitive current. However, this leads to lower

activity values duc to possible contamination and the hysteresis in the adsorbtion of

oxide containing species.
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2.3.2.2 Influence of Ohmic drop
At high current such as the diffusion limiting current in the ORR, the voltammetrie
features are shifted on the potential axis compared to the blank CV due to Ohmic

drop caused by system resistance. This misalignment causes the ORR curve to be

distorted whcn the blank CV is subtracted from the measured ORR curve. A

second, more worrying consequence of the Ohmic drop is the significant shift in the

steepness of the eurve for the ORR. These eITects are also illustrated in figure 2.IA:

the red curve shows the ORR current as measured with iR compensation, to be

compared with the uncompensated curve in black. At low currents the two graphs

overlap as the potential shift is negligible there. At high currents however, the

compensated curve renects the true potential as existing at the disk. The adsorption

features now line up much better with the blank CV and indeed when the blank CV
is subtracted from this curve the resulting ORR curve (figure 2.1 B) has a more

properly nat diffusion limiting current. The area of interest for studying the oxygen

reduction reaction in the potential range of O.85V to I.QV exhibits a much steeper

curve in case the Ohmic drop is compensated for. This is renected in the Tafel slope

as well. The insert in figure 2.1 B shows the effect of iR compensation on the Tafel

slope. There is a significant diITerence in slope between the compensated

(69 mV dec· 1
) and the uncompensated curve (99 mV dec· l

). As the Tafe! slope is

used to obtain information on the reaclion kinetics, measuring the wrong slope can

lead to wrong conclusions. The dependence of the HOR on Ohmic drop is shown in

figure 2.1A. The steepness of the curve changes dramatically with iR drop

correction. This again causes Tafe! slopes to be inaccurate. Perhaps the most
striking example of this is the comparison of the measured Tafel slopes with

measurements in the membrane electrode assembly (MEA) [411, where the Tafe!

slope is found to be straight, due to the fact that in MEA's the Ohmic drop is

compcn~atcd for, the ma~~ tran~port i~ much fa~ter, and there i~ no innucnce of

capacitive currents as the current densities are measured in steady-state rather than

sweeps. Furthermore, the absolute value of the kinetic current (ikin), often used as an

indication of the catalysts activity increases significantly when Ohmic drop is

applied appropriately; see table 2.3. Thus in order to be able to compare data from

different research groups it is important to compensate for Ohmic drop, lest the

resistance is compared rather than the activity.
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FigUl'e 2.3. ORR dependence on tempel'afUl'e (01' the me:tsurement with IR-dl'op
compensation. Thc rcd CUI"VC shows thc mcasurcmcnt at 293K; thc grccn onc shows thc
mcasurcmcnt at 333K. Expcrimcntal Conditions: Pt/C 5 nm, 0.1 M HCI04, scan ratc
20 mV s'l, I'otation 1600 I'pm.

Another unJortunate side ffect of solution resistance IS its dependence on the

temperature. Table 2.2 shows that when the temperature of the cell is increased

from room temperature to 330K the measured iR drop almost halves compared to

the value at 293K. Figure 2.3 shows the iR compensated curves for an ORR

measurement on the PVC high surface area catalyst. When the results for the ORR

activity of these catalysts are together analyzed, the results of which are given in

table 2.3 and 2.4, one concludes that when iR compensation is not applied, the

difference between E1I2 of the room temperature experiment and the measurement

at elevated temperatures is smaller than when iR compensation is properly applied

(table 2.4), The kinetic current values in table 2.3 are given in mA per cm2

electrochemical surface area. This area was determined in the same way as reported

before by Mayrhofer et al. [10] The uncompensated data in table 2.3 matches our

group's previous data [10, 42], the reported activities by other groups [7,43,44]

and previously published benchmarks [41] almost perfectly Also, as can be seen

from the value of the kinetic current at 925 mY, it is easy to draw wrong

conclusions about which temperature has the highest activity for the ORR. In the

uncorrected data, the elevated temperatures seem to be more active, whereas with

proper correction the data shows that such is not the case. This observation also

means that when we are looking in literature for data on ORR measurements with

temperature dependence, we have to be very careful with interpreting such data
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when it is obtained without Ohmic drop compensation. Small apparent activation of

catalysts at elevated temperatures in those data may be not much more than an

observation of the lower cell resistance. In addition to this, measurements of

activation energies with bigger electrodes have to be very carefully compensated for

Ohmic drop. As the resistance decreases with increasing temperature it will change

the slope of an Arrhenius plot (log current versus the reciprocal of the absolute

temperature), and thus it will cause the measured apparent activation energy to be

unrepresentative of the kinetic process one is trying to measure.

Table 2.3. Kinetic CUlTent density l':dues for the ORR of :l Pt/C 5 nm nanocatalyst. The
kinetic current densities were obtained from the posith'c-going ORR curve, which was first
corrcctcd for ca acitivc CUI'I'cnts, and consccutivcly corrcctcd for mass trans ort,

Potential l kiD at 293K l kio at 333K l kio at 293K l kio at 333K

(mV vs. RHE) (mA cmpl·2
) (mA cmpl·2

) (mA cmp.·2
) (mA cmpl·2)

900 0.37 0.45 0.54 0.6

925 0.20 0.22 0.27 0.27

950 0.097 0.095 0.115 0.105

No IR-drop correction

IR-compensated

889

905

897

906

2.4 Conclusion and Recommendations

In this paper, we have argued that without proper correction for 1) adsorption

processes and 2) IR compensation, the values for kinetic currents of model

electrocatalysts in model experimental setups may be incorrect and may lead to

misleading results in the comparison of catalysts. Although we realize that this

conclusion appears "old news", the examples given in this paper illustrate the

dramatic influence of proper IR compensation, especially for temperature

dependent measurements, that is nevertheless often disregarded.
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Especially on high surface area catalysts the contribution from the oxide adsorption

process at potentials of 0.8V and higher will be significant (up to 50%) and failing

to correct for this makes comparisons between catalysts with different surface areas

or different shapes of said oxide plateau impossible.

Ohmic drop compensation is evcn morc important as thc rcsistance of the solution

will not always bc cxaetly the same, espceially whcn comparing between different

setups and elcctrolytc conecntrations and tcmperatures. In order to make a

meaningful companson bctwecn ORR catalysts measured III different

environments, indeed even different research groups, onc needs to be sure the actual

reaction activity is compared and not the difference in iR drop between the different

measurements.

Positive feedback is a relatively easy way of correcting for most of the resistance

problem. This eorrcction will not only makc comparisons betwcen catalysts more

meaningful, it will simultaneously ensure that Tafcl slopes arc correct. Finally,

another important advantage of properly correcting for Ohmic drop lies in the fact

that conclusions derived from measurements at different temperatures will actually

represent the influence of temperature on reaction kinetics, rather than on changed

electrolytc conductivity. This includes propcr determination of temperature

dependence of the kinetic activity for the ORR, as well as apparent activation

encrgies measurcd and caleulatcd for a plethora ofdiffcrcnt reactions.

Summarizing, the problem of Ohmic drop is clearly nothing new, but is still often

ovcrlookcd, or often assumcd negligible, evcn though it is of significant influencc.

Wc recommend scrutinizing very carefully what influence this IR drop as well as

adsorption processes have in an experiment, and to duly compensate for them to

ensure a valid evaluation ofcatalysts in eleetrocatalysis.
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