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Section S1: XPS Spectra
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Figure S1 — XPS of electrodeposited bare glassy carbon electrode. (a) XPS survey scans with
XPS and Auger peaks assigned as labeled. (b) High resolution scans of the Iryq/Ptsg/Rusq region.
The peak at 284.3 eV is the expected C;s peak for graphitic carbon in a glassy carbon

electrode.>™? No other peaks are evident in this region.
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Figure S2 — XPS of electrodeposited IrO4 on glassy carbon. (a) XPS survey scans with XPS and
Auger peaks assigned as labeled. (b) High resolution scans of the Irsg/Ptsg/Rusq region. The peak
at 284.3 eV is the expected Cy, peak for graphitic carbon in glassy carbon,>?
at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface.>** The

peaks at 313.9 and 297.9 are assigned to the Ir 40> and 4d° electrons, respectively.

and the small peak
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Figure S3 — XPS of electrodeposited CoOy-(a) on glassy carbon. (a) XPS survey scans with XPS
and Auger peaks assigned as labeled. Small peaks barely above baseline at 105 eV, 169 eV, and
232 eV are assigned to Coss, Sy, and Sy, respectively. Note that the presence of sulfur may be
due to adsorbed ions from the deposition bath. (b) High resolution scans of the Irsg/Ptsq/Rusq
region. The peak at 284.3 eV is the expected Cy, peak for graphitic carbon in glassy carbon.>!?

No other peaks are evident in this region.
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Figure S4 — XPS of electrodeposited CoOy-(b) (CoPi) on glassy carbon. (a) XPS survey scans
with XPS and Auger peaks assigned as labeled. (b) High resolution scans of the Irs4/Ptyg/Rusg
region. The peak at 284.3 eV is the expected Cis peak for graphitic carbon in glassy carbon,>?
and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon

surface.>™* No other peaks are evident in this region.
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Figure S5 — XPS of electrodeposited CoFeOy on glassy carbon. (a) XPS survey scans with XPS
and Auger peaks assigned as labeled. Note that there is significant overlap between expected Co
and Fe peaks preventing unambiguous assignment. (b) High resolution scans of the Irsq/Ptsg/Rusg
region. The peak at 284.3 eV is the expected Cy, peak for graphitic carbon in glassy carbon,>!?
and the small peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon

surface.>™* No other peaks are evident in this region.
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Figure S6 — XPS of electrodeposited NiOx on glassy carbon. (a) XPS survey scans with XPS and
Auger peaks assigned as labeled. (b) High resolution scans of the Irsg/Ptsg/Rusq region. The
peak at 284.3 eV is the expected Cy, peak for graphitic carbon in glassy carbon,* and the peak
at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface.>** No

other peaks are evident in this region.
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Figure S7 — XPS of electrodeposited NiCeOy on glassy carbon. (a) XPS survey scans with XPS
and Auger peaks assigned as labeled. (b) High resolution scans of the Ir/Pt/Ru 3d region. The
small peak at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon,*"% and
the broad peak at 287.7 eV is typical for more oxidized carbon groups on an anodized glassy
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Figure S8 — XPS of electrodeposited NiCoOy on glassy carbon. (a) XPS survey scans with XPS

and Auger peaks assigned as labeled. Note that the presence of sulfur may be due to adsorbed ions

from the deposition bath. (b) High resolution scans of the Irsq/Ptsg/Rusg region. The peak at 284.3
eV is the expected Cy; peak for graphitic carbon in glassy carbon,>*? and the small peak at 287.7

eV is typical for more oxidized carbon groups on an anodized carbon surface.>** No other

peaks are evident in this region.
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Figure S9 — XPS of electrodeposited NiCuOy on glassy carbon. (a) XPS survey scans with XPS
and Auger peaks assigned as labeled. Small peaks at 69 eV, 126 eV, 169 eV, and 232 eV are not
labeled but assigned as Ni 2p, Cu 2s, S 2s, and S 2p peaks, respectively. Note that the presence of
sulfur may be due to adsorbed ions from the deposition bath. (b) High resolution scans of the
Ir4a/Ptsa/Rusq region. The peak at 284.3 eV is the expected Cys peak for graphitic carbon in
glassy carbon,>? and the small peak at 287.7 eV is typical for more oxidized carbon groups on

an anodized carbon surface.>>* No other peaks are evident in this region.
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Figure 10. XPS of electrodeposited NiFeO on glassy carbon. (a) XPS survey scans with XPS
and Auger peaks assigned as labeled. Small peaks barely above baseline at 69 eV, 114 eV, 169
eV, and 232 eV are not labeled but assigned as Nigp, Feos, Sos, and Sy peaks, respectively. Note
that the presence of sulfur may be due to adsorbed ions from the deposition bath. (b) High
resolution scans of the Iryq/Ptsg/Rusg region. The peak at 284.3 eV is the expected Cys peak for
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graphitic carbon in glassy carbon,>? and the small peak at 287.7 eV is typical for more oxidized

carbon groups on an anodized carbon surface.>* No other peaks are evident in this region.

8000 |-(;
7000 O,
6000 |\

5000 [
4000 -
3000 f
2000 |
1000 |

600 |-

400

Electron Counts
Electron Counts

200

NiLao,

0 1 1 1
1000 800 600

NiLaO,
200 0 340 330 320 310 300 290 280 270
Binding Energy / eV Binding Energy / eV

400

Figure S11 — XPS survey scan of the electrodeposited NiLaOx on glassy carbon. XPS peaks and
Auger peaks assigned as labeled. (b) High resolution scans of the Irsq/Ptsg/Rusqg region. The peak
at 284.3 eV is the expected C 1s peak for graphitic carbon in glassy carbon,>*? and the small

peak at 287.7 eV is typical for more oxidized carbon groups on an anodized carbon surface.>'?

No other peaks are evident in this region.
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Section S2: Choice of Specific Capacitance

Table S1. Reported specific capacitances for various materials in alkaline and acidic solutions.

Alkaline Solutions

Material Solution Cs/ pF cm? | Reference
S4
C 5M KOH 22
S5
Co 1 M NaOH 27
S6
Cu 1 M NaOH 130
S7
Mo 1 M NaOH 30
S8
Ni 1 M NaOH 25
59
Ni 0.5 M KOH 40
S10
Ni 31% KOH 30
S11,12
Ni 4 N KOH 22
S5
NiCo 1 M NaOH 26
S9
NiMoCd 0.5 M KOH 90
S13
Pt 1 N KOH 60
S14
Pt 1M KOH 28
S15
Pt/C 1 M KOH 30
S16
Stainless Steel 1 M NaOH 29

H,SO, Solutions

Material Solution Cs / pF em” | Reference
54
C 1 M H,S0Oq 13-17
S17
Cu 1.8 M H,SO,4 25
S18
Cu 0.5 M H,S0Oq, 50
S19
CuAu 1M HzSO4 30
S7
Mo 1 N H,SO4 27
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520
Ni 0.5 M H,SO, 20

S21
Pt 1 M H,S0, 17

522
Pt 1 N H,SOq4 35-45

S13
Pt 1 N H,SO4 110

523
Pt 0.1 N H,SO,4 15

The average specific capacitance of 40 puF cm™ in 1 M NaOH and 0.35 puF cm?in1M
H,SO, used in the determination of the electrochemically-active surface area were based on
reported capacitances of metallic surfaces in alkaline and H,SO, solutions (Table S1). In
alkaline solution, the specific capacitances of Ni surfaces have been among the most widely-
studied. 4 different studies of Nickel surfaces showed specific capacitances ranging between 22
to 40 uF cm™ in strongly alkaline conditions (0.5 M to 4 N NaOH or KOH). NiCo and Ni-Mo-
Cd surfaces have also been investigated and have reported specific capacitances of 26 pF cm™
and 90 uF cm™, respectively. The average specific capacitance for these Ni-containing materials
is ca. 36.5 uF cm™. If we also include the reported specific capacitances for carbon, Cu, Pt, Co,
and Mo in strongly alkaline solutions, then the average specific capacitance increases to ca. 43
uF em®. Of course, it is unclear how appropriate it is to average these literature values since a
simple mean gives artificial weight to those materials studied more thoroughly, but most
materials reported showed a specific capacitance between 22 and 40 pF cm™, so we chose 40 uF
cm™as our specific capacitance in 1 M NaOH and reported it as a “typical” value for these
materials. We arrived at our value of 35 pF cm™ in 1 M H,SQy in a similar manner using
reported values for Pt, Ni, Cu, Carbon, Mo, and CuAu in H,SO, solutions (average value, ca. 35
uF cm™®). Note that even though the chosen specific capacitance values may vary by up to a
factor of 3-4 from the extremes of the range of reported materials, they are still within the +/-

order of magnitude we report as the believable range of our roughness-factor values.
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Section S3: Pt Surface Area
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Figure S12. Cyclic voltammogram of a Pt disk in 1 M H,SO, at a sweep rate of 0.05 V/s in the
H-UPD region. The dotted lines are the double-layer charging background extrapolated from the
double-layer region of the voltammogram. The surface area of the Pt disk was calculated by
integrating the background-corrected anodic hydrogen desorption peaks and dividing by q = 210
uC cm™, the estimated charge associated with the desorption of a monolayer of hydrogen atoms
on a smooth polycrystalline Pt surface.5*?*% For the voltammogram shown above, the charge
associated with hydrogen desorption is 0.39 mC, and the resulting estimated surface area is 1.9

cm?.
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Figure S13. Double-layer capacitance measurements for determining electrochemically-active
surface area for a Pt disk from voltammetry in 1 M H,SO,. (a) Cyclic voltammograms were
measured in a non-Faradaic region of the voltammogram at the following scan rate: (—) 0.005
(—) 0.01, (—) 0.025, (—) 0.05, (—) 0.1, (—) 0.2, and (—) 0.4 V/s. The working electrode was held
at each potential vertex for 10 s before the beginning the next sweep. All current is assumed to
be due to capacitive charging. (b) The cathodic (o) and anodic (o) charging currents measured at
0.25 V vs SCE plotted as a function of scan rate. The determined double-layer capacitance of
the system is taken as the average of the absolute value of the slope of the linear fits to the data—
here it is 0.073 mF. Assuming a general specific capacitance of 0.035 mF cm™ gives an

electrochemically active surface area of 2.1 cm? from this measurement.

S11



N w
o o

=
o

-Im(2) / 10° Q

o

10 5 0 10 15 20
Re(2) /10’ Q

Figure S14. Representative Nyquist plots for a Pt disk electrode in 1 M H,SO,4 at 0.2 V (D),
0.25V (o), and 0.3 V (A) vs SCE measured from electrochemical impedance spectroscopy in the
frequency range 50 kH, to 100 H,. These potentials fall in a potential region in which no
Faradaic processes are observed. The solid lines are the fits to the data using the simplified
Randles circuit shown in the inset of Figure 3. The determined double-layer capacitance of the
system from the fitted data is 0.075 mF, or 2.1 cm? assuming a general specific capacitance of

0.035 mF cm™.
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Section S4: Representative Current and Potential Steps for NiO,
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Figure S15. (a) Representative 30 s current steps from 0.1 mA cm™ to 20 mA cm™ at 1600 rpm
in Op-saturated 1 M NaOH. The measured overpotentials at each applied current density are
shown as red circles in Figure 4 in the text. (b) Representative 30 s potential steps fromn =0V
to 0.55 V at 1600 rpm in Oy-saturated 1 M NaOH. The measured current densities at each

applied overpotential are shown as blue squares in Figure 4.
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Section S5: Representative Activity and Stability Measurements
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Figure S16. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited CoOy-(a) catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited

CoOy-(a) catalyst.
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Figure S17. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited CoOy-(b) (CoPi) catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The
results of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
CoOy-(b) (CoPi) catalyst.
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Figure S18. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited CoFeOy catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited

CoFeOy catalyst.
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Figure S19. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited IrO catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results of
30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for an electrodeposited 1rOy
catalyst.
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Figure S20. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited NiCeOy catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*® The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
NiCeOy catalyst.
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Figure S21. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited NiCoOx catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*® The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
NiCoOy catalyst.
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Figure S22. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited NiCuOx catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
NiCuOy catalyst.
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Figure S23. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited NiFeOy catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
NiFeOy catalyst.
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Figure S24. A representative rotating disk voltammogram of the oxygen evolution reaction at an
electrodeposited NiLaOy catalyst at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results
of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for
comparison, and the close overlay of the data suggests good approximation of steady-state
conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current density
expected for a 10% efficient solar water-splitting device.>*? The inset is a representative 2-h
controlled-current electrolysis at 10 mA cm™ per geometric area for the same electrodeposited
NiLaOy catalyst.
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Figure S25. A representative rotating disk voltammogram of the oxygen evolution reaction at a
bare glassy carbon electrode at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results of 30
s chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for comparison,
and the close overlay of the data suggests good approximation of steady-state conditions. The
horizontal dashed line at 10 mA cm™ per geometric area is the current density expected for a

$26-28

10% efficient solar water-splitting device. The inset is a representative 2-h controlled-

current electrolysis at 10 mA cm™ per geometric area for the same glassy carbon electrode.
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Figure S26. A representative rotating disk voltammogram of the oxygen evolution reaction at a
Ni film sputtered onto a glassy carbon electrode at 0.01 V/s scan rate and 1600 rpm in 1 M
NaOH. The results of 30 s chronopotentiometric steps (o) and chronoamperometric steps (o) are
shown for comparison, and the close overlay of the data suggests good approximation of steady-
state conditions. The horizontal dashed line at 10 mA cm™ per geometric area is the current

52628 The inset is a

density expected for a 10% efficient solar water-splitting device.
representative 2-h controlled-current electrolysis at 10 mA cm™ per geometric area for the same
glassy carbon electrode. The overpotential at 10 mA cm™ for the sputtered Ni system is n = 0.42

+ 0.1 Vattime =0, and n=0.45 £ 0.3 V after 2 hours of constant polarization at 10 mA cm™.
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Figure S27. A representative rotating disk voltammogram of the oxygen evolution reaction at a
Ni electrode at 0.01 V/s scan rate and 1600 rpm in 1 M NaOH. The results of 30 s
chronopotentiometric steps (o) and chronoamperometric steps (o) are shown for comparison,
and the close overlay of the data suggests good approximation of steady-state conditions. The
horizontal dashed line at 10 mA cm™ per geometric area is the current density expected for a

10% efficient solar water-splitting device.>**%

The inset is a representative 2-h controlled-
current electrolysis at 10 mA cm™ per geometric area for the same glassy carbon electrode. The
overpotential at 10 mA cm™ for the sputtered Ni system is 1= 0.38 + 0.1 V at time = 0, and 1 =

0.38 + 0.1 V after 2 hours of constant polarization at 10 mA cm™.
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Section S6: Activity and Stability of NiCeO, on Ni electrodes
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Figure S28. Representative rotating disk voltammograms of the oxygen evolution reaction at an
electrodeposited NiCeOy catalyst on a Ni electrode at the (—) 1st, (—) 2nd, and (—) 10th
sequential voltammograms at 0.01 V/s scan rate in 1 M NaOH. The dashed horizontal line is at
10 mA cm™, and the dashed green voltammogram is the background oxygen evolution at a bare
Ni electrode under the same conditions. The overpotential at which the NiCeOy catalyst on Ni
electrode achieves 10 mA cm™ in the negative-going scan changes from 1 = 0.29 V in the first
voltammogram, and achieves 16 mA cm™? at 1 = 0.3 V. This is close to the reported activity for
NiCeO, on Ni of 16 mA cm™ at n= 0.28,5%° and is much lower than the n = 0.43 V measured on
glassy carbon. However, after 10 sequential voltammograms, the overpotential required to
achieve 10 mA cm increases to n=0.33 V, and is stable at n = 0.35 V for over 2 hrs at 10 mA

cm’? (inset).
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Section S7: Stability of IrO, Films Prepared with Different Deposition
Solutions

10 mA cm™ IV
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Figure S29. Representative 2-h controlled-current electrolysis at 10 mA cm™ per geometric area
for 1IrOy electrocatalysts on glassy carbon supports deposited from solutions prepared with (—)
2.4 mM K;IrClg or (—) 16.1 mM KlIrClg. Note that the IrOy catalysts deposited from the two
solutions show equivalent operating potentials of 1 = ca. 0.32 V at 10 mA cm™ current density
at t = 0, but the IrO4 catalyst deposited from the more concentrated solution shows enhanced
stability compared to that deposited from the less concentrated solution. In general, after 2 h of
constant polarization at 10 mA cm™, the catalysts deposited from the 16.1 mM KIrClg solution
have an average operating potential of n = 0.41 £ 0.06 V, compared to = 1.05 + 0.2 V for the
catalysts deposited from the 2.4 mM K;IrClg solution.
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Section S8: 2e” Reduction of O, at a rotating Pt ring at 1600 rpm
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Figure S30. (a) Rotating-ring voltammograms for a Pt ring in 1 M NaOH. The ring current was
measured as a function of potential at various rotation rates: (—) 200 rpm, (—) 400 rpm, (—) 800
rpm, (—) 1200 rpm, (—) 1600 rpm, (—) 2400 rpm, and (—) 3000 rpm. (b) The apparent number

of electrons, napp, Was calculated at -0.7 V vs. SCE from the Levich equation at a rotating ring:
lip| = 0.62n,,, Fr(ry — r$)2/3 D230 /2y=1/6[0,]

Here i, is the measured plateau current, F is Faraday’s constant, r, = 0.375 cm is the outer ring
diameter, r; = 0.325 cm is the inner ring diameter, D = 1.9 x 10> cm? s* is the diffusion
coefficient of O, in 1 M NaOH,** v = 0.012 cm? s is the kinematic viscosity of the
solution,>*"% and [0,] = 8.4 x 10" mol cm™ is the concentration of O, dissolved in a 1 M NaOH
solution under 1 atm 0,.%%* The trend of decreasing nap, with increasing rates of mass
transport to the electrode surface is qualitatively similar to previously reported results in 1 M
NaOH.3**%" Note that nsp, = ca. 2 at the ring electrode at a rotation rate of 1600 rpm. For the

manuscript, all RRDE measurements were conducted at a rotation rate of 1600 rpm.
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Section S9: Using Tafel plots to compare electrocatalysts

We chose not to use Tafel plots as a metric for comparing electrocatalytic data due to the
complexity in estimating and understanding the relevant parameters in multi-step, multi-electron
transfer mechanisms. The two values commonly derived from such an analysis are exchange
current densities, which are a measure of intrinsic kinetic activity, and Tafel slopes, which are
related to catalytic mechanism. In general, exchange current obtained by extrapolating Tafel
plots tend to have large errors.>** Therefore, we chose the overpotential at 10 mA cm™ as a
figure of merit instead of an exchange current density.

Tafel slopes can be very powerful in helping to discern catalyst mechanism. However, in
multi-electron processes there is often a potential-dependent component to the Tafel slope.>*®
This often manifests itself as two or more different “Tafel slopes™ at different potentials, and has
several different system-specific explanations including potential-dependent changes in the rate-
determining step of the catalytic mechanism, repulsion of between adsorbed intermediates
(which can be enhanced at larger overpotentials due to larger coverage of intermediates), and
blocking of active sites by unreactive species. Moreover, the Tafel plot is often non-linear in the
region in which the Tafel slopes transition from one to another, further complicating analysis.
Thus, determining what to report as the Tafel slope(s) can be challenging and is system-
dependent.

For these reasons, although we believe that analyzing Tafel plots can be extremely useful
in analyzing catalyst mechanism, we believe that performing a meaningful Tafel analysis for

every catalyst investigated is beyond the scope and intent of this manuscript.
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Section S10: Discussion Regarding Studying Electrocatalysis at
Intermediate pH

The analytical procedures highlighted in the benchmarking method presented here can be
used in any pH condition. The challenge in benchmarking systems at intermediate pH lays
instead in the choice of buffer and electrolyte. Because the conjugate bases of buffering systems
tend to be relatively coordinating, they often specifically adsorb to metal and metal oxide
surfaces. For instance, orthophosphates such as HPO4* and H,PO,” are well known to
coordinate strongly to various metal and metal-oxide surfaces.>***® Specific adsorption of
strongly-adsorbing anions can have profound effects on electrocatalytic activity.>*® In particular,
coordinating anions such as phosphate have been shown to have an inhibitory effect on Cl,-
evolution and O,-evolution by RuO, and O,-reduction by Pt.5*#? The choice of buffer has also
been shown to affect the electrocatalytic kinetics of OER by cobalt oxide catalysts.>*:

Due to the influence the choice of buffer can have on the electrocatalytic activity of an
OER catalyst, we believe that studies at intermediate pH are more complicated, and any system
studied at intermediate pH may need to be studied using more than one buffered and perhaps
even unbuffered electrolytes, although unbuffered systems introduce even more complications
due to decreasing local pH as a function of OER turnover. However, such a study is beyond the

scope of the current manuscript.
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