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Figure S1. Cyclic voltammograms of a 1 cm? FTO electrode at 50 mV/s in 0.5 mM of: (a)

), (c) Fe?* (orange =), (d) Mn2+ (blue ==), (e) Pb2*

(brown ==), and (f) Ir3+ (purple ==). All metal ions were buffered with 50 mM MeP; at pH
8.0 except for Fe?* (which was deposited at 75 °C in 1.0 M KNO3) and Ir3+ (which was de-
posited in an oxalate/carbonate buffer at pH 10.5).
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Figure S2. Electrochemical stability for acidic OER measured by sustained chronoam-
perometry at 1.0 mA/cm?2 in 0.10 M Pi and 1.0 M KNOs solution at pH 2.5 for: MnCoOx de-
posited at 0.90 V (dark green ==), CoOx (red ==), MnOx (blue ==), FeOx (orange =), NiOx
(light magenta =), [rOx (purple ee¢), and FTO (grey «+¢). The inflection of potential in the
plots indicates film dissolution.
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Figure S3. Measured oxygen concentration and corresponding faradaic efficiency of OER in
0.5 M Pi solution at pH 2.5 on CoMnOx operated at 0.1 mA/cm? (red, ¢) and CoFePbOx op-
erated at 1.0 mA/cm? (blue, ®). 02 was detected by gas chromatography in 20 min snap-
shots and theoretical Oz concentrations (grey, == =) are calculated from the charge passed

during chronoamperometry assuming 100% Faradaic efficiency. The average efficiency for
CoMnOx and CoFePbOx is 91 and 97%), respectively.
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Figure S4. EDS elemental maps recorded through SEM of: (a) CoMnOx (deposited at 0.65
V), (b) CoMnOx (deposited at 1.15 V), and (c) CoPbOx. Individual elemental channels for Co
(red), Mn (blue), and Pb (green) were combined and overlaid on the respective SEM image.
All samples were prepared on FTO substrate, and scale bars are 200 nm for CoMnOx and
100 nm for CoPbOx.
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Figure‘5. STEM image of (a) CoMnOXI:‘m (b) CoFePbOx electrdeposited dectly on a
carbon mesh TEM grid. Scale bar is 10 nm.
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Figure S6. X-ray diffraction patterns of CoMnOx (red, ==) and CoFePbOx (blue, ==) pow-
ders, originally prepared as thin films on FTO.

Normalized Intensity

S8



Normalized Intensity

740 730 720 710 700
Binding Energy / eV

Figure S7. High-resolution XPS spectra in the Fe 2p region for CoFePbOx (dark green =)
compared to a Fe203 control (orange ==). The peak for CoFePbOx is assigned to Sn 3ps,2
from the underlying FTO substrate.

S9



Co™ g Co,0,
¢ .
N _
Co
--------------------------------------------------- -.uv-ukuv-v--v--v
HCoO,
co
®
[ ]
P
PbO,
°
Pb* —
. o
B PSR Koy N o L MNPl e e
. HPBO,
°
[ ]
Pb
1 4 4

MnO,
- ]
Mne
[ ]
~no, e — ]
M = -
.. ------- * MH’O .........
Mn?}x'
» Mn{OH),
MnOH} L ]
[ ]
Mn
[i] 12
FeO >
L]
Fe™
L]
Fe, O,
Far °
............... T e PRSP T EETRE TR
L
FeO.
- Fe0 *
L] B =
FeOH- ¥-
T - HFeO.| @
1Fe0,*
L]
Fe
4 10 3

Figure S8. Pourbaix diagrams of Co, Mn, Pb, and Fe oxides generated from the Materials

Project.1
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Table S1. Elemental analysis of CoMnOx, CoPbOx, and CoFePbOx films.

Sample Technique? Co% Mn% Pb % Fe %
CoMnOx (0.65 V)a EDS 39 61
CoMnOx (0.90 V) EDS 50 50
[CP-MS 51 49
CoMnOx (1.15 V) EDS 83 17
CoPbOx [CP-MS 18 82
CoFePbOx [CP-MS 15 83 2

a Deposition potential of the mixed metal film. » EDS denotes energy dispersive X-ray spec-
trometer employed during scanning electron microscopy. ICP-MS denotes inductively coupled

plasma mass spectrometry.
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