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Figure S1 Synchrotron XRD patterns of HEO NPs with different catechol concentration. (a) Wide-
angle view and (b) magnified view around the (311) peak.
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Figure S2 Particle size distribution calculated from TEM images. (a) HEO-0, (b) HEO-0.1, (c)
HEO-0.3, (d) HEO-0.5. The size of 100 particles was counted from TEM images.



20 . T T T T T
O Crystalline size
® Particle size
154 .
= ®
oy
; 10 1 L .
N e}
w
o} )
5 o]
0 T L L T T
0 0.1 0.2 0.3 0.4 0.5

Conc. of catechol / M

Figure S3 Crystallite size from XRD patterns and particle size from TEM images. The particle
size was estimated by averaging the diameters of 100 particles observed from TEM images.
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Figure S4 TG/DTA curves of HEO-0 and HEO-0.5. The solid line and the dashed line represent
the weight of TG and the DTA signal, respectively. Black: HEO-0, Red: HEO-0.5.
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Figure S5 Metal element ratio of HEO NPs obtained by ICP-OES measurements. The Fe value is
normalized as 4.

Figure S6 Wide range STEM images of HEO-0.5. (a) ABF image and (b-g) the corresponding
EDX-mapping. (b) merge, (c) Mn, (d) Fe, (e) Co, (f) Ni and (g) Zn. The scale bar is 20 nm.
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Figure S7 Metal K-edge XANES spectra of constituent metal elements of the HEO NPs. (a) Mn,
(b) Fe, (c) Co, (d) Ni, and (¢) Zn.
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Figure S8 Metal K-edge FT-EXAFS spectra of constituent metal elements of HEO-NPs. (a) Mn,
(b) Fe, (c) Co, (d) Ni, and (e) Zn.
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Figure S9 Evaluation of double-layer capacitance for CNT-free HEO electrodes. CVs of (a) HEO-
0, (b) HEO-0.1, (c) HEO-0.3, and (d) HEO-0.5 recorded in a non-faradaic potential region between
0.9 and 1.1 V vs. RHE at scan rates of 5 — 200 mV s™'. (e) Capacitive current plotted as a function
of scan rate with the inset number calculated double layer capacitance (black: HEO-0, red: HEO-
0.1, green: HEO-0.3, blue: HEO-0.5). The electrode was prepared modifying electrode with
catalysts inks without CNTs in the same catalyst loading amount to exclude the electrochemical
capacitance of CNTs.
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Figure S10 In-situ XANES spectra of the metal K-edge for the HEO-0.5 in the redox region. (a)
Mn, (b) Fe, (c) Co and (d) Zn. The potential sweep is initially from 1.2 V to 1.47 V as the forward
scan and go back to 1.2 V as the reverse scan.
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Figure S11 In-situ FT-EXAFS spectra of the metal K-edge for the HEO-0.5 in the redox region.
(a) Mn, (b) Fe, (c) Co and (d) Zn. The potential sweep is initially from 1.2 V to 1.47 V as the
forward scan and go back to 1.2 V as the reverse scan.
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Figure S12 XRD patterns of HEO synthesized hydrothermal method with (HT-HEO-0.5) and
without (HT-HEO-0) catechol. For the details of the synthesis protocol, see the experimental

section.

(b)

Figure S13 TEM images of HEO synthesized hydrothermal method. (a) HT-HEO-0 and (b) HT-

HEO-0.5. The scale bar is 100 nm.
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Figure S14 OER activity of HEO synthesized under hydrothermal method. The data of HEO
catalysts are also shown for comparison. (a) Cyclic voltammograms of HEO NP, (b) Tafel plot of
HEO NPs obtained by the chronoamperometric measurement, and (c) OER current at 1.65 V
plotted against crystallite size obtained from XRD pattern.
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Figure S15 Polarization curves of AEMWE cells using HEO-0.5/Ni anodes with different Ni-
HEO mass ratios in 1.0 M KOH at 80 °C. Corresponding Nyquist plots at 1.5 V applied potential

for (b) the same MEAs, and Nyquist plots specifically for (c) anode and (d) cathode side
contribution.
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Figure S16 Comparison of the MEA performance using the developed catalyst in this study and
previous studies listed in Table S2.
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Table S1 Summarized table of the OER activities for reported spinel oxides evaluated using 1 M
KOH solution. Overpotential is determined as the potential reaching 10 mA cm™.

Catalysts Catalyst Particle Over- Tafel slope Ref.
loading size potential value
amount (nm) (mV) (mV/dec)
(mg/cm?)
HEO-0 179 19.3 342 37.7 This work
HEO-0.1 179 12.6 320 38.6 This work
HEO-0.3 179 10.2 323 373 This work
HEO-0.5 179 6.8 327 34.0 This work
HT-HEO-0 179 8.9 340 37.8 This work
HT-HEO-0.5 179 5.2 297 51.1 This work
NiFe-LDH 100 <lum 290 51 Ref. S9
(flower-like
microspheres)

CoOx 500 <lum 306 67 Ref. S10
(Nanoplate)

CMO/NCNF 240 300 nm 340 93.5 Ref. S11
(nanofiber)

Mp-Co304 138 80 nm 380 72 Ref. S12
(nanowire)

N-CG-CoO 707 10-30 nm 340 71 Ref. S13

Note: The reference works used RDE composed of glassy carbon electrodes.
a: crystallite size is shown for HT-HEOI-0 and HT-HEO-0.5 since it is difficult to estimate the
particle size from TEM images.
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Table S2 Summarized table of the MEA characteristics tested in this study and reported paper.

Entry Anode Cathode Membrane | Catalyst Activity Condition references
loading
amount
(mg/cm?)
1 HEO-0.5-Ni PrRu/C PiperlON 0.6 1.83 V@ 1.0 A cm™ 1.0 M KOH | This work
20 pm 1.96 V@ 2.0 A cm™ 80 °C
219V @4.0 A cm™
2 NirFeg— NisMo/MoO, | FAA-3-50 24.87 1.65V @ 1.0 A cm™? 1.0 M KOH Ref. S1
Ni3S2/NF /NF 50 pm 223V @4.0 A cm™ 80 °C
3 NiFe-LDH JH-Pt,Tb/C Sustainion 2.0 1.79V@ 1.0 Acm™ 1.0 M KOH Ref. S2
X37-50 RT 80 °C
4 NiFe-LDH Ru-YNC Sustainion 0.5 1.87 V@ 1.0 A cm™ 1.0 M KOH Ref. S3
X37-50 80 °C
Grade 60
5 NiFe LDH PtNiCoP@M | Sustainion 2.5 1.80 V@ 1.0 A cm™ Ref. S4
Xene X37-50 2.00V@2.0A cm™?
grade RT
50 pm
6 NiFe;0,4 NiFeCo PiperlON 2.0 1.90 V@ 1.0 A cm™ 1.0 M KOH Ref. S5
15 pm 2.02V @2.0A cm™ 80 °C
7 NiFe- Pt-AC/Cr-N- | Sustainion N/A 1.90V@ 1.0 Acm™ 1.0 M KOH Ref. S6
LDH/NF C X37-50 80 °C
8 FeCoNiCrMn | FeCoNiCrMn - N/A 203V@1.0Acm? 1.0 M KOH Ref. S7
HEA/NM HEA/NM 244V @2.0Acm? 80 °C
9 FeCoNiMoW PtRu/C PiperlON- 1.0 1.75V @ 1.0 A cm™ 1.0 M KOH Ref. S8
@FeCoNiOOH A40-HCO3 1.88 V@ 2.0 A cm™ 80 °C
40 um 219V @4.0Acm™
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