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a) Pictures of solution-stabilized metal ions in ethanol, from left to right: Co,
2ColFe, 1ColFe, 1Co2Fe, and Fe. b) As-prepared mesoporous samples on nickel
foam substrate, from left to right: Co, 2Co1Fe, 1ColFe, 1Co2Fe, and Fe.

Cross-sectional SEM image of m-CFO with a precursor Fe:Co ratio of 1:1
SEM images of the m-CFO structures: a) Co, b) Fe, c) 2Co1Fe, and d) 1Co2Fe.
Nitrogen and krypton orption isotherms of the m-CFO |0 samples.

Comparison of XRD patterns of a) Coz04 and b) 1ColFe samples on NF substrates
before and after electrochemical (EC) reactions.

EDX patterns of the series of spinel catalysts: a) m-Co30s4, b) 2Co1Fe, c) 1ColFe,
d) 1Co2Fe, and e) m-Fe;0s.

Wide-scan XPS spectra of the 2Co1Fe, 1ColFe, and 1Co2Fe m-CFO samples.

O 1s XPS spectra of (a) 2Co1Fe, (b) 1ColFe and (c) 1Co2Fe.

SEM images with different magnifications of 1ColFe after electrochemical
reactions in 1M KOH.

Figure S10.a) LSVs showing the Co*/Co3* formation peak used for area integration. b)

Relative electrochemical surface area of 2ColFe, 1ColFe, and 1Co2Fe

Figure S11. The relative ECSA-normalized LSVs for HER of different samples m-CFO 10s with

various Co:Fe ratios.
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Figure S1 a) Pictures of solution-stabilized metal ions in ethanol, from left to right: Co, 2Co1Fe,
1ColFe, 1Co2Fe, and Fe. b) As-prepared mesoporous samples on nickel foam substrate, from
left to right: Co, 2ColFe, 1ColFe, 1Co2Fe, and Fe.

Figure S2 Cross-sectional SEM image of m-CFO with a precursor Fe:Co ratio of 1:1 reveal that
the thickness of inverse opal thin film on the substrate of about 2.5 um.
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Figure S3 SEM images of the different m-CFO structures: a) Co, b) Fe, c) 2ColFe, and d)
1Co2Fe. Scale bars are 1 um. The SEM images confirm the highly uniform coating layer of
catalysts on the NF substrates. Insets are the corresponding high-resolution SEM images and
have scale bars of 100 nm.
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Figure S4 a) Nitrogen sorption isotherms and the pore size distributions (inset) for the 1ColFe
sample. Krypton sorption isotherms for the b) 2ColFe and c) 1Co2Fe samples.
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Figure S5 Comparison of XRD patterns of a) Co304 and b) 1ColFe samples on NF substrates
before and after electrochemical (EC) reactions.
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Figure S6 EDX patterns of the series of spinel catalysts: a) m-Co304, b) 2Co1Fe, c) 1ColFe, d)
1Co2Fe, and e) m-Fe;0s. The insets contain calculated percentages of the elements (see
below) in the samples, both expressed as weight and atomic percentages.

The x values for different Co:Fe m-CFOs, i.e. CosxFexOs4, were extracted from the mass
percentages of Fe, Co, and O as determined from EDX.

With the atomic mass of Co 58.93 g/mol, Fe 55.85 g/mol, and O 16.00 g/mol, the mass
contributions of Co, Fe, and O in m-CFO are 58.93*(3-x) g/mol, 55.85*x g/mol, and 16.00*4
g/mol, respectively. The weight% were calculated as follows: Co: 58.93*(3-x)/(58.93*(3-x) +
55.85*x + 64.00)*100%, Fe: 55.85/(58.93*(3-x) + 55.85*x + 64.00)*100%, O: 64.00/(58.93*(3-
X) + 55.85*x + 64.00)*100%.
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Figure S7 Wide-scan XPS spectra of the 2Co1Fe, 1ColFe, and 1Co2Fe m-CFO samples.
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Figure S8 O 1s XPS spectra of (a) 2Co1Fe, (b) 1ColFe and (c) 1Co2Fe.

Figure S9 SEM images with different magnifications of 1Co1Fe after electrochemical reactions
in 1M KOH. Scale bars: (a) 1 um, (b) 200 nm.
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Figure S10 (a) LSVs showing the Co*/Co3" formation peak used for area integration. (b)
Relative electrochemical surface area (ECSA) of 2ColFe, 1ColFe, and 1Co2Fe catalytic
interfaces in 1 M KOH. The ECSA of 2Co1Fe was set equal to one.
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Figure S11 The relative ECSA-normalized LSVs for HER of the m-CFO 10s samples with different
Co:Fe ratios.
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Figure S12 Comparison of overpotential values nio and n1oo for the different catalysts in the
(a) OER and (b) HER processes.
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Calculation of the oxygen deficiency

The amount of oxygen needed to form well-defined crystalline phases in CoszxFex0a, Oneed, can
be determined by assuming charge neutrality and considering the oxidation states of Fe and
Co, OSre, and OSco, as obtained from the XPS measurements (columns 4 and 5 in Table 2).

Oneed = ((3-X) OSco + X OSFe)/Z

The oxygen deficiency, Oudess, is then calculated as the opposite of the difference between the
amount of oxygen from the molecular formula, which was obtained from EDX and XRD data
(column 4, Table 1, which equals 4), and Oneeq:

Odefo = _(4 — Oheed ) / Orneed x 100%.
Example for 1ColFe with molecular formula Co1.5Fe1.504
Oneed = (2.70 x 1.5+ 3 x 1.5)/2 =4.275

Odefss = — (-4 — 4.275)/4.275 x 100% = 6.4%

Determination number of active sites involved in OER and turnover frequency
In an alkaline medium, the OER is often assumed to follow:51
*+OH < *OH +e”
*OH+OH <& *O+H)O+e”
*O+OH < *OOH +e”
*OOH+OH <> *+02+H,0+e”

In this case, three OER intermediates (*OH, *O, and *OOH) are adsorbed onto the active
surface of the catalyst. Figure S10a shows the Co*"/Co3®* peaks in the LSVs of the m-CFO |10
electrodes. As the Fe content in CosxFexO4 |0 increases, the Co**/Co3* wave shifts anodically.
The shift is consistent with substitution of Fe in Co sites of CoOx and Co(OH),/CoOOH. 1521531
Laouini et al. added Fe to nanocrystalline Co304 films and observed a similar effect with an
increased lattice constant, consistent with Fe incorporation into the nanocrystalline Co304.5%
The Fe does not have any redox features in this potential range and remains nominally Fe3*.15°]
Hence, it can be assumed that the number of Co3* ions getting converted into Co**ions equals
the number of active sites catalyzing the OER.

The integrated area of the Co**/Co3* redox peak, and the corresponding charge associated
with Co**/Co3* formation, is proportional to the ECSA of m-CFO 10 catalysts.!*® From Figure
S10a, the calculated areas for 2Co1Fe, 1ColFe, and 1Co2Fe are 1.75,1.97,and 1.88 x 10 AV,
respectively, corresponding to 21.9, 24.6, and 23.5 x 10%° active sites involved in the OER
reaction, respectively (see below for calculation of the 2ColFe sample). These values are
proportional to the ECSA.
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Using the number of active sites, the relative ECSA was calculated by assuming that the
number of active sites that are involved in OER with the 2ColFe sample exactly covers a
geometrical area of 1 cm?. Hence, the relative ECSA of 1ColFe and 1Co2Fe to that of 2ColFe
are 1.18, and 1.07, respectively. The values are plotted in Figure S10b.

Example for 2ColFe:

e Area under redox peak: 1.75 x 10* AV
e Charge associated with redox peak (at scan rate of 0.005 V s):
1.75x 10*AV/0.005Vst=351x103C
e Number of electrons transferred =35.1 x 103 C/ 1.602 x 10° C=21.9 x 10%¢

Since the Co**/Co3* formation reaction is a single electron transfer reaction, the number
of electrons transferred during the reaction equals the number of active sites involved in
the reaction is 21.9 x 10%°,

e Turnover frequency at 1.6 V vs. RHE:
TOF = 46.5 mA/cm? x 6.023 x 1023/ (4 x 96485 C x 21.9 x10'® cm2) = 0.33 5!
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