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Table S1. List of chemicals used in all solutions and mesoporous films.

Salts/Surfactant [Ni(H,0)4](NO3), [Co(H,0)6](NO;3); CpEyy  CTAB  Ethanol
(Mole Ratio) (mg) (mg) (mg) (mg) (ml)
6 464 929 500 291 5
8 629 1239 500 291 5
10 774 1548 500 291 5
12 928 1858 500 291 5
15 1160 2322 500 291 10
20 1547 3097 500 291 10
25 1934 3871 500 291 10
Salts/Surfactant [Ni(H,0)4](NO3), [Co(H,0)6](NO3), P123 CTAB Water
(Mole Ratio) (mg) (mg) (mg) (mg) (ml)
60 500 989 500 314 5
Salts/Surfactant [Mn(H,0)4](NOs), [Co(H,0)6](NO3), CpE,y CTAB  Ethanol
(Mole Ratio) (mg) (mg) (mg) (mg) (ml)
6 401 929 500 291 5
8 535 1239 500 291 5
10 669 1548 500 291 5
12 803 1858 500 291 5
15 1004 2322 500 291 10
20 1339 3097 500 291 10
25 1673 3871 500 291 10
Salts/Surfactant [Zn(H,0)4](NO3), [Co(H,0)6](NO3), P123 CTAB Water
(Mole Ratio) (mg) (mg) (mg) (mg) (ml)
30 512 1000 1000 341 5
60 1024 2000 1000 341 5
90 1536 3000 1000 341 5




Table S2. Electrochemical parameters for OER of common spinel transition metal oxides.

Overpotential at  Overpotential at Tafel Slope

Catalyst Electrolyte Substrate I mA/cm? (mV) 10 mA/cm? (mV)  (mV/dec) Reference
RuO, 1 M NaOH Carbon Paper 273 48.3 !

IrO, 1 MNaOH  Carbon Paper 310 5212 1
NiCo0,04 1 M NaOH Carbon Paper 381 74 1
NiCo0,04 1 M NaOH FTO 340 51 2
ZnCo,0;, 1MKOH Pt 260 400 47 3
C0304 IMKOH Pt 320 420 54 3
MnCo,O0, IMKOH  GCE 507 94 4

O,-saturated

MnCo,0; 0.1 MKOH GCE 400 90 5
Mn;0, 1 M KOH Ni foam 287 86 6
CuCo,04 1 M KOH Ni foam 117 7
CoFe,04 0.1 MKOH GCE 82 8
MnFe, 04 0.1 MKOH GCE 114 8
CuFe,04 0.1 MKOH GCE 94 8
NiFe,04 1 M KOH nickel foam 267 36.7 9
CoCr,04 1 M KOH GCE 422 63.3 10
MnCo,0, 1MKOH FTO 241 440 75 This work
NiCo,0, 1MKOH  FTO 215 404 59 This work
ZnCo,0, 1MKOH FTO 264 430 54 This work
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Table S3. Faradaic efficiency data.

Electrode Time Theoretical O, Experimental O, Faradaic
(Min) (pmol) (pmol) Efficiecy (%)
m-NiCo0,0,-350 10 17.98 18.25 65.2
m-NiCo0,0,4-350 30 90.29 83.19 92.1
m-MnCo,0,-350 10 13.89 13.00 93.6
m-MnCo0,0,4-350 30 47.62 40.91 85.9
m-ZnCo,0,4-350 10 26.87 13.74 51.1
m-ZnCo,0,4-350 30 84.83 61.89 73.0
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Figure S1. Aging of fresh films: Small angle XRD pattern of (a) MnCo-6, (b) MnCo-8, (c)
MnCo-10, and (d) MnCo-12.



15000 (a) 10000 ( b)
12000 4 8000
8. 3 —— 1day
) o == 2:hrs
2 9000 "3, 6000 — 1h
F = 5 min
‘@ —F o
c & AL
o 6% —z K D 4000+ gy
= —_2hrs =
= —— 1 day - J...-u-—
3000+ 2000 F—
-
il
0 T T 0 T T T T T
1 2 3 4 5 10 20 30 40 50 80 70 80
20/° 20/°
15000 10000
(c) (d)
12000 1 " 8000 —— 1day
(7] — 2hrs
a g — 7h
_Us‘ 9000 S, s000 5min
k=] ‘B
2} =
& 6000 —F O 4000 ! J\,.,__ l__
= — 1h [
= i — 2hrs - J.uwk“‘“‘
3000 | 1 day 2000 4 _ML_.....JL Y L
I [ |
J’ Wk ——
0 — ] T T r T T T
1 2 3 4 5 10 20 30 40 50 60 70 80
20/° 20/°

Figure S2. Small and wide angle XRD patterns of ZnCo-# gel phases, recorded during aging
process, where # is (a and b) 30 and (¢ and d) 60.
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Figure S3. (a and b) N,(77 K) adsorption-desorption isotherms and (¢ and d) pore size
distribution plots of m-NiCo,04-#-250 (# is indicated in the plots).
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Figure S4. m-MnCo,0, (calcined at indicated temperatures): (a) PXRD patterns (indexed using

PDF card no: 00-023-1237), (b) N, adsorption-desorption isotherms, and (c) pore-size

distribution plots.
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Figure S6. (a) SEM image of m-ZnCo,0,4 and (b) pore size distribution plots of m-ZnCo,04-
60, calcined at 250 °C and annealed at indicated temperatures.
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Figure S7. (a) HAADF and (b and ¢) TEM images of m-ZnCo0,04-60-350.



btso588%

§84

1347 amdeg ath amand T e

e 0

g

ddhé.nppai

Figure S8. HR-TEM images and analysis of the samples calcined at 350 °C: (i) TEM images, (ii) back FFT
of the selected areas in green squares and rectangles (iii) histograms along the lines in panels (ii) and
(iv) FFTs of the same selected areas in panels (i) of (a) m-NiCo,0,, (b) m-MnCo,0,, and (c) m-ZnCo,0,.
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Figure S9. m-NiCo0,0,4-60-XXX (XXX are indicated over the plots with color coding). (a) XRD
patterns, (b) (77 K) N, adsorption-desorption isotherms, and (c) pore size distribution plots.
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Figure S10. Normalized CVs of m-NiCo,04-10-XXX (XXX are given in the plot) with respect
to actual surface area of the electrodes (inset is plot of current density at 1.0 versus annealing
temperatures).
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Figure S11. m-NiCo0,04-10 electrodes: (a) CP plots of m-NiC0,04-10 at 1 (bottom set) and 10
mA/cm? current densities (top set) and (b) multistep CP plots from 10 to 100 mA/cm? current
densities with 10 mA increments. (c) Potential versus current plots from multistep CPs of m-
NiC0,04-10-XXX (XXX values are calcination temperature as indicated in the plots).
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Figure S12. CVs before (a) and after (b) multi step CP experiments of m-NiC0,04-10-XXX

(XXX values are given in the color codes).
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Figure S13. Tafel plots of m-MnCo0,04-10-XXX (XXX are given in the plots).
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Figure S14. m-MnCo0,04-10 electrodes: (a) CP plots of at 1 (bottom set) and 10 mA/cm? current
densities (top set) and (b) multistep CP plots from 10 to 100 mA/cm? current densities with 10
mA increments. (c) Potential versus current plots from multistep CPs of m-MnCo0,0,4-10-XXX
(XXX values are calcination temperature as indicated in the plots).
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Figure S15. (a) Tafel plots, (b) CP at 1 mA/cm? current density for 2 hrs.
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Figure S16. High resolution XPS spectra of m-NiC0,04-10-350 (a, b), m-MnCo0,04-10-350 (c,

d), and m-ZnCo0,04-10-350 (e, f). The spectra (I) FTO surface before, (II) ground sample

before, and (II1) ground samples after CP experiments.
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Figure S17. High resolution convoluted O 1s XPS spectra of m-NiCo0,04-10-350 electrode (a)
before and (b) after CP experiments.
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Figure S18. High resolution O 1s XPS spectra of m-NiCo0,04-10-XXX electrode (I) before
and (II) after CP experiments. XXX is (a) 300 °C, (b) 350 °C, (c) 400 °C, (d) 450 °C, (e) 500
°C, and (f) 700 °C.
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Figure S19. High resolution XPS spectra of m-MnCo,04-10-XXX (XXX are given in the
panels): Top spectra before multistep CP measurements (a) Co 2p, and (b) Mn 2p and bottom
spectra after multistep CP measurements (c) Co 2p, and (d) Mn 2p regions.
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Figure S20. High resolution XPS spectra of m-NiCo,04-10-XXX (XXX are given in the
panels): Top spectra before multistep CP measurements (a) Co 2p, and (b) Ni 2p and bottom
spectra after multistep CP measurements (c¢) Co 2p, and (d) Ni 2p regions.
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Figure S21. High resolution XPS spectra of m-ZnCo0,04-60-XXX (XXX are given in the
panels): Top spectra before multistep CP measurements (a) Co 2p, and (b) Zn 2p and bottom
spectra after multistep CP measurements (c) Co 2p, and (d) Zn 2p regions.
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