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Table S1 OER activity comparison with previously reported CoMn2O4 based electrocatalysts.

Electrocatalyst Synthesis route

Electrolyte

concentration

(KOH)

Catalyst

Loading

(mg cm-2)

Potential

mV @

10 mA cm-2

(vs. RHE)

Tafel slope

(mV dec-1)
Reference

10S-CoMn2O4/FTO Electrodeposition 0.1 M 0.3 300 26.28 This work

CoMn2O4/FTO Electrodeposition 0.1 M 0.3 310 93.45 This work

CoMn2O4 

nanodots/rGO

Hot injection &

Heating up method
0.1 M 0.319 310 56 [1]

Mn3O4@CoMn2O4–

CoxOy

One-pot two-step 

method
0.1 M 275 310 81 [2]

MnxCo3-xO4 Spinel 

Oxides
Sol-gel method 1 M 1.3 327 79 [3]

CoMn2O4/N doped 

porous carbon
Solvothermal 0.1 M 0.33 570 Not given [4]



3

Table S2 OER activity comparison with recently reported (2020) oxides based electrocatalysts.

Electrocatalyst

Electrolyte 

concentration

(KOH)

Catalyst

Loading

(mg cm-2)

Potential

mV @ 10 mA cm-2

(vs. RHE)

Tafel slope

(mV dec-1)
Reference

10S-CoMn2O4/FTO 0.1 M 0.3 300 26.28 This work

CoMn2O4/FTO 0.1 M 0.3 310 93.45 This work

Ba4Sr4(Co0.8Fe0.2)4O15 0.1 M 0.232 340 47 [5]

Mixed Ni-Co-Mn oxides 1 M 0.12 400 74 [6]

Defect‐rich Cobalt oxide 1 M 0.12 369 46 [7]

Co3O4/MnCO3 1 M Not given 273 62.06 [8]

LiNi0.5Co0.2Mn0.3O2 0.1 M 0.26 ~480 51.9 [9]

Mn–CoO@Fe(OH)3/NF 1 M Not given 195 49 [10]

CoaFebVcOx 1 M 0.2 249 41 [11]

Co-Fe oxides/carbon paper 1 M Not given 460 105 [12]

Cobalt Iron oxide nanowires 1 M 0.12 378 54 [13]

Fe0.5Co0.5MoO4-xSx nanoflowers 1 M Not given 263 87 [14]

La-doped CoOx NSs 0.1 M Not given 353 78.2 [15]
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Supplementary Note: 1

Electrocatalytic activity surface area (ECSA) estimation:

ECSA was estimated by equation: ECSA = Cdl/Cs, where Cs denotes specific capacitance of 1 

cm2 of real surface (assumed to be 0.4 mF/cm2 in this study) while Cdl denotes double-layer 

capacitance. Cyclic voltammetry was performed at different scan rates (1, 2, 3, 4, 5, 6, 7, 8, 9, 

and 10 mV/s) in the non-Faradaic region (1.015 -1.065 vs. RHE). ECSA was estimated directly 

from Cdl by plotting Δj (Δj = ja-jc) as a function of scan rate.
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Figure S1 FTIR spectra of synthesized CoMn2O4@FTO substrate.

FTIR spectra displayed absorption bands around 3700 -2690 and 1641 cm-1, attributed to the 

stretching vibrations of OH and the bending vibrations of H-O-H from water molecules on the 

surface and this is consistent with the published data.[16] Importantly, the characteristic peak 

above 500 cm-1 and at 1105.28 cm-1 confirm the spinel structure of the product. Moreover, the 

absorption band appearing at 401 cm-1 can be ascribed to the vibration of Co-O-Mn.[17]
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Figure S2 SEM micrographs of Bare FTO.
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Figure S3 High magnification SEM image of Co3O4@FTO.
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Figure S4 High magnification SEM image of Mn3O4@FTO.
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Figure S5 High magnification SEM image of Mn3O4@FTO.
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Figure S6 High magnification SEM image of CoMn2O4@FTO.
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Figure S7 Low magnification SEM image of CoMn2O4@FTO.
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Figure S8 OER activity comparison of CoMn2O4@FTO before and after stability (24 h at 20 mA 

cm-2) in 0.1 M KOH solution.
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Figure S9 Tafel slopes for CoMn2O4@FTO before and after 24 h stability test in 0.1 M KOH 

solution.
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Table S3 Electrocatalytic OER performance for electrodeposited material at FTO substrate at 

higher current density values.

Sample E(mV)

vs. RHE at

20 mA cm-2

E(mV)

vs. RHE at

50 mA cm-2

E(mV)

vs. RHE at

100 mA cm-2

CoMn2O4 380 420 450

Co2MnO4 370 480 620

Co3O4 530 880 1200

Mn3O4 650 760 880
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Table S4 Electrochemical impedance spectroscopy (EIS) parameters.

Sample Solution resistance 

(Rs) / Ω

Charge transfer 

resistance (Rct) / Ω

Co3O4 18.88 15.43

Mn3O4 15.63 14.29

Co2MnO4 14.22 9.84

CoMn2O4 12.12 5.51
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Figure S10 Comparison of overpotential (at 10 mA cm-2) with varying sulfurization time.
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Figure S11 Comparison of overpotential (at 20 mA cm-2) with varying sulfurization time.
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Figure S12 Nyquist plot of S-CoMn2O4@FTO with different sulfurization times (inset shows the 

circuit diagram).
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Figure S13 Nyquist plot of S-CoMn2O4@FTOat different biases (inset shows the circuit 

diagram).
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Figure S14 Double-layer capacitance (Cdl) and electrochemical surface area calculation by 

plotting Δj (ja-jc) as a function of scan rate.



21

Figure S15 HER activity of S-CoMn2O4-MFs@FTO in 0.5 M H2SO4 solution.

Electrodeposited material (S-CoMn2O4-MFs@FTO) was also tested for hydrogen evolution 

reaction (HER) and the synthesized material showed no or very little HER activity with an 

overpotential of 380 and 403 mV at 10 mA cm-2, respectively.
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Figure S16 Cross-sectional SEM images of surface sulfurized CoMn2O4 microspikes (a). STEM 

image (b) of surface sulfurized CoMn2O4 microspikes and elemental mapping of (c) Co; (d) Mn; 

(e) O; (f) S and (g) combine mapping. (h) EDX of surface sulfurized CoMn2O4 microspikes.
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Figure S17 EDX data of CoMn2O4 microspikes before (a) and after sulfurization (b).

Figure S18 HRTEM images of surface sulfurized CoMn2O4 microspikes (a) before (b) and after 

electrocatalysis reaction .
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Figure S19 High-resolution XPS spectra of surface sulfurized CoMn2O4 microspikes after 

electrocatalysis reaction. (a) S 2p; (b) Co 2p; (c) Mn 2p; (d) O 1s.
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Table S5 XPS data of surface sulfurized CoMn2O4 microspikes and actual values of peak area of 

XPS fitting results.

Sr. 

No. Name
Start 

BE

Peak 

BE

End 

BE

Height 

CPS

FWHM 

eV

Area (P) 

CPS. eV

Area (N) 

TPP-2M

Atomic 

%

1 C 1s 297.96 284.8 279.06 22467.07 1.39 36508.33 511.93 24.24

2 C 1s Scan A 297.96 288.58 279.06 4150.89 1.39 6745.07 94.81 4.49

3 C 1s Scan B 297.96 286.38 279.06 3113.88 1.39 5059.97 71.02 3.36

4 O 1s 544.86 531.2 525.93 81060.53 1.73 170677.21 989.59 46.85

5 Co 2p 811.96 780.84 771.06 26578.41 3.49 211591.87 242.77 11.49

6 Mn 2p 659.96 641.52 632.06 18688.56 3.47 106919.91 158.51 7.5

7 S 2p 174.96 168.16 157.06 1478.75 2.09 6293.72 43.68 2.07
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