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Fig. S1  Zoom-in of XRD patterns of the MnCoOx catalyst from Figure 1b.

Fig. S2  XRD patterns of the Mn1Co5Ox catalyst annealed at different temperatures.
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Fig. S3  TEM image of Mn1Co5Ox catalyst and the inserted picture shows the size distribution.

Fig. S4  The calibration CV curve with the scan rate of 1 mV/s for the reference electrode (Hg/Hg2Cl2) 
in a 0.5 M H2SO4 (pH 0) solution at room temperature.
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Fig. S5  OER polarization curves and corresponding Tafel slopes of MnCoyOx (y=1.5, 2.5, 5, and 8) 
nanocomposites in a 0.5 M H2SO4 (pH 0) solution at room temperature.

 

Fig. S6  OER polarization curves and corresponding Tafel slopes of Mn1Co5Ox nanocomposites 
annealing at different temperatures: 200, 300, 400, and 500 oC.
Figure S4 showed that the Mn1Co5Ox treated at 300 oC gave the best OER activity. And the OER 

activities follow the order of Mn1Co5Ox-300 > Mn1Co5Ox-200 ≈ Mn1Co5Ox-400 > Mn1Co5Ox-500.
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Fig. S7  OER polarization curves of Mn1Co5Ox on PtTi mesh in room temperature are in a 0.5 M 
H2SO4 (pH 0) solution.
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Fig. S8  ECSA measurement of Mn1Co5Ox. Cyclic voltammograms were measured in a non-Faradaic 
region of the voltammogram at the following scan rate: 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mV/s. All 
currents were assumed to be due to capacitive charging.
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Fig. S9  ECSA measurement of Co3O4. Cyclic voltammograms were measured in a non-Faradaic 
region of the voltammogram at the following scan rate: 0.5, 1.0, 1.5, 2.0, 2.5, and 3.0 mV/s. All 
currents were assumed to be due to capacitive charging.

Fig. S10  Cdl values of Mn1Co5Ox and Co3O4.
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Fig. S11  Chronopotentiometric measurement of the Mn1Co5Ox catalyst under current density of 
100, 200, 500 and 1000 mA cm−2 in 0.5 M H2SO4.

Fig. S12  Chronopotentiometric measurement of the Mn1Co5Ox and Co3O4 at 100 mA cm−2 in a 0.5 
M H2SO4 (pH 0) solution at room temperature.
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Fig. S13  Comparison of the TEM images of (a) pristine and (b-d) utilized Mn1Co5Ox catalysts.

Fig. S14  Full range XPS survey spectra of the pristine and utilized Mn1Co5Ox catalysts.
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Fig. S15  O 1s XPS spectra of the pristine and utilized Mn1Co5Ox catalysts.

Interestingly, the oxidation states of both cobalt and manganese were largely reduced after the OER 

electrolysis. Also, the population of oxygen vacancy (Ov) decreased. The appearance of hydroxyl 

groups (Oa, at 533.1 eV) in the utilized Mn1Co5Ox catalyst, demonstrated the surface amorphous 

structure of the utilized oxide electrocatalyst and is well consistent with the observation in its TEM 

image (Figure S11b).

Fig. S16  The configurations and relative energies of the Mn1Co5Ox systems.
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Fig. S17  The band structure of Co3O4 bulk structure.

Fig. S18  The configurations of OER reaction coordinates.
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Fig. S19  Configuration of OER reaction coordinates on the Mn-doped Co3O4(311) surface with 
oxygen vacancy.

Fig. S20  The project density of states of d orbital.
The introduction of Mn results in a slight protrusion near the Fermi level. This leads to an increase in 

the number of electrons, possibly indicating some electronic activity of the system in the Oxygen 

Evolution Reaction (OER). Furthermore, different d-orbitals may play distinct roles in various steps 

of the OER. The dx2-y2 orbital may play a critical role in oxygen decomposition, due to the 

introduction of Mn, the dx2-y2 orbital exhibits higher occupancy below the Fermi level. This typically 

suggests that the MnCoOx has more d-electrons available for participation in the OER.
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Fig. S21  The project density of states of MnCoOx and Ov_MnCoOx.

There is a sharp increase near the Fermi level, indicating an enhancement in the electrical conductivity 

of system, facilitating the flow of electrons, thereby promoting electron participation in the Oxygen 

Evolution Reaction (OER).

Supporting Tables

Table S1. XPS analysis of MnCoOx samples.

Sample Co3+% Co2+% Mn4+% Mn3+% Ol% Ov% Oa% Co3+/Co2+ Mn4+/Mn3+

Mn1Co1.5Ox 67.0 33.0 44.1 55.9 54.2 24.0 21.8 2.0 0.8

Mn1Co2.5Ox 65.1 34.9 46.3 53.7 59.1 27.5 13.4 1.9 0.9

Mn1Co5Ox-pristine 57.3 42.7 49.3 50.7 54.4 32.6 13.0 1.3 1.0

Mn1Co8Ox 49.7 50.3 46.6 53.4 64.1 20.9 15.0 1.0 0.9

Mn1Co5Ox-utilized 45.9 54.1 38.8 61.2 58.8 19.4 21.8 0.9 0.6

Co3O4 35.0 65.0 0 0 66.5 26.5 7.0 0.5 0

The fitted ratios of Co3+/Co2+ and Mn4+/Mn3+ in pristine Mn1Co5Ox catalyst is much higher than the 

utilized catalyst, which indicates both the Co3+ and Mn4+ species were reduced during the OER test. 

Meanwhile, the population of oxygen vacancy (Ov) also was decreased.
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Table S2. Summary of the OER performance in acidic electrolytes for water splitting.

Catalyst Electrolyte Performance Stability Ref.

Co3O4/FTO 0.5 M H2SO4 570 mV@10 mA cm–2 12 h@10 mA cm–2 [1]

Co-Fe Prussian blue pH 2.0 with Pi 690 mV@10 mA cm–2 6 h@10 mA cm–2 [2]

amorphous CoMnOx pH 2.0 in Pi 770 mV@10 mA cm–2 50 h@1 mA cm–2 geo

amorphous CoFePbOx pH 2.0 in Pi 770 mV@10 mA cm–2 50 h@1 mA cm–2 geo

amorphous CoPbOx pH 2.5 in Pi 620 mV@10 mA cm–2 <8 h@1 mA cm–2 geo

amorphous CoFeOx pH 2.0 in Pi 620 mV@10 mA cm–2 <2 h@1 mA cm–2 geo

[3]

Co3O4@C 0.5 M H2SO4 370 mV@10 mA cm–2 86.8 h@100 mA cm–2 [4]

Co2TiO4 0.5 M H2SO4 513 mV@10 mA cm–2 ~5 h@~10 mA cm–2 [5]

Co-doped 6H–SrIrO3 0.1 M HClO4 235 mV@10 mA cm–2 20 h@10 mA cm–2 [6]

Mn–RuO2 0.5 M H2SO4 158 mV@10 mA cm–2 ~3 h@~10 mA cm–2 [7]

Ru-MnO2 0.1 M HClO4 161 mV@10 mA cm–2 200 h@10 mA cm–2 [8]

Co2MnO4 0.05 M H2SO4 395 mV@10 mA cm–2 320 h@100 mA cm–2 [9]

Co–RuIr 0.1 M HClO4 235 mV@10 mA cm–2 25 h@10 mA cm–2 [10]

W–Ir–B 0.5 M H2SO4 497 mV@2000 mA cm–2 800 h@100 mA cm–2 [11]

H-Ti@IrO2 0.5 M H2SO4 336 mV@200 mA cm–2 130 h@200 mA cm–2 [12]

Co0.05Fe0.95Oy pH 0.3 H2SO4 650 mV@10 mA cm–2 50 h@10 mA cm–2 [13]

MnMoCoOx 2 M H2SO4 305 mV@100 mA cm–2 ~1 h@~65 mA cm–2 [14]

700 mV@10 mA cm–2 14 h@10 mA cm–2

CoFePbOx 0.5 M H2SO4
700 mV@500 mA cm–2 7 h@500 mA cm–2

[15]

MnxSb1-xOz 1 M H2SO4 580 mV@50 mA cm–2 2 h@10 mA cm–2 [16]

Cu1.5Mn1.5O4-200 0.5 M H2SO4 324 mV@10 mA cm–2 20 h@10 to 1.5 mA cm–2

Cu1.5Mn1.5O4-800 0.5 M H2SO4 352 mV@10 mA cm–2 20 h@3.2 to 2.8 mA cm–2
[17]

amorphous Ti:MnO2 0.5 M H2SO4 670 mV@10 mA cm–2 2 h@7.2 to 6 mA cm–2 [18]

Ni2Ta 0.5 M H2SO4 570 mV@10 mA cm–2 66 h@10 mA cm–2 [19]

NiFeP 0.05 M H2SO4 540 mV@10 mA cm–2 30 h@10 mA cm–2 [20]

F-doped Cu1.5Mn1.5O4 pH 0.3 H2SO4 320 mV@10 mA cm–2 24 h@16 mA cm–2 [21]

Ir-Co3O4 0.5 M H2SO4 236 mV@10 mA cm–2 30 h@10 mA cm–2 [22]

RuO2 /(Co,Mn)3O4 0.5 M H2SO4 270 mV@10 mA cm–2 24 h@10 mA cm–2 [23]
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RuIr@CoNC 0.5 M H2SO4 223 mV@10 mA cm–2 40 h@10 mA cm–2 [24]

Ni-RuO2 0.1 M HClO4 214 mV@10 mA cm–2 200 h@10 mA cm–2 [25]

Mn-doped Ru /RuO2@CNT 0.5 M H2SO4 177 mV@10 mA cm–2 100 h@100 mA cm–2 [26]

Nd0.1RuOx 0.5 M H2SO4 211 mV@10 mA cm–2 50 h@10 mA cm–2 [27]

Ru1-Pt3Cu 0.1 M HClO4 220 mV@10 mA cm–2 28 h@10 mA cm–2 [28]

Cr0.6Ru0.4O2 0.5 M H2SO4 178 mV@10 mA cm–2 10 h@10 mA cm–2 [29]

Y1.7Sr0.3Ru2O7 0.5 M H2SO4 264 mV@10 mA cm–2 28 h@10 mA cm–2 [30]

IrRu@Te 0.5 M H2SO4 220 mV@10 mA cm–2 20 h@10 mA cm–2 [31]

RuIr-NC 0.05 M H2SO4 165 mV@10 mA cm–2 120 h@10 mA cm–2 [32]

IrCo@IrOx-nL NDs 0.05 M H2SO4 247 mV@10 mA cm–2 10 h@2.5 mA cm–2 [33]

W0.2Er0.1Ru0.7O2-δ 0.5 M H2SO4 168 mV@10 mA cm–2 120 h@100 mA cm–2 [34]

IrOx/9R-BaIrO3 0.5 M H2SO4 230 mV@10 mA cm–2 40 h@10 mA cm–2 [35]

MnCo5Ox solid solution 0.5 M H2SO4

275 mV@10 mA cm–2

569 mV@100 mA cm–2 (non -
IR compensation)

300 h@100 mA cm–2 This 
work

Table S3. The ICP results of electrolyte for stability testing at 100 mA cm-2 of Co3O4 and 
Mn1Co5Ox.

Samples Stability testing time (h)
The electrolyte's Mn 

concentration (ppm)

The electrolyte's Co 

concentration (ppm)

Co3O4 14 -0.25 89.43

Mn1Co5Ox 25 6.01 37.95
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