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Electrochemical measurements
All of the electrochemical measurements were carried with a three-electrode 

system, including working electrode, reference electrode and rod counter electrode. The 
working electrode was chosen by different electrochemical measurements. For the 
cyclic voltammetry (CV), linear sweep voltammetry (LSV) and electrochemical 
impedance spectroscope (EIS) tests, a glassy carbon working electrode of diameter Ф 
= 5 mm controlled by the rotating disk electrode (RDE, Pine AFMSRCE or IPS RRDE). 
As for accelerated durability test (ADT), chronoamperometry (CA) and polarization 
curves tests, a glassy carbon piece of 10*10 mm was used as working electrode. A 
Hg/HgO reference electrode (in 0.1 mol/L KOH, 0.165 V vs. RHE) was used as 
reference electrode and a carbon rod counter electrode (Ф = 2 mm) was used as counter 
electrode. A customized five-holes flask was used as electrolytic cell, filled with 0.1 
mol/L KOH aqueous solution as electrolyte. The electrolyte was saturated in argon 
firstly in order to activate the system and then saturated in oxygen for further 
electrochemical measurements. All the electrochemical measurements in this work 
were without iR compensation.

The CV and LSV tests were measured with saturated in oxygen 0.1 mol/L KOH 
aqueous solution at the scan rate of 10 mV/s. For LSV tests, the rotate speed of rotating 
disk electrode was chosen as 225, 400, 625, 900, 1225, 1600, 2025 and 2500 rpm. The 
curves of 1600 rpm were chosen for LSV images.

The EIS tests were measured with aerating oxygen continuously by aerator pipe at 
rotate speed of 1600 rpm.

The ADT was measured through several CV and polarization curves tests at the 
scan rate of 10 mV/s. The polarization curves tests were measured before and after 5000 
cycles of CV tests for comparing ORR and OER catalytic stability of different catalytic 
material. Oxygen was essential during the whole measured process.

The CA tests were measured at potential of 0.68 V vs. RHE according to the 
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potential of ORR. Oxygen was essential during the measured process.
The electrochemical active surface area (ECSA) for each system was estimated 

from the electrochemical double-layer capacitance (CDL) of the catalytic surface and 
specific capacitance (CS).S1,S2 The formula was described as eq1:

ECSA = CDL/CS                                                 eq1
As for CS, it can be regarded as function of electrolyte system and adopted as 0.05 

mF/cm2.S3,S4 To measure CDL, a potential range in which non-Faradaic processes occur 
is determined from CV tests. The range is typically a 0.1 V potential window centered 
at the open-circuit potential (OCP) of the measured system. The formula was described 
as eq2:

i = ν*CDL                                                      eq2

where i is double-layer current and ν is scan rate. Therefore, the CV tests were 
measured at range of 0.752~0.872 V vs. RHE (OCP 0.812 V vs. RHE) in figure S6. 
The scan rates were chosen as 10, 20, 40, 60, 80 and 100 mV/s and i was current at the 
potential of 0.812 V vs. RHE. A series of plots were described as i-ν curves with a slope 
equal to CDL as shown in figure S7.

The K-L equation can be calculated by eq3:
1/J = 1/JL + 1/JK = 1/(Bω1/2) + 1/JK                                   eq3
where J is current density at a certain potential, JL is dynamic current density, JK 

limiting diffusion current density, ω is rotate speed and B is function of electron transfer 
numbers n. A series of plots were described as (1/J)-(1/ω1/2) curves with a slope equal 
to 1/B and then electron transfer numbers n can be calculated. The K-L equation of 
different catalytic material were shown in figure S7 at the rotate speed of 225, 400, 625, 
900, 1225, 1600, 2025 and 2500 rpm and scan rate of 10 mV/s.

Figure S1. SEM image of Ti4O7.



Figure S2. High-magnification SEM images of samples (A) MnOx and (B) MnOx/Ti4O7.

Figure S3. HRTEM images of (A) MnOx/Ti4O7; lattice plane of (B) Ti4O7(10-4) and 
(C) Mn3O4(103).



Figure S4. LSV curves of Ti4O7, MnOx and MnOx/Ti4O7 for OER at 1600 rpm, scan 
rate of 10 mV/s.

Figure S5. CA curves of MnOx and MnOx/Ti4O7 at potential of 0.68 V vs. RHE for 
ORR durability test.



Figure S6. CV curves in a non-Faradaic region of (A) MnOx and (B) MnOx/Ti4O7 at 
scan rates of 10, 20, 40, 60, 80 and 100 mV/s for CDL and ECSA measurements.

Figure S7. The cathodic and anodic currents MnOx and MnOx/Ti4O7 measured at 0.812 
V vs. RHE as a function of scan rates. CDL value of the system is determined by the 
average of the slope absolute value of the linear fits to the data.



Table S1. Comparsion of ORR/OER catalytic performance for benchmark noble metal 
and manganese oxides based catalysts.

Catalysts Electrolyte
Half-wave potential 

for ORR (V)
Overpotential for OER 

at 10 mA/cm2 (mV)
Ref.

Pt/C 0.1 M KOH 0.82 -- S5

PtGa NWs 0.1 M HClO4 0.86 -- S6

IrO2 1.0 M KOH -- 255 S7

RuO2 0.1 M KOH -- 390 S8

NiFe-LDHs 1.0 M KOH -- 190 S9

α-MnO2-SF 0.1 M KOH 0.78 490 S10

Mn3O4/Ti3C2 0.1 M KOH 0.85 -- S11

Mn3O4-NR 1.0 M NaOH 0.78 -- S12

Mn3O4 0.1 M KOH -- Not reaching S13

Mn3O4 0.1 M KOH 0.63 -- S14

Hollow Mn2O3 0.1 M NaOH 0.71 -- S15

MnOx/Ti4O7-300 0.1 M KOH 0.72 670 This work

Figure S8. K-L equation of (A) MnOx/Ti4O7-RT, (B) MnOx/Ti4O7-200, (C) 
MnOx/Ti4O7-300 and (D) MnOx/Ti4O7-400 for measuring ORR electron transfer 
numbers at 225, 400, 625, 900, 1225, 1600, 2025 and 2500 rpm.



Figure S9. Tafel curves of MnOx/Ti4O7-RT, MnOx/Ti4O7-200, MnOx/Ti4O7-300 and 
MnOx/Ti4O7-400 for (A) ORR and (B) OER range.

Figure S10. (A) ORR and (B) OER polarization curves of MnOx/Ti4O7-RT, 
MnOx/Ti4O7-200, MnOx/Ti4O7-300 and MnOx/Ti4O7-400 before (full line) and after 
(dotted line) 5000 CV cycles.
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