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Materials characterization

The X-ray diffraction spectrum (XRD, Ultima IV) was applied to characterize the crystallinity

of the synthesized samples in the 2-theta range of 10-80°. The X-ray photoelectron spectroscopy

(XPS, K-Aepna, Thermo Fisher Scientific Inc., USA) was used to obtain the information of the

element composition of different catalysts. Scanning electron microscope (SEM, FEI inspect F50),

transmission electron microscope (TEM, JEM-2100F, JEOL, Japan) and high-resolution TEM

(HRTEM, JEM-2100F, JEOL, Japan) were used to observe the morphology of different catalysts.

DFT calculation

To predict ORR performance, DFT theory calculation was carried out by four elementary steps

as follows20:

OOH formation: �2
∗ + �2� + �− → ���∗ + ��− (1)

OOH dissociation: ���∗ + �− → �∗ + ��− (2)
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O hydration: �∗ + �2� + �− → ��∗ + ��− (3)

OH desorption: ��∗ + �− → ��− +∗ (4)

Note that * denoted the reaction site of materials.

Fig. S1 Side view (a) and top view (b) of optimized structures of CoSn@NC.

Fig. S2 (a) Calculated charge of atoms of CoSn@NC, (b) The binding energy of nanoparticles and

NC for different catalysts.



Fig. S3 Structure models for the adsorbed intermediates *OOH, *O, *OH and slab at the interface

of (a) Co@NC, (b) Sn@NC, (c) CoSn@NC in alkaline media during the ORR. (Orange atom: Sn,

light blue atom: Co, blue atom: N, gray atom: C, red atom: O, yellow atom: H)

Fig. S4 SEM images of (a) ZIF precursor, (b) NC, (c) Co@NC, (d) Sn@NC.

Fig. S5 EDS patterns of CoSn@NC.



Fig. S6 XRD patterns of ZIF precursor.

Fig. S7 (a) Raman spectra of Co@NC and CoSn@NC. (b) N2 adsorption-desorption isotherms and

pore size distrebutions.

Fig. S8 (a) CV curves of different catalysts in N2-saturated 0.1 M KOH. (b) The resistance to

poisoning of Co@NC and Sn@NC.



Fig. S9 LSV curves of catalysts in 0.1 M KOH with different electrode rotation speeds.

Fig. S10 CV curves of (a) NC, (b) Sn@NC, (c) Co@NC and (d) CoSn@NC in the non-faradic

capacitance current range from 20 to 100 mV s-1.



Fig. S11 Ring currents and disk currents collected in the RRDE systems.

Fig. S12 CV curves (a), SEM image (b) and LSV curves (c) of CoSn@NC after 1000 cycles.



Fig. S13 XRD patterns (a) and XPS spectra (b-f) of CoSn@NC after 1000 CV cycles.

Fig. S14 The schematic diagrams of MFCs measurement.



Fig. S15 Photographs of cathodes.

Fig. S16 Electrochemical impedance spectroscopic Nyquist plot for MFC devices with different

catalysts.



Fig. S17 Polarization curves of the MFCs.

Fig. S18 pH of original PBS buffer (a) and CoSn@NC MFC (b).

Fig. S19 Biofilm on the cathode surface of NC and Sn@NC after 500 h measurement.



Table S1. Relative amounts of pyridinic N, graphitic N, Pyrrolic N and Co-N.

Catalysts Pyridinic N (%) Graphitic N (%) Pyrrolic N (%) Co-N (%)

NC 53 23 25 /

Sn@NC 37 24 39 /

Co@NC 40 24 23 13

CoSn@NC 46 28 16 9

Table S2. The simulated data from EIS.

Catalysts Rs (Ohm cm-2) Rp (Ohm cm-2) Zw (Ohm cm-2)

NC 0.71 3.87 1.44

Sn@NC 0.70 3.60 1.34

Co@NC 0.63 2.90 1.12

CoSn@NC 0.56 2.66 0.57



Table S3. Summary of ORR activities of various catalysts in 0.1 M KOH.

Catalysts Half-wave
Potential (V)

Onset potential
(V)

Limiting current
density (mA cm-2) Ref.

CoNi-SAs/NC 0.76 0.88 5 2

Ni3C-GNRs 0.77 0.89 4.5 3

MnCo2O4/NCNTs 0.76 / 6.06 4

FexCo9-x-NHCS-V 0.80 / / 5

ZIF-67@CoTMPP
(800) 0.78 0.85 / 6

CoSn@NC 0.84 0.90 7.13 this work

Table S4. Summary of ORR efficiency of bimetallic catalysts.

Catalysts Half-wave
Potential (V)

Onset potential
(V)

Limiting current
density (mA cm-2) Ref.

Cu2O@Co/NC 0.80 0.89 3.80 7

Co4/Fe1@NC 0.83 0.98 / 8

Co-RuO2/OCNT 0.82 / / 9

CuCo@N/C 0.78 0.88 4.42 10

MoFeCx-NC 0.82 0.95 / 11

CoSn@NC 0.84 0.90 7.13 this work



Table S5. Summary of antibacterial activities of various catalysts.

Antibacterial

agent

Microbial

strain

Average inhibition

diameter (mm)

Antimicrobial

Substances
Ref.

Zn-MOF E. coli 8.6 ZnO nanoparticles 12

Ag−Fe−N/C E. coli 3 Ag nanoparticles 13

(Fe/Co) Bi-MOFs E. coli 12
(Fe/Co) Bi-MOFs

nanoparticles
14

Cu-MOF E. coli 11 Cu nanoparticles 15

Ac Zn-MOF E. coli 14 released Zn2+ 16

CoSn@NC E. coli 12
released Sn2+ and

generated ·OH
this work



Table S6. Comparison of MFCs performance with different cathode catalysts.

Anode Cathode External resistance (Ω) Output voltage (mV) Power density (mWm-2) Ref.

Carbon paper Cu2O@Co/NC 1000 430 1100 7

Carbon cloth GO-Zn/Co (1:1)-800 1000 145 773 17

Carbon felt MgO/GO 1000 354 755.63 18

Carbon paper Ag/Co-N-C / 502 ± 12 548 ± 12 19

Carbon felt MPC-800 1000 470 240 20

Carbon cloth CoSn@NC 1000 460 1380 this work
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