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Fig. S1. (A-C) TEM images of amorphous ZIF-90 dandelions, (D-F) TEM images and (G-I)
SEM images (at different magnifications) of Zn/NC dandelions (i.e., pyrolysis product of
amorphous ZIF-90).
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Fig. S2. (A-C) TEM images and (D-F) SEM images of Co, Fe doped ZIF-90 (CoFe-ZIF-90).



Fig. S3. (A-C) TEM images of Co doped ZIF-90, and (D-F) TEM images of CoZn-NC (i.e.,
pyrolysis product of Co doped ZIF-90).



Fig. S4. (A-C) TEM images of Fe doped ZIF-90, (D-F) TEM images and (G-I) SEM images
(at different magnifications) of FeZn/NC sample (i.e., pyrolysis product of Fe doped ZIF-90).



Fig. SS. (A-D) TEM images and (E-G) SEM images (at different magnifications) of
C00,11F60.04ZI'1/NC sample.



Fig. S6. (A-D) TEM images (at different magnifications) and (E-G) SEM images (at different
magnifications) of Cog3sFeg 04Zn/NC sample.



Fig. S7. (A-D) TEM images and (E-G) SEM images (at different magnifications) of
Cog.93Feg 04Zn/NC sample.
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Fig. S8. (A) FTIR spectra of various Co and/or Fe doped ZIF-90 precursors, and (B) Raman
spectra of pyrolyzed samples derived from the precursros in (A); detailed synthetic precedures
for the control precursors 1, 2 and 3 (with different Co contents) can be found in Experimental
Section in the main text.
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Fig. S9. (A) N, adsorption-desorption isotherm and (B) pore diameter distribution of Zn/NC
derived from amorphous ZIF-90.
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Fig. S10. TEM images of CoFe/NC sample prepared by pyrolysis of Co, Fe doped ZIF-90 at
900 °C for 3 hours.
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Fig. S11. (A-D) TEM images and (E) EDX elemental maps of NiFeZn/NC sample. In TEM
image (D), isolated metal atoms are marked with red circles. The synthesis of NiFeZn/NC is
similar to the preparation of other samples, after the formation of amorphous ZIF-90 sample,
10 ml of 0.1 M Ni(NOs), and 4 ml of 0.1 M Fe(NOj3); methanolic solution were added and
stirred for 3.5 h at room temperature. Then the product NiFeZn-ZIF-90 was collected by
centrifuging and washing with ethanol for 3 times. Finally, the dried NiFeZn-ZIF-90 was
heated in a tube furnace at 900 °C for 1 h in Ar atmosphere with a ramping rate of 7.5
°C'min! to form NiFeZn/NC.
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Fig. S12. (A-B) TEM images, (C-D) SEM images, and (E) EDX elemental maps of
NiCoFeZn/NC sample. For synthesis of NiCoFeZn/NC, only need to replace the added
methanolic solution to 10 ml of Ni(NO3), (0.1 M), 10 ml of Co(NO3), (0.1 M) and 4 ml of
Fe(NO;); (0.1 M) methanolic solutions.
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Fig. S13. RDE polarization curves of NiFeZn/NC, NiCoFeZn/NC and CoFeZn/NC sample in
O,-saturated 0.1 M KOH with a sweep rate of 5 mV-s'! and a rotation rate of 1600 rpm.
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Table S1. Co K-edge XANES data fitting results of CoFeZn/NC and Co/NC.

Sample Path N R(A) 0? R factor
Co/NC Co-N 3.7 191 0.0083 0.007
CoFeZn/NC Co-N 3.6 1.93 0.0070 0.005

Table S2. Comparison of the ORR catalytic performance of our CoFeZn/NC sample to other
related high-performance ORR electrocatalysts reported in literatire.

Catalyst Total Surface  Pore electrolyte Halfwave Limit Ref.
metal area size potential  current (year)
content  (m?-g’!) (nm) (E1p, V)  density
(Wt%) (mA-cm?)
Co SAs/N-C 4 1393.7  0.51 0.1M 0.881 5.6 20161
KOH

(Fe,Co)/CNT 620 0.42 0.1 M 0.954 5.4 2018 21
KOH

Cu-N-C 20.9 0.1M 0.869 5.6 2018 B3I
KOH

Co, N-CNF 0.27 1170 1.2, 0.1 M 0.822 5.7 2016 4
52 KOH

ISA Fe/CN 2.16 0.1 M 0.900 6.1 2017 Bl
KOH

CAN- 10.7 84.11 0.1 M 0.84 5.23 2019 16l

Pc(Fe/Co) KOH

Fe-NC 0.45 614 05M 0.85 4.1 20177

H,SO,4
Zn/CoNC 0.47 1343 2.46 0.1 M 0.796 6.0 2019 B8]
HCI1O,4
(CM+PANI)- 0.2at% 1500 meso 0.5M 0.80 3.00 2018 1
Fe-C and H,SO,
micro
CoFeZn/NC 5.51 827.4 5~18 0.1 M 0.85 6.08 This
KOH work
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