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Materials and Characterizations

Zinc(II) nitrate hexahydrate (Zn(NOs)2-6H>0, 98%), 1,4-benzenedicarboxylic acid (H.BDC,
98%), N, N-dimethylacetamide (DMA, 99%), urea (99.0-100.5%), sodium chloride (NaCl,
>99.5%), 20 wt% platinum on graphitized carbon (Pt/C), and 5 wt% Nafion solution were
purchased from Sigma-Aldrich. Methylene chloride (98%) and ethyl alcohol (99.5%) were
purchased from SAMCHUN. Deionized water was obtained from Millipore Direct-Q3. All
pellet samples were prepared using an MTI Corporation YLJ-24TS hydraulic press. Scanning
electron microscopy (SEM) images were acquired using a JEOL IT-500HR field-emission
SEM instrument (Yonsei Center for Research Facilities, Yonsei University). Elemental
mapping images were acquired using a JEOL JSM-IT500HR field-emission SEM equipped
with a JEOL EX-74600U4L2Q energy-dispersive X-ray spectroscopy (EDX) detector.
Powder X-ray diffraction (PXRD) patterns were obtained using a Rigaku MiniFlex 600
instrument equipped with a Cu Ka radiation source (40 kV, 15 mA). Energy-dispersive X-ray
(EDX) spectra were obtained using a Hitachi SU 1510 SEM equipped with a Horiba EMAX
Energy E-250 EDX system. The N> adsorption—desorption isotherms (77 K) were measured
using a BELSORP Max volumetric adsorption equipment system. All isotherms were
obtained after pretreatment under a dynamic vacuum at 25 °C for 3 h, except in the case of
MOF-5. MOF-5 was analyzed after pretreatment under a dynamic vacuum at 300 °C for 3 h.
Raman spectra were acquired using a Raman spectrometer (HORIBA Jobin Yvon LabRAM
ARAMIS) at room temperature with a 0.5 mW Y AG laser (532 nm). X-ray photoelectron
spectroscopy (XPS) analysis was conducted using a Thermo Scientific K-Alpha KA1066
spectrometer with a monochromatic Al Ko X-ray source (hv = 1486.6 eV). The XPS profiles

were calibrated using the measured C 1s peak position at 284.6 eV.
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Fig. S1 (A) SEM images of MOF-5. (B) PXRD pattern of MOF-5 with the simulated PXRD
pattern included for reference. Ball-and-stick representation of MOF-5, depicting carbon

(black), oxygen (red), and zinc (dark yellow) atoms. Hydrogen atoms are omitted for clarity.

[Cambridge Crystallographic Data Centre (CCDC) 938392].!
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Fig. S2 Photographs of pellets of (A) MOF-5, (B) MOF-5/urea, and (C) MOF-5/urea@NaCl

after pyrolysis at 950 °C for 3 h. (D) PXRD patterns of PC-1-PC-3.

Fig. S3 Photographs of pellets of (A) MOF-5, (B) MOF-5/urea, and (C) MOF-5/urea@NaCl

after pyrolysis at 800 °C for 3 h.
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Fig. S4 Raman spectra of PC-1-PC-3.



Fig. S5 (A—C) SEM and (D-F) TEM images of PC-1-PC-3.
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Fig. S6 Nitrogen content analysis of products (800-PC-1, 800-PC-2, and 800-PC-3) obtained

after pyrolysis of MOF-5, MOF-5/urea, and MOF-5/urea@NaCl at 800 °C for 3 h.
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Fig. S7 (A, C, E, G) LSV curves of PC-1-PC-3 and Pt/C, respectively, recorded at different
electrode rotation rates (400-2500 rpm). (B, D, F, H) K-L plots of PC-1-PC-3 and Pt/C,

respectively, at various potentials (0.3-0.5 V).
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Fig. S8 Electron transfer numbers () and H20O: yields of PC-1-PC-3.
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Fig. S9 (A) LSV curves of PC-3, Pt/C, and the sample derived from the MOF/urea/NaCl
mixture (using NaCl as a simple additive rather than as a salt-protected shell) in Oz-saturated
0.1 M KOH electrolyte at a rotation rate of 1600 rpm. (B) Comparison of half-wave
potentials and limiting current densities (j;) at 0.4 V for catalysts. (C) LSV curves recorded at
different electrode rotation rates (400-2500 rpm) and (D) K-L plots at various potentials
(0.3-0.5 V) of the sample derived from the MOF/urea/NaCl mixture. The porous carbon

sample derived from the MOF/urea/NaCl mixture is denoted as Control-PC.
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Table S1 BET surface areas and total pore volumes of pure MOF-5 and PC-1-PC-3.

Sample Surfafe area Total pore \_llolume
(m”g™) (cm’g™)

MOE-5 1242 0.54

PC-1 968 0.83

PC-2 311 0.28

PC-3 1393 1.38
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Table S2 Comparison of ORR activity of PC-3 with that of other electrocatalysts in the

recently developed alkaline electrolyte.

Loading Eip Ji
Sample Reference
(mg?cm?) (Vvs.RHE) (mA cm?)
This
PC-3 0.20 0.860 6.48
work
NBCNT-10 0.51 0.820 5.52 2
FePc@CNF 0.80 0.875 5.62 3
H-NSC@Co/NSC 0.03 0.850 5.60 4
Co/SP-NC 0.42 0.860 5.26 5
COF@ZIF-Pdsoo 1.20 0.866 4.98 6
A-MnO2/NSPC-2 0.29 0.870 5.40 7
MnCo,04/NCNTs 0.20 0.760 6.06 8
C-1000 0.26 0.833 5.60 9
Porous CS 0.46 0.740 5.92 10
Cu-SACs-7 0.26 0.897 6.50 11
Co@Co304/NC-2 0.25 0.810 4.20 12
IO-NixCO‘).
0.30 0.926 5.70 13
xSg@NSC
FeCo@CNTs-60 1.40 0.95 6.85 14
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