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Supporting Information

MOF Derived Co03;0, Nanoparticles Embedded in N-Doped Mesoporous Carbon
Layer/MWCNTs Hybrids: Extraordinary Bi-functional Electrocatalysts for OER and ORR

Fig. S1 TEM characterization of Co;04@C derived from pure MOF, demonstrating the
formation of graphitic carbon layer.

Fig. S2 TEM images of (a, b) MOF-MWCNTs and (c, d) physical mixed MOF+MWCNTs

(image b is a local of a; image d is a local of ¢).



Fig. S3 SEM images of (a) MOF-MWCNTs and (b) physical mixed MOF+MWCNTs.
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Fig. S4 XRD patterns of the simulated MOF, as-prepared MOF, MWCNTs and MOF-
MWCNTs.
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Fig. S5 XRD pattern of the Co@C-MWCNTs, obtained by carbonization of MOF-MWCNTs

under argon atmosphere.
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Fig. S6 High resolution XPS spectrum of Co 2p of Co;04,-MWCNTs.
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Fig. S7 LSVs curves of Co;04,@C-MWCNTs and RuO; in an O,-saturated 1.0 M KOH solution

(Inset: the corresponding Tafel plot of the catalysts above).
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Fig. S8 Chronopotentiometry curve of RuO, under a current density of 10 mA cm2in 1.0 M
KOH.

Fig. S9 TEM image of Co;0,-MWCNTSs prepared via a conventional wet-impregnation
method.
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Fig. S10 Chronopotentiometry curve of Co;0,-MWCNTSs under a current density of 10 mA
cm2in 1.0 M KOH.
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Fig. S11 TEM characterization of Co3;0,@C-MWCNTs after OER test.
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Fig. S12 CVs of Co;04@C in N,-saturated or O,-saturated 0.1 M KOH at scanning rate of 50

mV sl



Table S1: Comparison of the OER activity for several recently reported highly active

catalysts.
Catalyst Onset N@10.0 mA cm2 Tafel slope Mass loading Electrolyte Reference
potential (V) \% (mV dec) (mg cm?)
Co3;04@C-MWCNTs 1.50 0.32 62 0.29 1.0 M KOH This work
N-doped graphene-CoO ~1.52 0.34 71 0.7 1.0 M KOH 1
Co0304/N -rmGO 1.50 0.31 67 1 1.0 M KOH 2
Zn,Co; \O4 nanowire array ~1.50 0.32 51 ~1 1.0 M KOH 3
Ni ,Co;_,O4 nanowire N.A. ~0.37 59-64 2.3-2.7 1.0 M KOH 4
NiCo LDH nanosheets ~1.53 0.37 40 1.73 1.0 M KOH s
CoOy N.A. 0.42 42 N.A. 1.0 M KOH 6
Ni 5C09s0x N.A. 0.36 37 N.A. 1.0 M KOH 6
CoCo LDH N.A. 0.39 59 N.A. 1.0 M KOH 7
CoygsFepsS@N-MC 1.55 0.41 159 0.8 1.0 M KOH 8
Au@Co;0,4/C 1.52 0.38 60 0.20 0.1 M KOH o
C03;04/mMMWCNT 1.51 0.39 N.A. 0.21 0.1 M KOH 10
Mn;04/CoSe, N.A. 0.45 49 0.2 0.1 M KOH 1
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