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Abstract: [Purposes] In light of the urgent need for efficient, stable, and cost-effective electro-
catalysts composed of non—noble metals for oxygen evolution reaction (OER), an innovative strategy
is proposed for enhancing the performance of these catalysts. [Methods] With the ZIF-based 3D su-
perstructure self-assembled on the surface of carbon cloth as precursor, the 3D superstructure self-
supported electrodes of nitrogen—doped nanotubes with Co or CoNi(x) encapsulated were constructed

through the strategy of high temperature pyrolysis—metal-catalyzed in—situ preparation, and their elec-
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trocatalytic OER performances were systematically studied. [Results] Various microscopic morpholo-

gy and phase characterizations and electrochemical tests show that nitrogen—doped carbon nanotube en-

capsulation improves the electrode conductivity and the introduction of bimetallic active components

can greatly improve the charge transfer efficiency, the synergistic effect between bimetallic nanoparti-

cles can also regulates the electronic structure of active sites. Furthermore, the electron coupling be-

tween bimetallic nanoparticles and nitrogen—doped carbon nanotubes induces additional reaction sites

on the surface of nitrogen—-doped carbon nanotubes. Among them, CoNi(0.5) bimetallic composite

nanoparticles encapsulated with nitrogen element doped carbon nanotubes integrated electrode (Co-

Ni0.5@NCNTs/CC) shows best OER activity in this system, requiring only 218 mV overpotential to

reach a current density of 10 mA - cm ™ with good electrochemical stability.

Keywords: metal-organic frameworks; self-assembly; carbon nanotubes; electrocatalytic OER
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Fig. 1 Schematic illustration of CO@NCNTs/CC fabrication
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Fig.2 (a—d) SEM images and (e) XRD patterns of ZIF-67, ZIF-67(0. 2Ni), ZIF-67(0. 5Ni), and ZIF-67(Ni) ;
Insert Ca)size distribution of ZIF-67
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Fig.3 SEM images at different magnifications of (a—c) CoO@NCNTs prepared by pyrolysis of ZIF-67/CC assembled by spray coating
and (d—1) Co@NCNTs prepared by pyrolysis of ZIF-67/CC assembled by immersion
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Fig.4 SEM images at different magnifications of CC , ZIF-67/CC, CoNC/CC, CoNi0. 5NC/CC, Co@NCNTs/CC, ZIF-67(0. 5Ni)/CC,
CoNi0. 5@NCNTs/CC, ZIF-67(Ni)/CC, and CoNi@NCNTs/CC
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Fig.5 XRD patterns and locally zoomed patterns of CONC/CC,Co@NCNTs/CC,CoNi0. 5NC/CC,CoNi0. 5@NCNTs/CC,
and CoNi@NCNTs/CC
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Fig.6 TEM images (a and b), HRTEM image (¢c), HADDF-STEM image and mappings (d) of CO@NCNTs/CC
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Fig.7 TEM images (a and b), HRTEM image (¢), HADDF-STEM image and mappings (d) of CoNi0. 5@NCNTs/CC
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Fig.8 Polarization curves (a) and Tafel plots (b) of CONC/CC, Co@NCNTs/CC, CoNi0. 5NC/CC, CoNi0. 5@NCNTs/CC, CoNi@NCNTs/
CC, Ir0,/CC, and CC in 1. 0 mol/L. KOH; Linear fit chart of Cy; (c) and Nyquist plots (d) for CO@NCNTs/CC and CoNi0. 5@NCNTs/CC;
CV curves at various scan rates for (e) Co@NCNTs/CC and (f) CoNi0. 5@NCNTs/CC
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Fig. 9 Polarization curves of CoNi0. 5@NCNTs/CC before and after 1 000 CV cycles (a) and V~¢ curve of CoNi0. 5@NCNTs/CC electrode
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