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Fig.S1 Schematically showing the features of transition metal catalysts for large-
current-density water splitting.
1. Transition metal borides

Transition metal borides (TMBs), with the features of low-cost, environmentally
benign, and high catalytic performance, have also been widely adopted as advanced
electrocatalysts for driving water electrolysis. Despite these advantages, the
applications of TMBs toward industrial water electrolysis were also hindered by the
complicated complex preparation methods for the catalyst and unsatisfied catalytic
properties. After enormous endeavors devoted, an apparent enhancement in
electrocatalytic performance has been clearly observed in TMBs, and many TMB
catalysts can even achieve a current density of higher than 1000 mA cm for HER,
OER, and overall water splitting. As a distinctive example, Guo et al. have developed
a facile electroless plating strategy for the successful fabrication of Co-B/Ni electrode
(Fig.S2a, b), which can afford 10 mA cm? at overpotentials of only 140 mV for OER

and 70 mV for HER (Fig.S2¢) [1]. More importantly, Co-B/Ni electrode can also



survive at a large current density of 1000 mA cm for over 20 h without performance
degradation in strong alkaline solution. Moreover, the electroless plating has also been
demonstrated to be versatile for the synthesis of a series of TMBs, and all of them are
also uncovered to be highly active toward HER and OER. A perfect integration of active
catalyst and favorable structure was found to be responsible for the excellent

performance of these electrodes.
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Fig.S2 (a) Representative SEM images of the Co-B/Ni electrode. (b) LSV polarization
curves of different catalysts toward HER. (c) HER polarization curves of Pt/C and
Cro4Moy¢B,. Reproduced with the permission from [1], 2018, Wiley-VCH. (d) AGy+
on the (110) surfaces of Cr; ,Mo,B, (x = 1/2, 2/3) plotted as a function of hydrogen
coverage. Reproduced with the permission from [2], 2020, Wiley-VCH.

More recently, Fokwa et al. reported full solid solution Cr;.,Mo,B, (x =0, 0.25, 0.4,

0.5, 0.6, 0.75, 1) for boosting HER electrocatalysis in 0.5 M H,SO, solution [2].



Impressively, such Cr;_,Mo,B;shows an intriguing canonic-like behavior of the c lattice
parameter that perfectly correlates with its HER activity, as it requires 180 mV less
overpotential to drive an 800 mA cm™? current density (Fig.S2d), superior to Pt/C. DFT
calculations demonstrated that the mixed metal/B (110) layer promoted hydrogen
evolution more efficiently for x = 0.6 (Fig.S2e). These researches have further
confirmed the great potential of TMBs for boosting large-current-density water
splitting.
2. Transition metal carbides

In general, electronic properties of catalyst play a crucial role in determining its
electroctalytic performance. Optimizing the electronic properties of electrocatalysts is
another principle that should be paid attention to since OER is a multistep reaction.
Contrary to transition metal oxides, transition metal carbides may be promising
alternatives for water oxidation thanks to their distinct electronic properties and high
electrical conductivity. Therefore, TMCs have also been extensively researched and
adopted as high-performance electrode materials for boosting water splitting
electrocatalysis. For instance, Wu and workers have developed a new type of advanced
electrocatalysts by hybridizing metallic Ni;C nanoparticles with conductive carbon
(Ni3C/C). Interestingly, the intrinsically metallic character of Ni;C phase facilitates the
electron transfer, meanwhile, the conductive carbon support can also greatly promote
the charge transport on the surface of the catalyst (Fig.S3a, b). As a result, the
synergistic contributions of Ni;C and conductive carbon support greatly boost the

electrocatalytic OER reaction, rendering them to be promising OER electrocatalysts



with ultrahigh current density.
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Fig.S3 (a) Schematic illustration of the electrocatalytic water oxidation based on
NiO,/C and NiC/C. (b) Hydrogen binding geometry and hydrogen binding energy on
H@N-WC (001). Reproduced with the permission from [3], 2016, Wiley-VCH. (c)
PDOS of WC (001) and N-WC (001). (d) Photo of water splitting based on bifunctional
N-WC arrays. Reproduced with the permission from [4], 2018, Nature Publishing
Group.

In addition to outstanding OER performance, the inherently electronic properties
also endow TMCs with superb electrocatalytic HER properties. A representative
example is demonstrated by Sun and coworkers [4], they have synthesized the N-doped
WC nanoarray structures, in which the N doping modifies the surface energy level to
optimize hydrogen binding and thus promote HER kinetics (Fig. S3¢, d). More

importantly, it is also demonstrated that the N-doped WC nanoarray can also exhibit



enchanting electrocatalytic OER performance, rendering them as advanced bifunctional

electrocatalysts for overall water splitting.



Table S1 Summary of TMCs for OER electrocatalysis

NiFe LDH/MXene 1 KOH 500 300 [5]
NiFe,0, /NiFe 1 KOH 1000 265 [6]
LDH
Sn—Ni;S,/NF 1 KOH 1000 580 [7]
N, Fe-NiSe@NIF 1 KOH 1000 290 [8]
(Ni-MoO,)@C/N 1 KOH 2000 400 [9]
F NWs
P-NiCoV-LTH/NF 1 KOH 1000 373 [10]
CoO,—RuO,/NF 1 KOH 1500 420 [11]
Fe,P-Co,P/CF 1 KOH 1000 317 [12]
Niz;Fe/FeV,0, 1 KOH 1500 350 [13]
Fe-CoP 1 KOH 1000 428 [14]
Nip sFeq— 1 KOH 1078 260 [15]
AHNA

Fe13,7%-N1382 1 KOH 500 245 [1 6]



Table S2 Summary of TMCs for HER electrocatalysis

CoP@Ni,P 1 KOH 500 209 [17]
Ni(1-0Mo0,P 1 KOH 1000 294 [18]
NisP,/NiP, 0.5 M H,S0, 2000 237 [19]
MoS,/NisS, 0.5 M H,S0, 1000 200 [20]
A-NiCo LDH/NF 1 KOH 1000 381 [21]
NC/NizMo;N/NF 1 KOH 570 500 [22]
NiCoS 1 KOH 1000 430 [23]
F-Co,P/Fe,P/IF 1 KOH 3000 304.4 [24]
NiFe LDH/MXene 1 KOH 500 205 [25]
MoS,/CNF 0.5 M H,S04 1000 450 [26]
Sn—Ni;Sy/NF 1 KOH 1000 570 [27]
N-MoO,/Ni;S, NF 1 KOH 1000 517 [28]

P-MNS/NF 0.5 M H,SO4 1000 243 [29]
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