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Scheme S1. Schematic illustration of the B-TS-H@T-B through two step, redox reaction and

sulfidation. The red, blue, green, yellow and purple spheres represent Fe, Co, Ni, S and B atoms,

respectively.
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Figure S1. a) The HAADF-STEM and b,c,d) the corresponding TEM-EDX elemental mapping

images of B-TS-H@T-B.
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Figure S2. a,b) Polyhedral illustration structure of the CoFeS,By and Nig gFe( Cog.1S;,Bx.
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Figure S3. XPS spectra of (a) B-NiS, (b) B-FeNiS, (c¢) B-CoNiS, (d) B-TS-H@T-B.
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Figure S4. The high-resolution XPS of Ni 2p (a), Fe 2p (b), Co 2p (c) and S 2p (d).

The results in Figure S3 demonstrate the corresponding existence elements in B-NiS, B-CoNisS,
B-FeNiS and B-TS-H@T-B, including B, Ni and S. The high-resolution Fe 2p, Co 2p, Ni 2p
and S 2p XPS regions present in the Figure S4. For the Ni 2p XPS spectrum of B-TS-H@T-B,
one pair of main peaks located at 853.78 and 870.88 eV are assigned to Ni?>* 2ps3, and 2py.
It’s obviously that the binding energy of Ni 2p gradually decreases as the increase of metal
elements from B-NiS to B-TS-H@T-B, due to the emergence of multivalent metals.
Additionally, the two peaks of Fe 2p;, and Fe 2p;, in B-FeNiS (707.48 eV, 720.48 eV) shift
to 707.38 eV, 720.28 eV in B-TS-H@T-B (Figure S4b), which reveals the bond ability of the
metals become weaken as the electron density of the metal site changed. The peaks shift in S

2p XPS section indicate the exposure of electron-deficient metal sites in B-TS-H@T-B.
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Figure S5. CVs under different scan rates of a) B-FeNiS, b) B-CoNiS, ¢) B-TS-H@T-B, and
d) Scan rate dependent-current densities of the B-FeNiS, B-CoNiS, B-TS-H@T-B. v is the scan

rate.
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Figure S6. (a, b, ¢c) Enlarged HRTEM images of the B-TS-H@T-B after OER test. (d-1)
Typical HRTEM image of B-TS-H@T-B after stability test and the corresponding EDS

mapping images Co, Ni, B, Fe and S.



o Vo

el el

:‘:!.‘:
R PR

noc_o

00 ARIEEs's

. ’ i.i,m,,

Figure S7. The deformantion charge density of B-doped samples. a) NiBx, b) CoFeS,B;, and

S is green ball and B is pink

c) FeCoNiSB,. The Ni is blue ball, Fe is red ball, Co is gray ball,

ball. The yellow areas represent the charge accumulation, and cavy areas represent the charge

depletion.



Table S1. The comparison of the overpotentials at 10 mA cm for OER of reported catalysts

recently.
Catalysts Ovaetr;l)gtzlgiaclrgl;\/) References
B-TS-H@T-B 344.4 mV Our work
RhO, ~385 mV 1
IrO, ~320 mV 2
S, N-CNTs/CoS,@Co 340 mV 3
CoySg@MoS, 342 mV 4
CoySg@MoS,/CNFs 430 mV 5
Co-P films 345 mV 6
CoNC/CNF 430 mV 7
CONE@MoS: 350 mV 7
CoS-Co(OHf)OzgnaM082+ o/ ni 380 mV 2
NiCoS/Ti;C, Ty 356 mV 9
AlPt (©. 1413/? ﬁg{og 10
CogAg oxide 370 mV 11
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Table S2. The comparison of the overpotentials at 100 mA c¢cm-2 for OER of reported catalysts

recently.
Catalysts O\::rlp(;) ge;f‘lcf?;’ ) References
B-TS-H@T-B 419.4 mV Our work
RhO, over 470 mV 1
1IrO, over 570 mV 3
NCoM-SS-Ar over 4990 mV 12
CooSg/Ni ~440 mV 13
S, N-CNTs/CoS,@Co ~520 mV 3
c-Ti-Fe-S boxes over 450 mV 14
c-Ti-Fe-S cubes over 470 mV 14
Zn-Co-S NN/CFP over 420 mV 15
Zn-Co-S NP/CFP ~470 mV 15
Zn-Co-S NS/CFP over 4990 mV 15
H-Fe-CoMoS ~350 mV 16
SNCF-NR over 420 mV 17
CoP/rGO-400 ~510 mV 18
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