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Materials

Molybdenum pentachloride (MoCls, AR), sublimed Sulfur (S, AR), sulfourea
(CS(NH,),, AR), 1,3-Diisopropenylbenzene (DIB, 99%), Nickel foam(NF, 99.8%),
concentrated hydrochloric acid (HCI, 38%), potassium hydroxide (KOH, AR), N,N-
Dimethylformamide(DMF, AR), Sodium Dihydrogen Phosphate (NaH,PO,4, AR),
Dibasic Sodium Phosphate(Na,HPO,, AR) and ethanol (C,HsOH, AR) were purchased
from Sinopharm Chemical Reagent Co., Ltd. Commercial 20 wt.% Pt/C catalyst and
commercial 20 wt.% RuO, catalyst were purchased from Shanghai Macklin
Biochemical Co., Ltd. Nafion (5 wt.%) was purchased from Dupont China Holding Co.,
Ltd. All the chemical reagents were of analytical grade and were used as received

without any purification. Water deionized with a Millipore system was used throughout
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all experiments.
Preparation of polymeric sulfur

This polymeric sulfur (S-r-DIB) was prepared by ring opening polymerization via
an inverse vulcanization technique. 0.089 g 1,3-Diisopropenylbenzene (DIB) was
quickly added to 0.8 g molten sublimated sulfur at 185°C, stirred for a few minutes until
the liquid is completely solidified, the S-r-DIB was obtained after cooling at room
temperature.
Preparation of Pt/C and RuO; catalytic electrodes

4 mg commercial Pt/C (20 wt%) and 40 pL Nafion solution (5 wt%) were
dispersed in the solution containing 640 pL. DI water and 320 puL ethanol. After that,
the mixture was ultrasonicated for 1 h. Subsequently, 500 uL of solution was dropwise
onto the surface of freshly NF (0.5x0.5 cm?), and then dried at room temperature.

The RuO, catalytic electrodes was obtained as the same as Pt/C catalytic
electrodes, only changing Pt/C to RuO,.
Materials characterization

X-ray diffraction (XRD) was carried out on a Shimadzu XRD-6100 with high-
intensity Cu Ka radiation. Scanning electron microscopy (SEM) images were obtained
by using Carl Zeiss Sigma-HD field-emission scanning electron microscope operated
at 10 kV. X-ray photoelectron spectroscopy (XPS) measurements were conducted on
Thermo Fischer ESCALAB 250Xi at 12.5 kV and 16 mA using an Al Ko X-ray source.
Transmission electron microscope (TEM) images were collected on a JEOL JEM-
ARF200F microscopy.
Electrochemical measurements

The electrochemical measurements data were obtained with a CHI760E
electrochemical workstation (CH Instruments, China) in a typical three electrode
system at room temperature. A mercuric oxide electrode, a graphite rod and a catalyst-
loaded NF were used as reference, counter electrode and working electrode,
respectively. For a typical HER measurement, linear sweep voltammetry (LSV) was
obtained in a potential range from 0 to —0.5 V (vs RHE) with a sweep rate of 2 mV s™!

for 85% iR-compensation in N,-saturated 1 M KOH (pH=14) electrolyte at room



temperature, as for OER measurement, it is the same as the HER test method, except
that the interval is 1.2 to 1.9(vs RHE). Polarization curves for water splitting is collected
at a scan rate of 5 mV s™! after 85% iR compensation in a potential range from 1 to 2 V.
The electrochemical active surface area (ECSA) voltammograms were carried out at
various scan rates (20, 40, 60, 80 and 100 mV s™!) at room temperature. The
electrochemical impedance spectroscopy (EIS) was measured at the open circuit
potential under an amplitude of 10 mV in a frequency range of 100 kHz to 0.01 Hz.
The electrochemical stability of MoS,/Ni3S,-p were tested using chronopotentiometry
at a constant current density of =10 mA ¢cm2, 100 mA ¢cm™2 and 10 mA c¢cm2 for HER,
OER and water splitting, respectively. Cyclic voltammetry (CV) measurements were
100mVs'!in—-1.5t00.6 V.

Electrocatalytic performance calculations

ECSA can be obtained by the following equation [

Cdl

ECSA Cs

A

where “Cs” is the areal capacitance for a standard, and we employ the general value of
40 puF cm™2 for Cs.

TOF values of the electrochemical HER are calculated utilizing following
equation [2I:

hydrogen turnover number per area
TOF = yeroe P

Mo atom numbers per area

Fw
= 518x10-3 x |J] x ——
loading mass

Here, where “J” is the current density at a specific applied potential (such as V vs. RHE
=—0.2 V), The “Fw” in the equation correspond to the formula weight in MoS,.
we have employed following equation to obtain the TOF values of the

electrochemical OER [

EN
TOF = —
4dnF



Where the current density J at 1.60 V vs RHE is used for the estimation. “S” is the

[{88R ]}

electrochemical surface area, “#” is the number of moles of active sites on the electrode

surface (mol), “F” is Faraday constant (96485 C mol™') and “4” is the number of
transferred electrons during the OER, and values of n can be calculated according to

the formula:

Q is the cyclic voltammetric charge capacity obtained by integrating the CV cures, [ is

the current (A), V is the voltage (V) and u is the scanning rate (V s™).

Fig. S1. The HRSEM images of M0S,/NizS,-p

Fig. S2. The SEM images of (a) Mo, (b) M0S,/Ni3S;-s, (¢) M0S,/Ni3S,-m and (d) Ni3S,.



Fig. S3 The EDS spectrum of MoS,/Ni;S,-p
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Fig. S4 (a) N, adsorption/desorption isotherms and (b) the corresponding Barrett-Joyner-Halenda

(BJH) pore-size distribution curve determined from the desorption branch of the isotherm for

MOSZ/Ni3S2'p, MOSQ/Nig,Sz-S and MOSz/Nij,Sz-m.
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Fig. S5 Cyclic voltammograms toward HER of (a) MoS,/Ni;S;-p, (b) MoS,/Ni;S;-s, (¢)
MoS,/Ni;S,-m (d) Ni;S,, () Mo, and (f) ESCA normalization.

Table S1 Comparison

Mass (mg) Loading .
. TOF(s ") at-0.2 V
Catalyst differenc amount
start end 5 per Mo atom
e (mg cm™?)
MoS,/Ni;S,-p 127.2 190.8 70.8 11.8 1.51
MoS,/Ni;S,-s 131.1 222.3 91.2 15.2 0.41
MoS,/Ni;S,-m 128.5 255.7 127.2 21.2 0.15
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Fig. S6 Cyclic voltammograms toward OER of (a) MoS,/Ni3S;-p, (b) MoS,/Ni;S;-s, (¢)

MoS,/Ni3S,-m (d) Ni3S,, (¢) Mo and (f) ESCA normalization.
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Fig. S7. (a) CV curves of MoS,/Ni3S;-p, M0S,/Ni3S;-s, MoS,/Ni3S,-m in PBS solution (pH = 7.0)
at a scan rate of 50 mV s~ 1. (b) The TOFs of different catalysts.
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Table S2 Comparison of the catalytic performance of MoS,/Ni;S,-p with other

previously reported electrocatalysts.

Overpotential at ~ Overpotential Potential at 10
Catalysts Electrolyte  -10 mA cm™ for at 100 mA cm- mA cm?? for Ref.
HER 2 for OER water splitting
MoS,/Ni;Sy-p 1.0 M KOH -145 mV 355mV 1.55V This work
MoO3/Ni-NiO 1.0 M KOH -62 mV 347 mV 155V 3]
MoS,@NiS, 1.0 M KOH - 356 mV - (4]
Co-MoS, 1.0 M KOH -56 mV - - [5]
MoS,/Ni;S,/NF 1.0 M KOH -85 mV - - L6]
Ni;S,/MoS, 1.0 M KOH -68 mV - - 7]
MoSy/Ni;S, 1.0 M KOH -190 mV - - (8]
MoS,-MoO;.
1.0 M KOH -76 mV - - [9]
JNi3S;
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