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1. Experimental

1.1. Preparation of phosphorus doped molybdenum disulfide regulated by sodium
chloride (SP-MoS;)

SP-MoS, was prepared by one-step hydrothermal reaction. In a typical procedure,
0.58 mmol phosphomolybdate acid (PMo;,) was added into 15 mL deionized water and
stirred for 0.5 h, denoted as solution A. 15 mmol thiourea ((NH,),CS) and 0.5 g sodium
chloride (NaCl) were added into 15 mL of deionized water and stirred for 0.5 h, denoted
as solution B. The solution A was mixed with solution B under stirring. The mixed
solution was then transferred into a 50 mL Teflon-lined stainless-steel autoclave and
kept at 180 °C for 24 h. After cooled down naturally to room temperature, the resultant
precipitate was collected by centrifugation, washed with water and absolute ethanol
several times, respectively, and finally dried at 60 °C overnight. Keeping other reaction
conditions unchanged, when the amount of NaCl added was respectively 0.25 g, 0.75
g, and 0 g, the obtained sample was denoted as SP-MoS,-0.25, SP-Mo0S,-0.75 and P-
MoS,, respectively. MoS, was prepared when ammonium molybdate tetrahydrate (1
mmol) and thiourea (15 mmol) were used as starting materials and without addition of
NacCl.

1.2. Characterization

The morphologies of the samples were examined by a scanning electron microscope
(SEM, ZEISS Sigma 300) and a transmission electron microscope (TEM, JEOL JEM-
F200). The structure of the samples was studied by an X-ray diffractometer (XRD;
Ultima-IV) with Cu Ka radiation (4 = 0.15141 nm). X-ray photoelectron spectroscopy
(XPS, Thermo Scientific K-Alpha) was measured with a monochromatic Al Ko X-ray
source (hv = 1486.6 eV). The specific surface area and pore size distribution was
derived from nitrogen adsorption/desorption isotherms (Micromeritics ASAP 2460) at
77 K using the Brunauer-Emmett-Teller (BET) method and Barrett-Joyner-Halenda
(BJH) model, respectively.

1.3. Electrochemical measurements



All the electrochemical tests were carried out using 2 M KOH as the electrolyte. The
working electrode was prepared by mixing the obtained sample as the active material,
polyvinylidene fluoride as the binder and acetylene black as the conductive agent with
a weight ratio of 8:1:1 in N-methyl-2-pyrrolidone solvent. Then the slurry was spread
on foam nickel, dried overnight at the temperature of 80 °C. Finally, a 10 MPa pressure
was applied on the electrode. The active material mass for each electrode was about
2~3 mg cm. For three-electrode system, Pt foil and Hg/HgO electrode was used as the
counter electrode and the reference electrode, respectively. A two-electrode system was
utilized to investigated the electrochemical behavior of ASC. To assemble the ASC
device, SP-MoS, and AC was used as positive electrode and negative electrode,
respectively.

Cyclic  voltammetry (CV), galvanostatic charge-discharge (GCD) and
electrochemical impedance spectroscopy (EIS, frequency: 0.1 Hz—100 kHz) curves
were obtained by using a CHI 660E electrochemical workstation at room temperature.
The specific capacitance was calculated according to the GCD curves by using the

equation 1:

IAt
C=— 1
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Where C represents the specific capacitance (F g!), I (A) refers to the discharge current,
AV (V) represents the potential change within the discharge time Az (s), m (g)
corresponds to the mass of active material in three-electrode system and total mass of
active material in two-electrode system.

The energy density £ (W h kg!) and power density P (W kg!) of the ASC device

in two-electrode were calculated according to equations 2 and 3:
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Where C (F g!) is the specific capacitance of the ASC device, AV (V) represents the

potential change within the discharge time At (s).
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1.4. Computational methodology

All first-principles calculations were performed based on density functional theory
(DFT) using the Cambridge Sequential Total Energy Package (CASTEP).! The
generalized gradient approximation (GGA)? with the Perdew-Burke-Ernzerhof (PBE)
formula® were used for the exchange-correlation potential in combination with the
DFT-D correction. The Broyden-Fletcher-Goldfarb-Shanno (BFGS) method was used
to search for the ground state of the supercells, and the convergence tolerance was set
to the energy change below 10~ eV per atom, force less than 0.02 eV A"l stress less
than 0.05 GPa and displacement change less than 0.001 A. The cutoff energy of the
atomic wave functions was set to 450 eV.

The adsorption energy (E,4) can be obtained by using the equation 4:

Eads = Esubstrate/adsorbate = Esubstrate = Eadsorbate 4)

Where Egypstrate/adsorbate 1S the total energy of the complex formed by substrate interacting
with adsorbates, Egypsiate 1S the energy of the substrate, and E,gsorate 1S the energy of the

isolated adsorbate.* >



2. Figures
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Fig. S2 Schematic illustration of PMo, clusters.® (a) Keggin type, and (b) Strandberg
type.
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Fig. S3 TEM images of (a, b) P-MoS; and (c, d) MoS,.
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Fig. S4 The high-resolution Mo 3d XPS spectrum of P-MoS, (a) and MoS; (b).
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Fig. S5 Pore size distribution curves of MnP-MoS,, P-MoS,, and MoS,.
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Fig. S6 Electrochemical performance of P-MoS, and MoS, in three-electrode system.
CV curves at different scan rates: (a) P-MoS; and (¢) MoS,; GCD curves at different
current densities: (b) P-MoS, and (d) MoS,.
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Fig. S7 (a) CV and (b) GCD curves of SP-Mo0S,-0.25. (¢) CV and (d) GCD curves of
SP-MoS,-0.75. (e) Specific capacitance versus current density curves of SP-MoS,, SP-

MoS,-0.25 and SP-MoS,-0.75.
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Fig. S8 Cycling stability of SP-MoS,, P-MoS, and MoS, after 3000 cycles at a current
density of 10 A g™!.
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Fig. S9 The optimized K adsorption configuration on MoS, bilayer. (a) TopS site. (b)
Hollow site.
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Fig. S10 The optimized K adsorption configuration on P-MoS, bilayer. (a) TopMo
site. (b) TopS site. (c) TopP site. (d) Bridge site.
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Fig. S11 The optimized K adsorption configuration on SP-MoS, bilayer. (a) TopMo
site. (b) TopS site. (c) TopP site. (d) Bridge site.
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Table S1 Comparative electrochemical performances (specific capacitance, rate
capability and cycling stability) of MoS,-based electrodes in neutral, acidic and alkaline
electrolyte in the literature reports with our work.

Cyclin
Electrode material ~ Electrolyte Specific capacitance  Rate capability Y o g
stability
~155 F gl at 76.6 % after
LE-MoS;nanorods’ 1 MNa,SO, 231Fglatl Ag!
10A g! 1000 cycles
E-MoS, 1 M Na,SO 246.8 Fglat05 A 1250Fg'at5 70 % after
a
microflowers® o g! Agl! 3000 cycles
3795 F glat05 A 2697 F glat 82 % ft
MoS,/NCQDs? 1 M Na,SO, & & o A
g’! 10A gt 5000 cycles
MoS, 1 M Na,SO 1702 F glat05 A 918 Fglat5 87.1 % after
a
nanosheets!? o g’! Agl! 5000 cycles
3795 F glat05 A 2697 F glat 82 % ft
MoS,/NCQDs? 1 M Na,SO, & & o A
g’! 10A gt 5000 cycles
. ~200 F g! at 87.1 % after
MoS,(Synergism)'! 1 M Na,SO, 392Fglatl Ag™!
10A g! 5000 cycles
118Fg'lat5A 86 % after
A-MoS,!? 1 MNa,SO, 178F glatl Ag™! L 5000 cvel
g cycles
1T/2H-O- 96Fglat20A 88 % after
1 MNa,SO, 280FglatlAg!
MoS,@GF'3 g! 10000 cycles
N-doped 1T/2H 197 Fg'at20 809 % after
0.5MH,SO;, 410FglatlAg!
MoS,! Agl! 10000 cycles
Nitrogen-doped 160 Fglat10 965 % aft
a .
reduced graphene 1M KOH 539.5Fglat1 Ag! & o ane
i de/MoS, 15 Ag! 20000 cycles
0X1 2
2274 F gl at 92 % after
HDD-MoS,'® 1 M KOH 3719Fglatl Ag!
10A g! 3000 cycles
241 Fglat20 86.2 % after
MnP-MoS,!7 2 M KOH 4323Fglat1 Ag!
Agl! 2000 cycles
Co-decorated MoS, 400 Fglat10 774 % after
2 M KOH 5100Fglatl Ag!
nanosheets!'$ Agl! 5000 cycles
48975 F glat 1 A ~310 F gl at 62.5 % after
Sr-doped MoS,!° 3 M KOH
g! 10A gt 2000 cycles
OFglat5A 89 % ft
MoSyN-CNTs®  6MKOH  225FglatlAg!  ° 10000 ° f °
g cycles
267Fglatl0 94 % ft
Cudoped MoS,2!  6MKOH  353FglatlAg! LB o A
Ag 5000 cycles
3915 F g! at
SP-MoS Our 10A g1 76.5% ter
2 (0w \KOH — S648FglarlAg £ o afte
work) 318.0 F g at 3000 cycles
20A4g7
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Table S2 The adsorption energy of K* at different absorption sites on MoS,, P-MoS,
and SP-MoS, bilayers.

Sample Absorption site Adsorption energy (eV)
TopMo -2.157
MoS, TopS -2.118
Hollow -2.149
TopMo -3.426
TopS -3.426
P-MoS, Hollow -3.733
TopP -3.551
Bridge -3.547
TopMo -3.411
TopS -3.693
SP-MoS, Hollow -3.693
TopP -3.692

Bridge -3.693
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