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Analysis and calculations made from the bands of the XPS spectra

Curve fitting was applied in the high-resolution XPS spectra for Mo 3d and S 2p by subtracting
the background with consistency from the fitting peaks with optimized parameters (including
binding energy, full width at half maximum and area), assisted by NIST XPS database' and
according to relevant literature. The integrated area between the line of the peak and the
background was defined as the peak intensity. The integrated area was calculated by the XPS
software after curve fitting. For each element, we selected a peak and we divided the area of
that peak, Ii, by the sensitivity factor, Si, in order to obtain the normalized peak area, Ii/Si. The
equivalent homogenous atomic fraction, Xi, of each element is the ratio of the normalized peak
area divided by the sum of all the normalized peak areas (the atomic percent (at. %) is the

product of Xi multiplied by 100).? The equation can be denoted as:

_Ip/Sp
Sili/Si

In this equation, the sensitivity factors for Mo 3d in 1T-MoS2 and 2H-MoS: are the same. The
relative content of 1T phase in the total MoS2 can be calculated as:

Xat-Mos2) = lir/(lit+12m).
It is worthy of note that the calculation of 1T content from S 2p is a good match with the result

obtained for Mo3d. This further manifests the reliability of this method.

Calculation of thermodynamic magnitudes used in the DFT calculations
The hydrogen adsorption energy (AEn) on S atoms was calculated by the equation (S1):
AEu= E(Catalyst +H) - E(Catalyst) -1/2 E(H2) ............ (Sl)

where E(catalyst +H) 1s the total energy of the catalyst with one absorbed H atom, E(catalyst) is the



total energy of the catalyst without absorbed H atoms, and E(H2) is the energy of hydrogen
molecule in gas phase.?
The free energy of the adsorbed state can be calculated by the equation (S2):

AGu= AEu+ AEzpE- TASH............ (S2)
where AEzpk is the difference in zero point energy between the adsorbed and the gas phase, and
ASH is related to the entropy of adsorption of 1/2 H2. When these two factors were taken into
consideration under standard conditions, AGu was calculated as:

AGu=AEu+0.24eV............ (S3)

Thus, the free energy of H adsorption for TiC, 2H-MoS2, 1T-MoS2, 2H-Mo0S2/TiC, and 1T-

MoS2/TiC was calculated.
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Figure S1. The setup for determining the Faradaic efficiency and the magnification of surface
area of the TCMS electrodes.



Figure S2. Microstructure of (a) TCMS 1, (b) TCMS 2, (¢c) TCMS 3, and (d) TCMS 5.
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Figure S3. X-ray diffractograms of TiC membrane and TCMS 4.
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Figure S4. High-resolution XPS spectra of the Mo 3d peak region of (a) TCMS 1, (b) TCMS 2,

(¢) TCMS 3, and (d) TCMS 5.
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Figure S5. High-resolution XPS spectra of Mo 3d region of TCMS 4 recorded (a) one, (b) three,

(c) five, and (d) ten days after preparation.
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Figure S6. High-resolution XPS spectra of the S 2p peak region of (a) TCMS 1, (b) TCMS 2,

(¢) TCMS 3, and (d) TCMS 5.
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Figure S7. N2 adsorption-desorption isotherms from BET measurements and (in the inset) the

pore-size distribution for TCMS 4.
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Figure S8. Linear sweep voltammetry curves (scan rate 1 mV-s!) of TCMS 4 electrodes tested

in 0.5 M H2SO4, which were fresh and stored (in air) for 3, 5, and 10 days.
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Figure S9. Cyclic voltammogram curves of (a) TiC, (b) TCMS 1, (¢) TCMS 2, (d) TCMS 3,
(e) TCMS 4, and (f) TCMS 5 in the double layer capacitive region at the scan rates from 1 to

6 mV-sL.



Figure S10. SEM image of MoS: layer of TCMS 4 after 5000 cycles of CV testing.



Figure S11. (a) Morphology and (b-f) EDS elemental mapping of TCMS 4 after HER test.



Table S1. Comparison of the parameters of HER performance reported in this study and in other

studies on MoS2-based catalysts supported on various substrates.

Tafel Stability
Synthesis slope Rct (CV tests C
Catalysts y . e P ( . . > Ref.
technique [mV] [mVd [Q] ori-t  [mFcm™]
ec’] time)
24 h+ Thi
is
TCMS 4 Hydrothermal -127 41 134 5000 1079.4 stud
cycles y
MoS2/ MoO:z on reduced
graphene oxides foam loaded on  Chemical vapor 2000 .
.. -197 215 / 79.6
a glassy carbon electrode by deposition cycles
binders
MoS:2 nanoplates embedded in
Co-N-doped nanocage loaded on 1000 5
Template -180 74 130 21.07
a glassy carbon electrode by cycles
binders
Vertically grown MoS2
nanoplates on vanadium nitride 1000
P Hydrothermal ~ -85  53.31 467 / ;
loaded on a glassy carbon cycles
electrode by binders
MoS:2 nanosheets grown on
synthesized Biz2Ses nanoflowers Hot injection 1000 ;
-208 57 534 1.73
loaded on a glass carbon method cycles
electrode by binders
Nitrogen-doped MoS: anchored
on a porous carbon network Annealing 1000 8
-114 468 6 26.93
loaded on a glass carbon method cycles
electrode by binders
CuS@ defect-rich MoS2 core-
shell structure dispersed on a 3000
P Hydrothermal ~ -135 50 20 22.80 9
glassy carbon electrode by cycles
binders
Wafer-scale sulfur vacancy-rich
Laser molecular 10000 10
monolayer MoS2 on glassy . -256 93 90 11.44
. beam epitaxy cycles
carbon by binders
Core-shell CoS2 @MoS: 1000
nanoparticles coated on a glassy Hydrothermal -276 60 750 2.79 1
. cycles
carbon electrode by binders
P-doped MoS2 on N, S-doped
reduced graphene oxide drop cast  Hydrothermal -94 47 40 20 h / 12

on a glassy-carbon rotating disk




electrode by binders
RuO2@ MoS2 drop cast on a
glassy carbon electrode by
binders
1T-MoS: on carbon cloth drop
cast on a glassy carbon electrode
by binders
(Ni, Fe) S2@MoS:
heterostructures grown on carbon
fiber paper as an electrode
3D flower-like defected MoS:z on
candle soot substrate loaded on a
glassy carbon electrode by
binders

MoS2 on semimetal CoMoP2
directly as an electrode

Phosphorus-doped MoS: on the
glassy carbon loaded on a glassy
carbon electrode by binders

3D edge rich MoS: directly
grown on the glassy carbon as an
electrode

NiC0204@MoS: directly grown
on the carbon paper

Hydrothermal

Hydrothermal

Hydrothermal

Magnetron-
sputtered

Electrochemical

Post-doping
method

Chemical vapor
deposition
Oxygen plasma
etching

Hydrothermal

-114

-151

-130

75

-215

-297

-180

62.9

55

101.2

49

109

52

207

79.4

102

25

294

4.74

2000
cycles

5000
cycles

44 h

46 h

40 h+
5000
cycles

1000
cycles

1000
cycles

20 h

8.7

125.6

0.67

52.39

412

8.92

13

15

16

17

18

19

20
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