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1. Data for verification of the PES method

Table S1. Total energies for a 1H-NbS, monolayer (E(Mo01oS3)) and its hydrogenated counterpart
(E(Mo10S3oH)) with 1/8 H coverage. AEy is calculated using Eq. (1). E’ea and E ', are calculated by Eq (4)
and (5), respectively. E4_¢ can be calculated according to E .z = — (Eea + €ea + Epa + pa). FOr quantitatively

verifying the PES model in the text, all the data are shown with 6 numbers after their decimal points.

E(NbgS16) E(NbgS16H1) E’ea Epa Eior AEy

-171.179022 -174.827780 2.021781 1.626977 -3.648758 -3.64827

The difference between E5_5 and AEy is only -0.000488 eV, indicating they are numerically equivalent. This
small difference is exactly equal to E(H), i.e. the deviation of the VASP-calculated H atom energy from the
atomic reference energy of H. As will be indicated in Table S2, E(H) reflects the accuracy of the

pseudopotential.



2. Data for AG calculations

Table S2. Total energies for a isolated H atom E(H), a H atom in gas molecular state (£(H;)/2), and their
difference AE.,. Ezpr(gas) and Ezpp(ads) are the zero point energies of a H atom in gas molecular state and
adsorbed state, respectively. The calculated Ezpp(gas) is 0.145 eV, in agreement with the experimental value

of 0.135 eV.! TASy is obtained from the literature.®

E(H) E(Hz)/z AECp EZpE(gas) EZpE(ads) TASH AEZPE - TASH
1H-MoS, 0.102 0.161
1T-MoS, 0.098 0.157
-0.000488  -3.380413 3.380 0.145 -0.205
1H-NbS, 0.093 0.152
1T-NbS; 0.083 0.143

Note that all the total energies in Table S1 are calculated with respect to the atomic energies in reference
configuration (i.e. the configuration for which the pseudopotential is generated). Consequently, E(H) should
be as small as possible. The small value of -0.000488 eV for E(H) indicates the high accuracy of the PAW

potential. In addition, it is seen that Ezpp(ads) is weakly dependent on different materials.



Table S3. Structural parameters for the unit cells of all the monolayers. a and b are calculated in-plane lattice
parameters. 7' is the vertical separation between S layers. M-S and M-M are distances between the
corresponding atoms in MS,. Previous calculation (Calc.) and experimental (Exp.) references are also

included for comparison.

a b T M-S M-M

1H-MoS, 3.19 3.13 2.42 3.19
Exp. 3.16 3.17 2.42 3.16
Calc.® 3.12 3.11 2.38

1T-MoS, 3.22 5.79 3.47 2.53, 3'451(1)’ 2.4, 2.81,3.85
Exp.* 3.22 5.68

1H-NbS, 3.36 3.14 2.49 3.36
Calc.’ 3.35 3.14 2.49

1T-NbS, 3.39 3.09 2.49 3.39

The experimental data from Ref. 2 are for the bulk 2H-MoS;.



Figure S1. Top view of optimized structures for hydrogenated (a) 1H-MoS,, (b) 1T-MoS,, (c) 1H-NbS,, and
(d) 1T-NbS; monolayers. All the monolayers are in the x-y plane. Mo, Nb, S and H atoms are indicated by

green, blue, yellow and grey balls, respectively.
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Figure S2. Projected density of states for 1T-MoS, with 100% H coverage. s, p, and d states are indicated by

black, blue and red curves, respectively. The Fermi level is indicated by the dotted line.
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Figure S3. Projected density of states for 1T-NbS, with 75% H coverage. s, p, and d states are indicated by

black, blue and red curves, respectively. The Fermi level is indicated by the dotted line.
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