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Note 1

The HER activity was evaluated by calculating the reaction free energy of each step
based on the computational hydrogen electrode model [S1], in which the reaction:

H'+e” —> %Hz

The Gibbs free energy of the adsorption of hydrogen (AGy+) was calculated by:

AG,.=AE,+AE,,.-TAS,

where AEy is the hydrogen adsorption energy over different catalysts, which is
defined as:

AE,=E .-E.-112E,

The AE7pg is the difference in the zero-point energy between the adsorbed state and

the corresponding free-standing state, which can be obtained by:

AE,p =E, - B

ZPE ZPE "~ E ZPE

The entropy is given by [S2]:

hv;

S(T) = 3ZN:[—R In(1—e *")

—hv; lkgT
N, hv, ™"
+

T 1 _ e—hvl- lkgT ]

where R stands for the universal gas constant, kg is the Boltzmann constant, % is
Plank’s constant, N5 is Avogadro’s number, v; represents the frequency and N is the

number of adsorbed atoms. Therefore, AGy+ can be calculated as:
AG,.=AE, +AE,, . -TAS,
1
:(EH* +EZPE(H*)_ TSH* ) - 5 (EHz +EZPE(H2) - TSHz )_ (E* +EZPE(*) —18. )

=AE, +0.24

In the Volcano curve, the exchange current (i;) base on the Nerskov’s assumption
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[S1] is calculated by:

i, =—ek !
‘ ’ 1+exp(|AG .

/ k,T)

where ky is the rate constant. In general, the rate constants should be different for
different systems. However, in the present calculations, the k&, are set to 1 because there
are no experimental data available. Actually, such treatment has been utilized and
confirmed in many previous works [S3-S5], which is reasonable to understand the

activity of different catalysts qualitatively.
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Fig. S1 Adsorption energies of different TM atoms on the substrates BX,, AX and ZrS,.
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Fig. S2 Total and partial density of states of M-MoS,.
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Fig. S6 Partial density of states of H adsorption on M-MoS,.
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Fig. S7 Adsorption free energy of hydrogen versus the descriptor ¢’ for TM atoms on the

substrates: (a) MoS,; (b) MoSe,; (¢) WS,; (d) WSe,.
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