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Analysis of water influence on 1T-HfS, monolayer

To simulate the effect of water, we consider that H,O can depose oxygen atoms on the unsaturated hafnium

atoms and modify the surface state according to the following equation'*:

sur face +nH,O = surface — H>,0,, (D)

Sulfur/oxygen exchanges can take place on the stable reference surface

Surface — S, +nHyO0 = surface — O, +nH,S (2)

Taking water as the oxygen source, successive exchanges were studied. Gibbs free energy of Reaction

, for example, was computed according to:

AG = u(Surface— Oy)— u(Surface—S,)+nu(H>S) —nu(H,0) (3)

Assuming that the difference between the chemical potential of solid phases can be approximated by the
difference in their electronic energy™%:.

(P(H2S)

A,G = A,G° +nRTIn10log~——=-"L
r G +n n OgP(H20))

(4)

Here A, G being equals to AE, + Au®(T)?4. (Au®(T)) includes the effect of temperature by accounting

for the vibrational contribution of the system in the following equation :

Au’(T) = AZPE + AH,;j, + AHyp + AH; — T (ASyip, 4+ ASyor + AS;,)

and AE, being the electronic energy contribution to the S/O exchange reaction defined as AE, =

E(Surface — 0,) — E(Surface — S,) +nE(Hy0) +nH,S
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Figure S1 : views of the most stable actives sites used in the adsorption of H,O molecule, The H,O

molecule is depicted with blue and white spheres which correspond to oxygen and hydrogen atoms.

Table S1 : The calculated electronic contribution for the S/O exchange reaction from the reference surface
AE,. E; is the energy required to perform the n'" exchange (kJ mol~!), E in the energy per exchanged
oxygen atom AE, /n (kJ mol ). Bridge (B), top on S atom (S), top on Hf atom (Hf), hexagon (H) and (F)

positions represent the actives sites tested.
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Figure S2 : View for the most stable geometry of HfS,_, O, structures.
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Figure S3 : Side and top views of the most stable configuration of Sv-2D-HfS, absorbed with SO,
molecule. The SO, molecule is depicted with yellow and blue spheres which correspond to sulfur and

oxygen atoms.
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Figure S4 : The calculated band gap of (a) 2D-HfS,, (b)HfS,_,O, and (c) Sv-2D-HfS, at HSE level. Noted

that in (a) we also give in orange the plot of band structure at the HSE+SOC level.
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Figure S5 : Band structure plot at HSE06 level for (a) 2D-HfS, @SO,, (b) Sv-2D-HfS, @SO, and
(c)HfS,_, 0, @S0,
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Figure S6 : Partials densities of states of (a) T1-HfS,, (b) Sv-2D-HfS; and (c) isolated SO, molecule at
HSE level.

Figure S7 : NCI isosurfaces (s(r)=0.23 a.u.) of the (a)Sv-2D-HfS, @H, 0O (b) HfS,_,0O,@H,O0 structures.
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