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Convergence Tests

The setup has been tested with respect to the number of layers, the supercell size (N), the K-points grid

and the cutoff energy. The results are reported in Table SI.

Table Sl. Details of the convergence tests. E 5 and E} are the barrier with respect to the parallel or the
vertical gas-phase geometry, respectively. AE 5 and AE} are the differences with the setup used in the
paper (highlighted in gray).

Layers N K-points Cutoff /[eV] EV/[eV] AE}/[ev] Ep/lev] AEp/[eV]
4 3x3 4x4x1 350 0.689 0.000 0.676 0.000
5 3x3 4x4x1 350 0.702 0.013 0.689 0.013
6 3x3 4x4x1 350 0.682 -0.007 0.669 -0.007
7 3x3 4x4x1 350 0.693 0.004 0.680 0.004
4 2x2 4x4x1 350 0.761 0.072 0.690 0.014
4 3x3 4x4x1 350 0.689 0.000 0.676 0.000
4 4x4 4x4x1 350 0.686 -0.003 0.685 0.009
4 3x3 3x3x1 350 0.706 0.017 0.694 0.018
4 3x3 4x4x1 350 0.689 0.000 0.676 0.000
4 3x3 7x7x1 350 0.692 0.003 0.679 0.003
4 3x3 11x11x1 350 0.692 0.003 0.679 0.003
4 3x3 4x4x1 300 0.656 -0.033 0.645 -0.031
4 3x3 4x4x1 350 0.689 0.000 0.676 0.000
4 3x3 4x4x1 400 0.698 0.009 0.685 0.009
4 3x3 4x4x1 450 0.700 0.011 0.687 0.011
4 3x3 4x4x1 600 0.703 0.014 0.690 0.014




Vibrational modes and artificial IVR

The harmonic frequencies of the vibrational modes of the three water isotopologues H,O, HOD and D0,
computed with the set up used in the paper, are reported in Table Sl together with the experimental
fundamental frequencies. The larger differences between the energy associated with the vibrational
modes makes HOD less prone to artificial IVR and therefore more suitable for AIMD rather than H,O or
D,0. This can be seen in Fig. S1 where the average energy of 20 HOD molecules in the

(vor=1, Vop=0, Vpenqa=0) state is reported. The energy imparted in the vy state stays localized in the
OH stretch mode throughout the 200 fs AIMD-QCT simulation without redistributing among the other

vibrational modes.

Table Sll. Vibrational modes for the different water isotopologues. Vggym and vgy,, are the
antisymmetric and the symmetric stretch, respectively, and vy, 4 is the bend mode. For HOD v,y and
Vop are the vibrational modes localized on the OH and on the OD stretch, respectively. The harmonic
frequencies computed with the set up used in the calculations (SRP32-vdW) are reported together with
the experimental values of the fundamental frequencies. The experimental data are taken from Ref. 1.

Isotopologue mode SRP32-vdW  Experimental
[cm™] [cm™]
Vasym 3752.0 3755.8
H.0 Vsym 3639.5 3657.1
Vpend 1603.8 1594.8
Vasym 2747.6 2787.7
D0 Vsym 2620.7 2668.1
Vpend 1173.8 1178.4
Vou 3697.9 3707.5
HOD Vop 2682.2 2782.0
Vpend 1405.9 1402.2
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Figure S1. Average energy of 20 HOD molecules in the (voy=1, Vop=0, Vpenqa=0) state during a 200 fs
QCT-AIMD propagation.

Ground state reactivity

The ground state (v=0) reactivity has been computed and compared with the laser-off S,. The results
reported in Fig. S2 show that, at the large (E;) investigated, the ground state reactivity does not

significantly differ from the laser-off one.
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Figure S2. S, for laser-off and v=0 simulations in blue and red, respectively.
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Angular distributions
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Figure $3. Same as Fig. 7 in the main paper but for voy = 1.



Initial Orientation

The vy =1 molecules have been simulated in the (/=2, K,=0, K.=2) state while sampling all the

experimentally accessible M values (i.e., M =-2,-1, 0, 1, 2). In principle the transition we are simulating
would also excite the molecule in K =-2. However, when K,=0, the initial orientation of the molecule is
independent on the sign of K,.. To show this (Figure S4) we prepared 10 sets containing 5000 molecules

each in the states (J=2, K,=0, K.=12) for all the accessible values of M.

For each set the orientation of the OH and the OD bonds have been evaluated by computing the angle
that the bonds make with the surface normal z. Fig. S4 shows that the initial distribution of 8, and

therefore the molecular orientation, does not depend on the sign of K.
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Figure S4. Distribution of the initial angle 8 for the OH (blue) and the OD (red) bond. Different plots refer
to different rotational states. Plots on the same line refer to rotational states that only differ in the sign
of K.
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