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Table S1. Relative energy of three different ground-state isomers of 7AI(H,O); optimized at
RI-ADC(2)/SVP-SV(P) level: bridged-planar, cyclic-nonplanar (2+1), and bicyclic-

nonplanar.
Energy (kcal.mol ™)
Isomer ADC(2) MP2/cc-pVDZ CC2/cc-pVDZ

Present (B3LYP/cc-pVDZ) (B3LYP/cc-pVDZ)

result by Yu et al. (2012) by Pino et al. (2011)

Bridged-planar 0.00 0.00 (0.00) 0.00 (0.00)
Cyclic-nonplanar -1.57 -0.93 (-0.86) -
Bicyclic-nonplanar 0.82 0.14 (1.90) -1.33 (-2.91)

Table S2. Bond distances comparison between SVP-SV(P) and TZVPP basis sets for the
ground state structure of the 7AI(H,0);-bridged-planar cluster.

Distance (A)
SVP-SV(P) TZVPP
H1-01 1.74 1.78
H2-03 1.71 1.73
H3-02 1.73 1.75
N2-H4 1.80 1.80

Table S3. Average time lag between PTs during dynamics simulation.

Time (fs)
Complex PT1 Time PT2 Time PT3 Time PT4
lag lag lag
7AI(H,0), 48 10 59
7AI(H,0);14 91 5 96
7AI1(H,0), 69 1 70 8 78
7A1(H,0); bridged-planar 69 4 73 6 79 11 90
7A1(H,0); cyclic-nonplanar 77 12 91 8 99
7AI(H,0); bicyclic-nonplanar 70 35 105 10 115
7AI(H,0)4 74 9 83 12 95
7AI(H,O)s 74 11 85 26 111
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Figure S1. Relative single-point energies at RI-ADC(2)/SVP-SV(P) of first excited states
(m* and mo*) of a selected trajectory for the 7AI(H,0);-bridged-planar complex.
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Figure S2. Ground-state structures of 7AI(H,0);, 7AI(H,0);+1, and 7AI(H,0), optimized at
ADC(2)/SVP-SV(P).
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Figure S3. Comparison of relative single-point energies at RI-ADC(2)/SVP-SV(P) and RI-
ADC(2)/TZVPP of the ground and first excited states (Sy and nn*) of a selected trajectory for
the 7AI(H,0);-bridged-planar complex.
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Figure S4. Snapshots of one trajectory of the 7AI(H,0);-bridged-planar dynamics showing
the HBR in waters leading it to form 7AI(H,O)s-cycylic-nonplanar isomer following by triple
PT at 500 fs. Normal (N), Proton transfer (PT), and Tautomer (T).
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Figure S5. Average values over 19 trajectories of a 7AI(H,O); cyclic-nonplanar (2+1) isomer
complex. (a) Average breaking and forming of bonds showing time evolution. NH1 and
Ol--H1 in black, OdH2 and O2--H2 in red, and O2-H3 and N2--H3 in blue (b) Average
relative energies of excited stated state (S;), ground state (Sy), and energy difference of S; and

So state (S;-S,).
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Figure S6. Average values over 30 trajectories of a 7AI(H,O); bicyclic-nonplanar isomer
complex. (a) Average breaking and forming of bonds showing time evolutiorHN hnd
O1--H1 in black, OJH2 and O2--H2 in red, and O2-H3 and N2--H3 in blue (b) Average

relative energies of excited stated state (S;), ground state (Sy), and energy difference of S; and

Sy state (S;-S»).
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Figure S7. Average values over 40 trajectories of a 7AI(H,O)4 complex. (a) Average breaking
and forming of bonds showing time evolution. NFH1 and O1--H1 in black, O1-H2 and

02--H2 in red, and O2H3 and N2--H3 in blue (b) Average relative energies of excited stated
state (S), ground state (Sy), and energy difference of S| and Sy state (S;-S,).
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Figure S8. Average values over 38 trajectories of a 7AI(H,O)s complex. (a) Average breaking
and forming of bonds showing time evolution-BNll and O1--H1 in black, O1-H2 and
02--H2 in red, and O2H3 and N2--H3 in blue (b) Average relative energies of excited stated
state (S), ground state (Sy), and energy difference of S| and Sy state (S;-S,).
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Figure S9. Snapshots representing the average over 12 trajectories of a 7AI(H,O), complex
showing the time evolution of the ESTPT reaction through a hydrogen bonded network within

83 fs. Normal (N), proton transfer (PT), and tautomer (T).
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Figure S10. Average values over 12 trajectories of a 7AI(H,O), complex. (a) Average breaking
and forming of bonds showing time evolution. NH1 and O1--H1 in black, and O1-H2 and
N2--H2 in red (b) Average relative energies of excited stated state (S;), ground state (Sy), and
energy difference of S; and Sy state (S;-S,).
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Figure S11. Snapshots representing the average over 18 trajectories of a 7AI(H2O)1+
complex showing the time evolution of the ESTPT reaction through a hydrogen bonded

network within 83 fs. Normal (N), proton transfer (PT), and tautomer (T).
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Figure S12. Average values over 18 trajectories of a 7AI(H,O);1; complex. (a) Average
breaking and forming of bonds showing time evolution. NH1 and O1--HI in black, and
O1-H2 and N2--H2 in red (b) Average relative energies of excited stated state (S;), ground state
(So), and energy difference of S; and Sy state (S;-S).
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Figure S13. Snapshots representing the average over 20 trajectories of a 7AI(H,0), complex
showing the time evolution of the ESTPT reaction through a hydrogen bonded network within

83 fs. Normal (N), proton transfer (PT), and tautomer (T).
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Figure S14. Average values over 20 trajectories of a 7AI(H,O), complex. (a) Average breaking
and forming of bonds showing time evolution-HNl and O1--H1 in black, O1-H2 and
02--H2 in red, and O2H3 and N2--H3 in blue (b) Average relative energies of excited stated
state (S;), ground state (Sy), and energy difference of S; and S state (S;-S,).
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Figure S15. Average relative energies (kcal.mol™) of the ground (Sy) and the excited states

(r*) of TAI(H,0),.
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Figure S16. Average relative energies (kcal.mol™) of the ground (Sy) and the excited states

(TETE*) of 7AI(H20)1+1.
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Figure S17. Average relative energies (kcal.mol™) of the ground (Sy) and the excited states

(ne*) of 7TAI(H,0),.
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Figure S18. Average relative energies (kcal.mol™) of the ground (So) and the excited states
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(nr*) of 7AI(H,0);-cyclic-nonplanar (2+1) isomer.
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Figure S19. Average relative energies (kcal.mol™) of the ground (Sy) and the excited states
(nm*) of 7AI(H,0)s-bicyclic-nonplanar isomer.
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Figure S20. Average relative energies (kcal.mol™) of the ground (So) and the excited states
(nr*) of 7TAI(H,0)a.
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Figure S21. Average relative energies (kcal.mol™) of the ground (Sy) and the excited states

(ne*) of 7TAI(H,0)s.
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Cartesian Coordinates

Cartesian coordinates of ground-state optimized structures of 7-AI(H20),_s clusters (in A). If
not stated otherwise, the geometries were optimized at RI-ADC(2)/SVP-SV(P) level.

7AT (H,0);
C 0.0428034 0.1760973 -0.0117560
C 0.7924739 1.0401631 0.0110259
C 0.04895067 2.2358718 0.0230202
C -1.3411398 2.1294010 0.0090119
C -1.9640894 0.8608028 -0.0166625
C 2.2025670 0.7204051 -0.0090889
C 2.1721176 0.66606081 0.0132715
H 0.5411660 3.2161655 0.0407813
H -1.96795006 3.0279582 0.0160305
H -3.0593392 0.7847298 -0.0300107
H 3.0630017 1.3933197 -0.0167409
H 3.0420101 1.3257910 0.02732068
N 0.9270539 1.2198477 -0.0236895
H 0.6028757 2.1913623 -0.0395874
N -1.2913326 0.2947980 -0.0267627
H -1.3794895 3.4177883 0.8664119
O -1.1064275 3.1487429 -0.0181899
H -1.4985808 2.2552324 -0.0986940
7ATI (H20) 141
C 0.1634863 0.5684837 0.1061004
C 0.3385664 1.9382075 -0.1707783
C -0.8156126 2.7007894 -0.2953115
C -2.0364432 2.0705971 -0.1396276
C -2.0091213 0.6992358 0.1336741
C 2.3450501 0.9552044 -0.0290831
C 1.7630825 2.1571656 -0.2518253
H -0.7659960 3.7674325 -0.5078366
H -2.90489064 2.6181388 -0.2270647
H -3.0215848 0.1972938 0.2547597
H 3.39224¢67 0.6983698 -0.0070884
H 2.2718936 3.0867212 -0.4502222
N 1.3915707 -0.0073028 0.1889099
H 1.5378460 -0.9808726 0.36960048
N -0.9937116 -0.049943¢6 0.2579069
H -0.0057635 -2.9530376 1.6743002
O 0.1355471 -2.6933431 0.7754049
H -0.4991985 -1.9975109 0.6027110
H 0.3925822 -5.2919344 -1.3642352
O -0.2625068 -5.2549776 -0.6852269
H -0.1447074 -4.4051186 -0.2772629
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