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(a) Singlet octahedral R1 (D, ,,' A, ,), (b) Triplet prism R2 (Dgh,3 A", (c) Singlet
prism R3 (C,,,'A)) structures of Al,, and singlet (d) P1 (C,,,'A,)), (e) P2 (C,,'A),
(f) P3 (C,'A") structures of Al,O, and (g) Transition state TSP1-3 (C_,'A") for
interconversion between the P1 and P3 isomers of Al,O (with the corresponding
imaginary frequency) (Figure S1).

CCSD(T)/aug-cc-pVTZ energy profile for the Al, + H,O — ALLO + H, reaction
calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE
(B3LYP) corrections (Figure S2).

B3LYP/aug-cc-pVTZ energy profile for the Al, + H,O — Al,O + H, reaction calculated
at the B3LYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE (B3LYP)
corrections (Figure S3).

P1d and P2d isomers of the H,0-Al,O product of the reaction of the water dimer with
Al optimized at the B3LYP/aug-cc-pVTZ level (Figure S4).

B3LYP/aug-cc-pVTZ energy profile for the Al; + (H,0), — H,0-Al,O + H, reaction
calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE
(B3LYP) corrections (Figure S5).

CCSD(T)/aug-cc-pVTZ energy profile for the Al, + (H,0), — H,0-Al,O + H,
reaction calculated at the B3ALYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE
(B3LYP) corrections (Figure S6).

Imaginary mode of the transition state TS3d-4d of the path 1dim (Figure S7).
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Gaussian 09: Frisch, M. J.; Trucks, G. W.; Schlegel, H. B.; Scuseria, G. E.; Robb, M. A_;
Cheeseman, J. R.; Scalmani, G.; Barone, V.; Mennucci, B.; Petersson, G. A.; Nakatsuji, H.;
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M.; Heyd, J. J.; Brothers, E.; Kudin, K. N.; Staroverov, V. N.; Kobayashi, R.; Normand, J.;
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Gomperts, R.; Stratmann, R. E.; Yazyev, O.; Austin, A. J.; Cammi, R.; Pomelli, C.; Ochterski, J.
W.; Martin, R. L.; Morokuma, K.; Zakrzewski, V. G.; Voth, G. A.; Salvador, P.; Dannenberg, J.
J.; Dapprich, S.; Daniels, A. D.; Farkas, O.; Foresman, J. B.; Ortiz, J. V.; Cioslowski, J.; Fox,
D. J. Gaussian 09, Revision C.01, Gaussian, Inc., Wallingford CT, 2009.

Full reference 41.

MOLPRO: Werner, H.-J.; Knowles, P. J.; Knizia, G.; Manby, F. R.; Schiitz, M.; Celani, P.;
Korona, T.; Lindh, R.; Mitrushenkov, A.; Rauhut, G.; Shamasundar, K. R.; Adler, T. B.; Amos,
R. D.; Bernhardsson, A.; Berning, A.; Cooper, D. L.; Deegan, M. J. O.; Dobbyn, A. J.; Eckert,
F.; Goll, E.; Hampel, C.; Hesselmann, A.; Hetzer, G.; Hrenar, T.; Jansen, G.; K&ppl, C.; Liu, Y,
Lloyd, A. W.; Mata, R. A.; May, A. J.; McNicholas, S. J.; Meyer, W.; Mura, M. E.; Nicklass,
A.; O’Neill, D. P.; Palmieri, P.; Peng, D.; Pfliiger, K.; Pitzer, R.; Reiher, M.; Shiozaki, T.; Stoll,
H.; Stone, A. J.; Tarroni, R.; Thorsteinsson, T.; Wang, M. MOLPRO, version 2012.1; Cardiff
University: Cardiff, U.K., 2012.
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Figure S1.

Caption to Figure S1. (a) Singlet octahedral R1 (D, ,' A, o)» (b) Triplet prism

R2 (D, A", (c) Singlet prism R3 (C,.,'A,) structures of Al, and singlet

(d) P1(C,,,'A)), () P2(C,,' A", (N P3 (C,,'A") structures of Al O, and (g)

Transition state TSP1-3 (C_,' A") for interconversion between the P1 and P3 isomers
of Al,O (with the corresponding imaginary frequency) (Figure S1). All structures are

optimized at the B3LYP/aug-cc-pVTZ level.
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Figure 5.2,

Caption to Figure S2. CCSD(T)/aug-cc-pVTZ energy profile for the Al + H,O — Al,O +
H, reaction calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE
(B3LYP) corrections.
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Figure 53,
Caption to Figure S3. B3LYP/aug-cc-pVTZ energy profile for the Al, + H,O — AlO +
H, reaction calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-point energy) ZPE
(B3LYP) corrections.
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Figure $4.

Caption to Figure S4. P1d and P2d structures of the H,O-Al,O product of the reaction of
the water dimer with Al; optimized at the B3LYP/aug-cc-pVTZ level.
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Figure S5,

Caption to Figure S5. B3LYP/aug-cc-pVTZ energy profile for the Al, + (H,0), —
H,0-Al,O + H, reaction calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-
point energy) ZPE (B3LYP) corrections.



S9

CCSD(T)

Al + (H,0),

i
-

r
o

w
o

£
O

| P2 +H,
_a

Energy kcal/mol

o
o

o)
o

sq Pld+ I

-70

Figure 56.

Caption to Figure S6. CCSD(T)/aug-cc-pVTZ energy profile for the Al + (H,0), —
H,0-Al,O + H, reaction calculated at the B3LYP/aug-cc-pVTZ geometries, with (zero-
point energy) ZPE (B3LYP) corrections.
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Figure 57.

Caption to Figure S7. Imaginary mode of the transition state TS3d-4d of the path 1dim.



