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Supermolecule density functional calculations on the water

exchange of aquated AI(III) species in aqueous solutiont

Zhaosheng Qian, Hui Feng, Wenjing Yang, Qiang Miao, Lina He and Shuping Bi*

The structures and the selected structural parameters for the water exchange on
A(H20)63Jr and Al(H20)5(OH)2+ in the gas-phase reaction system, energies profiles of
water exchange on Al(H20)63+ and Al(H20)5(OH)2+ for the gas-phase reaction system
and supermolecular reaction system in aqueous solution, the technical details of the
calculations and Cartesian coordinates of all supermolecular geometries optimized

at B3LYP/6-311+G**.

1. Figure S1. Species involved in the water exchange on Al(H20)63+ and Al(HZO)s(OH)2+ for
gas-phase reaction system optimized at B3LYP/6-311+G**

R2 TS2 P2

Figure S1. Species involved in the water exchange on Al(H,0)s*" and Al(H,0)s(OH)** for gas-phase
reaction system optimized at B3LYP/6-311+G**
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2. The selected structural parameters for the water exchange on A(H20)63+ and Al(HZO)S(OH)2+
in the gas-phase reaction system

Table S1 Selected Structural Parameters (A) for the water exchange on Al(H,O)s’" and
Al(H,0)s(OH)*" in the gas-phase reaction system

complex r(Al-Oy) r(Al-Op) r(H-Op) r(Al-Op)  >r(Al-O)
R1 1.956,1.956,1.952,1.948,1.908,1.918 1.940 15.331
TS1 1.895,1.931,1.869,1.899,1.864 2.842 1.751 1.892 15.964
P1 1.903,1.960,1.847,1.866,1.871 3.490 1.710,1.773 1.889 16.622
R2 1.728,2.001,1.976,1.976,1.965,1.965 1.935 15.379
TS2 1.694,1.963,1.914,1.932,1.911 2.861 2.005 1.883 16.035
P2 1.687,1.889,1.965,1.883,1.956 3.761 1.719,1.832 1.876 16.902

3. Energies profiles of water exchange on Al(H20)63+ and Al(HZO)s(OH)2+ for the gas-phase
reaction system and supermolecular reaction system in aqueous solution

— the gas-phase reaction system in solution

88.9 — — -the supermolecular reaction system in solution
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Figure S2. Energies profiles for water exchange on Al(H,0)>" and Al(H,0)s(OH)*" for the gas-phase

reaction system and supermolecular reaction system in aqueous solution

4. The technical details of the calculations

(1) The two models proposed in the present study are defined as follows:

(a) The gas-phase model. The gas-phase model in the gas phase did not consider the solvent effect.
The energy calculations (AE(g)) for the gas-phase model in the gas phase were performing on the
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optimized structures (R1, R2, TS1, TS2, P1 and P2) of the gas-phase reaction system. The gas-phase
model in the aqueous solution did not consider the explicit solvent water effect. The energy
calculations (AE(aq)) for the gas-phase model in the aqueous solution were performing single-point
energy calculations with PCM method on the optimized structures (R1, R2, TS1, TS2, Pl and P2) of
the gas-phase reaction system.
(b) The supermolecular model. The supermolecular model in the gas phase only considers the explicit
solvent water effects but does not consider the bulk water effects. The energy calculations (4E(g)) for
the supermolecular model in the gas phase were performing on the optimized structures (Rgl, R;2,
TSs1, TS,2, Pl and Py2) of the supermolecular reaction system. The supermolecular model in aqueous
solution not only considers the explicit solvent water effects but also considers the bulk water effects.
The energy calculations (AEg(aq)) for the supermolecular model in the aqueous solution were
performing single-point energy calculations with PCM method on the optimized structures (R1, R2,
TS1, TS2, P1 and P2) of the supermolecular reaction system.
(2) The detailed optimization for the reactants, transition states and products in the gas-phase
reaction system and supermolecular reaction system.

All the structures in the gas-phase reaction system were fully optimized at B3LYP/6-311+G** level,
and then for the supermolecular reaction system based on the optimized structures in the gas-phase
reaction system the additional six water molecules were added and re-optimized at the same level. For
the transition states TSI and TS2, we found them with TS method using GO03 program. For the
transition states TSyl and TS,2, we using the optimized transition states of the gas-phase reaction
system, and added additional six water molecules, and then re-optimized with TS method using G03
program. For the products Pl and P2 in the gas-phase reaction system, we used the optimized
geometries of the transition states TSI and TS2 and moved the water leaving molecules far from the
center Al atom, and then optimized to products Pl and P2. For the products Pyl and P2 in the
supermolecular reaction system, we used the optimized geometries of the products Pl and P2 of
gas-phase reaction system and added additional six water molecules, and then optimized to the
products Pyl and P;2.

5 Cartesian coordinates of all supermolecular geometries optimized at B3LYP/6-311+G**

R1
0) 0.53581900 1.73368500  -0.32472100
0) -1.18832000  -1.64002000  -0.75748800
0) -1.86095900 0.78504900 0.13167500
0) 0.36117600  -0.62006500 1.22712100
o 1.39159000  -0.73321400  -1.22236600
o -0.67580100 0.40001300  -2.39596600
Al -0.20606800 0.00531600  -0.47320900
H -2.17216800  -1.66171900  -0.68376500
H 0.38964600  -1.58394300 1.40162200
H 0.50133600  -0.11365400 2.09578600
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