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1 Computational methods

Computations were carried out using Kohn-Sham density functional theory as implemented in the Gaus-
sian 09 (G09) and NWChem v6.4 packages.[1, 2] Structures were optimised using the 6-31+G(d,p)[3,
4, 5, 6] and 6-311+4+G(2d,2p)[6, 7, 8, 9] basis set using the PBE(,[10] B3PW91,[11] and X3LYP[12]
exchange and correlation functionals. Analytical normal mode analyses were carried out using G09 with
the 6-314+G(d,p) basis set and the B3PW91 and PBEO exchange and correlation functionals. Nudged
elastic band[13] calculations were carried out in NWChem at the BSPW91/6-314+G(d,p) level of theory
using 10 beads, a step size of 1.0 and a spring constant of 1.0. Energies for the intermediates were recal-
culated in G09 to compensate for the slightly different implementations of BSPW91 in the two software
packages.
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2 Implementation of BBPW91 in NWChem

J‘XC HFexch 0.20 slater 0.80 becke88 nonlocal 0.72 perdew9l 0.81 pw9llda 1.00

Listing 1: Implementation of B3PW91 in NWChem.

3 Gas phase and polarizable continuum energies

Table 1: Energies at the BSPW91/6-314+G(d,p) level of theory. Ae and AH are given relative to €y of
the « isomer.

Entry Compound €0 (au) Heorr (au) S (J-mol=t- K~1)  Ae (kcal -mol™') AH (kcal - mol™1)
1 o  -6187.75427966 0.785501 373.677 0 0
2 B -6187.75658974 0.787507 366.651 -1.4496 -0.19081
3 v -6187.75154762  0.786674 366.124 1.7143 2.4504
4 0 -6187.76044999  0.786352 368.395 -3.8719 -3.3379
) e -6187.76809424 0.783807 382.694 -8.6690 -9.7317




Table 2: PCM solvation energies at the B3PW91/6-31+G(d,p) level of theory. Ae are given relative to

eéDCM of the « isomer. €4, is defined as eéDCM—eo(gas phase).
Entry Compound M (au)  esor. (kcal -mol~t)  Ae (kcal - mol™1)
1 o -6189.74616999 -1249.9 0
2 £ -6189.75246865 -1252.4 -3.9524
3 v -6189.74895302 -1253.4 -1.7464
4 0 -6189.74878699 -1247.7 -1.6422
5 € -6189.73625462 -1235.0 6.2219

Table 3: Energies at the PBE0/6-31+G(d,p) level of theory. Ae and AH are given relative to € of the
o isomer.

Entry Compound €0 (au)  Heorr (au) S (J-mol=t- K~1)  Ae (kcal -mol~t) AH (kcal - mol~—1)
1 o -6184.77152072 0.790118 372.434 0 0
2 B -6184.77360508 0.790989 364.256 -1.3079 -0.76139
3 v -6184.76886270 0.790698 360.162 1.6679 2.0319
4 0 -6184.77593884 0.789840 365.850 -2.7724 -2.9468
5 e -6184.78042898 0.786974 380.012 -5.5900 -7.5628

Table 4: PCM solvation energies at the PBE0/6-31+G(d,p) level of theory. Ae are given relative to

e(l)DCM of the « isomer. €., is defined as e(l))CM—eo(gas phase).
Entry Compound efOM (au)  e€sorw. (kcal -mol=1)  Ae (kcal - mol™1)
1 a  -6186.76792150 -1252.7 0
2 B -6186.77507616 -1255.9 -4.4896
3 v -6186.77117525 -1256.5 -2.0417
4 0 -6186.76983047 -1251.2 -1.1979
5 e -6186.75462859 -1238.8 8.3413

Table 5: Energies at the X3LYP/6-314+G(d,p) level of theory. Ae are given relative to € of the a isomer.

Entry Compound €0 (au)  Ae (kcal - mol~1)
1 a -6188.09774395 0
2 B -6188.09891706 -0.73613
3 v -6188.09339464 2.7292
4 0 -6188.10167812 -2.4687
) e -6188.11194453 -8.9109

Table 6: PCM solvation energies at the X3LYP/6-31+G(d,p) level of theory. Ae are given relative to

eéDCM of the « isomer. €., is defined as eéDCM—eo(gas phase).
Entry Compound M (au)  esoro. (kcal -mol~1)  Ae (kcal - mol™1)
1 a -6190.08838892 -1249.1 0
2 6 -6190.09385711 -1251.8 -3.4313
3 v -6190.08952944 -1252.6 -0.71568
4 6 -6190.08886718 -1247.0 -0.30011
5 € -6190.07866893 -1234.1 6.0993

Table 7: Energies at the BSPW91/6-311++g(2d,2p) level of theory. Ae is given relative to ¢f M of the
o isomer.

Entry Compound €0 (au)  Ae (kcal - mol™1)
1 a -6189.29168362 0
2 £ -6189.29421940 -1.5913
3 v -6189.28982529 1.1659
4 0 -6189.30280402 -6.9778
5 € -6189.31544408 -14.909




Table 8: PCM solvation energies at the BSPW91/6-3114+g(2d,2p) level of theory. Ae are given relative

to e(lfCM of the « isomer. €4, is defined as e(lfCM—eo(gas phase).
Entry Compound efOM (au)  esorw. (kcal -mol~1)  Ae (kcal - mol™1)
1 a  -6191.29054763 -1254.3 0
2 6 -6191.29727644 -1256.9 -4.2223
3 v -6191.29481702 -1258.1 -2.6791
4 0 -6191.29688280 -1251.3 -3.9753
) e -6191.28898131 -1238.4 0.98287

Table 9: Energies at the PBE0/6-311++g(2d,2p) level of theory. Ae is given relative to e/’ “M of the o
isomer.

Entry Compound €0 (au)  Ae (kcal - mol~1)
1 o -6186.27886751 0
2 £ -6186.28126818 -1.5064
3 v -6186.27633220 1.5909
4 0 -6186.28823889 -5.8806
5 e -6186.29827602 -12.179

Table 10: PCM solvation energies at the PBE0/6-311++g(2d,2p) level of theory. Ae are given relative

to eéDCM of the « isomer. €4, is defined as eéDCM—eo(gas phase).
Entry Compound efOM (au)  esoro. (kcal -mol~1)  Ae (kcal - mol™1)
1 a -6188.28233219 -1257.2 0
2 5 -6188.28992072 -1260.4 -4.7618
3 v -6188.28641324 -1261.3 -2.5609
4 0 -6188.28793823 -1254.8 -3.5178
5 € -6188.27768075 -1242.1 2.9188

Table 11: Energies at the X3LYP/6-311++g(2d,2p) level of theory. Ae is given relative to e)’“M of the
o isomer.

Entry Compound €0 (au)  Ae (kcal - mol~1)
1 o -6189.68942254 0
2 B -6189.69085146 -0.8967
3 v -6189.68614710 2.0553
4 0 -6189.69869411 -5.8180
) e -6189.71339336 -15.042

Table 12: PCM solvation energies at the X3LYP/6-311++g(2d,2p) level of theory. Ae are given relative

to eéDCM of the « isomer. €., is defined as eéDCM-eo(gas phase).
Entry Isomer M (au)  €sotv. (kecal -mol™Y)  Ae (kcal - mol~1)
1 a -6191.68681257 -1253.4 0
2 B -6191.69313719 -1256.4 -3.9687
3 v -6191.68945657 -1257.1 -1.6591
4 1) -6191.6911025 -1250.2 -2.6919
5 € -6191.68501900 -1237.2 1.1255




Table 13: A (elsgmer — ¢

il sol'u.) given in kcal-mol~! for different levels of theory.

Entry Isomer | B3SPW91/A® B3PW91/B® | PBEO/A PBE(0/B | X3LYP/A X3LYP/B
1 a 0 0 0 0 0 0
2 B 25 2.6 3.2 3.2 2.7 3.0
3 5 35 3.8 38 4.1 35 3.7
4 5 2.2 3.0 1.5 2.4 2.1 3.2
5 ¢ 14.9 15.9 13.9 14.9 15.0 16.2

9A=6-314+G(d,p). "B=6-311++G(2d,2p).

Table 14: Comparison of bond lengths in Angstrém from crystallographic data®? and from optimisation
at B3PW91/6-311++G(2d,2p) for the + and e isomers. The nomenclature used in G. Johansson, Acta
Chem. Scand., 1960, 1/(3), 771-773 has been adopted and adapted.

G-Ahg ’Y—A113

Entry Atoms | Crystals structure B3PW91/6-311++G(2d,2p) | Crystal structure B3PW91/63114++G(2d,2p
1 Alr-0(2) 1.831(4) 1.853(3) 1.777(6) 1.789(4

2 AlL-O(1) 1.857(6) 1.867(11) 1.884(37) 1.878(12

3 Al-O(2) 2.026(4) 2.049(15) 1.976(27) 2.002(44

4 AlL-O(3) 1.961(4) 2.023(4) 1.899(30) 1.990(10

5 Al-O(4) 1.857(6) 1.867(5) 1.892(25) 1.884(15

6¢  AlL-O(5) - 1.875(21) 1.905(20

“From Kiricsi et al., Inorg. Chem., 1997, 36(4), 571-575. *Pan et al., Chem. Commun., 2013, 49,
11352-11354. “O(5) denotes hydroxide units connecting corner-sharing octahedra..
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Figure 1: Relative gas phase energies (Ae) at PBE0/6-314+G(d,p) given in solid blue and relative sol-
vated energies(PCM) given in dashed blue. Energies using 6-3114++4G(2d,2p) given in red. Energies are
calculated relative to the corresponding energy for the « isomer.
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Figure 2: Relative gas phase energies (Ae) at X3LYP/6-31+G(d,p) given in solid blue and relative
solvated energies(PCM) given in dashed blue. Energies using 6-3114++G(2d,2p) given in red. Energies
are calculated relative to the corresponding energy for the « isomer.



