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Figure S1. Frontier molecular orbitals for the lowest energy state of the V, dimer.
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Figure S2. Frontier molecular orbitals for the ground state of the V" ion.
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Figure S3. Molecular orbitals for the low-lying state of the V5 cluster.
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Figure S4. Calculated lowest energy structures for neutral and positively charged, V,>", 2 < n < 5,

clusters. Relative energies in eV, bond lengths in A, NBO charges in electrons (e), and spin distributions

(marked by arrows) are shown.
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Figure S5. Lowest energy structures for neutral, V,, and charged, V,', 6 < n < 8, clusters. Relative

energies in eV, bond lengths in A, charges in electrons (e), and spin distributions (marked by arrows) are

shown.

S5



(1.421) (0.08])
248

a) b) f h d)

g

<
0.10] 0.13)) 0.13))
a a d
(0.08])
b
(0.03) i 238

Vs M=2DBCPBP GS Vo' M=1DBCPBP GS V, M=2 TCTP +0.17 ¢V Vst M=1TCTP +0.18 ¢V
M=4(+024eV), M=6 (+055¢eV) M=3(+0.003 eV), M=S5 (+0.250 cV) Mg TOTP +0.40 oV M3 TCTP +0.23 oV

0.211 2
0.231

0.241

Vie M=3 besap +0.52 eV Vi’ M=4 besap +0.59 eV
SE M= 10 100 csap .59 ¢!
Vie' M=2 besap GS M=5 besap +127 eV M=6 besap +1.17eV

i) 0.181 )] k) )]

©.751) 1,45 4 021t

2201 0.49]

©151) " 0.401)
0.451 i

0147 ‘ 0.141
N Sh— 2294 ©.19)) 4 - 0571
XL ©0.05)) W 0.04]
0.02] 4 b
L Vy' M=1dimer-nine GS Vi M=4 dimer-nine +0.13 eV V' M=3 pctp +0.49 eV
Vi M=2pctp GS M=3 (+0.01 eV), M=1(+0.26 ¢V), M=3 (+0.32 ¢V) M=2 dimer-nine +0.15eV M=5 (+0.96 eV), M=1(+0.97 eV)

Figure S6. Most stable structures for neutral, V,, and charged, V., 9 < n < 11, clusters. Relative

energies in eV, bond lengths in A, charges in electrons (e), and spin distributions (marked by arrows) are

shown.
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Figure S7. Lowest energy structures for neutral, V,,, and charged, Vo', 12 < n < 13, clusters. Relative
energies in eV, bond lengths in A, charges in electrons (e), and spin distributions (marked by arrows) are

indicated.
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Figure S8. Frontier molecular orbitals for the low-lying state of the V-H,O system.
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Figure S9. Contour plots for HOMO and LUMO of the V,—H,O cluster.
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Figure S10. Lowest energy coordination modes for neutral, V,-H,O, and charged, V,"-H,0,n=1 and 2,
systems. Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined values

are for the total charge on the V,, subcluster, spin distributions (values with arrows) are indicated.
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Figure S11. Lowest energy coordination modes for neutral, V,,-H,O, and charged, Vn+-H20,
n = 3 and 4, clusters. Relative energies, in eV, some distances, in A, NBO charges in

electrons (e), underlined values are for the total charge on the V, subcluster, spin

distributions (marked by arrows) are indicated.
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Figure S12. Lowest energy coordination modes for neutral, V,-H,O, and charged, V,"-H,0,n=5 and 6,

clusters. Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined values

are for the total charge on the V,, subcluster, spin distributions (marked by arrows) are indicated.
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Figure S13. Lowest energy coordination modes for neutral, V,-H,O, and charged, V,"-H,0,n=7 and 8,

clusters. Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined values

are for the total charge on the V,, subcluster, spin distributions (marked by arrows) are indicated.
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Figure S14. Lowest energy coordination modes for neutral, V,-H,0, and charged, V;-HZO, n=9and
10, clusters. Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined

values are for the total charge on the V,, subcluster, spin distributions (marked by arrows) are indicated.
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Figure S15. Lowest energy coordination modes for neutral, V,-H,0, and charged, Vn+-H20, n=11 and
12, clusters. Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined

values are for the total charge on the V,, subcluster, spin distributions (marked by arrows) are indicated.
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Figure S16. Lowest energy coordination modes for neutral, V3-H,0, and charged, V13+-H20, clusters.
Relative energies, in eV, some distances, in A, NBO charges in electrons (e), underlined values are for

the total charge on the V,, subcluster, spin distributions (marked by arrows) are indicated.

S16



