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Table S5: Energies of select spin configurations for isomer A of d-block element substituted niobates,
[MOSNb9O28](11–OS)– , where OS is the oxidation state. All computations carried out at the OPBE/def2-tzvp
level of theory with implicit solvation via PCM.

Entry M (OS) Mult.a Sb Energy (OPBE) ∆E (OPBE)c ∆E (PBE0)c

(Ha) (kcal/mol) (kcal/mol)

1 Mn (III) 3 1.0233 -3774.80315800 – –
2 Mn (III) 5 2.0109 -3774.84742747 -27.78 -16.26
3 Fe (II) 1 0.0000 -3887.59183097 – –
4 Fe (II) 5 2.0128 -3887.64652810 -34.32 -40.34
5 Fe (III) 2 0.5634 -3887.54291712 – –
6 Fe (III) 6 2.5012 -3887.59133672 -30.38 -32.75
7 Co (II) 2 0.5072 -4006.72954702 – –
8 Co (II) 4 1.5038 -4006.74541035 -9.95 3.69
9 Co (III) 1 0.0000 -4006.65759272 – –
10 Co (III) 5 2.0022 -4006.65744519 0.09 -5.07
11 Ni (II) 1 0.0000 -4132.33870413 – –
12 Ni (II) 3 1.0019 -4132.35230100 -8.53 26.73
13 Ru (II) 1 0.0000 -2718.74857048 – –
14 Ru (II) 5 2.0053 -2718.68731508 38.44 22.59
15 Ru (III) 2 0.5027 -2718.67952798 – –
16 Ru (III) 6 2.5015 -2718.62172493 36.27 31.18
17 Rh (III) 1 0.0000 -2734.35556244 – –
18 Rh (III) 5 2.0021 -2734.27394750 51.21 48.36
19 Pd (II) 1 0.0000 -2751.75983250 – –
20 Pd (II) 3 1.0014 -2751.73568566 15.15 6.44
21 Pd (IV) 1 0.0000 -2751.55461287 – –
22 Pd (IV) 5 2.0038 -2751.46156604 58.39 65.11
23 Ir (III) 1 0.0000 -2728.15326040 – –
24 Ir (III) 5 2.0021 -2728.04829287 65.87 63.02
25 Pt (IV) 1 0.0000 -2743.03530166 – –
26 Pt (IV) 5 2.0028 -2742.90645891 80.85 81.52

a The requested spin multiplicity, 2S+1. b As computed by G09.c Energy relative to the lowest spin configuration at
that level of theory.
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Figure S1: Energies of the B and C isomeres relative to the A isomer for [MzNb9O28](11–z)– .
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Figure S2: M-µ2O bond distances in the A isomer for [MzNb9O28](11–z)– .
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Figure S3: M-µ3O bond distances in the A isomer for [MzNb9O28](11–z)– .
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Figure S4: M-µ6O bond distances in the A isomer for [MzNb9O28](11–z)– .

Figure S5: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Ag+ (Mult.=1) (gold). Nio-
bium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for Windows”
and do not reflect a statement on the presence of absence of bonding interactions between atom pairs.
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Figure S6: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Ag+ (Mult.=1) (gold). Nio-
bium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for Windows”
and do not reflect a statement on the presence of absence of bonding interactions between atom pairs.

Figure S7: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Au3+ (Mult.=3) (gold).
Niobium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for
Windows” and do not reflect a statement on the presence of absence of bonding interactions between atom
pairs.
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Figure S8: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Co2+ (Mult.=4) (gold). Nio-
bium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for Windows”
and do not reflect a statement on the presence of absence of bonding interactions between atom pairs.

Figure S9: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Cu2+ (Mult.=2) (gold).
Niobium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for
Windows” and do not reflect a statement on the presence of absence of bonding interactions between atom
pairs.
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Figure S10: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Hg2+ (Mult.=1) (gold).
Niobium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for
Windows” and do not reflect a statement on the presence of absence of bonding interactions between atom
pairs.

Figure S11: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Pd2+ (Mult.=1) (gold).
Niobium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for
Windows” and do not reflect a statement on the presence of absence of bonding interactions between atom
pairs.
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Figure S12: Isomer ’B’ (left) and ’C’ (right) of [MzNb9O28](11–z)– , where Mz=Zn2+ (Mult.=1) (gold).
Niobium and oxygen atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for
Windows” and do not reflect a statement on the presence of absence of bonding interactions between atom
pairs.

Figure S13: Isomer ’C’ of [MzNb9O28](11–z)– , where Mz=Ru2+ (Mult.=1) (gold). Niobium and oxygen
atoms are shown in grey and red, respectively. Bonds were added by ”Ortep-3 for Windows” and do not
reflect a statement on the presence of absence of bonding interactions between atom pairs.
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