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Tables S1-S8. Selected parameters obtained for [M(Bz)Cp]*/?-! (M = Sc-Ni) complexes. The A(HL); (BP86) and A(HL), (B3LYP) HOMO-LUMO gaps are
given in (eV), the E; (BP86) and E, (B3LYP) total bonding energies are given in (eV) and AE, (BP86) and AE, (B3LYP) relative energies between isomers are
given in (eV). The M-C bond distances are given in (A).

Tables S1. Selected parameters (BP86) obtained for [M(Bz)Cp]™/%! (M = Sc and Ti) complexes.

Complex [Sc(Bz)Cp]* Sc(Bz)Cp [Sc(Bz)Cp]- [Ti(Bz)Cp]* Ti(Bz)Cp [Ti(Bz)Cp]
TNE 13 14 14 15 14 14 15 16 16
MVE 13 14 14 15 14 14 15 16 16
Coordination mode (m®m°) (m®m°) (m®m°) (m®m°) (m®m°) (m®m°) (m°m°) (m°m°) (m®m°)
Symmetry (C,) (C,) (C) (C) (C) (C) (C) <€) (C)
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 0.76 - - 0.78 - - 0.74 -
AE, - 5.6 0.0 - 5.2 0.0 - 0.0 45
M-C (Cg ring)
M-C(1) 2.594 2.473 2.434 2.412 2.408 2.385 2.324 2212 2213
M-C(2) 2.535 2.470 2.435 2.334 2.280 2.386 2.247 2216 2216
M-C(3) 2.534 2.473 2.436 2.336 2.290 2.386 2.248 2.221 2.223
M-C(4) 2.589 2.279 2.436 2.414 2.419 2.389 2.327 2222 2.230
M-C(5) 2.534 2.473 2.436 2.334 2.290 2.389 2.248 2.221 2222
M-C(6) 2.535 2.470 2.435 2.336 2.280 2.386 2.247 2.216 2.217
M-C (Cs ring)
M-C(7) 2.456 2.443 2.492 2.560 2.397 2.332 2.372 2.370 2.370
M-C(8) 2.437 2.469 2.490 2.543 2.355 2.333 2.356 2.370 2371
M-C(9) 2.406 2511 2.488 2518 2.279 2.336 2.325 2.370 2.370
M-C(10) 2.406 2.511 2.488 2.518 2.279 2.336 2.325 2.370 2.368
M-C(11) 2.437 2.469 2.490 2.543 2.355 2.335 2.356 2.370 2.368
Spin density 0.6668 - 1.0233 0.4378 - 1.6298 0.7163 - 1.8101
<§2> 0.7521 - 2.0027 0.7519 - 2.0081 0.7583 - 2.0149
Hirshfeld charge 0.5413 0.4029 0.3795 0.2559 0.4509 0.4159 0.3059 0.2096 0.1190
E, -135.7244 141.1530 | -141.3958 -141.6249 ~136.8622 -137.0874 | -142.7521 | -143.5060 -143.3086




Tables S2. Selected parameters (BP86) obtained for [M(Bz)Cp]™/%-! (M =V and Cr) complexes.

Complex [V(Bz)Cp]* V(Bz)Cp [V(Bz)Cp] [Cr(Bz)Cp]* Cr(Bz)Cp [Cr(Bz)Cp]
TNE 15 16 16 17 16 16 17 18 18
MVE 15 16 16 17 16 16 17 18 18
Coordination mode (m°m°) m°m°) (m°m°) (m°m°) m°m°) m°m°) (m°m°) (m°m°) (m°n°)
Symmetry () (C) (C) (C) (C) (C) (€ (€ (C)
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 0.11 - - 0.56 - - 1.87 -
AE, - 18.7 0.0 - 32.2 0.0 - 0.0 27.8
M-C (Cg ring)
M-C(1) 2.304 2252 [ 2252(2.200) 2.168 2.128 2.156 2.124 2.111 2.153
M-C(2) 2.325 2253 | 2253 (2.221)¢ 2.171 2.129 2.243 2.122 2.114 2.143
M-C(3) 2.327 2255 | 2.255(2.223)¢ 2.175 2.132 2.248 2.125 2.118 2.153
M-C(4) 2.309 2256 | 2.256 (2.264)¢ 2.177 2.134 2.167 2.128 2.120 2.222
M-C(5) 2.327 2255 | 2.255(2.223)¢ 2.175 2.132 2.248 2.125 2.118 2.153
M-C(6) 2.325 2253 | 2253 (2.221) 2.171 2.129 2.243 2.122 2.114 2.143
M-C (Cs ring)
M-C(7) 2.252 2224 | 2.244 (2.252)¢ 2.277 2.175 2.170 2.180 2.163 2.166
M-C(8) 2.260 2266 | 2.223 (2.238)¢ 2277 2.174 2.190 2.182 2.164 2.150
M-C(9) 2.268 2302 | 2.221(2.238)¢ 2.277 2.172 2.229 2.186 2.166 2.120
M-C(10) 2.268 2302 | 2.221(2.238)¢ 2.277 2.172 2.229 2.186 2.166 2.120
M-C(11) 2.260 2266 | 2.223(2.238) 2.277 2.174 2.190 2.182 2.164 2.150
Spin density 1.0239 - 2.0416 1.2884 - 2.2429 1.3100 - 2.3994
<§2> 1.6770 - 2.0358 0.7758 - 2.0484 0.7823 - 2.1393
Hirshfeld charge 0.3050 0.1173 0.1854 0.1025 0.5056 0.4863 0.4046 0.2499 0.3476
E, -138.0034 -143.5138 | -144.1823 -145.0050 -137.6862 | -139.0842 | -145.0544 | -145.6263 | -144.4210




Tables S3. Selected parameters (BP86) obtained for [M(Bz)Cp]™/?-! (M = Mn and Fe) complexes.

Complex [Mn(Bz)Cp]* Mn(Bz)Cp [Mn(Bz)Cp] [Fe(Bz)Cp]* Fe(Bz)Cp [Fe(Bz)Cp]
TNE 17 18 18 19 18 19 20
MVE 17 18 18 19 18 18 19 20 16
Coordination mode Mm®mn°) M&n°) Men°) Mn°) (M n°) (Men°) (M%) (M°n°) men?)
Symmetry (C) (€ (€ (€ (€ (€ (€) (C) (€
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/72 S=0 S=1
A(HL), - 2.59 - - 2.83 - - 0.33 -
AE, - 0.0 9.0 - 0.0 38.2 - 18.4 0.0
M-C (Cq ring)
M-C(1) 2.125 2.101 2.219 2.124 2.106 2.222 2.162 1.989 2.095
M-C(2) 2.125 2.101 2.216 2.097 2.111 2.255 2.109 2.090 2.119
M-C(3) 2.126 2.100 2.212 2.115 2.115 2.250 2.122 2.320 2.159
M-C(4) 2.127 2.097 2.206 2.177 2.117 2.214 2.193 2.763 2.175
M-C(5) 2.126 2.100 2.212 2.115 2.115 2.250 2.122 2.320 2.195
M-C(6) 2.125 2.101 2.216 2.097 2.111 2.255 2.109 2.090 2.119
M-C (Cs ring)
M-C(7) 2.129 2.133 2.297 2318 2.085 2.182 2.225 2.125 2.820
M-C(8) 2.130 2.131 2.238 2.220 2.087 2.231 2.155 2.109 2.618
M-C(9) 2.129 2.133 2.286 2.290 2.091 2.161 2.203 2.141 2.258
M-C(10) 2.129 2.133 2.286 2.290 2.091 2.161 2.203 2.141 2.258
M-C(11) 2.130 2.131 2.238 2.220 2.087 2.231 2.155 2.109 2.618
Spin density 1.2814 - 2.2541 1.0293 - 1.9306 0.9536 - 2.1090
<S> 0.7797 - 2.1150 0.7819 - 2.0632 0.7755 - 2.1320
Hirshfeld charge 0.1704 0.0550 0.1369 -0.0173 0.0978 0.1838 0.0533 -0.0123 0.0257
E, -139.0794 -145.4287 -145.0363 -145.8487 -139.2260 -137.5657 -144.0271 -143.5351 -144.3332




Tables S4. Selected parameters (BP86) obtained for [M(Bz)Cp]™/%-! (M = Co and Ni) complexes.

Complex [Co(Bz)Cp]* Co(Bz)Cp [Co(Bz)Cp] [Ni(Bz)Cp]* Ni(Bz)Cp [Ni(Bz)Cp]
TNE 19 20 21 20 20 21 22 22
MVE 19 18 18 19 18 18 17 18 18
Coordination mode (m®m°) (m*n°) (n*n°) (*n°) (n*n°) (n*n°) (n*n°) (n*n°) (n’n°)
Symmetry (C) (C)) (C)) (C)) (C) (C) (C) (Cy) (C)
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 1.45 - - 0.05 - - 1.72 -
AE, - 0.0 3.0 - 2.3 0.0 - 0.0 40.3
M-C (Cg ring)
M-C(1) 2.195 1.987 (1.971)° | 1.985 1.931 2.226 2.299 2.045 2.045 2.120
M-C(2) 2.192 2.079 2.019¢ | 2.077 2.154 2.291 2.305 2.870 2.870 3.038
M-C(3) 2.136 2.847 (2.822)¢ | 2.847 3.000 2.313 2313 3.468 3.468 3.624
M-C(4) 2.206 2.847 (2.889) | 2.847 3.234 2.313 2313 3.468 3.468 3.624
M-C(5) 2.206 2.081 (2.038) | 2.081 2.769 2.291 2.305 2.870 2.870 3.038
M-C(6) 2.139 1.987 (1.986)° | 1.987 2.138 2.269 2.299 2.045 2.045 2.120
M-C (Cs ring)
M-C(7) 2.165 2.162 (2.036) | 2.161 2.240 2.203 2.205 2.151 2.151 2.175
M-C(8) 2.164 2.067 (2.040) | 2.069 2.151 2.209 2.207 2.181 2.181 2.236
M-C(9) 2.112 2.078 (2.032¢ | 2.079 2.114 2.206 2.205 2.172 2.172 2271
M-C(10) 2.138 2.068 (2.078) | 2.067 2.169 2.206 2.205 2.172 2.172 2.271
M-C(11) 2.119 2.154 (2.070) | 2.152 2.268 2.209 2.207 2.181 2.181 2.236
Spin Density 0.7639 - 1.6276 0.9368 - 1.0407 0.7353 - 1.1268
<§2> 0.7643 - 2.0474 0.7772 - 2.0065 0.7567 - 2.0089
Hirshfeld Charge 0.1118 0.0406 0.0865 -0.0080 0.3937 0.4244 0.3361 0.2026 0.2332
E, -137.437 -142.963 -142.832 | -143.658 -133.383 -133.482 -140.015 -141.289 -139.543




Tables S5. Selected parameters (B3LYP) obtained for [M(Bz)Cp]™?-! (M = Sc and Ti) complexes.

[Sc(Bz)Cp]* Sc(Bz)Cp [Sc(Bz)Cp] [Ti(Bz)Cp]* Ti(Bz)Cp [Ti(Bz)Cp]
NTE 13 14 14 15 14 14 15 16 16
MVE 13 14 14 15 14 14 15 16 16
Coordination mode n°n’) (n°n’) (n°n’) (n°n’) (m°m’) (n°n’) (n°n’) (n°n’) n°n’)
Symmetry (Cy) (C) (€ (C) (C) (C) (C) (C) (C)
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 2.14 - - 2.58 - - 2.39 -
AE, - 0.0 1.5 - 6.3 0.0 - 0.0 0.2
M-C (Cg ring)
M-C(1) 2.598 2.482 2431 2414 2.393 2414 2327 2.234 2225
M-C(2) 2.549 2.355 2.431 2.336 2.389 2413 2.299 2215 2222
M-C(3) 2.546 2.355 2.428 2.334 2.252 2415 2213 2.221 2.247
M-C(4) 2.594 2.482 2.427 2412 2.391 2.419 2327 2.224 2227
M-C(5) 2.546 2.355 2.428 2334 2.384 2.420 2.299 2222 2.228
M-C(6) 2.549 2.355 2431 2.336 2.250 2416 2214 2.246 2.238
M-C (Cs ring)
M-C(7) 2.465 2.536 2.496 2.560 2.380 2.339 2.388 2392 2372
M-C(8) 2.446 2.510 2.496 2.543 2.386 2.340 2.388 2.393 2.374
M-C(9) 2417 2.467 2.496 2518 2.326 2.344 2.367 2.394 2376
M-C(10) 2417 2.467 2.496 2518 2.279 2.346 2353 2393 2376
M-C(11) 2.446 2.510 2.496 2.543 2317 2.343 2.369 2392 2.374
E, 154.6370 | -159.7573 | -159.6908 | -159.8505 | -156.4646 | -156.7384 | -161.9973 | -162.3898 | -162.3728




Tables S6. Selected parameters (B3LYP) obtained for [M(Bz)Cp]™?-! (M =V and Cr) complexes.

[V(BZ2)Cp]* V(Bz)Cp [V(Bz)Cp] [Ct(Bz)Cp]* Cr(Bz)Cp [Ct(Bz)Cp]
NTE 15 16 16 17 16 16 17 18 18
MVE 15 16 16 17 16 16 17 18 18
Coordination mode (m°n’) m°n’) m°n’) (m°n’) m°n’) (m°n’) (°n’) (n°n’) (M)
Symmetry (&9 (<) (<) ((99) (99) (<) ((®9) (99 (<)
Spin state S=1/2 S=0 S=1 S=1/2 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 2.10 - - 1.57 - - 3.03 -
AE, - 21.2 0.0 - 25.7 0.0 - 0.0 3.1
M-C (Cs ring)
M-C(1) 2.370 2.158 2.179 2.177 2.192 2.191 2.141 2.127 2.140
M-C(2) 2.383 2.161 2.278 2.179 2.242 2.271 2.142 2.129 2.135
M-C(3) 2.385 2.165 2.281 2.184 2.249 2.274 2.145 2.134 2.149
M-C(4) 2.376 2.167 2.188 2.185 2.206 2.199 2.146 2.137 2.149
M-C(5) 2.385 2.165 2.281 2.184 2.249 2.274 2.145 2.134 2.149
M-C(6) 2.383 2.161 2.278 2.179 2.242 2.271 2.142 2.129 2.135
M-C (Cs ring)
M-C(7) 2.275 2.257 2.289 2.315 2.169 2.179 2.209 2.230 2.245
M-C(8) 2.277 2.256 2.301 2.316 2.178 2.197 2.208 2.230 2.245
M-C(9) 2.280 2.255 2.322 2.317 2.214 2.236 2.207 2.231 2.250
M-C(10) 2.280 2.255 2.322 2317 2214 2.236 2.207 2.231 2.250
M-C(11) 2277 2.256 2.301 2.316 2.178 2.197 2.208 2.230 2.245
E, -158.5272 -163.4803 -164.3981 -164.7039 -159.1879 | -160.3012 | -165.7806 | -166.0516 | -164.6166




Tables S7. Selected parameters (B3LYP) obtained for [M(Bz)Cp]*?"! (M = Mn and Fe) complexes.

[Mn(Bz)Cp]* Mn(Bz)Cp [Mn(Bz)Cp] [Fe(Bz)Cp]* Fe(Bz)Cp [Fe(Bz)Cp]
NTE 17 18 18 19 18 19 20
MVE 17 18 18 19 18 18 19 20 16
Coordination mode (n°n’) (n°n’) (n®m°) (n°n’) (M°n’) Mm'n’) M) M) M)
Symmetry (C) (€ () (€ (€ (€ (C) (Cy) (Cy)
Spin state S=1/2 S=0 S=1 S=1/72 S=0 S=1 S=1/2 S=0 S=1
A(HL), - 4.46 - - 5.12 - - 1.90 -
AE, - 0.0 11.3 - 0.0 19.2 - 8.4 0.0
M-C (Cg ring)

M-C(1) 2.252 2.262 2.330 2.332 2.138 2.352 2.117 1.935 2.250

M-C(2) 2.253 2.268 2.325 2.353 2.140 2.365 2.144 2.257 2.242

M-C(3) 2.255 2.270 2.320 2.340 2.141 2.361 2.154 2.324 2.235

M-C(4) 2.256 2.275 2.305 2.326 2.141 2.344 2.196 3.285 2.120

M-C(5) 2.255 2.270 2.320 2.340 2.141 2.361 2.154 2.324 2.235

M-C(6) 2.253 2.268 2.325 2.335 2.140 2.365 2.144 2.257 2.242

M-C (Cs ring)

M-C(7) 2.120 2.135 2.248 2.302 2.097 2.213 2.249 2.224 2915

M-C(8) 2.145 2.134 2.299 2.345 2.098 2.253 2.190 2.182 2.771

M-C(9) 2.188 2.133 2.260 2.307 2.098 2.184 2.235 2.128 2.243

M-C(10) 2.188 2.133 2.260 2.307 2.098 2.184 2.235 2.128 2.243

M-C(11) 2.145 2.134 2.299 2.345 2.098 2.253 2.190 2.182 2.771
E, -160.3122 -166.0695 | -165.5806 -166.3195 -160.4071 -159.5728 -165.2854 -165.1502 | -165.5167




Tables S8. Selected parameters (B3LYP) obtained for [M(Bz)Cp]*"! (M = Co and Ni) complexes.

[Co(Bz)Cp]* Co(Bz)Cp [Co(Bz)Cp] [Ni(Bz)Cp]* Ni(Bz)Cp [Ni(Bz)Cp]-
NTE 19 20 21 20 20 21 22 22
MVE 19 18 18 19 18 18 17 18 18
Coordination mode (n°n’) (m*n’) (m*n’) m’n’) ') | ) | @A) | An) | (i)
Symmetry (C) (C) (C) (C) € | (€ (C) (C) (C)
Spin state S=1.2 S=0 S=1 S=12 S=0 S=1 S=12 S=0 S=1
A(HL), - 3.25 - - 1.25 - - 3.01 -
AE, - 0.0 5.0 - 0.0 2.9 0.0 20.7
M-C (Cg ring)
M-C(1) 2.246 2.004 2.069 2.011 2250 | 2.280 2.219 1.895 2.066
M-C(2) 2.199 2.113 2.220 2.346 2352 | 2370 3.366 3.046 3.766
M-C(3) 2.261 2.832 2.894 3.176 2377 | 2480 3.048 3.022 2.864
M-C(4) 2.260 2.832 2.889 3.168 2377 | 2480 3.048 3.022 2.864
M-C(5) 2.202 2.113 2.220 2.527 2352 | 2370 3.366 3.406 3.766
M-C(6) 2.250 2.005 2.065 2.005 2298 | 2350 2.245 2.221 2.143
M-C (Cs ring)
M-C(7) 2.191 2214 2.297 2.298 2.094 | 2.144 2.359 2.553 2.868
M-C(8) 2.123 2.106 2.293 2.296 2245 | 2276 2.263 2.423 2.616
M-C(9) 2.185 2.105 2.289 2.171 2224 | 2.243 2.158 2.187 2.178
M-C(10) 2.127 2.104 2.291 2.296 2224 | 2.243 2.158 2.187 2.178
M-C(11) 2.187 2.201 2.297 2.307 2245 | 2276 2.263 2.423 2.616
E, -158.700 164721 | -164.502 -165.081 | -153.759 | -153.655 | -159.506 | -159.941 | -159.042




