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1. Details of the density functional calculations:
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25 1.1. Theoretical methods

The Gaussian03 suite of programs®' was used for computations of the relevant isomers 1C, 1P, 2C,

2P, metal-ligand binding energies and the oligomerisation energies. The exchange correlation

functional OPBE®? with the SDD basis™ set for iron and 6-31 1+G(d,p) basis set for the other elements

were used to compute the geometries and the normal mode vibrational frequencies. All stationary

30 points were verified as minima by frequency analyses. In the text, E(0 K) energies are discussed,
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which contain zero-point corrections.

1.2. Spin state, energies (au), point groups and cartesian coordinates for

Structures
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2. EPR spectroscopy and EPR parameter calculations

Experimental X-band EPR spectra were recorded on a Bruker EMX spectrometer equipped with a He
230 temperature control cryostat system (Oxford Instruments). The spectra were simulated by iteration of
the anisotropic g values, (super)hyperfine coupling constants and line widths using the W9SEPR

program (available upon request from Prof. Frank Neese, University of Bonn).

The geometry of the full atom model of [Fe(nG—C6Ph6)(nz—Czth)]_ (2) was fully optimized as a
minimum with the Turbomole program®* coupled to the PQS Baker optimizers® at the bp86 level®
235 using the Turbomole SV(P) basis.>**' EPR parameters®’ (Table S1) were subsequently calculated with
the ADF®® program system using the BP86 functional and the OPBE functional with the ZORA/TZP
basis set supplied with the program (all electron, core double zeta, valence triple zeta polarized basis
set on all atoms), using the coordinates from the structures optimized in Turbomole as input. Orbital

and spin density plots were generated with Molden.>

240

Table S1. Experimental and DFT calculated g-values of 2

g1 g2 £33 o
2.114 2.010 2.003
DFT BP86™ 2.095 1.996 1.992 | 110%
DFT OPBE® 2.106 1.995 1.991 | 122%

(a) Values obtained by least square curve fitting of the experimental spectrum

(b) ADF (BP86, TZP) using a Turbomole optimized geometry of the full atom model as input.

(c) ADF (OPBE, TZP) using a Turbomole optimized geometry of the full atom model as input.

(d) Spin density at the Fe nucleus (negative spin density at the aromatic C4Phg ligand compensates for the excess of
positive spin density at Fe).

(d)

EXp(a)

245

Cartesian coordinates of the DFT optimized structure of 2 (full atom model)
S =1/2, Energy = -3420.367623 au

250
C 1.4426927  -0.0720557  1.2146455 C -3.1745102  -3.9730033  2.3780098
C -1.4448093  0.0734442  1.2180778 265C -2.2065982  -4.6438286  0.2568913
C 0.6568948  -1.2888879  1.2036902 H -0.8198583  -3.223017 -0.6437478
C 0.7858956  1.2163306  1.2165171 H -2.5425372  -2.040358 3.145214

255C -0.6590567  1.29025 1.2079627 H -3.8395268  -4.1721254  3.2361765
C -0.7880517  -1.2149366  1.2155829 H -2.1043807  -5.3740236 -0.5641892
Fe -0.002612 0.0022507  -0.3414217 270 H -3.6304581  -5.8592042  1.3794686
C 0.6278213  0.2265357  -2.1369246 C -2.9411635 0.151883 1.2840659
C -0.632829 -0.222275 -2.1375558 C -5.773262 0.2749864  1.4749503

260 C -1.5909258  -2.4820618 1.2400755 C -3.571655 0.6772821  2.4360549
C -3.0582766  -4.9161426  1.3421517 C -3.759062 -0.3051959  0.2284335
C -1.484717 -3.4406755  0.2071329 275C -5.1590471  -0.246915 0.3230291
C -2.4470969  -2.7724075  2.3271635 C -4.9711449  0.7399985  2.5322773
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-2.9468502  1.0443294  3.2672246 H -3.4961123  4.5211684  -0.7098811
-3.2793223  -0.69461 -0.6828299 H -3.229339 6.0911322  1.2400125
-5.7740871  -0.6070765  -0.5192949 315 C 1.588575 2.4835207  1.2424225
-5.4384293  1.1583177  3.4407256 C 3.0548926  4.9180794  1.3479385
-6.8735387  0.3251664  1.5468036 C 1.4790252  3.4452746  0.2127601
1.3567176  -2.6154092 1.1997711 C 2.4477393  2.7708786  2.3279351
2.7051912  -5.1173632 1.2131573 C 3.1746385  3.97171 2.3804437
2.1823858  -3.0016129 0.1190453 320C 2.2003025  4.6486965  0.2642499
1.2204599  -3.5108446 2.2857319 H 0.8118347  3.2299029  -0.6368875
1.8842416  -4.7485475  2.2935131 H 2.545846 2.036331 3.1434044
2.85142 -4.2359926  0.1266388 H 3.8419718  4.1685209  3.2373227
2.2812469  -2.316749 -0.7385482 H 2.0953607  5.3814357  -0.5542154
0.5777929  -3.2271468 3.1353037 325H 3.6265878  5.8613784  1.3866357
1.7575969  -5.4309526  3.1516967 C -1.6635426  -0.4802534  -3.1357746
3.4890427  -4.5146562 -0.7298526 C -3.6751292  -0.9527973  -5.1146105
3.2267559  -6.0900615  1.2162287 C -2.519684 -1.6141733  -3.0677569
2.9391982  -0.150392 1.2763583 C -1.8571269  0.4139302  -4.2289748
5.7718938  -0.2736792  1.4588517 330C -2.8467458  0.1840233  -5.1946182
3.5730216  -0.6818812  2.4237495 C -3.4989688  -1.8506373  -4.0451926
3.7541201  0.3129247  0.2211026 H -2.3945371  -2.3201982  -2.2313117
5.1543592  0.2545462  0.3115797 H -1.2104912  1.3039169  -4.2990605
4.9727966  -0.7447286  2.5157807 H -2.9720807  0.8997507  -6.0262815
2.950681 -1.0537974  3.2545861 335 H -4.1392312  -2.7469319  -3.9659379
3.2719851  0.7075001  -0.6866658 H -4.4528104  -1.1342356 -5.8761349
5.7668892  0.6195249  -0.5304747 C 1.6635527  0.4808274  -3.1308599
54426763  -1.1679873  3.4206202 C 3.6889178  0.9427295  -5.0981615
6.8723826  -0.3240593  1.5273823 C 1.8732827  -0.4259601 -4.210423
-1.3590657  2.6166919  1.209348 340C 2.5098274  1.6224714  -3.0709425
-2.7077052  5.1184879  1.2329822 C 34961218  1.8534336  -4.0426913
-2.187299 3.005857 0.1316485 C 2.8698445  -0.2012424  -5.1702693
-1.2202483  3.5091277  2.2974893 H 1.234125 -1.3217836  -4.2741792
-1.8841111 4.7467532  2.310333 H 2.3706507  2.3394182  -2.2458838
-2.8564581 4.2401441  0.144323 345H 4.1283797  2.7558871  -3.9701028
-2.2879433  2.3234342  -0.7276988 H 3.0085437  -0.9273569 -5.9908016
-0.5754527  3.2231674  3.1446869 H 4.4722525  1.1197284  -5.8549852
-1.7554132 54268206  3.1700756
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