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Figure S1. Heme Orbitals in D4, symmetry adapted from the supporting information of
Andrea Decker, Edwards I. Solomon “Comparison of FeIV=0 heme and non-heme
species: Electronic structures, bonding and reactivities. Angew Chem Int. Ed.. (2005
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Figure S2. Orbitals of ImH capable of interacting with the d-manifold.
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Figure S3. Heme orbitals calculated under C; symmetry
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Figure S4. The effect of the addition of back-bonding to the simulation of
[Fe(tpp)(ImH),]Cl. A. best fit which includes back-bonding is compared to the fit
included in the paper. B and C are examples of simulations with around 7% back-
bonding. The differences in the simulations arise from differences in the energy position

of *.



Table S1. Table of VBCI input parameters, and projected values in terms of total
intensity for Figure 5. VBCI Input parameter and projected covalency of simulations, for

all three simulations EG2=0.0, EF2=-2.0, 10Dg=2.8, Ds=0.04, Dt=0.04

Input Parameters % Metal Character in Orbital
B1 Al | B2 E1l B1 Al B2 E1l
Spectra A 34 34 109 0.9 48 48 76 76
Spectra B 4.0 40 |1.0 3.0 51 56 N/A |56
Spectra C (best fit) | 4.4 32 | 1.0 3.0 48 61 N/A |52

Table S2. Parameter values used in the two-configuration VBCI simulations for both

heme and non-heme Fe.

EG2 | EF2 | A 10Dg |Dt |[Ds |T®d") |T@Y |T®) | TE"
135 46
[Fe(tacn),|Cl;"d™-d 28 |08 [356 |22 |000 |000 |34 34 0.9 0.9
[Fe(tpp)(ImH),|CI d°-d° 0.0 20 (049 |28 0.04 | 0.04 |44 3.2 1.0 3.0
[Fe(tacn),]Cl,' d°-d’ 2.8 2.1 345 | 1.8 0.00 | 0.00 | 1.8 1.8 0.3 0.3
[Fe(tpp)(ImH),] d°*-d° 0.9 12 |02 23 0.02 | 0.03 | 0.0 0.0 0.3 0.77
K[Fe(CN)g)* d°-d° 20 |[-1.0 |03 3.7 0.00 | 0.00 | 0.0/1.0 | 0.0/1.0 | 2.0 2.0

*These parameters are for the 2p° initial state and 2p’ final sate. The ligand field
parameters T and A will decrease upon going to the final state and the effects of changing
their values in the 2p final state have been evaluated, see Figure S9. It is found that final
state changes do not affect the results of the DOC analysis of the initial state in these

highly covalent systems.
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Figure S5. Comparison of energy levels in Fe(Il) heme [Fe(tpp)(ImH);] and non-heme
Fe [Fe(tacn),]*". Orbitals are numbered as the output from ADF, the % metal character
in each orbital is given in brackets after orbital number. Orbitals predominantly metal in
character are fully colored. Those which are predominantly porphyrin are colored black
and those predominantly ImH (heme complex) or tacn(non-heme complex) are colored
grey. The main contributors to each of the MO of the compound [Fe(tpp)(ImH),] are

given in Table 2 and the Supporting Information following these figures
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Figure S6. Comparison of energy levels in Fe(IIT) heme vs non heme [Fe(tpp)(ImH),]"
orbitals are colored red and [Fe(tacn),]’” orbitals are colored in pink. Orbitals are
numbered as the output from ADF and the % metal character in each is given in brackets
after the number. Orbitals predominantly metal in character are fully colored. Those
which are predominantly porphyrin (tpp) are colored black and those predominantly
ImH(heme) or tacn(non-heme) are colored in grey. The main contributors to each of the
MO of the compound [Fe(tpp)(ImH),] are given in Table 2 and the Supporting

Information following these figures



Orbital deconvolutions for Figures 2 and 3 (Note that key orbital contributions are given
in Table 2 of the text.)

[Fe(tpp)(ImH);]

ImH (heme) or tacn(non-heme) are colored grey. The main contributors to each of the
MO of the compound [Fe(tpp)(ImH),] are: 56 Ag. 33%(tpp-49Ag) + 22%(tpp-42Ag) +
18%(Fe-d,») + 18%(ImH-12 Ag) +5%(tpp-other) 60 Ag. 50%(tpp-bag) + 22%(Fe-dxa-y2) +
12%(tpp-41Ag) + 14%(tpp-other)+ (ImH-3% other) 61 Ag. 84% (ImH-11Ag) + 5%(Fe-
dxz) + 5%(tpp-35Ag) 67 Ag. 51% (tpp-52Ag) + 24% (tpp-51Ag) + 11% (52 Ag) 8%(tpp-
67Ag) + 4%Fe- dy, 68 Ag. 89%(ImH-13Ag) + 4% (ImH-11Ag) + 9.5%(54Ag) + 2% (Fe-
dx) 69 Ag. 56%(tpp-3e,) + 22%(tpp-52Ag) + 7% (Fe-dy,) + 11% (tpp-other) +7% (Fe-
dx/dy,/dyy) 70 Ag. 60%(tpp-3e,) +11%(ImH-other) + 12%(tpp-other) + 5% (Fe-
dy/dy,/dyy) TIAE 75%(Fe-dy,) + 15%(tpp-3e,) + 4% (tpp-4e,) + 5% (tpp-other) 72Ag
83%Fe(dxytdx,) + 7% (tpp-4eg) + 4% (tpp-other) 73 Ag 82% (Fe-dyyt+dx,) + 5% (tpp-4e,)
+ 5% (ImH-other)+ 5% (tpp-other) 74Ag 90% (tpp-4e,) + 9%(Fe-dy,) 7SAg 90% (tpp-
4e,) + 9% Fe(dy,) 76Ag 65% (Fe-d,») + 9% (49Ag-tpp) + 2%(tpp-other)+ 18%(ImH-
12Ag) + 6% (ImH-other). 81Ag 67% (Fe-dya-y2) + 27% (bae-tpp) + 4%(tpp-other)

[Fe(tpp)(ImH),|Cl

Betas. S50Ag 33%(tpp-4Ag) 16%(tpp-40Ag) + 16%(tpp-6by,) + 10%(Fe-dyr-yo) + 2
%(Fe-dz%); 52Ag 38%(tpp-51Ag) + 23%(F e-dz%) + 15%(ImH-12Ag); 55A¢g 36%(tpp-
41Ag) + 34 % (tpp-6bye) + 15% (Fe-dya-y2) + 7% (tpp-45 Ag); 64Ag 71% (tpp-3eg) +
19% (Fe-dy,) 65Ag. 59% (ImH-13Ag) +19% (tpp-3e,) + 5%(Fe-dy,); 71Ag 93%Fe(dyy);
72Ag 71%(Fe-dy,) + 23% (tpp-3e,) + 1% (tpp-4e,) 73Ag 70%(Fe-dy,) + 17%(tpp-3e,) +
5%(tpp-4e,) T4Ag 95%(tpp-4e,) + 4% dy, TSAg 95%(tpp-4e,) +6%(Fe-dy,) 76 Ag
59%(Fe-d,) + 20%(ImH-12Ag) + 5%(Fe-dyz-y2) 77Ag 61%(Fe-dxa.y2) +29%(tpp-6by,) +
6%(Fe-d,»). Alphas. 71Ag 73%(tpp-3¢e,) + 25% (Fe-dy,); 72 Ag 92%(Fe-dyy) 73Ag
61%(Fe-dx,) + 35%(Fe-3e,) 74 Ag 49%(Fe-d,») + 2%(Fe-dxy-y2) + 20%(ImH-12Ag) +
16% (tpp-4e;) 75 Ag 81%(tpp-4e,) + 10%(Fe-d,») 76 Ag 96%(tpp-4e,) + 2%(Fe-d,,)
77Ag 61%(Fe-dxa.y2) + 35%(tpp-6by) + 2%(Fe-dy).”
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Table S3. Hartree-Fock parameters (in eV) for Fe(II) 2p°Fe3d® —2p3d” and for Fe(III)
2p°Fe3d’ —2p’3d° transitions

(3d,3d) (2p,3d)
> e o > T el el

Fe 3d° 0.052 | 8.772 5.452 - - - -
Fe 3d° 0.046 | 7.809 4.814 - - - -
Fe2p3d’ [0.067 |9.423 5.861 8.2 5.434 4.033 2.275
Fe2p°3d® [0.059 |8.498 5.28 8.2 4914 3.573 2.030
Fe 3d° 0.059 | 9.634 6.028 - - - -
Fe 3d° 0.052 |8.772 5.452 - - - -
Fe2p3d® [0.074 |10244 |6.418 8.2 5.956 4.452 2.532
Fe2p3d’ [0.067 |9.423 5.861 8.2 5.434 4.003 2.275

**Note that these numbers are 80% of the Hartree-Fock calculated values (i.e k=0.8) *°
They have been reduced to account for the known over-estimation of electron-repulsion
by Hartree-Fock Theory.
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Figure S9. The effect of changing final state parameters on the simulations of
[Fe(tpp)(ImH),]Cl. The spectra are not substantially changed and thus the mixing
coefficients obtained for the projection method do not change from those reported in the

text.
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