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Supplementary Information

Table S1. Cartesian coordinates (A) corresponding to final (89 atom) optimized structure of
MMOHperoxo- [F] indicates the six « carbons kept frozen during optimization.

Fel 1.41860853  0.56522498 -0.44498686
Fe2 -1.79791700 0.48082584 1.16211671
01 0.20451988  1.98480082 -0.29527264
02 -1.01306177 1.97967508  0.29850044
C 4.63160102  3.23216076 1.82085762 [F]
C 5.48310843 2.94791130 0.56198511
C 4.78323632  3.32429103 -0.76971292
C 3.76191338  2.30342235 -1.26639149
0 3.05387219 1.71141228 -0.37388045
0 3.64905135  2.08853486 -2.52172514
C 3.59894985 -1.71426730 3.02119706 [F]
C 3.20484455 -0.39463040 3.73304922
C 1.68132906 -0.17138051  3.87063042
C 0.96470673  0.15956913  2.54893870
0 -0.29275543  0.35630006  2.59328004
0 1.67656919  0.19463974  1.50928163
C 6.15471077 -1.47847203 -1.16909993 [F]
C 4.77797766 -0.80022398 -1.10977970
C 3.66208487 -1.79795404 -1.00308189
N 2.34062527 -1.43026147 -0.77160067
C 3.73635467 -3.16937281 -1.06163025
C 1.63311327 -2.54768568 -0.68021979
N 2.43731298 -3.63382159 -0.85445847
C -5.46522674  3.62861683 -0.62363489
C -4.28368956  3.28400049 0.30633665
C -4.40198555 1.87242274  0.89464105
0 -3.32885798 1.46822216 1.56602859
0 -5.41798401 1.17576610  0.74073254
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Fig. S1. Representation of skeleton of MMOHe0xo structure displaying the six o carbons kept
frozen during optimization of final 89 atom model. These six carbons are labelled [F| in Table S1.
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Fig. S2. Initial feasibility 53 atom Models I, II, and IIT for MMOH-O, used as candidate structures
to test possible correlations with experimental Mossbauer parameters. All structures were optimized
at the U-B3LYP level with a 6-311G* (5D, 7F) basis for iron and 3-21G* for all other atoms. The
starting model for the active site was obtained from the crystallographic structure corresponding to
the MMOHRequeea state (PDB ID: 1FYZ). The dioxygen unit was added to the model in various
binding configurations as shown in the Figure.
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Fig. S3. Initial feasibility 53 atom Models IV, V, and VI for MMOH-O, used as candidate structures
to test possible correlations with experimental Mossbauer parameters. All structures were optimized
at the U-B3LYP level with a 6-311G* (5D, 7F) basis for iron and 3-21G* for all other atoms. The
starting model for the active site was obtained from the crystallographic structure corresponding to
the MMOHRequeea state (PDB ID: 1FYZ). The dioxygen unit was added to the model in various
binding configurations as shown in the Figure.
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Table S2. Computed isomer shifts and quadrupole splittings for initial feasibility 53 atom candidate
structures shown in Figs. S2-S3. The geometries were optimized at the UB3LYP level with the
6-311G* (5D,7F) basis for iron and 3-21G* basis for all other atoms as described in the caption of
Figs. S2-S3. After geometry optimization, an additional single point calculation at the UB3LYP level
using the 6-311G* (5D. 7F) basis for all atoms was carried out to compute Méssbauer parameters.

58m e [ fs] AZE! [

Structure  Fel Fe2 Fel Fe2

I +0.57  +0.55 -1.47 -1.46
II +0.51  +0.58 +0.60 +0.69
I11 +0.50  +0.63 +0.84 +1.12
1AY +0.52  +0.57 +1.36 -1.33
\Y +0.58  +0.56 -1.70 -1.56
VI +0.50  +0.53 -1.11 -1.59

To facilitate comparison the calculated Mossbauer spectral parameters for the final 89 atom optimized
structure are also shown in Table S3. These parameters have already been given in the main text
Table 1.

Table S3. Computed isomer shifts and quadrupole splittings for final optimized 89 atom structure
shown in Fig. 1 of the main text with coordinates given in Table S1. The geometry was optimized at
the UB3LYP level with the 6-311G* (5D,7F) basis for the iron atoms and all atoms bound to them
(see main text for further details). Other atoms used the 3-21G* basis.

5geomputed [IIlIIl/S] Agamputed [IIlIIl/S]
Structure Fel Fe2 Fel Fe2
MMOHpe oo  +0.68  +0.66 -1.49 -1.48

Table S4. Comparison of two different methods for the computation of quadrupole splittings for
final optimized 89 atom structure of MMOHpg;oxo shown in Fig. 1 of the main text with coordinates
given in Table S1.

Computational yComputed [ qq Ja g Computed Q [barn] Apa™ e [mm /5]
Method Fel Fe2 Fel Fe2 Fel Fe2 Fel Fe2
Training Set: 1.000924 0.905132 0.533788 0.972295 -1.49 -1.48
Equation 5

Using Q: 1.000924 0.905132 0.533788 0.972295 0.16 0.16 -1.69 -1.68

Equations 2 & 3
“Convertion factor of V,, from a.u. to SI units: 9.717362 x 10?! V/m?.
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Table S5. For comparison, predicted electric field gradients for members of the training set making
use of Egs. 2 and 3 in the main text are presented. Experimental values for AEq given in Table 4
and Q = 0.16 barn have been used. In the absence of reliable values of 7 for some complexes, the
values computed at the U-B3LYP/6-311G* level as reported in Table 4 have been used.

Complex g Vgéedicted from Eqgs.2—3

[a.u.]®
CpFe(CO),Cl 0 —1.111523
Fe(CO)3(1,4-butadiene) 0 +0.824907
Fe(CO)3(cycle-butadiene) 0 —0.939743
Fe(CO); 0 ~1.558464
FeOj~ 1 -0

¢Convertion factor of V,, from a.u. to SI units: 9.717362 x 10?* V/m?.



